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chain
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residue from lysine

1-lonic interactions \ ln /
I
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H CH2CH2CHaCHaMHgt
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H CH2CO0"
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residue from aspartic acid



2-van der Waals dispersion forces

[NH2
I
(CH3)2CHCH2CH-COQOH

[NH2
I
CH3CH>CHCH-COQOH

I
ZH3

[NH2

I
@CHECH-CDDH

leucine

iIsoleucine

phenylalanine



Sulphur bridges

FORMATION OF CYSTINE FROM TWO MOLECULES OF CYSTEINE AMINO ACID
H H

©:® - O

Cysteine Molecule Another Cysteine Molecule
H

©

H

H
—¢-s s-
'!' Cystine or disulfide crosslink

I—0O—x




Hydrogen bonds

resicdue fram SEIII‘IE

\Mm‘ /

H lez

.'-: -~ hydrogen bond

H CHaz-O-H 5+
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resiclue from serine
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eractions in tertiary structure of protein



Hydrogen
bond

Hydrophobic interactions
(clustering of hydrophobic
groups away from water)
and van der Waals

t|3H S \I:! interactions
| 2 :Eg EEB — Polypeptide
O 3 3 backbone
H CH
5 |
C=—0H
i —CH,—S—S—CH,—
CH, Disulfide bridge
O

[
— t‘.:H2 —CHE— C H,— CHz—NH3+ ‘O—C—CHE —
lonic bond

Copyrght & Pearson Education, Inc., publishing as Benjamin Cummings



INTERMOLECULAR FORCES IN PROTEIN STRUCTURE

CHCH,6

of CH,
H _lonic ]
. Hydrogen CO0 bond S Disulfide Dispersion
bonding ‘NHy (qalt  § ]inl\'ug;c CH, forces
‘ il s (covalent)
(‘) bridge)

C
y 4

The 4 types of interactions that determine tertiary structure of proteins are shown.
Though varying in strength, each set of interactions is significant in the formation of
intrachain bonds that fixes the structure of the overal polymer.
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| -Fibrous proteins _a

(Jﬁ.«,a_n —J.x.f«_”)
2-Globular proteins ¢,

most enzymes are globular proteins



Globular Proteins

Pocket for oxygen (0,)

Amino acids
in protein
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Fibrous Proteins (_iJ)

o helix
Alpha keratin

Timberlake, General, Organic, and Blological Chemistry. Copyright © Pearson Education Inc.
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Polypeptide
chain

Hemoglobin

collagen



Summary of Protein Structure

Copariaht © 2005 Pearson Education. Isc.. sulbvishin: o B
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Denaturation of Proteins
gl Ass

Active protein

.

Heat, acid,
base, heavy
metal salts,
agitation

Denatured protein

14



© 2007 Paul Billiet

ENZYMES.:.L..;!

Prof.faten Abou-elella

15


http://www.saburchill.com/IBbiology/bio_hp.html

© 2007 Paul Billiet

Lo i 46l o 2 leaSI cdle Ll

THE ACTIVATION ENERGY
transition state. (aJGuld>,Ll)

Prof.faten Abou-elella
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eI Jelanl ylus

&
__________ <+~ ransition state
F,
i i adJlas! ads L
... _| Activation . oA
Ja...u.w.u.” Wb energy
F -
o Reactants
energy
s
Products
&

Reaction coordinate

© 2007 Paul Billiet
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1 LasSII M LAt las 3Y1 ¢l S

They create a new reaction pathway “a e
short cut”

© 2007 Paul Billiet
Prof.faten Abou-elella

18


http://www.saburchill.com/IBbiology/bio_hp.html

An enzyme controlled pathway

Activation energy

Iof a catalysed
---------- Jeaction

pathway

* Enzyme controlled reactions proceed 108 to 1011
times faster than corresponding non-enzymatic
reactions.

» Catalase enzyme decrease activation energyfrom |8
to 6.4 kcal, urease decrease it from 24.5to 8.7 kcal

Prof.faten Abou-elella



LLii3Sw The active site
ek

Prof.faten Abou-elella
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A ‘Substrate o

Enzyme Additional
Active site bonds__
Cofactors
Free enzyme Transition state complex

Substrate .

binding site .Products

Enzyme-substrate complex Original enzyme

Prof.faten Abou-elella 21
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Enzymes

L

Apoenzyme (protein part)

Cofactor

/\.

