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 What are Enzymes ?

* Properties of Enzymes.
 Enzymes-substrate binding.
« Classification of Enzymes

 Enzymes nomenclature.

 Holoenzymes,Cofactors&Coenzymes,Ribozymes,Isoenzy-mes
& zymogens.

« Enzymes decrease activation energy of a reaction.

« The effect of a catalyst on the transition state diagram of a
reaction.

 Enzyme Activity or Velocity.

« Factors that affect enzyme activity.

 Enzyme Kinetics.

 Michaelis Menten Equation.

« Lineweaver-Burk plot.
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Enzyme Substance upon which the
enzymes act.

Properties:

. . e OF© q
* Active site- V Proteins
* The region of enzyme that binds <_/o\
noture are "
\n

with the substrate and where

catalysis occurs Enzvmes

* All enzymes have one or more

active sites . :
.S o + Biological catalysts.
PEeCITICItY- + Speed up the rate of areaction without being
* Enzymes bind to their specific changed in the reaction.

substrates in the active site to
convert them to product(s)

* Regulation-

* Enzymes can be activated or
inhibited so that the rate of
product formation responds to the
need of the cell

&l
) &

An enzyme with its active site

| 0o o
| Specificity:

| * Enzymes are highly specific

|« Interact with only one or a few of the
|

|

|

|

sUBsielEs Structure of trypsin enzyme

» Catalyze only one type of reaction
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Induced fit LOCK and
binding - key binding
I Enzymes substrate hinding I

After the binding of Th h
substrate, the enzyme _e enZymE ?_S z;:n
changes its shape to fit active S_Ite t a_t it the

exact dimensions of

more perfectly with
substrate. of the substrate.

Substrate

/\ Substrates

"' O=
ﬂ_,\/—\/ N :‘>C r\ i f '\‘ i Key (substrate) l Lock (enzyme) “

\1 l Enzyme
Enzyme Enzyme-substrate CD
complex
435 Biochemistry Team Lock-Key Complex Enzyme-Substrate

Complex



é) Classification of enzymes

Enzymes are Classified info six types according to the reaction catalyzed

I 3 5
\ Oxidoreduc’roses} L Hydrolases J \ lsomerases ]
2 4 6
Oxidation- Hydrolysis Isomerization .

. ) L
Reduction { Transferases J Reaction L Lyases J { 1I9AsEes J
Reaction Transfer of (e &) Group Bond
(J5a) 5 32.s0) functional elimination formation

group to form coupled
double with ATP
bonds Hydrolysis

*Oversea Travelers Had Lychee In London

Enzyme nomenclature (Naming)

Enzymes nomenclature is based on rules given by IUBMB (International Union of Biochemistry and Molecular
Biology).We use Enzyme Commission number(EC number) .

EC 3.4.1/.1 Enzyme number

Sub-subclass
class

SU bCIQSS 435 Biochemistry Team

*It is very Important to memorize all the six types of classification of enzymes
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Holoenzymes Anoenzymes

The acftive form of these enzymes The inactive form of these enzymes
Cofactors Coenzymes
If the nonprotein part If the nonprotein part is
is a metal ion Such as small organic molecule

Cu?*, Fe3*, Zn?*, etc ‘

Prosthetic Cosubstrates
Coenzymes that are Coenzymes that only
permanently associated with temporarily associate with
an enzyme eg. FAD an enzyme eg. NAD

Apoenzyme (inactive) + Cofactor/coenzyme =Holoenzyme (active)
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RIDOENZYMES :cre RNAs with enzyme activities

ISOBNZYMES :ore enzymes that catalyze the same chemical reaction
but they have slightly different structures

LYMOoYeNes: are inactive enzyme precursors that require a biochemical

change to become active e.g. cleavage of a peptide blocking the
active site

Another types of enzymes
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transition state:

the reactants pass through a fransition 0S8 i o sl il Adlda -

- 5l Lall dalall 5 iS4l
| state Al e L) dall (e e

Ama S aial z sl Alelaiadl o gall

T 2aLLall -
> (activation energy) 284 oo - It has greater energy than that of ) il

1 s
0585 &5 (e ( transition state ) ._______T_h__e__r_e_f?ﬁf_‘?_r_‘]i_s_f’fﬁ’f_‘?ﬁﬂ‘?_f?_9'_‘?{‘_6_ ________
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- If the activation energy is

available then the reaction can M
proceed forming products. E :

_____________________________________________________________________ - Transition state

Activation energy(Ea ):
What isit 2
0/ |

- the minimum energy required to start
a chemical reaction

Reactants | 2l (Al (gt a iy
Jelatl) Lealiag 48Ul e dad g8 - gi S il A cdle i

Free energy —»

