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Formation of Proteins

Amino Acid Structure

Proteins

Pro teins are po lymers (and macro mo lecules) made o f mo no mers called amino  acids

The sequence, type and number o f the amino  acids within a pro tein determines its shape and

therefo re its functio n

Pro teins are extremely impo rtant in cells  because they fo rm all o f the fo llo wing:

Enz ymes

Cell membrane pro teins (e.g. carrier)

Ho rmo nes

Immuno pro teins (e.g. immuno glo bulins)

Transpo rt  pro teins (e.g. haemo glo bin)

Structural pro teins (e.g. keratin, co llagen)

Co ntractile  pro teins (e.g. myo sin)

Because all genes co de fo r pro teins, all o f  the reactio ns necessary f o r lif e  are dependent o n

the functio n o f pro teins

Amino acids

Amino  acids are the mo no mers  o f po lypeptides

There are 20 amino  acids  fo und in po lypeptides co mmo n to  all living o rganisms

The general structure o f all amino  acids is a central carbo n ato m, the alpha carbo n, bo nded to :

An amine/amino  gro up -NH

A carbo xylic acid/carbo xyl gro up -COOH

A hydro gen ato m

An R gro up (which is ho w each amino  acid di�ers and why amino  acid pro perties di�er e.g.

whether they are acidic o r basic o r whether they are po lar o r no n-po lar)

The R gro up can be as simple as ano ther hydro gen ato m (glycine), right thro ugh to

co mplex aro matic ring structures  (e.g. phenylalanine)

St ruct ure of  an amino acid diagram

2

The generalised structure of an amino acid
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The Peptide Bond

Peptide bond

In o rder to  fo rm a peptide bo nd, a hydro xyl gro up (-OH) is lo st fro m the carbo xylic gro up (-

COOH) o f o ne amino  acid and a hydro gen ato m is lo st fro m the amine gro up (-NH2) o f ano ther

amino  acid

The remaining carbo n ato m (with the do uble-bo nded o xygen) fro m the �rst amino  acid bo nds to

the nitro gen ato m o f the seco nd amino  acid

This is a co ndensatio n reactio n so  water is released

Dipeptides  are fo rmed by the co ndensatio n o f two  amino  acids

The wo rd equatio n fo r this reactio n is amino  acid + amino  acid → dipeptide

Po lypeptides  are fo rmed by the co ndensatio n o f many  (3 o r mo re) amino  acids

A pro tein may have o nly o ne po lypeptide chain o r it may have multiple chains interacting with each

o ther

During hydro lysis  reactio ns, the additio n o f water breaks the peptide bo nds resulting in

po lypeptides being bro ken do wn into  amino  acids

Mo lecular mo delling kits can be used to  build physical mo dels that demo nstrate peptide bo nd

fo rmatio n between di�erent types o f amino  acids

Pept ide bond diagram

Amino acids are bonded together by covalent peptide bonds to form a dipeptide in a condensation

reaction

Drawing a pept ide bond diagram
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These steps can be followed to draw a peptide bond and a generalised dipeptide

Exam T ip

Yo u will be expected to  reco gnise whether an unfamiliar mo lecule is an amino  acid o r

po lypeptide so  lo o k fo r the functio nal gro ups (amine and carbo xyl). When asked to  identify the

lo catio n o f the peptide bo nd, lo o k fo r where nitro gen is bo nded to  a carbo n that has a do uble

bo nd with an o xygen ato m, no te the R gro up is no t invo lved in the fo rmatio n o f a peptide bo nd.

