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C1.1.9

C1.1.10

oL Learning Outcomes

Enzymes as catalysts Students should understand the benefit of increasing rates of reaction in cells.

Students should understand that metabolism is the complex network of interdependent and interacting
Role of enzymes in metabolism chemical reactions occurring in living organisms. Because of enzyme specificity, many different enzymes are
required by living organisms, and control over metabolism can be exerted through these enzymes.

Examples of anabolism should include the formation of macromolecules from monomers by condensation
reactions including protein synthesis, glycogen formation and photosynthesis. Examples of catabolism
should include hydrolysis of macromolecules into monomers in digestion and oxidation of substrates in
respiration.
Include that the active site is composed of a few amino acids only, but interactions between amino acids
Enzymes as globular proteins with an active site for catalysis within the overall three-dimensional structure of the enzyme ensure that the active site has the necessary
properties for catalysis.

Anabolic and catabolic reactions

Interactions between substrate and active site to allow induced- . _—

fit binding Students should recognize that both substrate and enzymes change shape when binding occurs.
Movement is needed for a substrate molecule and an active site to come together. Sometimes large

substrate molecules are immobilized while sometimes enzymes can be immobilized by being embedded in

membranes.

Role of molecular motion and substrate-active site collisions in
enzyme catalysis

Relationships between the structure of the active site, enzyme

: udents should I xplain th relationships.
substrate specificity and denaturation stugentsshould betableitorexplalntheserelationships

The effects should be explained with reference to collision theory and denaturation.
Application of skills: Students should be able to interpret graphs showing the effects.
NOS: Students should be able to describe the relationship between variables as shown in graphs. They
should recognize that generalized sketches of relationships are examples of models in biology. Models in the
form of sketch graphs can be evaluated using results from enzyme experiments.

Effects of temperature, pH and substrate concentration on the
rate of enzyme activity

Application of skills: Students should determine reaction rates through experimentation and using

Measurements in enzyme-catalysed reactions
secondary data.

Application of skills: Students should appreciate that energy is required to break bonds within the substrate
Effect of enzymes on activation energy and that there is an energy yield when bonds are made to form the products of an enzymecatalysed
reaction. Students should be able to interpret graphs showing this effect.



C1.111

C1.1.12

€1.1.13

C1.1.14

C1.1.15

C1.1.16

C1.1.17

HL Learning Outcomes

Include glycolysis and the Krebs cycle as intracellular examples and chemical digestion in the gut as an
Intracellular and extracellular enzyme-catalysed reactions extracellular example. For further guidance, refer to B4.2.4, B4.2.6, C1.1.3 and B1.1.3 as these statements are
linked to each other.
Include the idea that heat generation is inevitable because metabolic reactions are not 100% efficient in
Generation of heat energy by the reactions of metabolism energy transfer. Mammals, birds and some other animals depend on this heat production for maintenance of
constant body temperature.

Cyclical and linear pathways in metabolism Use glycolysis, the Krebs cycle and the Calvin cycle as examples.
Students should appreciate that only specific substances can bind to an allosteric site. Binding causes
Allosteric sites and non-competitive inhibition interactions within an enzyme that lead to conformational changes, which alter the active site enough to

prevent catalysis. Binding is reversible.
Use statins as an example of competitive inhibitors. Include the difference between competitive and
noncompetitive inhibition in the interactions between substrate and inhibitor and therefore in the effect of
substrate concentration.

Competitive inhibition as a consequence of an inhibitor binding
reversibly to an active site

Regulation of metabolic pathways by feedback inhibition Use the pathway that produces isoleucine as an example of an end product acting as an inhibitor.
Mechanism-based inhibition as a consequence of chemical
changes to the active site caused by the irreversible binding of Use penicillin as an example. Include the change to transpeptidases that confers resistance to penicillin.

an inhibitor



C1.1.1 —Enzymes as catalysts.

C1.1.5—Interactions between substrate and active site to allow induced-fit binding

A(_w{c)in\s Lo Collision Theory, in order for chemical reactions to occor : O
r

There moust be a collision

P

for a reaction Lo occor

Problem: Chemical reactions unaided fake a long time to occor - too long o be able to sustain esseatial life processes

CX: a study found Jhot Some Key biological reactions would take huadreds fo millions of yeacs to complete ! htpsy/pubmed.nchi.nim.nih.gov/21495848/

ofganisms woold be Ians dea)d bebore these crucial processes oceurred

Solution: enzymes - biological catalysts

> fom /0s 1o 10" times!

