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Introduction
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« ¢ Definition of Enzymatic Reactions
* o |mportance in Biological Systems
* o Role of Enzymes as Biocatalysts

o Real-world Applications (e.g., medicine, industry,
biotechnology)
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Topics to be Covered

<
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* 1. Basics of Enzymatic Reactions

* 9. Mechanism of Enzyme Action

* 3. Factors Affecting Enzyme Activity

* 4. Enzyme Kinetics (Michaelis-Menten Theory)
5. Types of Enzymes and Classification
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Objectives
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YOUR WAY T'C SUCCES

o Understand the fundamentals of enzymatic
reactions

o Explore the mechanisms by which enzymes
function

* o |dentify key factors that influence enzyme activity
» o Analyze enzyme kinetics and classification
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Robert S. Langer Soum v success
Chemical Engineer, MIT

 Robert S. Langer is one of 12 Institute Professors at MIT,;
being an Institute Professor is the highest honor that can be
awarded to a faculty member. Dr. Langer has written more
than 1,480 articles.

* He also has over 1,360 issued and pending patents

worldwide. Dr. Langer’s patents have been licensed or

sublicensed to over 400 pharmaceutical, chemical,

biotechnology and medical device companies.
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A catalyst lowers activation — =i

en@éﬁ% are substances that speed up chemical
reactions.

» decrease activation energy
* increase reaction rate

..... Normal reaction

activation energy -
: ergy Catalyzed reaction

(uncatalyzed)

actants

Energy

~ activation energy
(catalyzed

Reaction progress
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Enzymes allow chemical
reactions to occur under

. eSSy controlied cenditions.

* Enzymes are needed for almost all
processes.

— Most enzymes are proteins.
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* |f you mix two moles of hydrogen gas H, with one molé-
of oxygen gas-nothing happens.

If you add a spark to the container, the following reaction
occurs. KABOOM

* 9Hy + Oy > 2 H,O AG= -58 kcal/mole

In order for water to be
produced H, must become 2H
and the O, must become 20
as this frees up the electrons
tied up in covalent bonds, to
T form chemical bonds forming

r. ;;r n\:ln::mnu - aamtu-\léswate r; H2O

Tikrit University - Cuyss a=ola J
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* The energy used to

break the bonds in the

reactants so they can T ransijonlstate

be reformed in the

products is called the  § R

energy of activation. g v X

o
@0 |

Products

Progress of the reaction —>»
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* Enzymes are biological catalysts that increase the ==
reaction rate of biochemical reactions.

The enzyme shown is lysozyme
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Characteristics of
enzymes

A. Made of proteins (or
RNA).

B.They are very specific
and only work with a
certain set of reactants
or substrates that fit on
their active site.



C. Enzymes can be used over and over again. S

D. When an enzyme binds with the substrate, the
substrate interacts with the enzyme causing it to

change shape. This change in shape facilitates the

chemical reaction to occur. This is called the
iInduced fit.

COLLEGE
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* Ribonuclease decomposes
RNA, and the nucleotides
can be recycled.

* The purple part is the
enzyme; the green part Is
the substrate (RNA).
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E. Enzymes increase the reaction rate by lowering the=-==
energy of activation. They do NOT change Gibbs
free energy or AG.

A
Ep

E A with without

enzyme y y enzyme
= Reactants
S AG
c
@
Q
o
LL

Products
COLLEGE OF |

Progress of the reaction —>
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@ Substrate

binds to enzyme. t

Enzyme-

substrate

complex
Substrate

(sucrose)

Enzyme
(sucrase)

+ H,O

O Active site
is available
for another
molecule of

substrate.

© Substrate
is converted
to products.

Glucose

© Products
are released.

