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AQS104 BIOCHEMISTRY: Weekly Programme

1. Week:
* The foundations of biochemistry
* Water

2. Week:
* Amino acids, peptides, and proteins
* The three-dimensional structure of proteins

3. Week:
* Protein function
* Enzymes

4, Week:
* Carbohydrates and Glycobiology
* Nucleotides and Nucleic Acids

5. Week:
» DNA-based information technologies
* Lipids
6. Week:

Biological membranes and transport
Biosignaling

7. Week:
Bioenergetics and biochemical reaction types
Glycolysis, gluconeogenesis, and the pentose phosphate pathway

8. Week:
Principles of metabolic regulation
The citric acid cycle

9. Week:
Fatty acid catabolism
Aino acid oxidation and the production of urea

10. Week:
Oxidative phosphorylation and photophosphorylation
Carbohydrate biosynthesis in plants and bacteria

11. Week:
Lipid biosynthesis
Biosynthesis of amino acids, nucleotides, and related molecules

12. Week:
Hormonal regulation and integration of mammalian metabolism
Genes and chromosomes

13. Week:
DNA metabolism
RNA metabolism

14. Week:
Protein metabolism
Regulation of gene expression



Ankara University, Faculty of Agriculture , Department of Fisheries and
Aquaculture, Programme of Fisheries and Aquaculture

AQS104: Biochemistry

3. Week:
Protein Function

Enzymes

Reference: Nelson, D. L., Lehninger, A. L., & Cox, M. M.
(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.



Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

Protein Ligand Ky (m)*
Avidin (egg white) Biotin 1310718
Insulin receptor (human) Insulin 1x 107"
Anti-HIV immunoglobulin (human)’ gp41 (HIV-1 surface protein) 4% 107"
Nickel-binding protein (E. colz) N2t 1% 1077
Calmodulin (rat)* Ca®* 3x10°¢
2% 1078
Typical receptor-ligand interactions
Sequence-specific protein-DNA
Biotin-avidin : :
l Antibody-antigen  Enzyme-substrate
I N N T T TN N T N T
1018 1p-14  1p-12  q1p-10 10-8 108 104 102
kigh affinity K, 00 low affinity

Color bars indicate the range of dissociation constants typical of various classes of interactions in bio-
logical systems. A few interactions, such as that between the protein avidin and the enzyme cofactor
biotin, fall outside the normal ranges. The avidin-biotin interaction is so tight it may be considered
irreversible. Sequence-specific protein-DMNA interactions reflect proteins that bind to a particular
sequence of nucleotides in DNA, as opposed to general binding to any DNA site.

*A reported dissociation constant is valid only for the particular solution conditions under which it was measured. Ky values for a
protein-ligand interaction can be altered, sometimes by several orders of magnitude, by changes in the solution's salt concentration, pH,
or other variables.

This immunoglobulin was isolated as part of an effort to develop a vaccine against HIV. Immunoglobulins {described later in the chapter)
are highly variable, and the K reported here should not be considered characterstic of all immunoglobulins.

*Calmodulin has four binding sites for calcium. The values shown reflect the highest- and lowest-affinity binding sites observed in one set
of measurements.
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Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

Binding | Bl Unstable
site I Less stable
I Stable

No ligand. Pink segments
are flexible; few conforma-
tions facilitate ligand
binding. Green segments
are stable in the
low-affinity state.

Ligand bound to one
subunit. Binding stabilizes
a high-affinity conforma-
tion of the flexible segment
(now shown in green). The
rest of the polypeptide
takes up a higher-affinity
conformation, and this
same conformation is
stabilized in the other
subunit through protein-
protein interactions.

Second ligand molecule
bound to second subunit.
This binding occurs with
higher affinity than
binding of the first
molecule, giving rise to
positive cooperativity.



Al ]

Al ()

‘uejiwde ‘(uonipa ,5) Azsiwaydolg fo sajdiulid 1aburuyal *(800¢)
‘W N ’X0D %@ 7 'V 428uluyal 1 'Q ‘UOS|aN :woJj ude)y aJde sa|gel @ saingi4

o

!