Amino Acids: Dietary Requirements

There are 20 naturally o ccurring amino  acids

Our cells can synthesise 11 o f these fro m o ther amnio  acids

These are termed no n-essential amino  acids

The remaining nine we need to  co nsume via o ur diets 

These are called essential amino  acids

A healthy, varied, well balanced diet will co ntain all the nine essential amino  acids required

Diets that restrict certain fo o ds may require supplementatio n 

Meat co ntains all nine essential amino  acids so  a vegetarian o r vegan diet needs to  be well

balanced and varied to  ensure all essential amino  acids are co nsumed regularly 

Essent ial amino acid sources diagram
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Plant based (vegan) sources of the nine essential amino acids

Exam T ip

Yo u are no t required to  remember o r give examples o f no n-essential and essential amino  acids.
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The Variety of Proteins

Peptide Chain Diversity

There is a large variety o f pro teins available to  living o rganisms

This is because:

There are 20 naturally o ccurring amino  acids that fo rm the basic structure o f a po lypeptide

chain

Po lypeptides can vary in length fro m a few to  tho usands

The structure and amino  acid sequence can also  vary

The genetic co de, meaning DNA base sequence, co des fo r the number and o rder o f amino

acids in a po lypeptide, and there is a huge variety o f o ptio ns fo r DNA base sequence

20 amino  acids can give an almo st in�nite number o f po lypeptides

Po lypeptides are assembled at a ribo so me by co ndensing individual amino  acids o nto  a gro wing

chain, o ne by o ne

This allo ws a cho ice o f  20 amino  acids each time o ne is added

The mRNA co do n determines which amino  acid is added

Fo r a po lypeptide chain o f 50 amino  acids in length (co nsidered a very sho rt pro tein), there

wo uld be 20 po ssible co mbinatio ns o f amino  acids

This gives 1.13 x 10 co mbinatio ns

Given that the average length o f a pro tein is 300 amino  acids, the number o f po ssible

co mbinatio ns is so  large, we can co nsider it to  be in�nite

Role of proteins

The range o f pro teins available means that they are very versatile  so  that they have many di�erent

ro les in cells, tissues and o rgans, such as:

Speeding up cellular reactio ns, o r catalysis, is perfo rmed by enz ymes

Blo o d clo tting, where blo o d pro teins interact with o xygen to  fo rm a gel-like scab acro ss a

wo und

Strengthening �bres in skin, hair, tendo ns, blo o d vessels e.g. co llagen, keratin

Transpo rt o f vital metabo lites e.g. o xygen which is carried by haemo glo bin

Fo rmatio n o f the cyto skeleto n, a netwo rk o f tubules within a cell that cause chro mo so mes

to  mo ve during the cell cycle

Cell adhesio n, where cells in the same tissue stick to gether

Ho rmo nes, chemical messengers that are secreted in o ne part o f the bo dy to  have an e�ect

elsewhere

Co mpactio n o f  DNA in chro mo so mes fo r sto rage, caused by histo ne pro teins

The immune respo nse pro duces antibo dies, the mo st diverse gro up o f pro teins

Membrane transpo rt channel and carrier pro teins that determine which substances can pass

acro ss a membrane

50

65
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Cell recepto rs, which are binding sites fo r ho rmo nes, chemical stimuli such as tastes, and fo r

o ther stimuli such as light and so und

Examples of polypeptides

Rubisco

Ribu lo se Bispho sphate Carbo xylase

An enz yme that catalyses the �xing o f  CO f ro m the atmo sphere during pho to synthesis

Co mpo sed o f 16 po lypeptide chains as a glo bular pro tein

This is the so urce o f  all o rganic carbo n, so  Rubisco  is arguably the mo st impo rtant enz yme in

nature!