Fructose
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at the beginning of the reaction when there is the greatest”
concentration of substrate. Why? b e

 The reaction rate of an enzymatic reac!ion IS always fg’éf ot

i
Initial velocy

Reactant is no longer
available for the reaction

Amount of product formed

Time periods of sampling

Fixgg'?rlnnunt of enzyme and exXcess of substrate -

T e Prom—



Optimal temperature for Optimal temperature for
typical human enzyme enzyme of thermophilic
(heat-tolerant)

bacteria

Rate of reaction —»

I
0 20 40 60 80 100
Temperature (°C) —»

(a) Optimal temperature for two enzymes
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Optimal pH Optimal pH
for pepsin for trypsin

Rate of reaction —»

0 1 2 3 4 5 6 7 8 9 10
pH—»

(b) Optimal pH for two enzymes
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C:J Substrate -
l /At:tiva site sl

(a) A substrate can normally
bind to the active site of an

enzyme.
Competitive Q

inhibitor \\_,f
cov (b) A competitive inhibitor m
V'
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Substrate

Acﬂva gita  delebns

(a) A substrate can normally
bind to the active site of an
enzyme.

i

COLLE
(c) A noncompetitive inhibitor Huncnmp-alilh& inhibitor




Allosteric site .Activator Inhibitor

/ Active site
- —
R

Active form Inactive form Active form Inactive form

stabilized by stabilized by

a nformational chan an allosteric an allosteric
R activator inhibitor

in an allosteric enzyme
v molecule molecule

(b) Allosteric regulation of
the enzyme’s activity
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threonine

Isoleucine
in allosteric
site

Feadback inhibition

Active site no
longer binds

f“‘-?"\f

)

Initial substrate
(threonine)

I Threonine

] /in active site
.

- Enzyme 1

(threonine
deaminase)

Intermediate A

l Enzyme 2

Intermediate B

Enzyme 3

Intermediate C

Enzyme 4

Intermediate D

l Enzyme 5

&

End product
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A

Substrate 4
~af
Inactive form Active form stabilized
of enzyme by a substrate molecule
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Enzymes

Enzymes provide a pathway for the substrate to

proceed at a faster rate. The substrate, S, reacts
to form a product P.

bl ] gl

S Slow P

Npes

EeS§
Fast
A given enzyme can only catalyze only one reaction.

coLLeBrBPRENIKRR IS Slecprposed by the enzyme urease.
Tikrit University - cu)$s aeola . ' 95




Enzymes...

 Have names that usually
end in -

-Sucrase >> Breaks down
Sucrose into glucose
molecules

-Lactase >> Breaks down

-Maltase >> breaks down

COLLEGE OF ENGINEERING - dsssyml| 8414
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NV ——= How do you sfeg.;
an enzymé
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* Alteration of a protein shape through
some form of external stress

Irreversible egg

protein
, . denaturation
- Example, by applying heat or changing pH. caused by high
temperature
- Denatured protein can’ t carry out its (while cooking it).

cellular function .
COLLEGE OF ENGINEERING - dssaiml| a4l&
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http://en.wikipedia.org/wiki/Image:Fried_egg,_sunny_side_up.jpg
http://www.scienceprofonline.org/chemistry/what-are-proteins-amino-acids-peptide-bonds.html
http://www.scienceprofonline.com/chemistry/what-is-ph-scale-acidity-alkalinity.html

Factors That Influence Enzyme Activi

« Temperature
. PH
* Cofactors & Coenzymes

e Tnhibitors

COLLEGE OF ENGINEERING - dsssyml| 8414
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Six major classes of enzymes

* Oxidoreductases
* Transferases

Hydrolases
Yases
somerases

| 18aseS
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*Enzymes are Proteins
* Proteins are folded in specific shapes. —

Enzymes act as biological Catalysts. Catalysts
speed up chemical reactions

*The enzyme is not permanently changed In

the process. Animation
Enzyma changes shape Products
slightly a5 substrate binds .
Subsiraie entenng Enz fsubsirale Erzyrine) T Fradiacls leasin
COLLEG =active site of enzyme !':r:'l‘l]lﬂl! :Il';,“:'l'llﬁ Alivie gibe uh_-:m:g.rllg'ue

L B pa - 2


http://highered.mheducation.com/sites/0072495855/student_view0/chapter2/animation__how_enzymes_work.html

* Are specific for the
substrate they will
catalyze

* Are Reusable, which
means they are not
used up in the reaction.