C1.1.4—Enzymes as globular proteins with an active site for catalysis.

L ’ . X o
The collision most N Collision must occur with >
occol at fhe riaht % C% sufficient energy §) products
location and v 100
orientation > activation energy (ea) : O
no reaction reaction ! minimum energy fequired reactants

reaction progtess

ex: an uncatalyzed reaction may take millioas of years bot catalyzed by on ertyme , a few mill iseconds’

&>  substances which increase the rate of reaction, effective in low concentrations and remain unchanged at the end of the reaction (as '“\c, dont take part in reac.&»'oAS)

\> while Some enzymes are made of RNA (ex: riboZymeS) » most are globular proteins ; fheir terkiary stvcture giving them a founded shape

lnduced - £ik mogdel of enzyme action

> analogy: .
> Complex

S enzymes are substrake —gpecific » meaning they calalyze <{7fu’c_adly) only one pocticlar

substrate due o the spai(’ic Shape of their active site allowin3 subsicate interactions

5 e
XA

[ = A

most chemical reackions occur in
solution where molecules of water,
substrote and tnzymes are packed
close and move around randomly

When the subsicate randomly gets
close to the active site, some
enzyme's chemical properties draw

it closer into the correct orientation

when a hand enters S\ovc, both oho.nae shape

As substrate agproaches ackive site, the enzyme's shape canforms to fit the substrate
and {he sobstrate's shape also changes fo betéer bind by allering bond angles and shape
(induced-("i(: bindin&),forminj an en '
active site by weaK inferactions (ex: hydrogen

intramolecvlar interactions

form 3-dimensional structure enzyme

Definitions

Substrate : fhe reactont jnan enzyme-catalyzed reaction
active site - region where substcate binds and catalysis occurs

enzyme-svbstrate () complex * temporary structure When o substrate

and enzyme bind together

As the subsirate is bound, Key chemical bonds are stretched /stressed,
distorting it and helping it approach fhe transition slate. This reduces
the amount of energy needed (€4) and increases fhe rate of reaction.
Bonds are broken and formed 5 resulting in product (s). Once released,
the enzyme returns to original conformation, ready to be re-vsed

enzyme - substrate complex

X active site is composed of only a few amino
acids ond are brought together by the folding
of the protein . Their interactions enable

catalysis and svbstrate specificity:

some match certain grovpings on

substrate, allowing €S complex

to form and hold suvbstate in

place (3-4-5 29-25-26)

Some are reactive’, br-‘na.'nj abovt

a 5pec;(—'ic catalytic reaction, j.e.

bviwins/ breakn'nj bonds (20, '-H)


https://pubmed.ncbi.nlm.nih.gov/21495848/

C1.1.2—Role of enzymes in metabolism.

C1.1.3—Anabolic and catabolic reactions.

C1.1.10—Effect of enzymes on activation energy

Melabolism : complex network of intecdependent and interacting chemical reactions occurring in living organisms

S

> neocly all metabolic reactions ace catalyzed by enzymes ond many in mulki-step pathways whee fhe product of one reaction is the svbstrate for the next je. A

\> this allows o reaction to be precisely regulated (0s o diffuent enzyme required at cach shep) and the energy involved better-conirolled (as it can be incrementelly released and used rather than all at once)
cells can direct specific reactions by synthesizing specific enzymes or blocking them, giving them control

This requites organisms to make many differeat enzymes

Mebobolic reactions can be classified as either anabolic or catabelic

Anabolism. * synthesis of complex , larger molecwles from simpler, smaller molecoles o0+ @
t$Hp
S 'fo(ma{ion of macromolecvles from monomers by condensation reactions
example$ [ 2 &

) s)m%kcsis of pro(:dns fiom amino acids ("'(anslatior\,) @proteins YN gmtﬁn synthesis DI.L

[ 57n|h¢5i5 of PolySacchar:c)cs fom wono sacchandes (e,x: aluwse. into slycogcn> @arbohydrates Bl
® synihesis of DNA from nucleotides & rocteic acids a1z @ DNA replication DI.I

o photosynthesis @P“olosymues.’s cL.3

\S the effect (s) That two or more systems / bodies /substances / organisms have on one another resulting in emergent propertics
when two or more Things depend /rely on each other , such as the activity of enzymes relying on each other in a pathway

enzyme 1 > B enzyme 1 > C enzyme 3 > D enzyme 4 > €

ex: if cellular fespication occorred in one step il wovld be combustion !