The mo st abundant enz yme o n Earth as it's present in all leaves

Rubisco  is a very slo w catalyst , but it's the mo st e�ective to  have evo lved so  far to  ful�l this vital

functio n

Insulin

A ho rmo ne pro duced and secreted by β-cells in the pancreas

Binds to  insulin recepto rs (o n liver, fat and muscle cells) reversibly, causing abso rptio n o f

gluco se f ro m the blo o d

Co mpo sed o f 2 po lypeptide chains as a sho rt, glo bular pro tein

Immunoglobulins

Also  kno wn as antibo dies

They have a generic 'Y' shape, with speci�c binding sites at the two  tips o f the 'Y'

They bind to  speci�c antigens

The binding areas o f immuno glo bulins are highly variable, meaning that antibo dies can be

pro duced against millio ns o f  di�erent antigens

Immuno glo bulins (as the name suggests) are glo bular and are the mo st diverse range o f

pro teins

Rhodopsin

A pigment in the retina o f the eye

A membrane pro tein that is expressed in ro d cells

Co ntains a light-sensitive part, retinal, which is derived fro m Vitamin A

A pho to n o f light causes a co nf o rmatio nal change in rho do psin, which sends a nerve impulse

alo ng the o ptic nerve to  the central nervo us system

Collagen

A �bro us pro tein made o f three separate po lypeptide chains

The mo st abundant pro tein in the human bo dy - appro ximately 25%

Fibres f o rm a netwo rk in skin, blo o d vessel walls and co nnective tissue that can resist tearing

f o rces

Plays a ro le in teeth and bo nes, helping to reduce their brittleness

Spider Silk

2
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The silk used by spiders to  suspend themselves and create the spo kes o f their webs is as stro ng

as steel wire tho ugh co nsiderably lighter

Co ntains ro pe-like, �bro us parts but also co iled parts that stretch when under tensio n, helping

to cause extensio n and resist breaking

Do es no t denature easily at extremes o f temperature

Has many attractive aspects fo r engineering and textile pro duct design thanks to

its strength and lo w weight

Can be genetically engineered to  be expressed in go ats' milk as spiders can't be farmed o n a

large eno ugh scale

Other kinds o f spider silk pro tein are to ugher tho ugh lack the tensile strength, e.g. the silk they

use to  encase their prey after capture
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Protein Structure: E�ect of pH & Temperature

Protein Structure: E�ect of pH & Temperature

Pro teins structure is sensitive to  changes in the enviro nment, particularly temperature and pH

changes

The precise structure  o f a pro tein is dependent o n the io nic interactio ns, hydro gen bo nds and

o ther intermo lecular fo rces between po lypeptide chains being intact

Denaturatio n may o ccur by temperature and pH extremes that interfere with these bo nds

Denaturatio n is the irreversible change o f pro tein co nfo rmatio n 

The bo nds that fo rm between di�erent R gro ups  are relatively weak (co mpared to  the peptide

bo nds that ho ld the amino  acids in sequence)

These bo nds can be bro ken easily, which can cause the co nf o rmatio n o f the pro tein to  change

and denaturatio n

The altered pro tein shape  may a�ect its f unctio n, physical state  and general usefulness in its

o riginal ro le

A certain pH is co nsidered as an o ptimum fo r a particular pro tein, because at that pH, the pro tein's

3D structure is no t denatured

Denaturatio n is almo st always irreversible

The pro tein canno t be re-f o rmed  in its o riginal co nfo rmatio n by reversing the change in

co nditio ns

Ho wever, small denaturatio ns  and renaturatio ns  are po ssible in certain pro teins to  respo nd

to  small �uctuatio ns in pH e.g. haemo glo bin

Denat urat ion of  a prot ein diagram

The e�ect of heat and pH on the shape and function of a globular protein
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Denaturation in action

Denaturatio n can be seen mo st easily by lo o king at the changes in an egg white  as the egg is fried

o r po ached

Egg white is mainly the pro tein albumin

The hydro pho bic amino  acids  in albumin are at the centre o f the mo lecule in its no rmal state, so

albumin is so luble

Heating causes the hydro pho bic amino  acids to  appear at the edges, where they cause the

pro tein to  beco me inso luble

A harder, so lid layer fo rms, which is the co o ked white

Similar events o ccur in the pro teins o f the egg yo lk as it co o ks

Denaturatio n also  o ccurs in the sto mach, where the lo w pH (pH2) causes pro teins in the diet to

beco me denatured  o n their way to  being fully hydro lysed further do wn the digestive system

