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2.3.1 Proteins

Amino Acids & Polypeptides

Prot eins

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 (eg. carrier)

Ho rmo nes

Immuno pro teins (eg. immuno glo bulins)

Transpo rt  pro teins (eg. haemo glo bin)

Structural pro teins (eg. keratin, co llagen)

Co ntractile  pro teins (eg. 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 bo nded to :

An amine  gro up -NH

A carbo xylic acid  gro up -COOH

A hydro gen ato m

An R gro up (which is ho w each amino  acid differs and why amino  acid pro perties differ 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  (eg. phenylalanine)
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The generalised structure of an amino acid

Pept ide 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 first 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

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

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

reaction

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.
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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
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An amino acid sequence of a short polypeptide. The three-letter abbreviations indicate the specific

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

NOS: Looking f or pat t erns, t rends and discrepancies; most  (but  not  all) organisms
build prot eins f rom t he same amino acids.

All lif e  except fo r a few species use these 20 amino  acids
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The reaso n why o nly 20 amino  acids are used has been the subject o f a lo t o f differing

hypo theses

That o nly these 20 were available at the o rigins o f life, so  have remained ever since, OR

That these 20 amino  acids are diverse eno ugh to  give the wide range o f functio ns that

pro teins po ssess, OR

Because o f the theo ry that all o rganisms share a co mmo n ancesto r, the link between the

genetic co de and amino  acid sequence is fixed and is no t easily altered, even by mutatio ns

The almo st infinite number o f  amino  acid co mbinatio ns  make po lypeptides suitable to

determine all the characteristics o f  lif e

Only a few primitive, single-celled o rganisms use o ther amino  acids

One unusual amino  acid includes the trace element selenium and is fo und in many po lypeptides,

tho ugh at very lo w f requencies

A discrepancy is that in so me o rganisms, the sto p co do n UAG co des fo r this unusual amino

acid co ntaining selenium

All life go es by the Central Do gma that all genes co de f o r pro teins  and the actio ns o f pro teins

determine all o f an o rganism's characteristics

Polypeptide Diversity

20 amino  acids can give an almo st infinite 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

Standard f o rm is preferable fo r sho wing such a large number, but writing it o ut in full sho ws its

siz e, which is

113,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,00

0,000,000,000 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 infinite

50

65
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Genes & Polypeptides

The amino  acid sequence o f po lypeptides is co ded fo r by genes

Despite the huge number o f amino  acid sequences that co uld be pro duced, o nly a small f ractio n

o f these are pro duced in nature

Nevertheless, many tho usands o f  different po lypeptide sequences  are synthesised

The co de fo r the sequence in which amino  acids are jo ined to gether is the genetic co de, held in

a sequence o f DNA bases in the geno me

The expressio n o f a gene always results in the pro ductio n o f a po lypeptide

T hree co nsecutive DNA bases  are required to  co de fo r each amino  acid  in a po lypeptide

The central dogma of gene expression. All genes code for proteins; proteins carry out the genes’

instructions.

2.3.2 Protein Structure & Function

Protein structure

A pro tein may co nsist o f a single po lypeptide o r mo re than o ne po lypeptide linked to gether

So me pro teins exist as a single po lypeptide chain (o f amino  acids)

Other pro teins are made up o f two  o r mo re po lypeptide chains  jo ined to gether

Single po lypeptide chain pro teins include lyso z yme, an enz yme present in mucus secretio ns

and tears, that kills bacteria as part o f o ur primary defences against patho gens

Proteins with two polypeptide chains include

insulin, a ho rmo ne respo nsible fo r regulating blo o d gluco se levels

integrins, a gro up o f membrane pro teins that span a pho spho lipid bilayer and act as a

recepto r

integrins' two  po lypeptide chains each have a hydro pho bic sectio n that sits in the

membrane bilayer

Proteins with three polypeptide chains include co llagen, the main structural

pro tein in skin, tendo ns, ligaments and the walls o f blo o d vessels

Pro teins with f o ur po lypeptide chains  include haemo glo bin, which binds o xygen in red blo o d

cells and delivers it fro m the lungs to  respiring tissues

Each po lypeptide chain in a multi-po lypeptide pro tein is referred to  as a subunit  o f the pro tein
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3D Structure of Proteins

The amino  acid sequence determines the three-dimensio nal co nfo rmatio n o f a pro tein

Pro teins perfo rm their diverse ro les because o f their 3-D shape and structure

