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Proteins
Proteins consists of 4 basic elements (C,H,0,N)S,P
Proteins are polymers formed from>monomers
Polypeptides>amino-acids

Structure of an amino-acid:

o pll e -

| evil

S— feidic |
C—C—OH CCarbﬁx)’;*‘f
grasp

Carboxyl (<o¢”

Group ﬁsz

Side Chain

Residual (variable group)
- It differs (varies) from one amino-acid to another
- It determines the chemical and physical properties of an amino-acid
If the R group is hydrophilic the A.A is hydrophilic and soluble in water
If the R group is hydrophobic the A.A is hydrophobic and insoluble in water

It is involved in bonding

Formation of a dipeptide:

H
H K O H H o
N-—C——C\ N—(?—C\
H 4 o—H H ©H O—H
:l!‘;-HJO |
H
H\' lT' /P H\ I //
N—C—C"  N—C—C
H ,l, U H —H
DIPEPTIDE ﬂiig
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2) Classification of proteins accordin
Fibrous proteins

their shape:

Globular proteins

Eg. Collagen, keratin

Eg. Haemoglobin, enzymes

- Polypeptide chains are long and
parallel (1" or 2" structure)

- Polypeptide chain s folded into a
ball shape (3" or 4" structure)

Have structural functions>form bone,
muscles, hair, skin, nails

Have metabolic functions>digestion,
carry CO;

Insoluble

Soluble

More stable (less
temperature and P.H)

affected by

less stable (more affected by

temperature and P.H)

Collagen

Haemoglobin
Fibrous protein Globular protein
2" structure 4" structure
Has a structural function (so, insoluble, | Has metabolic function (so, soluble,
more stable) less stable)

Each collagen molecule is triple helix>
contain 3 polypeptide chains (only has

Each HB molecule has 4 polypeptide
chains(2a,2B)/has 4 types of bonds

hydrogen bonds)

* Each polypepude chainin the
collagen molecule lolds into
an extended alpha chains
{approximately 1000 amino
acidsy

. e

Every 3™ AA s glycine

e — e e

e 3

Po
chain
B chain
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Describe the structure of collagen molecule and explain how the structure
strengthens it?

1. one collagen molectconsists of three polypeptide chains wound around
each other to form a triple helix

2. each polypeptide chain contains 1000 A.A every third A A is glycine (small A.A)
3. collagen molecules are arranged parallel to each other, linked together by
(cross links=covalent hydrogen bonds) to form collagen <« (fibers)

What features that results in giving collagen its high tensile strength?

1. every third A.A in the polypeptide chain is glycine>small A.A, so it helps the
coiling of the straight chain to form helix(secondary structure)

2. each triple helix(3 stranded molecule) is held together by (hydrogen bonds)

3. the adjacent collagen molecules are linked together by (cross links=covalent
hydrogen bonds)

AL

’ A . r
{ / ¥ - F.

Three helices wind together

to form a collagen molecule.

These strands are held

together by hydrogen bonds

and some covalent bonds.

Many of these triple helices lie side by side,
The pelypestides whichmake upa linked to each other by covalent crossinks
wentheshape between the side chains of amino acids near

:"9*" mmhﬂh.&vwlhlrd the ends of the polypeptides. Notice that
ammmaddmls gb‘dt . these cross-links are out of step with each

nthar thic nluse rallansn Arastare ctran ek
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HB molecule is described as a globular protein, with quaternary structure

What's meant by the word: quaternary and globular 93

Sihuhg_lt means that the pode into a ball shape, with
hydroohobic R grouns.ainted.inwards and hydrophilic R groups pointed

outwards to male it soluble (metabolic function)
Quaternary: (just the association of 2 or more polypeptide chains together-each

of them have a tertiary structure)
One HB molecule contains 4 polypeptide chains together-2a and 2B
4 haem groups>can carry 4 oxygen molecules>8 oxygen atomes (1 haem

carry 1 02 molecule)

‘ ,/’\\\EJ-)
(- \ =
(e
- HNg T
! J

B chain (2 present)

Figure 2.24 Asection through part of a globular protein
molecule. The polypeptide chain coils up with hydrophilic R
groups outside and hydrophobic ones inside, which makes the

molecule soluble.

udwnupreuntl

haem group

. ¢
Gle lrnA-Q av” Pru"’?! 4 h?:‘f:f:
The diagram shows a haemoglobin molecule. ‘( C;lw:dtfn ary stru Adure @ haew-

growf?

v A
a(._ﬁeh,x.. 2 -

ré= Ci.‘“"ﬁ
Sh'uf::l_:‘_l S

a-globin chain

_ ﬁ—glt_-:t.)ip chain_

p-globin chain

(1§ Hatm gvoup = binding sit

v 0Xy9ev
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Enzymes

Properties of enzymes:

1. Enzymes are proteins:
Globular protein wrth.  Tertiary structure

-the polypeptide chains is folded intoa | -it is coiling of the secondary

ball shape, with hydrophilic R groups of | structure where the a-helix is super
A.A are pointed outwards to make it coiled and folded into a ball 3D
soluble shape with a depression oniits
-kept in position by 4 types of bonds surface called (active site)=3-12A.A
(hydrogen/ionic/disulphide/hydrophobic
bonds)

2. Enzymes are biological catalysts:
They speed up the chemical reaction without being changed or used up i
le. Enzymes can be used over and over again f

3. Enzymes are specific: @ & , o0 '

Each enzymes catalyze specific reaction énzyme 1 ) i
Subs‘h’d {f )’ T'r’oduﬂ

4. A small amount of enzyme, can digest big amount of substrate (1cc amylase +

9cc starch)

. N ] (o ral
5. Enzymes work in both directions ( ﬁ B = = Lﬁi - t:_\

(Enzymes ma/br anabe/ic = buildingup ov Catebo lic = brea Kr’nga'awn)

- ehan_nisrn of action of enves

1. lock and key mechanism 2. induced fit mechanism -

(in some enzymes) (in most enzymes)

_the shape of the substrateis -the arrival of the substrate into the | i_

complementary to the shape of the active site of the enzyme, a B
Lctive site of the enzymes- they fit | slight change in the shape of the active

together exactly, like lock and key site to /1 with the substrate perfectly |

-enzyme and substrate are held
together by (temporary hydrogen \
bonds) between: l

Substrate x R group of A.A
in the active site
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substrate (key) 108

\ enryme-subsirate complex

\ x%\mm (lock) \ ,."/-
g

& Anenzyme has a deftin its

surface. actl b Random movement of enzyme and ¢ The interaction of the substrate with the
The suh::::l - s substrate brings the substrate into the active site breaks the substrate apart.
s molecule has a active site. An enzyme-substrate An enzyme-product complex s briefly
tary shape. complex is temporarily formed. The formed, before the two product
R groups of the amino acids in the molecules leave the active site, leaving
acthve site Interact with the substrate. the enzyme molecule unchanged and
ready to bind with another
substrate molecule. J .
ure3.2 How an enzyme catalyses the breakdown of a substrate molecule into two product molecules.((‘u.‘h be ln:/ l»rr.aKFn) o

1 Zac’Kﬂna{ Kf/nnechanfw

L )
e zymm

S

mc[ Ff f‘ﬂmsc/la.ns‘um-

-..__/'_'\..__‘___/
= 3nmnes 'f‘ enzyvmes

& G

@ d] - Euzyme and substhrate ave held
hjefher b)” (TWOrq ‘\jalr'cjtw
enzyme-substrate Landf) be tween :

comphex G‘uh:f‘r‘d'g&( [ groups ofﬂﬂ

i nthe active sit
i Tebs A A
en H;’Jr‘dalq b.niﬁ
mzyp‘m:‘-moduct ﬁ"ﬂ

Rgsjﬁ s whstiafe
(g2

Figure 3.3 Asimplified diagram of enzyme function. Note thatin
this example the enzyme is catalysing the joining together of two

molecules.  ( AnaLo[lC)Lulthﬂ“f’ tZ )
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i"rﬂ"‘-" bonds need

Whick m
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. o ’ .EI.EJII ¥ cArL
I’ul':ﬁl"a{éfm librivm (A — & —3s “J

Pregress of the rur.F‘nib'

To change & wiNtrate into &
prouct, the energy of the
subvtrate it be Briefly ralued
by #n amou ko a1 the

| sctivation energy. This can be

| done by heating the wbatrate

—-—‘El-ll

L1i]

B/ ‘When g subsre o o e
T Ut of B ErSpe the
vupe of o moleus b ibghoy
changed. This e B aaile
o chaange the Subemutes wlo g

B product; the sciwation eneny

M e
E e pCTWNC ey

fooslate

L m mm  m ————— ==

Progeeia of reaction
Figure 1.5 Activation energy & withoul enzyme. b with enzyme.
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(a) Without enzyme

e & & @9

lactose glucose + galactose

activation energy
" without enzyme

______________________________
e

net energy releasec

from splitting of
1 J lactose

&~

glucose + galactose

(b) With enzyme

ee

lactose

-

------------------------------------ activation energy
with enzyme

@ } net energy released
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2) EFfect of P.H. onenzyme ocHivity

Raode of A

enzyme —
ctivity _
) denaturing

‘ v fli‘l.
\ k

L 2 3 w 5 %5 3 pH

.

® Eoch €Nz yame has on optimum PH- Where /€ wer
best, and has maximum enzyme ackivity: cucruse

® &fa/mfles (Pefsin =PH Z/quhfdjcsz(/AH/fdfC:fH 7’05/5"-?,;:5:?
GI:Deﬁcn'Le ﬂ)—’ﬂ's W{jo neaver to the c?,'rmum P-H'/ euzy

'ty Adecreases
o activity increases and aswe go fFurth er, activity

%EXP’“""Z!J Ckayes ir PH. a Ffect the enzyme 45 Follows:

oni lholding The EnZyme
Kolows Hhe tonic bonds, thatfave L
@1 é‘rm /05;;*13 enzy-me |oses i7s globular shape, ;tmﬁlm

. . yay Lstrate anymore(become
@S CA?&GJS’{-‘;-»:T‘; sf-ff; fjg‘i in active site of enzymme
—> Gan’t Fit substrade ah)y ~movre .