X enzymes are typically named after fheir substrate +'ase’  ex: lactase breaks down lactese

Calabolism : breakdown of laraer complex molecoles into simpler; smaller molecoles [ 2 2
mo*i
\> formation of monomers from macromolecoles by kyc)m)ys.‘s reactions
examples o0+ @

® kydralys;.s of macromolecoles into monomers in

dgséim (in movlh, sfomach , intes(:ines)

® oxidation of substrates in cellular respiration ) cell cespication C1.2

® Jdigestion of complex carbon compovnds fiom dead organic. matter by aecompose,r.s@ traasfers of energy and matter CH2

Chemistry review

In chemical reackions, the bonds holding reactants
looeihcr need fo break, which (equires energy while
(o:ming new bonds inthe praducts teleases energy

o0

reactonts

O — og0°g® —

unstable transition state

O % o

0O

(ﬁzrodm&s 9‘5

\> snabolic reactions are endergonic : enecgy vsed £o break bonds > energy released from forming bonds
*- products have more energy fhan reactants (4aken. from surcoundings

transition state

e et

® Activation energy (Eah iS needed to
reach 1he fransition state ,ie. break
the bonds hoIr)Ms reactants toge ther.

Ea of uncal:alyzed reaction

> oduct s
? ® enzymes lower {he Eq ‘”\raujh bint)ina
v Ea. of catalyzed with subslcate at the active site which
e _':“iuf"‘ ______ destab; lizes these bonds, makhs it easier
reactants to reach fransition state and iniliate reaction

reaction progress

X enzymes do not provide or alker energy levels of reactants oc products

\S catabolic reactions are exergoniC * enecgy used to break bonds < energy released {feom 'Pounind bonds
- reactants have more energy than products (released to svrroundn'ngs)
transition state

____________ - ® analogy: boulder on hillside
Ea of uncatelyzed reaction

______ - I— the boulder needs to
ApP—=--:- - — Ea of catalyzed reaction Ea  be pushed vp a hill
E reactants reackants inorder to break
d prodocts ()

............... Ea enzyme lowers the

ceackants Will so less
reaction progress products pushing needed



C1.1.7—Relationships between the structure of the active site, enzyme—substrate specificity and
denaturation. C1.1.8—Effects of temperature, pH and substrate concentration on the rate of enzyme activity

€n27me activity (how effecéive!y/quid(l) enzymes catalyze sobstrates jnto produz.ts) is impacted L) many factors, namely: temperature, pH, and svbstrate concentration

Effect of tempecatore Jl

I’CCA[(.I {Q_mpemh{e iS a measvre of average Kinebie energy

2D
% @ X curve s as)«mme-}ric
[
| @
R N
v @)
~
: ®
l ® £
% +©
K
temperature

@ as kmpe(mlwe rises, pacticles have more Kinedic enegy,
meaning they are moving condomly faster
\> more {’ﬂqum{' and stronger collisions between sobstates
and the active site of enzymes
\> more reactions catalyzed over time,i.e. higher enzyme activity

@ op‘.?mum ffmperaéwe! {lmpemfure at which enzyme ackivily
15 at its maximum
S will Oepend on the cnzyme and its particular intramolecvlar bonds

ex: most enzymes in humans have an optimem ~37°C

@ increasing temperature beyond the optimum temperature the enzyme's
intcamolecular bonds are disrupted, causing it to denature
S its 3-dimensional conformation ond thvs, the shape of its active
site is alfered, preventin substrate from binding
W J
feaction no longer catalyzed thus despite more energy, rate declines

and active site have specific Complementory Shapes

octive site
fonctional

non-{undsional

denatured enzyme

€ flect of PH ﬁ

recall: pHis a logarithmic measure of acidity /alkalinib' of o substance

optimum

— Fcpsin.
Saliva(y amylase.

- /.'pase,

@)
.\-O

X

cate of reackion /enzyme activity

I 2 3 4 5 b 7 8 ¢ 10 W PH
D fferent enzymeS have diffecent amino acid sequences and hus Jiffecent
intramolecvlar infecactions, 3-dimensional shapes, and op'l:imum PH