*End In —ase

Achematic model

-Sucrase ran e

-Lactase
-Maltase

COLLEGE OF ENGINEERING - dsssiml| a4l&



How do enzymes Work? <

Enzymes work by

weakening chemical

bonds, which lowers the |
activation energy. @ - \3252135"3
Molecules can be built \\Q
up or broken down by & ]
the body. S e

COLLEGE OF ENGINEERING - dsssiml| a4l&
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Energy

without enzyme A i
activation
energy without
enzyme
ENZyme activation
energy with
enzyme J
reactants overall energy
released during

' reaction
s 4

products

- Reaction >

Cubbli\’ﬁ W EINJITMELIVITNG & MBSy W=
on.
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- Enzyme-Substrate Cofffflex

The substance (reactant) an enzyme acfs.
on Is the substrate

The lock and key analogy is that the
enzyme is the lock and the substrate
is the key.

Substrate Joins >

COLLEGE OF ENGINEERING - dsssiml| 841&
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Active Site

* Where the substrate temporarily
fits into the active site during the
metabolic reaction..

abul ] iy

YOUR WAY TC SUCCES!

Substrate

Active
Site

COLLEGE OF ENGINEERING - dssaiml| a4l&
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Induced Fit <%
* A change in the

of an enzyme’s
active site
by the Substrate etive
substrate site
*The

is that the
enzyme is the lock
and the substrate is
the key.

COLLEGE OF ENGINEERING - dsssiml| a4l&
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A change in the confi guratlon of an mg

enzyme’s active site (H+ and ionic bonds are
involved).

* Induced by the substrate.

COLLEGE OF ENGINEERING - asu=
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What Affects Enzyme Activity?
 Three factors:
1. Environmental Conditions

2. Cofactors and Coenzymes

3. Enzyme Inhibitors

COLLEGE OF ENGINEERING - dsssiml| a4l&
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1. Environmental Conditions

1. Extreme are the most
dangerous

- may denature (unfold) the
enzyme. When an enzyme becomes
denatured, it is essentially deactivated.

2. (most like 6 - 8 pH near neutral)
3. (salt ions)

COLLEGE OF ENGINEERING - dsssiml| a4l&
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What is pH?

Water molecules naturally dissociate into a
hydrogen ion(H+) and a hydroxide ion (OH-)

bl ] gl

lons are charged particles.

H,0 = H* + OH"

/ \

Hydrogen lon Hydroxide lon
Acid

Base
COLLEGE OF ENGINEERING - dsssiml| a4l
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The pH scale

Indicates the concentration of H+ ions.
The scale ranges from 0-14.

7 is neutral pH
0-6 is an acid
8-14 is a base

1 El-?r g =]

!l|1ﬂ

acids

increasingly acidic

e —

|enau |~

alkalis

increasingly alkaline

————




What do buffers have to do
with pH?

Buffers are weak acids or bases that react
with strong acids or bases to prevent

sharp, sudden changes in pH.

These buffering systems are integral to
maintaining homeostasis in organisms.

Homeostasis means to maintain stable
internal conditions.

COLLEGE OF ENGINEERING - dsssuml| a4l
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2. Cofactors and Coenzymes

* Inorganic substances and
(respectively) are sometimes needed for proper
enzymatic activity.

* Example:

must be present in the quaternary structure -
in order for it to

COLLEGE OF ENGINEERING - dsssiml| a4l&
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Two examples of Enzyme Inhibitors::
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YOUR WAY TC SUCC

a. Competitive inhibitors: are chemicals
that resemble an enzyme’s nhormal
substrate and compete with it for the
active site.

Substrate

COLLEGE OF ENGINEERING - dsssyml| 8414
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Site,

<

Inhibitors '
Noncompetitive inhibitors: ===

Inhibitors that do not enter the active

out bind to another part of the

enzy

Te causing the enzyme to change Its

shape, which In turn alters the
active site.