I

—_—
_—

Il

I

Il

!

&
N
B

Il

B=B=0=0
N\ 1

Il

L

—_—
_—

Il

o

_ L] L

—_—
-_—

oe
o0

—_—
_—

&

[}

&5

I

e

I

i

o] L]
1.—_:_:]1.—
N
L!L

%%

—_—
-

—_—
_—

. [LIL| . |L[L]
@

[
-

e

Il

—_—
_—

Il

L{L

I

%

!

&5

—_—
_—

!

e

:

!

%

I

I

L{L
L{L

=

[
—

[
—

5

—_—
_—

:

(b)

La)



Hemoglobin S

{fiber formation)
ib)

Alipnment and crystallization

Interaction between molecules

Hemoglobin A

‘ue|[lwoe “(uonpa ,,5) Aasiwaydolg Jo sajdidulid 13bujuyai *(3007)
‘W N X0D 13 7 'Y U338uluya “7 '@ ‘UOS|SN :WoJj udel aJe sa|gel 1y Sa4n3i4



Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

Antigen- Antigen-
binding binding

site . site

Ly e
Bay
\{
Fab
Cy,

Fe <

“00C

C = constant domain
V = variable domain
H, L = heavy, light chains

(a)




@ Coat surface with sample bd Ml [
{antigens).

@ Block unoccupied sites
with nonspecific protein.

(3) Incubate with primary
antibody against specific
antigen.

(@) Incubate with secondary

antibody—enzyme complex
that binds primary antibody.

(5) Add substrate. £

(6) Formation of colored

*
product indicates presence *e
of specific antigen.

{a)

-97.4-

—45.0-

-31.0-

-21.5_

~14.4 _
SDS gel Immunaoblot
(b) (e)

Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.



Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

(a)

(h)

Two supercoiled
o helices



a conformational change in the myosin
head that moves actin and myosin

As tightly bound ATP is hydrolyzed,
filaments relative to one another.
ADP iz releazed in the process.

a conformational chzmga OCCUrS.

ATP binds to myosin head,
P, release triggers a "power stroke,”

causing dizsociation
from actin.

o ]
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Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

Coenzyme Examples of chemical groups transferred  Dietary precursor in mammals
Biocytin COy Biotin
Coenzyme A Acyl groups Pantothenic acid and other compounds
b'-Deoxyadenosylcobalamin H atoms and alky] groups Vitamin B,

(coenzyme B,5)
Flavin adenine dinucleotide Electrons Riboflavin (vitamin Bs)
Lipoate Electrons and acyl groups Not required in diet
Nicotinamide adenine dinucleotide  Hydride ion (:H ™) Nicotinic acid (niacin)
Pyridoxal phosphate Amino groups Pyridoxine (vitamin By)
Tetrahydrofolate One-carbon groups Folate
Thiamine pyrophosphate Aldehydes Thiamine (vitamin By)

Mote: The structures and modes of action of these coenzymes are described in Part II.
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Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

H—C—OH + 0=0  eactant

R2 N—H species
, L.
Without catalysis,
unstable (charged)
intermediate breaks ,“
down rapidly
to form reactants. R! R?
| H |
H—C—Q—(E—D
1LF N—H
| 4
OH™ R"  p:
HOH BH
HOH A
‘When proton transfer When proton transfer
to or from Hy(0 iz to or from H;0 is slower
faster than the than the rate of breakdown
rate of breakdown of intermediates, only a
of intermediates, fraction of the intermediates
the presence of formed are stabilized.
other proton donors The presence of alternative
or acceptors does not proton donors (HA) or
increase the rate of acceptors (B ) increases
the reaction. the rate of the reaction.
R R
H—é—ﬂ—&—@‘
1le H—fw—H
4
1 3 I o
I I N\ S
H—C—0—-C=0 + N Products
2 ll'-{-d
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Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