]

Rate of reaction

rreyetn

I E optimum pH

[FYRS
w

Figure 3.11 The effect of pH on the rate of an enzyme- A
controlled reaction.
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Inhibitors
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Competitive inhibitor

Noncompetitive inhibitor

& Compatitive inhibition

enzyme’s active site

aclive site

competitive Inhibitor
has a similar shape to
the substrate and fits
into the enryme's
active site

b Non<ompetitive Inhibition

Other molecules may bind
elsewhere on the enzyme,
distorting Its active site.

/é;}

non-competitive inhibitor

active site

C:‘..;.,.n.

Figure3.12 Enzyme inhibition, a Competitive inhibition.
b Non-competitive inhibition.

active
site

a llestemc
site

*competitive inhibitors has a molecular

shape similar to substrate > so, inhibitor

bind to active <ite >and prevent entry of

substrate>rate of the reaction decroqon

*non-competitive inhibitors (eg.heavy metals
as lead, mercury)>bind to the allosteric site
of the enzyme (site other than active
site)>which changes the shape of the enzyme

Both substrate and competitive inhibitors
compete for the active site of the enzyme

The enzyme loses its active site, can't fit
substrate anymore

S0, if S conc. > | conc.
Rate of reaction increase
If 1 conc. > S conc.

Non-competitive inhibitors are not affs
by changing the conc. of substrate or

enzymes
Rate of reaction decrease
I
Rag< g'ia
A g
*;‘ < ‘- N /T\;Ow ’
veén

ZLwhibiter

T “Won Compeh Five

inhibitar

Conc: of Substyrate |

=— S
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ProoducT [ 1 l

T

Figure 3.13 End-productinhibition. As levels of product 3 rise,
there is increasing inhibition of enzyme L. So, less product 1 is
made and hence less product 2 and 3, Falling levels of product
3 allow increased function of enzyme 150 products 1,2 and 3
rise again and the cycle continues. This end-product inhibition
finely controls levels of product 3 between narrow upper and
lower limits, and is an example of a feedback mechanism,

-

- - -

(a) Substrate becomes product

1. Substrate binds
to enzyme.

substrate
2. Enzyme transforms
substrate to product.

3. Product binds to |
a different site on the
enzyme, causing the

enzyme to change shape

L

4, The new shape of the

enzyme prevents it from
binding to any more
{ substrate.
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Enzymes

Definitions

]

L

Ty
- ——
+

T

'

V max

Half Vmax

- Maximum velocity of the reaction - Half of the maximum velocity
- _Maximum rate of the reaction Half of the maximum rate.

- AtVmax ALL active sites are fully
occupied by substrates

- At half Vmax HALF the active sites are

EEEE

Km = Michaels constant:

- Itis: the conc. of substrate, at which the enzyme is working at half of its

maximum velocity (half Vmax)

- At this point, half the active sites of the enzymes are fully occupied by the

substrates

Km measures the affinity of the enzyme for the substrate

- lower km means higher affinity
higher km means lower affinity

Significance of Km

Significance of Vmax

1. used to determine the affinity of the
enzyme to different substrates
- the lower the Km the higher the

affinity
- the higher the Km the lower the

1. can be used to measure the
velocity/rate of the reaction under
different temperatures, PH

affinity
2. can be used to design better

enzymes, using genetic engineering

2. can be used to compare the
velocity/rate of the same enzyme

coming from different organisms (eg.

Cat amylase, goat amylase, cow
amylase), and choose the best for

commercial use

ﬁﬁ. Turnover rate > it is the rate b
[ substrate>nroduct\ per second

y which the enzyme can change
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62
e

)
2

Enzyme (x) Enzyme (y)
=high affinity for substrate (lock and key) =low affinity for substrate (induced fit)
{)once substrate binds tg active site > (1) once substrate binds to active
they make exagt it Feaction starts. site>they don't make exact
immediatelyﬁ bstrate don’t slip fitpreaction doesn’t start immediately/
away from the active site, it stays £3)out of 3 substrates:

2 substrates bind, then slip away form

inside
active site only 1 substrate bind and
stays inside the active site |
le. HIGH affinity le. LOW affinity 1
=low Km =high Km | |

=high conc. of substrate(3) is needed to | i
occupy the active site, ie. To reach Vmax (or | |

half Vmax)
- if we have 10 active sites/10 molecules

of enzyme (y)>then we will need 30
substrates B

=low conc. of substrate (only 1) is needed to
occupy the active site, ie. To reach Vmax (or

half Vmax)
- if we have 10 active sites/10

molecules of enzymes(x)>then we will
need 10 substrates
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