This is kno wn as the pro tein's co nf o rmatio n

The precise sequence o f  amino  acids  determines ho w the pro tein f o lds  and aligns itself as the

individual amino  acids are being added  at the ribo so me

Amino  acids are always added in the same sequence so  a pro tein can start to  f o rm its

shape even befo re it is fully fo rmed

Bo nds f o rm between parts o f amino  acids that can cause a bridge  to  fo rm between o ne part

o f the chain and ano ther

this creates lo o ps, sheets, helices  and f o lds

Many o f the bo nds that ho ld the pro tein's shape fo rm between the vario us R gro ups  o f

individual amino  acids

If an amino  acid is no t present in its usual place in the chain due to  mutatio n, this can

drastically alter the pro tein's 3-D shape, and affect its functio n

Haemo glo bin is a glo bular pro tein (fo rms a glo be-shaped pro tein)

So me o f haemo glo bin's o uter parts are hydro philic  to  be in co ntact with water whilst its inner

parts are made up o f amino  acids with hydro pho bic  R gro ups

Co llagen is a fibro us  pro tein (fo rms a ro pe-like pro tein fo r tensile strength)

It has a repeating sequence o f  amino  acids  to  create a helical structure

The chain o f amino  acids remains in an elo ngated co nf o rmatio n to  give fibro us strength

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

long, stranded shape of �brous proteins
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Denaturation: Proteins

Denaturatio n is the irreversible change o f pro tein co nfo rmatio n caused by temperature and pH

extremes

The bo nds that fo rm between different 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

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

o riginal ro le

This is called denaturatio n

Heat  and extremes o f  pH are the mo st co mmo n causes o f denaturatio n

Bo th cause breaking o f  the weak bo nds  between R gro ups

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

pro tein's 3-D 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 fluctuatio ns in pH eg. haemo glo bin

The effect of heat and pH on the shape and function of a globular protein

Denat urat ion in act ion

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
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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 eg.

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  eg. 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 ho lding the chain in its fo lded, 3-D structure.
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2.3.3 The Variety of Proteins

Functions of Proteins

Living o rganisms synthesiz e many different pro teins with a wide range o f functio ns

Pro teins are so  versatile  that they have many different ro les in cells, tissues and o rgans

All o f the fo llo wing functio ns are perfo rmed by pro teins:

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 fibres in skin, hair, tendo ns, blo o d vessels eg. co llagen, keratin

Transpo rt  o f vital metabo lites eg. 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 effect

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

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

Exam T ip

Many exam questio ns fo cus o n enz ymes but do n't fo rget all the o ther types o f pro tein when

discussing pro tein functio ns.
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Examples of Proteins

Rubisco

Ribu lo se Bispho sphate Carbo xylase

An enz yme that catalyses the fixing 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 effective to  have evo lved so  far to  fulfil 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 specific binding sites at the two  tips o f the 'Y'

They bind to  specific 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  different 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 fibro us pro tein made o f three separate po lypeptide chains

The mo st abundant pro tein in the human bo dy  - appro x 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

2
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Spider Silk

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, fibro 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, eg. the silk they

use to  encase their prey after capture

Proteome

The proteome is the full range o f pro teins  that a cell o r o rganism is able to  pro duce

By co ntrast, a geno me  is the co mplete set o f genes  present in a cell/o rganism

The full geno me is present within every cell o f an o rganism, but no t every gene is expressed  in

every cell. Which genes are expressed, depends o n the cell type

The pro teo me is usually larger than the geno me o f an o rganism

Every individual has a di�erent pro teo me

Because o f small di�erences in the amino  acid sequence o f pro teins

The pro teo me varies during an o rganism's lif etime  as certain pro teins are no t needed

thro ugho ut the o rganism's life

An example is f etal haemo glo bin. The gene fo r that pro tein is no t expressed after the

baby is aro und 3 mo nths o ld, as the baby expresses adult f o rms o f  haemo glo bin, which

are enco ded by separate genes

This is also  due to  a large amo unt o f mo di�catio n o f  pro teins  that can take place after

synthesis (o ften in the Go lgi apparatus)

Fo r example, adding a carbo hydrate part to  fo rm glyco pro teins, which are impo rtant in

cell signalling

Splicing o f RNA during transcriptio n can allo w o ne gene to  co de fo r many pro teins

Exam T ip

Yo u do n't need to  kno w the details o f splicing fo r Standard Level but it acco unts fo r several

pro teins being pro duced fro m just o ne gene. Even tho ugh a lo t o f genes do  no t co de fo r

pro teins, the pro teo me is larger than the geno me because o f the sheer range o f pro teins that

can be pro duced fro m the DNA co de.
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2.3.4 Skills: Molecules