The sto mach enz yme pepsin, a pro tein-digesting enz yme has an o ptimum pH o f 2 fo r this reaso n

Certain extremo philes have evo lved to  have pro teins that are stable even at extreme pH o r

temperature

Eg. Thermus aquaticus, a bacteria that lives in ho t springs  at 80°C

This temperature wo uld denature mo st o ther pro teins

Denaturatio n o f  enz ymes  can be used as part o f experiments to  measure enz yme activity

Fo r example, an experiment to  establish the o ptimum pH o r temperature  o f an enz yme e.g.

pepsin o r lipase

Many drugs are pro teins that canno t be taken by mo uth, because the pro tein will be denatured

by sto mach acid

These drugs sho uld be delivered in ano ther way  e.g. by direct injectio n into  the blo o d

Exam T ip

Remember to  avo id co nfusing the bo nds that ho ld a pro tein's shape to gether with the peptide

bo nds that attach each amino  acid in sequence. Picture the peptide bo nds ho lding the amino

acids in a straight chain, then the o ther bo nds and fo rces ho lding the chain in its fo lded, 3D

structure.

Amino Acid Diversity (HL)

Amino Acid Diversity

The same 20 amino  acids make up mo st o f the pro teins fo und o n Earth

Aro und 500 amino  acids have been fo und in nature, but o nly 20 are co mmo nly f o und in pro teins

Eleven o f these can be naturally synthesised within cells by humans

The o ther nine amino  acids are essential (have to  be in the human diet)

Yo u do n't need to  remember the names o f  the amino  acids, but it's useful to  see their names,

which are usually abbreviated to  three letters

Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His*, Ile*, Leu*, Lys*, Met*, Phe*, Pro , Ser, Thr*, Trp*, Tyr, Val*

*  indicates the essential amino  acids

Because the R gro ups vary so  much between the 20 amino  acids, there is a lo t o f  chemical

diversity  between the amino  acids

Amino acid diversit y diagram
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An amino acid sequence of a short polypeptide. The three-letter abbreviations indicate the speci�c

amino acid (there are 20 commonly found in cells of living organisms).

R-groups

An R-gro up, o r variable gro up, is ho w each amino  acid di�ers and why amino  acid pro perties

di�er e.g. whether they are acidic o r basic, o r whether they are po lar o r no n-po lar

Page 11 of 20
For more help visit our website www.exampaperspractice.co.uk



The R-gro up can be as simple as ano ther hydro gen ato m (fo rming the amino  acid glycine), right

thro ugh to  co mplex aro matic ring structures (which fo rms phenylalanine)

It is the R-gro up that gives the basis o f diversity in pro tein functio n and fo rm

This o ccurs because: 

All amino  acids have a the same carbo xyl and amine gro up, bo nded by a central carbo n

ato m, which io nise when in a neutral enviro nment

The carbo xyl gro up do nates a hydro gen io n whilst the amine gro up accepts it so  that the

carbo xyl gro up is left with a negative charge and the amine gro up left with a po sitive

charge

The R-gro up is either hydro pho bic o r hydro philic

Hydro philic R-gro ups are po lar and can be either acidic o r basic

Hydro pho bic R-gro ups are no n-po lar

R-Group Diagram

The variety of R-groups of the amino acids determine the properties of polypeptide chains and therefore

overall protein

Levels of Protein Structure (HL)

Primary Structure

Levels of Protein Structure

Pro teins are relatively large, co mplex mo lecules  that co ntain o ne o r mo re chains  o f amino  acids

kno wn as po lypeptides

The three-dimensio nal arrangement  o f po lypeptide chains dictates a pro tein's structure and

functio n

There are f o ur levels o f  structure in pro teins

Three levels are structural aspects o f a single po lypeptide chain

The fo urth level relates to  a pro tein that has mo re than o ne po lypeptide chain

