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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

6. Week:

Biological Membranes and Transport

Biosignaling

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

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

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

ATP  ADP+F,;
moves ipids in
from eytosolic to toward equilibrium

Floppase
{ABC transporter)

{a) Unecatalyzed transbilayer (“fip-flop™) diffusi
" : .~ L I' : : : B :
\ Il | ': 4 ’ :u: ) :-
moves PE and PS5 moves phospholipids either direction,

ATP  ADP+P,
Flippase

{P-type ATPase)
from outer to
cytosolic leaflet
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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.
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gradient, driven by 1on
moving down its gradient)
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When insulin interacts with its receptor, vesicles
move to surface and fuse with the plasma

membrane, increasing the number of glucoze
{ransporters in the plasma membramne.
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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.
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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.

Transporter binds 3 Na™
from the in=ide of the
cell.

Phosphorylation
favors P-Enzy,.

Transporter
release=s 3 Na™
to the outside
and hinds 2 K*
from the outside
of the cell.

Dephosphorylation
favors Enz,.

Tranzporter releazes
2 K* to the inside.

Outside



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

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

[Na*] = 1456 m™m
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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.

Aquaporin Permeant (permeability) Tissue distribution Subeellular distribution®
AQP-0 Water (low) Lens Flasma membrane
AQP-1 Water (high) Erythrocyte, kidney, lnng, vascular Plasma membrane
endothelium, brain, eye
AQP-2 Water (high) Kidnev, vas deferens Apical plasma membrane,
intracellular vesicles
AQP-3 Water (high), glycerol Kidnev, skin, lung, eye, colon Basolateral plasma membrane
(high), urea (moderate)
AQP-4 Water (high) Brain, muscle, kidney, lung, stomach, Basolateral plasma membrane
small intestine
AQP-5 Water (high) Salivary gland, lacrimal gland, sweat Apical plasma membrane
gland, lung, cornea
AQP-A Water (low), anions Kidney Intracellular vesicles
(NO3 =CI7)
AQP-T Water (high), glycerol Adipozse tissue, kidney, testis Plasma membrane
(high), urea (high),
arsenite
.IHLQP—E* Water (high) Testis, kidney, liver, pancreas, small Plasma membrane, intracellular
intestine, colon vesicles
AQP-9 Water (low], glvceral Liver, leukocyte, brain, testis Plazsma membrane
(high), urea (high),
arsenite
AQP-10 Water (low), glvcerol Small intestine Intracellular vesicles
Chigh), urea (high)

Source: Data from KIng, LS., Kozono, D, & Agre, P (2004) From structure to disease: the evolving tale of aquaponn biokgy. Nat. Rev. 5, 638.

*Aguaporins that are present primasily In the apleal or in the basolateral memorane ame noted 3s kocalized In one of these mambrangs; thosa
present In Doth memoranes are described as localized In the plasma membrana.

tAQP-8 mignt alsa ba parmeated by urea.



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

(2008). Lehninger Principles of Biochemistry (5t edition). Macmillan.
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oxygens form cage that
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replacing waters of
hydration sphere Alternating K* sites

Inside water-filled
vestibule allows
’% hydration of K*
K* with hydrating
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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.

(a) Specificity

Signal molecule fits
binding site on its
complementary receptor;
other sipnals do not fit.

{b) Amplification
When enrymes activate
enzymes, the number of
affected molecules
increases geometrically
in an enzyme cascade.

{c) Dessnsitization/Adayiation 4

Receptor activation triggers
a feedback circuit that shuts
off the receptor or removes

it from the cell aurface.

(d) Integration

When two signals have
opposite effects on a
metabolic characterstic
such as the concentration
of a second messenger X,
or the membrane potential
V. the regulatory outeome
regults from the integrated
nput from both receptors.

TKorTV, {XlorlV,

B =

Y
Net A[X] or ¥V

|

Response




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

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

G protein—coupled
receptor

External ligand (S) binding
to receptor () activates an
intracellular GTP-linding
protein (G, which regulates
an enzyme (Enz) that
generates an intracellular
second messenger, X.

Receptor guanylyl
cyclase
extracellular domain
stimulates formation
of second messenger
cyclie GMP.

Adhesion receptor
(integrin)

Binds molecules in
extracellular matrix,
changes conformation,
thus altering its
interaction with




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

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

The occupied receptor
causes replacement of
the GDP bound to Gy

by GTP, activating Ge.
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G (e subunit} moves Adenvylyl cyclaze AMP cAMP Phosphorylation of
to adenylyl eyelase catalyzes the activates cellular proteins by
and activates it. formation of cAMP. PEA. —* PEA causes the
nE]:lulu: response to
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@
cAMP is degraded,
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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.

Normal G,: GTPage activity
terminates the signal

from receptor to adenylyl
cyclazae,

l.'hlil..:-.FH Q}C_NHE
Loxin
71
CHy—O0—P—0—P—0— Rib | Adenine
< Arg— b
H H

H H

ADP-ribosylated G,: HO OH

GTPase activity is inactivated; L |
G, constantly activates ADP-ribose

adenylyl cyclase.




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

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

Adaptor g do
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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.

@
@' Activated rhodopsin @
Light absorption catalyzes replacement T,-GTP activates @
convertz 11-ecis- of GDP hy GTP cGMP phosphodiesterase
retinal to on transducin (T, (PDE) by binding and

all-#rans-retinal,

activating rhodopzin (Rh). into T -GTF and Ty,

subumnit (T).

&
Rhodopsin kinase (RK) @

phosphorylates “bleached” Slowly, arrestin dissociates,
rhodopsin; low [Ca®] rhodopsin is dephosphorylated,

and recoverin (Recov) and all-frans-retinal is
gtimulate this reaction. replaced with 11-crs-retinal.
Arrestin (Arr) binds Rhodopzin is ready for
phosphorylated carboxyl another phototransduction
terminus, inactivating cycla.

rhodopsin.

which then dizsociatez removing its inhibitory

Reduction of [Ca®)
activates puanylyl
cyclase (GC) and
inhibits PDE; [cGMP]
rises toward “dark™
lewel, reopening cation
channels and returning
V., to prestimulus level.

Active PDE reduces E
[eGMP] to below the

level needed to keep L
cation channelz open. I/'

Rod

@J Cation channels
close, preventing
influx of Na* and
Ca*; membrane is
hyperpolarized.
This signal passes
to the brain.

@ Continued efflux of
Ca** through the
Na*-Ca®* exchanger
reduces cytozolic
[ca®.

4 Ma™

Plazsma
membrane
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