Molecular Diagrams: Drawing

Drawing biological molecules

It is impo rtant to  be able to  draw a f ew key mo lecules

There is a huge variety o f bio lo gical mo lecules, but o nly the mo st impo rtant o nes  are

required

Element symbo ls  fro m the Perio dic Table  are used

A sho rt, straight line  is used fo r a co valent bo nd, with two  lines  fo r a do uble bo nd

So me chemical gro ups may be deno ted by a symbo l such as ℗ fo r a pho sphate gro up

The symbo l R represents a variable chemical gro up, such as the variable side gro ups o f amino

acids

An exam questio n may require yo u to  draw vario us mo lecules

It's advisable to  break the task do wn into  stages

Symbo ls Used in Bio lo gical Mo lecule Drawings Table
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Drawing α-D-glucose

Aspects to  remember

Gluco se has the fo rmula C H O

In so lid fo rm, gluco se has a linear structure

It fo rms a hexago nal ring in an aqueo us so lutio n

As aqueo us gluco se is the o nly state that gluco se exists in bio lo gy, it's the ring

structure  that sho uld be learned

One o f  the co rners  o f the ring (draw this in the to p-right) is o ccupied by an o xygen ato m

The 6th carbo n o ccupies a side chain (to p-left)

The carbo n ato ms are numbered 1 to  6  starting o n the right and wo rking clo ckwise

6 12 6

The hydro xyl gro ups o ccupy po sitio ns abo ve o r belo w the ring as fo llo ws

Carbo n ato m 1 - belo w

Carbo n ato m 2 - belo w

Carbo n ato m 3 - abo ve

Carbo n ato m 4 - belo w

Yo u can igno re the 'D' in the names alpha-D-gluco se o r beta-D-gluco se

The o nly o ther versio n is L-gluco se which plays no  signi�cant ro le in bio lo gy

Recommended steps to draw a molecule of α-D-glucose
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Structure of α-D-glucose

β-D-glucose is very slight ly different  in st ruct ure

Beta-gluco se (β-gluco se) has a small, subtle difference  to  α-gluco se

The hydro xyl gro up o n carbo n ato m 1 sits ABOVE the ring, rather than belo w

This sugar is the mo no mer o f cellulo se

This example o f two  different iso mers  changes the pro perties o f the po lysaccharide fo rmed

fro m these mo no mers drastically

It acco unts fo r all the many differences between starch and cellulo se

The hydro xyl gro ups o ccupy po sitio ns abo ve o r belo w the ring as fo llo ws

Carbo n ato m 1 - abo ve

Carbo n ato m 2 - belo w

Carbo n ato m 3 - abo ve

Carbo n ato m 4 - belo w

Structure of β-D-glucose
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Drawing a ribose sugar

This f amily o f  sugars  play a ro le in DNA and RNA structure, as well as ATP

Ribo se is a fo rm o f pento se  sugar (5 carbo n ato ms)

Like gluco se, ribo se has a ring structure

Aspects to  remember

Ribo se has the fo rmula C H O

It fo rms a pentago nal ring in an aqueo us so lutio n

One o f  the co rners  o f the ring (draw this in the to p) is o ccupied by an o xygen ato m

The 5th carbo n o ccupies a side chain (to p-left)

The carbo n ato ms are numbered 1 to  5 starting o n the right and wo rking clo ckwise

The hydro xyl gro ups o ccupy po sitio ns abo ve o r belo w the ring as fo llo ws

Carbo n ato m 1 - abo ve

Carbo n ato m 2 - belo w

Carbo n ato m 3 - belo w

Ribo se sugars have an impo rtant clo se relative - deo xyribo se  sugars

Bo th are key co mpo nents o f RNA and DNA respectively

The 'R' and 'D' o f RNA and DNA co mes fro m the sugar in the structure, ribo se o r deo xyribo se

Recommended steps to draw a molecule of ribose

5 10 5
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Structure of ribose

Drawing a sat urat ed f at t y acid

There are two  aspects to  a saturated fatty acid

A saturated  hydro carbo n chain

Co ntains o nly C-C single bo nds

Each internal carbo n ato m is bo nded to  2 hydro gen ato ms

A carbo xylic acid gro up  at o ne end

Yo u do n't need to  memo rise any names o f saturated fatty acids

The number o f carbo n ato ms in yo ur chain is also  no t impo rtant, but greater than aro und 8 is

advised.