No inhibitor
Viax
11 11 1 /1
E(ﬁ) [S] (ﬁ) [S] (ﬁ)
FIGURE 1 Competitive inhibition. FIGURE 2 Uncompetitive inhibition. FIGURE 3 Mixed inhibition.
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Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

Interaction of Ser!% and His5" generates a
strongly nucleophilic alkoxide ion on Serl95;

the ion attacks the peptide carbonyl group, Instability of the negative charge on
forming a tetrahedral acyl- ES complex the substrate carbonyl oxygen leads to
. This is accom- collapse of the tetrahedral inter-
panied by formation His™ mediate; re-formation of a double bond
of a short-lived “H . with carbon displaces the bond between
negative charge . Sh[’“’;‘&‘_’ed . carbon and the amino group of the
on the carbonyl S intermediate peptide linkage, breaking the peptide
oxygen of the “1o —{Ser™ (acylation) bond. The amino leaving
substrate, which g His_ group is protonated by
is stabilized by AA,—C—CH—NH—C—CH—NH—AA, "’H His®7, facilitating its
hydrogen bond- & R 3:, U \ displacement.
ing in the = N
oxyanion hole. H H @ I-llj
fl(‘-.. /}L-. = *\l 0_(591']%
= AA,CCH NH! ¢ CH NHAa,
0 R 0
A N
183 iy
MECHANISM FIGURE 6-21 Hydrolytic cleavage of a peptide bond by Gly Ser'® Pl'Pdl}Ct 1
chymotrypsin. The reaction has two phases. In the acylation phase AA,—C—CH—NHH
(steps @to @], formation of a covalent acyl-enzyme intermediate is @ 0 R
coupled to cleavage of the peptide bond. In the deacylation phase
(steps @ to @J, deacylation regenerates the free enzyme; this is es- e
sentially the reverse of the acylation phase, with water mirroring, in re- 5,
verse, the role of the amine component of the substrate.
ﬁ Chymotrypsin Mechanism =N
0—{Ser™
CH—NH—AA,
Short-lived g-.,
intermediate* H H
(deacylation) Ne N
H Gh'l“ Qor!™
His™ H_D/
® 4 Acyl-enzyme Acyl-enzyme
A intermediate intermediate
Qj—{sﬂ““‘ His™
H—0—(—CH—NH—AA, “H
X! An incoming water
b ® - molecule is deprotonated
Collapse R\\‘___ o O—Ser'® by general base catalysis,
of the @ Pﬁ; '5‘3:.;‘; H-0{__.& CH NH A, generatingastrongly
tptrahedral ED nucleophilic hydroxide ion.
e ! Attack of hydroxide on the
T e el H H ester linkage of the acyl-
: nd
product, a carboxylate anion, N/ \l T
and displaoes Serlds, ’[—}lel; ,—Sal.'la:‘ t.Etf‘ﬂthI‘ﬂl 1nt&rr'|1ed1ate, with
oxygen in the oxyanion hole
again taking on a negative charge.



Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.
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Ester hydrolysis
7 OH

1
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1,?
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steps

R2
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Transition state
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Transition state
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Products



Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

Ly=®45 abstracts a
Mg2+ PD%“ proton by general
A, | base catalysis. Two
‘o) ? I Mg® ions stabilize
N ; ;
Mg CFC—CH | i
0 __.H oH
Enolase {"’J HO o
H—N—H ™ C”/r @
Lys3e GILEH

{a) 2-Phosphoglycerate bound to enzyme

[ LysHs
(h) b

Glu?1! facilitates
Mg2+ PU%‘ elimination of the
Ay, | —0H group by
/,‘—0 {I:l Ii[ general acid
™ catalysis. POE~
- — 3
Mgz ‘-.‘_'“_['-\_5/ \-) .:lj_H |
0 CDH HOH 0, 9 =
H HO o —1 C—C=C,
N A # N
H—N'™—H {lj/ @ 0/ H
Lys#4® Glu2!!
Enolic intermediate Phosphoenolpyruvate
G]uﬂll



Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

4

RO = CHgéHCOD'

NAc/AcN = —NH—C—CHj,

Hydrogen bonds
“\ to residues
N .
H in enzyme
hinding site .—f

lysozyme

CH,OH
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Peptidoglycan binds

in the active site

Sxl of lyzozyme
mechanism ‘_/K—A
Glu®
A rearrangement c{/l\o
produces a glycosyl £ CI—II CHy0H
carbocation. Genoral — Ot -

Sn2
mechanism

Glu®

0}8) Asp52 acts
lJ-[ 20 covalent catalyst,
directly displacing

acid catalysis by Mur2Ae %0 C GleNAe Mur2Ac the GlcNAc via an

facilitates its AcN

Glu® protonates the C\E_B —

! protona ] H [ H Sx2 mechanism.
dizplaced GleNAc [/ IJ:[ ]-l[ P lll ]—ll Glu® protonates the
oxygen and GleNAc to facilitate

AcN
0 w/})

its departure.
departure. 0
Lysozyme
Asp®? CH,OH Asp®? CH,0H
8] 0
@ "o OH H @ HO” OH H
H NAc H NAc
First product First product
Glu Gl
o oéko- oékcr
N+ T H
\\ Glyeosyl c\(lj Covalent
1J-'[ carbocation intermediate
intermediate y l
AcN _O\fo AcN Yo
Asp™ Asp®
@ r-'HzO ® r‘HgO
Glu™® Glu™
o” oy 02\)-
General base —0, R H-J — " HQJ Glu? acts as a
cat_a!ysis by Gluss \ f_'\O—H (I:/-f 0—H gem;ral base catalyst
facilitates the attack C to facilitate the 5,2
of water on the I!I attack of water,
glycosyl carbocation displacing Asp®2 and
to form product. AcN AcN generating product.
0_,0 YO
Aspi2 Y Asp5?
Glu*
CH,0H o”
0 |
H \3/01{ "
H H \H Covalent
intermediate
bound in the
RO AcN 0 0
\( active site
Second product
AspP?

(h)



Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.
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Side chain Thiazolidine ring
'D| Al 1:[ rl-l 1]

R—C—N —C—E’S>;CH3

Q CHE B

Penicillin G
(benzylpenicllin)

oo

Hr_:- fé —ﬂ:hgﬂ*xcﬁa HEOUPS e picillin V
5 Lactam COOH
ring Hﬁ@-«:ﬂ—
N,
| Amoxicillin
General structure of penicillins




Figures & Tables are taken from: Nelson, D. L., Lehninger, A. L., & Cox, M. M.

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.

Aided by general The tetrahedral /_J‘”
base catalysis, water /f intermediate O=, c 1
Ow /JJ attacks the carbonyl O= collapses; the | Peptides
C carbon, generating c amino acid leaving C
ate 15 protona
\ trahedral N group is p ted /
e intermediate. U as it is expelled. HN
g — N “e— N e— OH
‘——'--1.,,\\ . C--“ \] —__"‘“H\\ \'“Cf —__H—“‘\ H‘C’i
I (e [
0 OH ‘o - ——0 O uH“p oH ——~o0 o °
N O /N A% A W
jl H H D{ ,J HO\ ,J D\‘\
C— 25 C—. 25 C—.
As Y 7 Y
p™° of  Asp® Asp of  Asp® Asp of Asp®
HIV protease
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OH
Phosphorylase
kinase P
ATP i
- ¢-—— Insulin
Glucagon - —» 1 [cAMP] —— - WED (bp1) g
. L

OH OH @E
Glucose - \\HIH!///
G-phosphate —— — = ® -
ATP ——-> ) = —
AMP —-> &) i -
/AT
Phosphorylase b Phosphorylase a
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28, 77 @@f}'@ f"‘\\ 2H,0
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#
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