- The difference in energy between
the reactants and the fransition state
ka\ﬁmw@)ﬂ\gjm -

o aner y‘j 4_;_.113 @T]S

" S

Products

Progress of the reaction —»
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The effect of a catalyst on the transition state diagram of a reaction:

- When enzymes work on a reaction they : A X7
AAG.T

cat
(the reduction
in AG* by the

catalyst)

Uncatalyzed

1- Speed up the reaction by : Ny
Decreasing the activation energy (Eq)

( this decreasing results from providing an alternative
transition state of lower energy( enzyme-substrate complex)

N

Catalyzed

2- Don't change the free energy (AG)

A::twatmn ﬂ‘
Eﬂﬂr‘ﬂ'ﬂ' barrier W Reaction coordinate
Enzvme
Iawars ) .
| 48 barrier e L@.\ﬁ\.ﬁa Jai C‘J Culia L’J.ﬁa:\u\ﬂ\ ol H\}\X’\ dA:_J e -

A+B =— P+Q

NS 48l cole i) 48U (g (5l YY) Jiie Jayid) 48Ua -
F.'Hl.:tants Reactants g‘: (1l i cpdian) ) d8Ua ge Syl 3l
u)\sw\ﬂtkumd)ﬂ\@‘!)@uduﬁjuud\umul Y
F"““”‘“‘ Products (aed s o iy ol g i)l dia
Without enzyme With enzyme
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}) Enzyme velocity and activity

Enzyme velocity and activity are considered some of the many enzyme assays used in
biochemistry lab.

Enzyme velocity:

number of reactions catalyzed by the Enzyme activity:
enzyme per unit time (the rate of the umoles of the product per min over mg
reaction). of the enzyme.

Enzyme activity or velocity are affected by factors:

Temperature |
J.‘

enzyme |
|

activity

effect of [E]

and [S]
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« Every enzyme has an optimal temperature for catalyzing a reaction.

« The rate of an enzyme reaction will be increased with higher temperatures, until it reaches
a specific temperature that is considered too high for the enzyme to work because it
denatures it (becomes inactive).

* In humans most enzyme have an optimal temperature of 37°C.

rate .
rate inceases as

for any other

reaction \‘

optirurn termperature

x

0 0 20 30

rate falls
‘/ rapidly after
about 40°C
| | |
40 50 B0

ternperature (7 C)
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More Explanation:
-The rise of temperature = increases the rate -
of the reaction.
- When it reaches a high temperature > Enzyme
will denature
- Example : Enzymes in Human Body have an
optimal temperature between 35°C and 40°C .
the rate of reaction at 380C is greater than the
rate of reaction at 35°C , and above 400C the
enzyme will start to denature
VYL Lsd palias (ad g priia gill Jadd U 3 ) jall il ja-
Ol 3 Saall A o
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[s] = substrate concentration.
[E] = enzyme concentration.
« The reaction velocity increases initially = with increasing [S].

« excess substrate will cause the reaction velocity to be constant (because enzyme is
saturated). *Further addition of substrate has no effect on enzyme velocity*.

« if [s] > enzyme - rate of enzyme reaction is proportional to the conc. Of enzyme.

X = point of saturation
Note:

Unlimited substrate > velocity will depend on concentration of the enzyme.

Unlimited enzyme > velocity will depend on concentration of the substrate.

*

Increasing
concentration does
not affect reaction rate

Rate of reaction

Click here for a Link that
- might help you to
SUbStrate Concentratlcn understand the factors that

435 Biochemistry Team affect the enzyme activity



http://alevelnotes.com/Factors-affecting-Enzyme-Activity/146?tree=
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Every enzyme has an optimal pH for catalyzing a reaction.

Effect on PH is going to be on the ionizable groups of the side chains of amino acids in the
active site of enzymes or in the substrate and in both cases it’'s going to effect the catalysis.
Most enzymes have highest activity between pH 6 and pH 8.

Pepsin (digestive enzyme in the stomach) has highest activity at pH 2.