Prosthetic groups

molecule (NAD,FAD)

apoenzyme

usually small inorganic

usually tightly bound to

Coenzyme
large organic molecule

loosely bound to
apoenzyme ( ex:

Vitamin)

Prof.faten Abou-elella
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I-The Lock and Key Hypothesis
2-The Induced Fit Hypothesis

Prof.faten Abou-elella
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Enzyme- Enzyme may
substrate be used again
complex P

v

Reaction coordinate
© 2007 Paul Billiet
Prof.faten Abou-elella
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Fischer theory (lock and key model)

The enzyme active site (‘ock) is able to accept only a
specific type of substrate (cy)

Lock and key
Substrate %
+ -

Active
site

ES complex

En Zym i Prof.faten Abou-elella 25



' The Induced Fit Hypothesis il LLs¥ 2,k

Hexokinase (a) without (b) with glucose substrate

http://www.biochem.arizona.edu/classes/bioc462/462a/NOT ES/ENZ YM ES/enzy me_mechanis mhtml

This explains the enzymes that can react with a
range of substrates of similar types

© 2007 Paul Billiet ODWS
Prof.faten Abou-elella
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Y1 LA e 3,5500 Jalgall

Substrate concentration Jelalissle 18,5
¥l 1S,5sEnzyme concentration

4>,s pH

Temperature s, = 4>

sl Inhibitors

Prof.faten Abou-elella
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ol pd Jelas 3 Jeladdl Bole 2S5 5

|

Reaction
velocity

- Substrate concentration  —————p

Jelatll 55k 1S3

© 2007 Paul Billiet
Prof.faten Abou-elella
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ool - Jelis 3 Jeladll ks 1,5 s

Vmax

Reaction
velocity

Jeladd) ey

—_— Substrate concentration  ——p

Prof.faten Abou-elella
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¥l 18,5 50

Vi freeeemeeeeeseesszza

Reaction
velocity

Jeladd) ey

-_— Enzyme concentration —=—

Faster reaction but it reaches a saturation point when all the o
enzyme molecules are occupied.

Prof.faten Abou-elella 30
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Optimum pH values

| }

P ~
/ \
Jelanl deu ; \
! \
4 \
Enzyme I \

Pepsin

© 2007 Paul Billiet
Prof.faten Abou-elella
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Jelant! de
Denaturation
Enzyme —
activity

| | | | |
0 10 20 30 40 50

Temperature / °C

© 2007 Paul Billiet
Prof.faten Abou-elella
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olkétl! Inhibitors

© 2007 Paul Billiet

Prof.faten Abou-elella
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PPOPEIEEL ERTARTY

Competitive

Substrate\ inhibitor\
S o

T
T
T
Benzamidine competes e
with arginine for binding _~C _C
. H,.IN -~ TS INH H,IN -~ T INH.
to trypsin S > >N @ 2
Benzamidine Arginine

Prof.faten Abou-elella 34
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Substrate
Noncompetitive \

inhibitor\

Prof.faten Abou-elella
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ooy pill UG aid ool Sl § lloctl] ozl

Precursor proteins
(Immature virus)

Protease

Active protein

1

Mature virus

inhibitors

Prof.faten Abou-elella
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Peptidoglycan

LatSl LA st JLaiS Y
Transpeptidases TetraPeptidoglycan
(cross links in the cell
wall)

[

Pencillin block the enzyme

Prof.faten Abou-elella
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|. Oxidoreductases Ji5s¥1s suus¥ closil

Co0® ) Ccoo®
actate
| dehydrogenase ‘
HO—C—H + NAD® = > =0 + NADH + H®
I |
CH 3 CH?
L-Lactate Pyruvate

Prof Faten Abou-elella
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2. Transferases JaiJl =los3!

» Catalyze reactions

c00®  coo® 00° oo

@ | | Alanine transaminase ‘ @ |
HgN—(lf—H + (=0 ; 2 (‘3=0 + H;N—C—H

| |

CH,  (CH,), CH, (CHy), ¥

L-Alanine | Pyruvate |
00° 00°
0-Ketoglutarate L-Glutamate

Prof Faten Abou-elella 39



3. Hydrolases u! =il closs!

I I
I e
@0_?_0_[[_0@ g HEO Pyrophosphatase y 9 HO_T_O@ -
Pyrophosphate Phosphate

Prof Faten Abou-elella 40



4. Lyases =il clojs!

o 0%

N
C
‘ Pyruvate
c=0 + H® decarboxylase
|
CH;

Pyruvate

Prof Faten Abou-elella

0
\ 7/
|

Acetaldehyde

+ O=(C=0

Carbon
dioxide

41



5. Isomerase «Liulolessl

Alanine
racemase

- Catalyze
00
® |
mN—T—H :
CH,

L-Alanine

reactions

C00°

e
H—C—NH,

CH,
D-Alanine

Prof Faten Abou-elella 42



6. Ligases L., =lassl

* Catalyze , or joining of two substrates
(e.qg. ATP)
(|?00‘9 L|1(J(J9
[—[aﬁ— C—H G?u?tﬁninci Hf%_ C—H
| } ATP + NH® 2222, | + ADP + P
(THIJ’? (THEJ.‘-. (5.6)
C C
7 \ VN
0 0o° 0 NH,

L-Glutamate L-Glutamine

Prof Faten Abou-elella 43