Recommended steps to draw a molecule of a saturated fatty acid
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A saturated fatty acid

Drawing a generalised amino acid

Each amino  acid has central carbo n ato m

Three o f the bo nds fro m the central carbo n ato m are o ccupied as fo llo ws

a hydro gen ato m

a carbo xylic acid gro up

an amine  gro up

The fo urth bo nd attaches the central carbo n to  the R gro up

The R gro up is variable  and determines the identity o f  the amino  acid

Yo u wo n't need to  remember any o f the R gro ups o r amino  acid names

Drawing the 4 gro ups surro unding the central carbo n in a flat structure  is acceptable, altho ugh

the real arrangement o f bo nds aro und a carbo n ato m is in a tetrahedral shape
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Recommended steps to draw a molecule of generalised amino acid

The generalised structure of an amino acid

Exam T ip

The specificatio n is very clear abo ut what yo u sho uld remember and equally impo rtantly, what yo u

do n't  have to  memo rise in this to pic.With all these drawings, practise with a pencil and plenty o f

paper until yo u get it right. It WILL stick! Once yo u've memo rised it, 'draw' questio ns sho uld be

easy marks!
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Molecular Diagrams: Identification

As well as being able to  draw certain mo lecules, an impo rtant skill is being able to  reco gnise

certain bio chemicals fro m mo lecular diagrams

There are several f eatures  that help to  identify mo lecules

The presence o f carbo n, hydro gen, o xygen, nitro gen, sulf ur and pho spho rus  can help in the

identificatio n

All bio lo gical macro mo lecules co ntain carbo n, hydro gen and o xygen

Nitro gen and sulf ur are present in pro teins

Nitro gen is present in nucleic acids (DNA, RNA)

Pho spho rus  is also  present in certain mo lecules (DNA, RNA and pho spho lipids)

The presence o f ring structures, hydro carbo n chains, carbo n-to -carbo n do uble

bo nds, do uble-stranded  areas and the ratio  o f  carbo n to  o xygen in a mo lecule all give clues

abo ut the mo lecule's identity

Using the Presence of Various Atoms to Identify Biochemicals

Glyco sidic  bo nds, ester bo nds and peptide  bo nds all have a distinctive appearance in

mo lecular drawings and will immediately identif y carbo hydrates, lipids  and pro teins

respectively
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Worked example

Identify the Diagram (A, B, C o r D) which Sho ws a Triglyceride Structure

Step 1: Lo o k at the elements present in all the diagrams

We're lo o king fo r a triglyceride, a type o f lipid. Lipids co ntain C, H and O o nly. B  also  co ntains

nitro gen (B  is a dipeptide)

Eliminate Answer B

Step 2: Lo o k f o r lipid structures

A co ntains ring structures, so  is likely a carbo hydrate (A is a disaccharide)

Eliminate Answer A

Step 3: Lo o k f o r three hydro carbo n chains

D co ntains three hydro carbo n chains (attached by ester bo nds to  glycero l). C  is cho lestero l, which is

a lipid, but no t a triglyceride lipid.

Select Answer D

T he rat io of  hydrogen t o oxygen

The numbers o f  hydro gen and o xygen ato ms in a mo lecule  can help to  identify it

Carbo hydrates co ntain hydro gen and o xygen in a 2:1 ratio

Think o f water, fo rmula H O, and where the '-hydrates' part o f the wo rd 'carbo hydrates'

co mes fro m

Lipids co ntain a much lo wer pro po rtio n o f  o xygen than carbo hydrates eg. C H O , where

the hydro gen to  o xygen ratio  is 17:1

2

18 34 2

Page 21 of 23
For more help visit our website www.exampaperspractice.co.uk



Molecular Diagrams: Peptide Bond Formation

Having learned to  draw the structure o f a generalised amino  acid, two  o r mo re o f these can be

jo ined to gether to  sho w ho w peptide bo nds f o rm during pro tein synthesis

Amino  acid mo no mers link to gether via a co ndensatio n reactio n

This releases a mo lecule o f water (H O)

One H ato m (o f the released water) co mes fro m o ne amino  acid's amine  gro up

The o ther H ato m and an O ato m co me fro m the o ther amino  acid's carbo xylic acid  gro up

This kno wledge can be usef ul when drawing ho w two  amino  acids co ndense  to  fo rm a peptide

bo nd

The recommended steps in drawing a peptide bond formation

2
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Formation of a dipeptide
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