Primary structure

The sequence  o f amino  acids bo nded by co valent peptide bo nds is the primary structure  o f a

pro tein

The DNA o f a cell determines  the primary structure o f a pro tein by instructing the cell to  add

certain amino  acids in speci�c quantities in a speci�c, o rdered sequence

This a�ects the shape, and therefo re the f unctio n, o f the pro tein

The primary structure is speci�c  fo r each pro tein

So me mutatio ns can lead to  the inco rrect amino  acid being inco rpo rated into  the po lypeptide

chain which can a�ect the functio n o f the pro tein
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The primary structure of a protein. The three-letter abbreviations indicate the speci�c amino acid (there

are 20 commonly found in cells of living organisms).

Primary st ruct ure diagram

Secondary Structure

Seco ndary structure is the f o rmatio n o f  co mplex shapes  within the po lypeptide chain

Seco ndary structure o f a pro tein o ccurs due to  weak hydro gen bo nds

Hydro gen bo nds fo rm between carbo xyl (C=O) gro ups and amino  (N-H) gro ups

The bo nds usually fo rm between no n-adjacent amino  acids  resulting in a change in shape o f

the linear po lypeptide chain

There are two  shapes  that can fo rm within pro teins due to  the hydro gen bo nds:

Alpha-helix (o r α-helix)

Beta-pleated sheet (o r β-pleated sheet)

Prot ein secondary st ruct ure diagram
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The secondary structure of a protein with the α-helix and β-pleated sheets. 

The magni�ed regions illustrate how the hydrogen bonds form between peptide bonds.

Tertiary Structure: Chemical Bonds

Polar and non-polar amino acids are relevant to the bonds formed between R
groups

Tertiary structure refers to  ho w the po lypeptide chain fo lds to  fo rm a co mplex, three-

dimensio nal shape

Tertiary structure gives pro teins a very speci�c shape  that is impo rtant fo r functio n

Such as recepto r sites  o n cell membranes and active sites  in enz ymes

Fo lding results fro m interactio ns between R gro ups  (side chains) o f the amino  acids and the

surro unding enviro nment

A number o f di�erent interactio ns between R-gro ups co ntribute to  the tertiary structure

Hydro gen bo nds  fo rm between po lar R-gro ups

Hydro pho bic interactio ns  fo rm between the R-gro ups o f no n-po lar amino  acids within the

interio r o f  pro teins  to  avo id co ntact with water

Co valent bo nds  fo rm between the R-gro ups o f cysteine amino  acids to  fo rm disul�de

bridges

Io nic bo nds  fo rm between po sitively and negatively charged R-gro ups

R-gro ups can beco me po sitively o r negatively charged by the disso ciatio n o r binding o f

hydro gen io ns
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The interactions that occur between the R groups of amino acids determine the tertiary structure and

function of a protein

Summary of  bonds in prot eins t able

Bo nds

Prot ein t ert iary st ruct ure diagram
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Level 

Primary Seco ndary Tertiary

Peptide ✓ ✓ ✓

Hydro gen

✓ (o nly between

the amino  and

carbo xyl gro ups)

✓ (R gro ups +

amino  and

carbo xyl gro ups)

Disul�de ✓

Io nic ✓

Hydro pho bic

interactio ns
✓

Tertiary Structure: Amino Acids

Amino  acids are either po lar o r no n-po lar depending o n their R-gro ups

Pro teins co mpo sed o f no n-po lar amino  acids  are less so luble in aqueo us so lutio ns such as the

cyto plasm 

Therefo re these pro teins are generally used fo r structural purpo ses and are statio nary so  are no t

required to  be so luble

They are fo und in the centre o f a pro tein helping to  stabilise the structure

They can help fo rm the active site o f lipase enz ymes to  allo w interactio n with lipid substrates