Substrate

COLLEGE OF ENGINEERING -‘
Tikrit University - cu)$i aola




Enzymes & Reactions

Liver

Homogenate
(catalase enzyme)

enzyme

enzyme without
+ substrate

substrate i
no reaction) H,O + O, (bubbles)
(products)

U ——
Hydrogen Peroxide
(substrate)

- | L4 V‘ .l } .Af- g ) . ..; .“ =
. L - - - o o
b B N h — ¢ . .
| ] : ) : v - ‘\ - : \
. : »,.\ Sy E\' ( '43
- & o



Enzymes - Urease

abal | ssaps
A given enzyme can only catalyze only one reaction. Urea Is
decomposed by the enzyme urease, as shown below.

NH,CONH, + UREASE —"° 5 2NH, + CO, + UREASE

S+E—25P+E

The corresponding mechanism is:

E+S—X yEeS
FeS—* SE+S

couscE—o?:SgTthe m:mllkle + E
Tikrit University - cu)$5 asola J
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Enzymes - Michaelis-Menten

Kinetics
I = k3(E ¢ S)(W)

les =0= kl(E)(S)_ kz(E ° S)_ k3W(E ° S)

(EeS)= k(EXS)

K, + kW

£~ (E)+(E~S)

E)-——
1+ 1
COLLEGE OF ENGINEERING: KoMl a5l

48
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Enzymes - Michaelis-Menten 2«

S5
... 1
RA ale

Kinetics st i
kcat Vmax
KW E.S k .ES
rP:ks(E'S)(W): kz-lfk3V\/t Kcat_:s
S M
.
——
V__S
= (Eo5hW)= VoS

COLLEGE OF ENGINEERING - dsssiml| a4l
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Enzymes - Michaelis-Menten iuls

Kinetics il e
V_ =k E

max  cat t

Turnover Number: k_

Number of substrate molecules (moles) converted to

product in a given time (s) on a single enzyme molecule
(molecules/molecule/time)

. kC {
For the reaction: H,O,+E =-H,0+O0+ E

40,000,000 molecules of H,O, converted to product per
second on a single enzyme molecule.

COLLEGE OF ENGINEERING - dsssiml| a4l&
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Enzymes - Michaelis-Menten €W<

Kinetics st e
Michaelis-Menten Equation
b =—I. = VmaXS
p— s —
Ky +9
V V.S
V Solving: —1 1/2
2 KM+Sl,2
al Kn=S1/2

therefore K,, Is the
| concentration at which the rate
COLLEGE OF ENGINEERING - dwsymwnl| 84S
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!nlzymes - Hl‘cﬂaelis-Menten

Kinetics el st

o 1 1 K, (1]
Inverting yields: = + =
—Is Vmax Vmax S

Lineweaver-Burk Plot

1/-rs slope = K,,/V

max

COLLEGE OF ENGINEERING - {uaml| 84l5
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Types of Enzyme Inhibition

Competitive

E+1< leE (Inactive)

Uncompetitive

EeS+1 < leEeS(inactive)

Non-competitive
EeS+1 < leEeS(inactive)

cousa';bFsﬁqﬁ*ﬁnlé Eeldactive)
Tikrit University - cu)$5 asola ‘
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Competitive Inhibition

<
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YOUR WAY TC SUCCESS

Reaction Steps Competitive Inhibition Pathway
Competitive -
inhibition pathway

Active

E+S==E"S§ —> E+P (1) E+S k, s E.S

.I.

1 (2) EeS —=5 E+S

[KI (3) EeS —“ 5 P+E

E*l (4) 1+E —% > Eel (inactive)

(5) Eel —% 5 E+1 Inactive

(a) Competitive inhibition. Courtesy of
D. L. Nelson and M. M. Cox, Lehninger
Principles of Biochemistry, 3rd ed. (New

York: Worth Publishers, 2000), p. 266.

COLLEGE OF ENGINEERING - dsssyml| 8414



e —
Competitive Inhibition j(

E+S— >EeS—< 3E4+P

k
2

<
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K, - -
E+1 k—5> E el (inactive)

1) Mechanisms:

E+S—>E-S E-S>E+S
E-S—>P+E E+I—>E-I
E-1 >E+I
o =K3Ces

COLLEGE OF ENGINEERING - dsssyml| 8414



e —
Competitive Inhibition j(

2) Rate Laws:
les = 0= k1CSCE - kZCE-S - kBCE-S

<

alaal @] eags

— k1CSCE _ C:SCE
= k,+k, K
kSCSCE
K

m

e = 0= k4CICE - k5CI-E

m

r, =

C,C: K.