S too addic (more H? in Solufion) or too olKaline (more OH ia soluiian)
con discupt the intramolecolar forces such as ionic and hydrogen bonds
by altering charges of groups.
This can result in the protein denaturing , altering the shape of its active site,
Prtvml:;nj substrate (S) from binding, lowcrina enzyme activity and reaction rale

exame\ts Q Erotcins Gl-1 &

® pepsin. is an enzyme whith ca.balyzcs beeakdown

of proteins in The stomach - optimum is very acidic
® solivary amylase iS an enzyme whith catalyzcs breakdown
of slarch in the movth - optimum is ~nevtral
® lipase is an enzyme  which catalyzes breakdown

of lipids in the small intestine -oph'mum is alKaline

E,HQCE o;f substcate concentration /[]\

concentrakion : amount of solute per volume , expressed as mol L" o %

©

(e} (e}
(e}
&

&

o © Q

(o)

sofvration point
O@ O furation p
e
®

, &
® &- @%

low substcate concentration

cate of reackion /enzyme activity

high

@ al low substate concentrations, there are moay free active siles,
meaning subsicates can bind readily without delay (cxuss of enzymcs)

S increasing the gobstrale conceairation will prapolﬁanaliy increase
rate of reaction as more sobstrates will collide with the tnzyme's

active site, fo{ming enzyme- substrate (omplexes and be catalyzed

@ as substrate oncentration increases, the increase in cate diminishes
as more of the octive sites at a given time are occupied
. likelihood of o substrate colliding with a {eee active site decreases

@ at hia)\. substcate Concm{m&ions, o further increase has no effect
on the cate of reaction as all enzyme ackive sites are occopied ond
fhe rest of fhe substrates “need to queve” as hey cannot bind yet
S saturation point : enzymes all ocwpicd ond working at max rate

= etn =iy
o

| J analo\gy: ficket windows (cn'lyme) @) @)
only 3 customers can be helped at max

NoS: @ graphs are a visval represen tation
of data allowing patterns and
relationships }o be seen easier

e aenemliuc) graphs are models which

depmt)cn‘(:

variable

can be evalvated using experiments

independeat variable *

customer (subs}ra(:e)

linear

proportional

Posilive negative dim.(ly inverscly losafi*}hm; c



C1.1.6—Role of molecular motion and substrate-active site collisions in enzyme catalysis

recall: in order for an CM)'M‘CﬂLﬂ'yZCl) reaction to occur, the substcake must collide at fhe right oricntation and with sufficient energy at The enzyme's active site

S as bolh substrates and enzymes are moving randam\y in solutions, increasinj collision. likelihgod is crucial

S il\crcasins temperature provides more Kinetic energy and increases collision likelihood, but it cannot be raised 100 high as enzymes will denatvre and siop Funciioninj

\>i!\crcasin3 enzyme coneentration would be beneficial but 1his requires addilional resovrces
solution : immobilization
immobilized enzyme

S enzymes Coa be immobilized in a number of ways:

: membrane/ E_@ @ @
N, Suppol.{’. l __@ $up:o(.{’. l @
@; makerio ; E @t@>@ makerio @%@ %

ac)sorpl-.ion

cwvalent bond inﬂ

ev\*rapmf.nt micro mcapsulaiior\ cross- linkin j

> immobilized LAZymes are {:lequu\ﬁly vsed in indvstry

ex: The prduction of lactose - free milK : X advantages o vsing these in industey :

(_/ CH,0H
O OH
‘& cH,on K OH
OH 0.0
O

mill containing lactose is passed
repeatedly theovgh a Eonnel

v enzymes casily separated from produck

V' enzymes relrieved easier for re-use

lactose containing lackase immobilized an beads. v enzymes stable ot higher ’ampera{urcs without dmalwinj
J 4 enzymes can be used at hisher concentrations
loctose enzyme
a\ginate bead lactase breaks down lactose iato glueose other examples of immobilized Cnzyme vuse:
and galactose, producing lactose-free ® production of gloten-free beer
AT milK. As lactase is immobilized i€ ® oroduction of penicillin and other ankibistics
H@ @ is not in the inal product and can ¢ production of ethanol biofuels
sluw:: Sahd'l:: be cqs;(, re-used ® diaSnasis of Oiseases

® dcam‘ng textiles

n WL
. d it
In Hw‘na organisms nearly all chemical reactions occur in solvtions - whether inside cclls (cyioplasm, organelles, vcsides) or ovlside (inlcrs#ihal flvid, blood Plasma) water All M
¢

an enzyme attached 1o an inert, insoluble material —> 1his is beneficial as it improves enzyme stability ond can provide o better eavironment for enzyme activity

X sometimes larae Substrate molecoles can

be immobilized similarly for belter efficiency

> immobilized eazymes are used in Key metabolic processes:

HQ

-
I

—

ADP +P; v ATP

@ cell cespication Cl1.2
@ photosyntkesis C1.3

ATP synthose is on integral
protein found on the membrane
of both chloroplasls and

and is essential
in ?hof,os}m-lhesi.s ond acrobic
cell respication



C1.1.9—Measurements in enzyme-catalysed reactions

MeaSun'nq rates o-(’ chemical reactions

reactant (s)

enzyme

7

meoasure how much. resctant / substrate js bcing onsomed over a given time pcn‘oJ

larger change

Prad vet €5)

measure how much Product S lm‘nﬂ made over a given Lime pcn‘ad

Areactant = Linal - initial

time time foster rate

S measorement o,aéians for ceocdants (Sobsfrates)-'

bt Change in pressure of scaled container or concentration of substcake (if its asas)

® % chanJe. in mass of substate (if its & slid)

® change in diameler of substate - infused agar cubes

® colovr change using subslmle-spuiﬁc indicator as substrate converted to product

ké * jodine-KI : ytIIOU-b{own. — blue - black
example eyperiment © gslarch Aamylase s maltose while slarch is present

RQ : How dees pH or temperature or svbstrate concentration impact o amylase activily as measvred by
change in colour over time (S) using jodine -KI solution as an indicator ?

expetimental ® ® O O | © dropper with iodine -KI ¢ +
f setup " ® @JO OO @SpaZEins tile =1
0) @O000|® beaker with water and thermometer
\L ® bunsen burner to heat water
* alternative : water bath
|00 00 ©,© @ O | ® solution: starch
©O0 00 @O ®0 ® solvtion: amylase + pH boffer
©O00 @000 ®droppcr with mixed solvtion

methodology | I- |V chosen and range selected (cx: starch concentration 0%, 1%, 2%, 3'/.), rest Kept constant

sommary | 2- use dropper to place drop of i0dine -KI in spotting tile wells

3- create solotion of amylase and add fo test tube A. Add desired pH buffer. Place in heated water
1~ create solution of starch ond add to test tvbe B. Bring to tempecatuce. Mix Aand B. Sfort Limer.
5- using o dropper, drop solution on o well containing jodine- Kl solution at set time

increments (ex: every 20 seconds ). Record colour of solvtion in well
b~ continve until eolovr is yellou-blown. (no more shrch)_ Repeat for more trials and at differeat IV grovps

*a great allernative is spectrophotometry as it ollows precise, quontitotive data

data vV time until yellow-brown (s)
grovps TI|T2|T3|TY|T5

& oPHmUm

time taken for complete
stacch breakdown (5)

z IV grovps (hmp, pH, slarch E])

rate = Lime Eaken.-|

Agraddc’t = final = initial

time ('.I'MG

\> measuumenE o,afion.s fo/ Fmducl:s:

c.oun-lind bubble formation (if proJod: is 5°s)

colovr change using product - spec»‘fic indicator as substrate converted to product
Chanae in pressure of secaled contuiner or concentration of Praduc{‘- Gif its asas)
time for a\zyme-swzkec) disc to rise in substrate solubion (i(’ its asas)
0iffusion ovt of dialysis tvbe (i¢ product is permeable but substrate is not)
displaumenk of water or syringe Gif praJud: is 3as)

ké example experiment : ‘\7"“’3‘” Peroxidf— cotalase S oxygen + water

C)cpcn'men{al
Scf.up

RQ : How Ooes pH oc temperabure or substrate concentration impact catalase activily in potetoes
as measvred 17 oxygen gas ,oradud:ron (cm") over time (S)?

g O ® reservoir contains svbsteate H.0,

® ® stopeock. controls €low from resecvoir

® electronic water bath reaolaks hmpemlure

@ source of catalase (potach, liver, Kidney, suds)
® PH bo Ffer solution ~ controls pH

| 4

® 3raduai¢d tylinder - measures 0; volume

02 bubbles produced
© l e water - excludes air dwing 0, collection
* alternative : digital Oy sensor (T 1
methodology | 1= |V chosen and range selected (ex: temperature 20, 30, 40, 50 ‘<) , rest Kept constant
summary | 2- release H;0q and sfart timer. Consistently shir /shake {lask
3- at st bime- increments (ex: every 20 sccondS) record waler level (C"\‘) on graduated cylinder
1= continve for desiced length (ex: 300 seconds). Repeat for more trials and at different 1V grovps
. e
data Ltime 5 |volume of O, Produced o rate can be calculated
(;!:unmwnky) em? (:I:unurwnky) _§‘§ from LOBF and data
Z-O : .g IV group
S a
‘fO E 0" IV grovp = AO vckion em®
L0 %o 120 180 240 200 A time s
20 4 time /s