A

More Explanation:
- Catalytic processes usually require that the substrate or the enzyme
have a specific chemical groups either ionizable or non-ionizable in
order to interact.

be in protonated, from (NH2) to (NH3+).
If the pH is high (alkaline solution) = this group will be
deprotonated
Therefore, the rate of the reaction will decline!

|
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
: |

|
| catalytic activity may require that the amino group of an enzyme may |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
: |

|
I

The bell shaped curve
Shows the effect of pH on initial velocity
catalyzed by most enzymes 435 Biochemistry Team
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-The model of enzyme kinetics was first proposed by Michaelis and Menten in 1913 and later modified by Briggs
and Haldane

Product
“Initial rate of enzyme reaction [vo): .\

e > £ 2, [P

Pre-steady state kinetics el aiels e k—l
S - After initial state, the
- When an enzyme is mixed X !
xiér)k;ff:;?rg concentration of Leocnirgnr}rgggnogg L=
S intermediates change
fhere is an initial short slowly with time CQ”ged
period of time where no steady state reaction s = the substrate
products are produced [ _
few hundred - An intermediate is said E =enzyme
microseconds) during fo be steady state when ES = Enzyme-Substrate complex
which intermediates its rate of synthesis is _
: - equal to ifs rate of P= product
leading to the formation of "

435 Biochemistry Team *Video that might help you



https://www.youtube.com/watch?v=jQm5o2TwQ8o

§) Michaelis Menten Equation:

Vimax [8] [S] = substrate concentration
V. = ccccccceee Vmax = maximum velocity
Km = Michaelis constant

K * [8]

-The Michaelis Menten equation describes the relationship of initial rate of an enzyme reaction to the [S ].
-It measures the initial velocity of an enzyme’s reaction.

Km (Michaelis Gonstant):

K .
v m. . . : . er .
- itis the substrate concentration at which the initial rate is one-half of
v 1 the maximum rate (2 V4.
- *So Itis the (S) required to saturate half of all of the active sites of an
enzyme?*,
%VN.L The K., value of a substrate depends on its affinity with the enzyme
I
K, [s] :
High K, Low Km
low affinity with enzyme high affinity with enzyme
(more substrate needed (less substrate needed to

to saturate the enzyme) saturate the enzyme)
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“* Anouther name:
double-reciprocal plot

¢ It’s obtained by : i
taking reciprocals of the Michaelis Menten equation. o
“ It is plotted to : 1
-calculate the Km and Vmax values Vimar
- to determine the mechanism of action of enzyme -
inhibitors. /
A N I I B
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V-S
1-Class 4 of enzyme is: d-¥
A. Ligases B. Isomerases C. Lyases 3%

Ol

2-Transferases is:
A. Class 2 Enzyme B. Class 3 enzyme C. Class 6 enzyme

3-The enzyme that catalyze the reaction of fransferring groups within molecules 1o yvield isomeric
forms is :
A. Transferases B. Ligases C. Isomerases

4-The molecule that binds to the active site and is acted upon by the enzyme is a :
A. Product B. Substrate C. Coenzyme

5-The energy required to reach the transition state before the system goes on to product s :
A. Activation energy B. Free energy (AG) C. Inhibition energy

6-The rate of a reaction reflects this activation energy; a higher activation energy corresponds
to a reaction, while a lower activation energy corresponds to a reaction.
A. Faster-slower B. Slower-faster C. Slower-slower

435 Biochemistry Team
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V-I

o 001

/-The enzyme activity is affected by : a6
(A) PH (B)Temperature (C) Both V-8
oL

8-Lock and key binding is :
(A)Type of enzymes substrate binding (B) Enzyme (C)Type of induced fit binding

9-In the Induced fit binding , the enzyme changes its shape .................. Binding of substrate
(A) Before (B)After (C)Between

10-less substrate needed 1o saturate the enzyme is the meaning of:
(a) Km (b) High Km (c) low Km

11-in the lock and key model,The Lock is the and the key is the
A. Enzyme-substrate B. Substrate-enzyme C. Enzyme-product

12-High Km means:

(a) high affinity (b) equal affinity (c) low affinity

435 Biochemistry Team
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13-Michaelis Menten Equation measures the .......... of an enzyme reaction. V¥l
q-€|

(a) maximum velocity (b) initial velocity (c) substrate concentration

14-Km is the substrate concentration at which the initial rate is ........

(a) one-half of the maximum rate (b) double of the maximum rate (c) equal to the
maximum rate

15-The optimal tfemperature for human enzymes is:
(A)35°C (B)36°C (C)37°C

16-Most enzymes have higher activity between:
(A)pH 4-6 (B)pH 6-8 (C)pH 8-10

1/7-Classification of EC has

A. 6 different categories depending on the enzyme'’s structure

B. 7 different categories depending on the type of reaction catalyzed by the enzyme
C. 6 different categories depending on the type of reaction catalyzed by the particular
enzyme

435 Biochemistry Team
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v https://www.youtube.com/watch?v=XTUm-
75-PL4

v https://www.youtube.com/watch?v=7u2Mkbs
E dw
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https://www.youtube.com/watch?v=XTUm-75-PL4
https://www.youtube.com/watch?v=7u2MkbsE_dw
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