COLLEGE &E'ENGMRNNG m&ﬂl%ﬁ-



e —
Competitive Inhibition j(

C 0
CEtot — CE +CE-S + CI-E CE — C =t C
1+ > +—1
r— k3CEtotCS Km K'
5 =
K. +Cs+ CK,

V_ C,

— max

_rS_ C
C.+K £1+j

COLLEGE OF ENGINE “"‘k“;
Hrit U\f‘?‘é‘klty%£




Competitive Inhibition

From before (no competition): 1

COoL

Increasing C, —Is
Competitive
<__ No Inhibition Competitive
Ky
slope = vV —1r :Vl +\l/<“" [l+ E'jcl
S max max I S
1
Intercept = v 1
max CS
ntercept does not c.ha%%m, slope increases as
BB A A reases .
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Uncompetitive Inhibition

- Reaction Steps Uncompetitive Pathway
Uncompetitive
inhibition pathway
E+s—F s—E+P ) E+S —13 Ee§
+
: 2) EeS —%5 E+S
]"' 3) EeS —2y P+E
E-S-1
4)  T+EeS — TeEeS (inactive) H@
) TeEeS — [+EeS

Inactive

COLLEGE OF ENGINEERING - dsssyml| 8414



E+S FeS—*s P

k
2

Ky

— : :
| +EeS leEeS (inactive)

E k
5

Developing the rate law:

r,=—t,=k_(EeS)

eus =0=K(EXS)-k,(EeS)—k, (EeS)-k,(I1NE®S)+k,(IeEeS) (1)

coﬁge;.eﬁﬂkuﬂs)(ﬁa SdsckulkaL ©S) (2)
Tikrit University - cu)$s aeola ‘ 60



Uncompetitive Inhibition

Adding (1) and (2)
kl(E)(S)_ kZ(E ¢ S)_ kcat(E ¢ S)

(EeS)= k(EXS) _(EXS)

Ku

0

1SN

COLLEGE OF ENGINEERINGr-p'ﬁ&l(\Eg S
Tikrit University - cu)$i aola
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Uncompetitive Inhibition

—1rs zvm:(s)(KM +(S)(1+E<'I)D

i (5]

Increasing Inhibitor Concentration (1)

Uncompetitive Inhibition Slope rem.alnS the
- same but intercept
1 No Inhibition ) ey .
- changes as inhibitor
concentration Is
Increased
1
o._____._.._.__.5S

TikliineweaverBurk Plot for uncompetitivesinhibition e




Reaction Steps Noncompetitive Pathway

Mixed inhibition
?+SﬁEiS——->E+P (1) B+ : EoS
MK' . 2) E+1 == I+E (inactive)
B [4+S—E'S°1 3) T+Ee¢S = I+E*S (inactive)
4) S+1¢E = I+E*S (inactive)
5) E+S — P+E QH

Inactive
COLLEGE OF ENGINEERING - dsssyml| 8414



Non-competitive Inhibitiol ¢

E+S<——ES—P+E

alla Al

(inactive)l.E + S——= |.E.S (inactive)

Increasing |
L
E No Inhibition = Vs
(k,, +Cs )(1+ C'j
Both slope and intercept K,
changes 1 . c y . -
1 o rS Vmax k| Vmax CS k|

COLLEGE OF ENGINEERING - ag&mllagé
Tikrit University - cu)$i aola




!ummary: |ypes of Enzyme

Inhibition st st

Lineweaver—Burk plots for three types of enzyme inhibition.
Noncompetitive (both slope and intercept change)
/ Uncompetitive (intercept changes)

Competitive (slope changes)
1 No inhibition

|

S
COLLEGE OF ENGINEERING - dsssiml] a4l
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 Effects the reaction rate (kinetics), NOT equilibrium (thermo) ewx
 Lower activation energy AG* increases reaction rate, reach equilibrium faster===<=