HL C1.1.11 —Intracellular and extracellular enzyme-catalysed reactions. C1.1.12—Generation of heat
energy by the reactions of metabolism.  C1.1.13—Cyclical and linear pathways in metabolism

Indaceliviar enzymes ( endoenzymes ) %

> mq)ority of enty mes

enzymc_s catalyze reactions bofh jnside cells and ovtside of cells

_ N

6”"““""'” enzymeS (cxo enzymcs)

> secreted ovt of cells via exocytosis afier synthesis N minority of enzymes

\> work on substrakes avtside cells
> functions l:ypica!ly catabolic , acting on larger substrates and bnakin3 them down.

> (emain in the cell after synthesis

S work on Substrates within cells
\> functions inclvde cellvlar metabolism ; both anabolic and catabolic

examples: examples:
o enzymes in nuclevs: DNA po|ymera.s¢, DNA helicase, DNA ligase ,DNA primase, RNA polymerase € ovA ceplication DLI ® enzyme Secreted by skin and eyes: lysozyme @ discase ocfence c32
® cnzymes in cyloplasm: enzymes in glycolysis - hexo Kinase @@ cell wespiration C1.2 ® cnzyme seereted in mouth : salivary amylase

b enzyme Seereted in slomach : pepsin

® hydrolytic enzymes in lysosomes : proteases, lipases, amylase, efc. @ siscase defence c32
ot enzymes in mitochondria.: ATP synthase (inner membrane) > enzymes in Krebs cycle - fumarase (ma-\rix) @““ respiration C1.2
® cnzymes in chloroplasts : ATP synthase (“\ylnkoi() membrane), enzymes in Calvin cycle - RuBisCo (stroma) @ photosyathesis ci.3

o enzymes secreted in intestines: +r7ps;n, lipase, pencreatic amylase

T he conversion of energy from one form {0 another is never J00% efficient as some energy is always converted as heat (o’ue to fhe Second Law of Thermo o‘ynamics)
most is lost as heat energy

S in execgonic reactions, such as 1he oxidation of Glucose in. cell cespiration, much energy is released CH,OH '\'\P\‘rﬂ
H H Pfrrrﬂpprrrﬂ(JJJJJHPerPﬂ
S while heat o thermal energy cannot be converted to free energy and used r)f'rectly b] organisms, H ° + 6 0=0 N N N N N N 6 o0=C=0 ., 6 H\ /H
it can still be otilized as a heat source in endotherm animals who rely on it for fhc(moresula(u'on " Mo oH
ex: all mammals and bids (and some other animals) vse The heat Generated from respiration to help H OH the goal is to store this energy as /\
maintain a constant internal body temperatvre. Human brown adipose Lissve can undergo feee energy in the molecole Oieﬁ\gp + Pi ATP O%ooo
(o]

ATP where it can be vsed
€D cett respiation CL.2

uncoupfe(} respiration where all energy is released as heat os a way o boost this process @ homeostasis D3.3

metabolic pathway : gequence of enzyme- catalyzed biochemical reactions occurring in ofganisms

\> subsiates are converted into inteemediales in a chain of small
squm&ial reactions until final product is produced.
analogy: coaversion of TREAD into BLINK by only changing only one
letter at a time fo make a real word

TREAD
imtial
svbstrate

BReAD intermediates

BREED
[51_6,6;0\Q
BLEN Dﬂ
BLIND
= BLINK

Product

\> Metobolic pathways typically fall into | of 2 types:

@ c7¢ln‘<‘.al pathway : circvlar series of anymc-—c,al'alyze()
reactions where there is no end, the

initial substrate being eventvally reformed

@ linear paihway ! Scries of mzyme-cakalyzu) reaction$
whichh fvn in one direction from

reactant 1o product

initial  enzyme ly intermediate crzymely intermediate  enzyme 3y final enzyme 4 initial \clnzymcl
substrate product R product B Produt.t / substrate
intermediate inkermediate
X metabolism is vsvally not this simple but a complex web of both Produet C product A
’\ inkermediate /
enzyme 3 product B enzyme 2

ex: cellvlar cespiration has both (inear pothways <3lycalysis) and cycliml pathways
(krcbs cycle). Liﬂkt— inchenr)eM: reackions of Phol:oSynihesis is the Calvin c):cle



HL C1.1.14—Allosteric sites and non-competitive inhibition.  C1.1.15—Competitive inhibition
as a consequence of an inhibitor binding reversibly to an active site