They tend to  be lo calised o n the surface o f a cell so  are in co ntact with the membrane, such

as glyco pro teins

Pro teins with po lar amino  acids are so luble and are fo und in a variety o f places within the cell

They can be fo und o n the surface o f a membrane as they are capable o f interacting with water

mo lecules

They can line interio r po res within the membrane, which creates hydro philic channels fo r

transpo rt o f po lar mo lecules into  and o ut o f a cell

They are fo und o n the o utside o f enz ymes so  that enz ymes are so luble in aqueo us

enviro nments
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Quaternary Structure

Quaternary structure

Large pro teins o ften co nsist o f multiple po lypeptide chains  functio ning to gether as a larger

bio lo gically active macro mo lecule

Each po lypeptide chain is referred to  as a subunit o f the pro tein

Many pro teins also  co ntain no n-po lypeptide co mpo nents (pro sthetic gro ups) and are classed

as co njugated pro teins

Quaternary structure  refers to  ho w po lypeptides and o ther co mpo nents are arranged

This relates clo sely to  functio n

Pro teins with o nly o ne po lypeptide chain do  no t have a quaternary structure

Haemo glo bin is a co njugated pro tein, having quaternary structure, as it co nsists o f multiple

po lypeptide chains  (making f o ur subunits) each with a pro sthetic gro up

There are two  pairs o f identical po lypeptide chains (α–glo bins  and β–glo bins)

Each subunit has a pro sthetic haem gro up which co ntains an iro n io n (Fe )

Haemoglobin st ruct ure diagram

The quaternary structure of haemoglobin.

Four subunits (polypeptide chains) and prosthetic haem groups work together to carry oxygen.

2+
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Insulin and co llagen are no n-co njugated pro teins  meaning they have no  o ther no n-pro tein

co mpo nents 

Insulin:

Co nsists o f two  chains o f amino  acids, o ne being 21 amino  acids lo ng, the o ther 30 amino

acids in length; the chains are jo ined by disul�de bridges

It fo rms two  quaternary di�erent structures called dimers and hexamers which act as sto rage

mo lecules o f insulin

Co llagen:

It is a �bro us pro tein co nsisting o f three po lypeptide chains wo und to gether in a helix shape

It is the arrangement o f the helix shape that gives co llagen its quaternary structure

Exam T ip

Familiarise yo urself with the di�erence between the fo ur structural levels fo und in pro teins,

no ting which bo nds are fo und at which level. Remember that the hydro gen bo nds in tertiary

structures are between the R gro ups whereas in seco ndary structures the hydro gen bo nds fo rm

between the amino  and carbo xyl gro ups.

NOS: Technology allows imaging of structures that would be impossible to
observe with the unaided senses. For example, cryogenic electron microscopy
has allowed imaging of single-protein molecules and their interactions with
other molecules

The technique o f cryo genic electro n micro sco py (cryo -EM) invo lves  rapid f reez ing o f pro tein

so lutio ns and then expo sing them to  many electro ns to  pro duce a micro sco pic image

The images can be used to  recreate 3D shape  o r structure o f pro teins allo wing us to

visualise ho w they interact with o ther mo lecules within a cellular enviro nment

Cryo -EM has di�erent applicatio ns depending o n the type o f pro tein o r mo lecule being studied

so  o bservatio ns can be extremely purpo seful and exact

Until recently, pro teins had to  be crystallised to  reco nstruct and visualiz e them with X-ray

crystallo graphy  which po sed many pro blems such as:

Crystallisatio n is time co nsuming and can o nly wo rk o n single puri�ed pro tein

So me pro teins do  no t crystallise

The structure has to  be visualised o utside o f the cellular enviro nment which remo ves

co ntextual info rmatio n and interactio ns with o ther mo lecules
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Globular & Fibrous Proteins (HL)

Globular & Fibrous Proteins

Globular

Glo bular pro teins are co mpact , ro ughly spherical (circular) in shape and so luble  in water