* AG is unchanged, so ratio of products to reactants at equilibrium is the same
kq
Kinetic: A+B[] C

Activation energy for
uncatalyzed reaction

Free energy —

AG* (uncatalyzed)

Substrate

Enzymes do —> AG
NOT change AG for the
reaction

f — — — ——— — — — — — — — — — — — — —

Product

| Transition state, S* Activation energy
2N for catalyzed rxn

- Transition state, G*¥
i ,[AG* gcatalyzed)
T | S X ________ e
AN

Reaction progress —

TINVIL WINYSIJIV) 7 WA dd UoGA)

k-1

k1 ,cat> k1 uncat
AG* determines rxn rate

AG* = -RT In(k)
Enzymes change AG#

Thermodynamic:
_ € Kk
[Al[B] ki

Kcat - Kuncat

AG determines equilibrium
AG = -RT In(K)



Vmaxp—-——-————=——====—- el Vina: Maximum reaction, gt .
further increases in substrate ==
S, no longer increase the

reaction velocity, v

Km [S]
Vv = reaction velocity = rp, = -1

K., = substrate concentration where reaction velocity v =V
[S] = substrate concentration [P]: product concentration

/2

max

Empirically found the Michaelig; _ VmaxCs
Menten equation: Km+Csg

COLLEGE OF ENGIMEERING -, «ar@&llldsian the amount of enzyme

U e R -l pay -




INCULC EqUOLIUII 1Vl I.T.II’
Reaction

VmaxS ‘ , . | |
V=Ip = Ko +S Goal: derive this experimentally determined reaction rate il s

YOUR WAY T'C SUCCES

Km*+

E+SA @i@@ ES JE.P E: enzyme  S: substrate
ES: enzyme-substrate complex

rate of product formation: v=rp = dd% =k2Cks

We cannot measure Ceg, SO We need to get Cg¢ In terms of species we can measure.
Start by writing the rate equation for Cgg :

dt

The free enzyme concentration C; is also difficult to measure. Use the mass
balance to get C¢ in terms of Cgc and Cg,,.

Ce =Cgo—Cgs Where Cgg=Cg g
Substitute into rate eq for Cg:

dCg
COLLEGE OF ENGINE kibg b Gt es ) — (k_1+k2)Ces

Tikrit University - cu$5 asola J
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Ces IN Measurable Quasmrties

dC
— d'tES =k{Cs(Cgo —Cgs )~ (k-1+k2)Ces 2
Pseudo-steady state assumption: ES is a reactive intermediate, so @ =0
t
dt =0=k{Cs (CEO - CES) - (k—1+ kZ)CES Now solve for Ces

Multiply out and rearrange . —> k—1Cgs + k2Cgs = ki1CsCgo —kiCsCgs
Bring Cys to left side of equation = k-1Cgs +k2Cgs +kiCsCgs = kiCsCgo

Factorout Cos ~ —> Ces (k-1+ k2 +kCs) =kiCsCro

kiCsCeo
k-1+k2+kiCs
CsCqg Plug this expression for

COLLEGE OF ENGINEERING - =il 84ls
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Divide by quantity in bracket ~— Cgg =

Divide top & bottom by k; — Cgg =
+ CS



Derivation of the M-M E«f@8tion

E+Sh @ﬁ@ Es_ K2 e p E: enzyme S: substrate o
1 ES: enzyme-substrate complex

rate of product formation: v =1y = d—tp = koCes

CsCro Plug this expression for
K-1tk2 | Cs Cgs into dC,/dt

dCp koCeoCs Compare to  VmaCs
experimentally vV =Tp = C +C
K1 > observed rate eq: m= =S

Vmax - kzch \X/heﬂ CS>>Km/ theﬂ:

V. OCCUrs When enzyme is fully 'p = ~Ts = Vimax
saturated with S (in ES form) When Co<<K_, then:

K - k_1+ko (e = VmaxCs
_ 5 = —Tg =
COLLEGE OF ENGIMEERING - dwsaiml| a4l Km
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Complications with Measurir®Ra tes 4%
with the M-M Equation &“%‘f

bl @] esapbs

In practice, V., can be difficul to y

estimate using the MM equatiQp- T M
Everyone reported dlfférent vallies of
Vv

Since a solution with irEinite
concentration of substétevl‘é‘“ﬂ i
Impossible to make, a ‘%ifferent
equation was needed &

ty (V)

max*

K

Substrate concentration [S] —
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LiIneweaver-burk equassem

Lineweaver & Burk inverted VmaxCs
the MM equation p =
Km + CS
1 Kn+C
Ly - _'m S
P VmaCs
1 K 1 1
B —— ( m J(j -+ 1/v | Slope =Ku/Viax
b \Vmax/\Cs) Vmax

y=(m) (x)+b

By plotting 1/v vs 1/Cs, Intercept =—1/Kw
a linear plot is obtained:

Slope = K,,/V, S— Intercept = 1/Viax

y-intercept = 1/V,__,

x-intercept=-1/K,
COLLEGE OF ENGINEERING - dsssml| 4yl 0 1/[S]
.
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Types of Reversible InhiGition

" Substrate
1. Competitive: ‘ A

( ‘ Substrate \
Q o

K

|
30 2. w
:@Q ' ENGINEERING l:@m
t University

g -

k

E+S—> ES—2» E+P
+ K_1 alaill @} ey
I YOUR WAY TC SUCCESS
1 K, . o
| Is the inhibitor
El
* Binds to active site & blocks substrate
binding
. Re‘du‘ces the Cgzyme available for
binding

9. Noncompetitive

, ks
E + S‘K—m—‘ ES—» E+P
+ +
| I
1L KI 1L KI

Kl
E| + S <——= ES|

* Inhibitor binds to some other site
» Does not affect substrate binding

pm—



1. CUILNIPCLILIVE IIIIIIUM

E+S

e
Ko

ES——> E + P

Tikri€ORCERMALION; sl

+ k_1 )
eg e . og_ g - g g I
Competltl\v/e |an1:|b|t|on No |nh|b|t|(<:>n . Substrate and inhibitor
ro— max S VS I = Vmax“s % ' compete for same site
g C P K, +Cg El
Kml 1+ 7 |+Cg
K| Kin, app =K,
K., observed V —V
w/ competitive—» K . =K [l] M, dpp - max
inhibitor app K, 1:( - j( 1 j+ 1
f \Y C V
~ 14 Will reach V., of 4P mex S mex
E 12 - ninhibited reaction qninhibited ’Xn at |
é 10 high Cs 0.8 - Inhibited reaction
8 |
E 0.6
z © £
8 ; Inhibited reaction - Uninhibited reaction
[
> O | I I I
0O 10 20 30 40 50
Cs (MM) 1 "o $
VL -1
LRGP HSIRERNE D SLOstRlR. 1/C5 (mmol)

Slope = K /V, o Y-INt = 3N maXaiit=a /4K




2, Noncompetitive InhiQ”WK,

ko
E+S<M~ ES—» E+P
+ +

Competitive inhibition No inhibition | |
/ K
V= [ = (VmaX/ (1"' C //KI))CS VS I — VmaxCs ﬂ “ K % I
P Cs+ K P K. +C El+S<—=FESl
S m m S
V..x Observed w/ vV o _
noncompetitive — Vo o = max substrate and inhibitor bind
inhibitor ’ 1. G different sites
| Increasing
No | 1 C,
\ Vmax B
A rp
C
| - . Km
higher C, max,app
y—int =
max,app
-2 =
Km Cgq
V <V ) 1 Km (1 1
couggi%ipirfglﬁﬁmm - dsaiml 4yls =y oty
TRt UniVersity - cuy$s a=ola S m,app




V=r.= (Vmax/(1+ C|/K|))C

~ VmaxCs

IDITION

P Cs + [Kn/(1+C/K))]