€nzyme ackiviby can be reduced or halted entirely by the binding of inhibitors (hpically rcverSibly). There are two major types: wmpetitive and non - competitive

COmpc{ich inhibitors * compete directly with the substrate and bind to the enzyme's active site

blocking substrate from binding

substrate
active s.l:e /,
an,rne COde:il:ive
inhibitor

Effect on enzyme activity

S competitive inhibitor is Stuctorally and
chemically similar fo the subsirate allowing
it fo form Similac jnterackions and bind
to the enzyme's active site, blockins the
substrate and preveating catalysis

T @ rate of reaction is reduced as inhibilor competes

2 “.;,xP‘ @ with subslrate, reducing svecessful enzyme- substrate

3 o-\&‘“ compleses and catalysis - lowering enzyme affinity.

é < competitive inhibitor lncreasinj the substrate concentration increases ikelihood

% of enzyme binding with it ralhec than inhibiter

3 @

< @ Moximum rate of ceaction (Vmax) is ackieved as the
concentration of substrate is so high that the likelihood

substrate concentration of entymes binding to them overcomes inhibition

emrnplc- HM6-CoA ceductase inhibition by Statins

@ transport B3.2

\S> Statins are medicines That are used fo Hreat high blood cholesterol — a. conteibutor to heart Jisease

> ﬂ\ty funckion as competitive inhibitors 0 HM6- (oA reductase, rec)ucins the livers production of cholestero!

\S Cholesterol is the product of a lincar metabolic pa’rhway:

A—> B—> HMG-Cop HHO-Co ceductasty, ) 5 € — chylestecol |,

AT

(]

:°C>CE o P al The enzyme HMG -CoA reductase binds to and
o] &
i ‘ ) Catalyzes HMG-CoA conversion ia the pathway

S-COA \2
X two foms of cholestero] in bloo: \“ t-o-

@ HDL - collects excess in blood
® LDL- gelivers from liver

CHy
. if LDL > HODL , cholesterol \—\%
builds vp and can form

dve to their similar shape, the molecvle grovp
Statins Competes with HMG-CoA and can also
bind to the active site of HMG -CoA reductase,
reducing the rate of reaction and yltimately
the amount of cholesterol being produced

Non - competitive inhibitors * bind 4o an enzyme’s allosteric site (not active .Sil:e), causing & change
fo the active site, preventing a substrate from binding

Q > non.- competitive inhibitor binds to the
2 ackive site Q substrate X » altering interactions
< (L within the enzyme, leading to @
enzyme O non.- Competitive O — ‘? conformational change to the active site
inhibitor =~

preventing the substrate from successfolly

bindu‘ns {or as lonj as it is bound
Effect on enzyme activity

Vmox === === —— - —— — = @ rate of reaction ;s reduced as inhibilor alters the active
, .‘;\‘_o‘ site and disables some enzymes, cavsing fewer able to
:_: " cakalyze substrate reactions. Enzym affinity unaltered
g & non.- Competitive inhibitor as uninhibited cnzymes fonction Just as well
<
_; @ @ Maximom rate of ceaction (Vmax) achieved is far lower
< @ than uninhibited as adding more subsirates canaot

overtome entymes which are disabled /inactive aS they
do not compete with inhibitors for the allosteric site

Egmmplc— Phosghofruc’rokinase -] (pFE-” :‘ghibs'{:ion b_v cifrate

substrate concentration

@ cell respiration C1.2
S PFK-| catolyzes the phosphorylal:im of Frud:osz-b-phosphal;e (F6P) #o Cructose 1,6 - bisphosphal:e(F 1,6BP) using ATP

\> this isa rafe-limiting step in glycolysis as it commits gluwse fo beiag broksn doun., acting as a. contrel point

\> Cilrate, an intermediale in the Krebs cycle, acts as a non-competitive inhibitor of PFK-I

PFK-I] | Citrate
glucose T P T2 FP > FIbBP >>>D 2x pyrwvatke —> acetyl-CoA \é‘(‘ \
When energy is low, citrote levels are low, When energy is high, citrate accomulutes and N <«
and PFK-| is empty, thus binds to of PFK-l. This induces o
slywlysfs proceeds s proufd.'ns energy conformational chclaﬁ in active site, preum{--’na F6P €rom binding

and slowing down glyalysis. This is reversible.
° ®, oy @ o X fhis is not feedback inhibition. os
~> ®U %
—

citrate is not an end-product of the

e & 9 .’ @?& pathway ond doesa’t stgp its own
O (YOO % o

synthesis —> energy shatus signal



HL

C1.1.16—Regulation of metabolic pathways by feedback inhibition.