Glo bular pro teins fo rm a spherical shape when fo lding into  their tertiary structure because:

Their no n-po lar hydro pho bic R-gro ups  are o rientated to wards the centre  o f the pro tein

away fro m the aqueo us surro undings and

Their po lar hydro philic R-gro ups  o rientate themselves o n the o utside  o f the pro tein

This o rientatio n enables glo bular pro teins to  be (generally) so luble  in water as the water

mo lecules can surro und the po lar hydro philic R-gro ups

The so lubility  o f glo bular pro teins in water means they play impo rtant physio lo gical ro les as they

can be easily transpo rted  aro und o rganisms and be invo lved in metabo lic reactio ns

The fo lding o f the pro tein due to  the interactio ns between the R-gro ups results in glo bular

pro teins having speci�c shapes. This also  enables glo bular pro teins to  play physio lo gical ro les,

fo r example, enz ymes  can catalyse speci�c reactio ns and immuno glo bulins  can respo nd to

speci�c antigens

So me glo bular pro teins are co njugated pro teins that co ntain a pro sthetic gro up eg.

haemo glo bin which co ntains the pro sthetic gro up called haem

Insulin

The �rst pro tein to  have its sequence determined by scientists was the ho rmo ne insulin

Insulin is a glo bular pro tein pro duced in the pancreas. It plays an impo rtant ro le in the co ntro l o f

blo o d gluco se co ncentratio n

It co nsists o f two  po lypeptide chains

Po lypeptide A has 21 amino  acid residues

Po lypeptide B has 30 amino  acid residues

The two  po lypeptide chains are held to gether by three disul�de bridges

Fibrous

Fibro us pro teins are lo ng strands o f po lypeptide chains that have cro ss-linkages due to

hydro gen bo nds

They have little o r no  tertiary structure

Due to  the large number o f hydro pho bic R-gro ups  �bro us pro teins are inso luble  in water

Fibro us pro teins have a limited number o f amino  acids with the sequence usually being highly

repetitive

The highly repetitive sequence creates very o rganised structures that are stro ng and this alo ng

with their inso lubility pro perty, makes �bro us pro teins very suitable fo r structural ro les, fo r
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example, keratin that makes up hair, nails, ho rns and feathers and co llagen which is a co nnective

tissue fo und in skin, tendo ns and ligaments

Collagen

Co llagen is the mo st co mmo n structural pro tein fo und in vertebrates

It has a �exible structure, fo rming co nnective tissues:

Tendo ns

Cartilage

Ligaments

Bo nes

Teeth

Skin

Walls o f blo o d vessels

Co rnea o f the eye

Co llagen is an inso luble �bro us pro tein

Co llagen is fo rmed fro m three po lypeptide chains clo sely held to gether by hydro gen bo nds to

fo rm a triple helix; the hydro gen bo nds give great tensile strength

Each po lypeptide chain is a helix shape and co ntains abo ut 1000 amino  acids with glycine, pro line

and hydro xypro line being the mo st co mmo n

Alo ng with hydro gen bo nds fo rming between the three chains there are also  co valent bo nds

present

Co valent bo nds also  fo rm cro ss-links between R-gro ups o f amino  acids in interacting triple

helices when they are arranged parallel to  each o ther. The cro ss-links ho ld the co llagen

mo lecules to gether to  fo rm �brils

The co llagen mo lecules are po sitio ned in the �brils so  that there are staggered ends

which pro vide strength

When many �brils are arranged to gether they fo rm co llagen �bres

Co llagen �bres are po sitio ned so  that they are lined up with the fo rces they are withstanding

Globular and �brous prot eins diagram

Globular and �brous protein models illustrating the roughly spherical shape of globular proteins and the

long, stranded shape of �brous proteins

Page 20 of 20
For more help visit our website www.exampaperspractice.co.uk