K, +Cs substrate & inhibitor bind

different sites but | only binds

_ Vmax .
Vimaxapp ™= = after S is bokund
1+ 71 E+Sele ES > E+P
KI +
|
_ Kpy
Km,app_ C ﬂ Ki
1+ ! ESI
K|
y int — 1 Increasing [I1
vmax, app < Vmax Vmax, app
|<m, app <Km 1/I‘p
slope = Kmapp.
i Km ,app [ 1 )+ 1 Vinax.app
' Vmaxapp \Cs/) Vmax,app B 1 1/Cq
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LA

Batch Bioreactor or Fermenter;:{%g??‘

YOUR WAY T'C SUCCES

4 )
C represents So
cell mass — well stirred
(biomass) - *C| S '.// reaction limited

C s|scC
S S
c S| s°

o ¢C_J S
Batch Reactor

In a reactor with substrate at concentration

Cso and Cc =0 _ t=0s time
add cells at concentration C,att=0
add no more S or cells aftert =0
monitor Cg and C. with time
COLLEGE OF ENGINEERING - dsssiml| a4l
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Kinetics of Microbial G‘ﬁ(Bat;

Ew w2

or Semi-Batch) . A

* microbes are adjusting to
the new substrate

* Region 2: Exponential

growth phase Ce max
* microbes have
acclimated to the Log Cc
conditions

* Region 3:
Stationary phase
* |imiting substrate or

oxysen limits the growth Ceo
rate

Time

cot %tF BIRKERING - s cml] a1
ex aﬁ'ﬁ niversity - cu<s azola p—



Quantifying Growth Rl'lnetics i3

e
* Relationship of the specific growth rate to substrate concentration exhibgg\;{;i

the form of saturation kinetics i
» Assume a single chemical species, S, is growth-rate [imiting

* Apply Michaelis-Menten kinetics to cellular systemm— called the Monod
equation

,UmaxCS
KS + CS

* Loy 1S the maximum specific growth rate when S>>K.

Monod equation: ry = C¢

(. IS the substrate concentration
*Cc Is the cell concentration

*K, is the saturation constant or half-velocity constant. Equals the rate-limiting
substrate concentration, S, when the specific growth rate is % the maximum

*Semi-empirical, experimental data fits to equation, assumes that a single
enzymatic reaction, and therefore substrate conversion by that enzyme,

limits the growth-rate
COLLEGE OF ENGINEERING - dwsiml| 44l&
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onod Mode 42)—Nobel@
Prize e

First-order kinetics:
tnCs  _c,. HmCs Zero-order kinetics:

1K g = =
G Rs21g=Ce 97 " Ks+Cs Cg >>Kg =1y =ty

\KS | g
I I |

] v
Him :
|
E Exponential
! phase
|
|
m ' decelerating
phase

COLLEGE OF ENGIN
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Mass Balance on Cell Growth 203
OWEma%H@@J&ﬁ§growmg on carbohydrate with =

oroducts:
CH,O, +a O + b NH; — ¢ CH,OgN; + d CHON, + e HO + f CO,

\ } \_Y_/ \ J \ J
| |
Carbohydrate Nitrogen  Cell material Product

(can be any source (biomass)
organic material)

Individual elemental balances:

1) Carbon: T=c+d+f
92) Hydrogen: m + 3b =co + dx + 2e
3) Oxysen: N+%=cf+ady+e+2f
4) Nitrogen: b=cd+dz

COLLEGE OF ENGINEERING - dsssiml| 8415
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Yield Coefficients

Cell yield for YC/S _ AC«—— cell mass formed
substrate: AS+—— substrate consumed
Cell yield _ AC +—— cell mass formed

Y —_ ==
for Oy: C/O7 A02<— oxygen consumed

Product vield AP <«—— product mass formed

for substrate: P/ = +«—— substrate consumed
COLLEGE OF ENGINEERING - dss=iml| a4l AS
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Summary

abul ] iy

YOUR WAY T'C SUCCES

» o Enzymes are crucial biological catalysts

o They operate through specific mechanisms
iInfluenced by various factors

o Understanding enzyme kinetics helps in multiple
sclentific and industrial applications

COLLEGE OF ENGINEERING - dsssyml| 8414
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