C1.1.17—Mechanism-based inhibition as

a consequence of chemical changes to the active site caused by the irreversible binding of an inhibitor

Many metabolic Pa”\ways are nok always active and making products as this moy produce
an overabundance of product and waste materials and energ

S instead ﬂ\cy are resulal-ed by the process of feedback of end- proc)ud'. inhibi tion

Feedback inhibition : wWhen the end- product of a metabolic pathway acks as an inhibitor

lo fhe initial enzyme in the pathway, thes halting its own production
\> end product acks like a non- competitive inkibitor and binds to fhe

of the first enzyme | altecing its active site and disabling it

enzyme 1 enzyme 2 enzyme 3
Svbstrate A Svbstrate B Substrate C

end product
accumulates

[
L

as concentrabions of end product build vp, likelihood of

inhibition increases and pathway slowed, making less end product
This is an example of msal:ive feedback - -re«)back fhat tends to counteract any deviation from eguilibrium
and promotes stability . Very common in homeostatic conirols
where if a sysiem moves from set peint, changes occur to reduce
and reverse this change in order to maintain Steady-state

ex: blood glucose and {empecature regulation homeostasis D3.3

eﬁmplc - {hreonine- isolevcine pathway

AN Bacteria (but not hmans) can synthesize the amino acid isoleveine fom threonine in a metabolic pathway

X LA threonine

LA
‘fhreonine\l/deaminase ’
R_

infermediate A

\l/ enzyme 2
inlermediate B

v

threonine binds to active site
of 1hceonine deaminase and

it is catalyzed into jntermediate
vitimately producing isolevcine

active site's conformation
altered ; preventing threonine
from binding and halting pathway

A

isolevcine bound to

of Thceonine deaminase \l/ enzyme 3 (largely) unoccopied
A inlermediate C
isolevcine concc,i\\ha{ion increases 0 0 \l, enzyme 4 1solevcine concentration decreases
0 intermediate D
isolevcine (Cnd PfOf)Wo’i) 0000 0 \l/ enzyme 5 solecine (end Proc)uc.(:) being
&CCVMU'D.tCS 00 isol(ucine, 0

vsed for Protc.'n Synthesis

\> Some inhibitors, such as heavy metals (ex: merc.ury) of nerve agents (ex: Sarin) bind itceversibly 1o the active
site of enzymes by forming strong covalent bonds with SH residves, which can be fatal

ex:

SH enzymes @s binds
poisoning ackive site T —_—> <X 9 covalently to active
5H  contains s site, inactivating
cystein

enzyme Permanent Iy

Mechanism-pased inhibition :

when unceactive molecvles ace activated. through catalytic
(al(a. Svicide inthifars)

reactions , causing irreversible enzyme inhibition

> These types of inhibitors are specific to a certain enzyme (ﬂ\cir shape is Similar o the substeate)
allowing them to bind fo the active site. Onee bound, they are modified by the enzyme inko a reactive
group which forms o, ovalent bond with enzyme (esvlting in & permaneat inhibitor- enzyme complex

pepl'.ide chain § _g/ %

cross-links between peptide chains are catalyzed by transpeptidase enzymes to form the
peptidoglycan cell wall jn bacteria.. Cell wall is crucial for cellvlar steucture and protection

€. coli
Penicilliom

no yowﬂn

Example - Pcniciilin antibiotic

bacteriom

DD- +ran52cg'li19as¢ N ~— ¢ross- link

> Penicillin is a group of antibiotic chemicals obtained from Penicilliom movlds
they have o very similar shape {o the ferminal ends of the peptide chains, allowing
them to bind in the active site of tronspeptidase instead of the peptide substrate

=

A
o N

substrate
o CH3

NH

~
H Pmici”f’b
07\
OH

o ¥>\
S
I N
- CH,y
o= CH3
~— _

\> Penicillin enters active site and is subsequently modified , Forminj Covalent bond with the
entyme. This bond is irreversible; blocking fhe active site and inactivating transpeptidase
> as peptidoglycan synthesis is halted, bacterial cell wall is compromised, which causes cell
to be vnoble to maintain osmotic pressure leading to cell lysis and death

peptide

*, S

@ disease defence C3.2

X some bacterial Strains have become resistant o antibiotics fhrauak motations. One moutation cavsed the
shape of fhe transpepsidase active site to change, ru)ucin5 penicillin's a.ﬂf'mily of even ab:li’r] to bind
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