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Struttura e funzione dei carboidrati.

Struttura e funzione dei lipidi .

Bioenergetica: ATP e composti ad alta energia, catena respiratoria e sintesi di ATP.

Il Metabolismo e la sua regolazione.

Il metabolismo glucidico: la glicolisi e il ciclo di Krebs, la via dei pentosi, la biosintesi e la degradazione del
glicogeno, la gluconeogenesi.
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Il metabolismo lipidico: genesi ed ossidazione degli acidi grassi, biogenesi e degradazione del colesterolo,
biogenesi degli ormoni steroidei, biogenesi dei trigliceridi e dei glicerofosfolipidi.

Il metabolismo degli amminoacidi: biosintesi degli amminoacidi e le diverse vie di degradazione ed
eliminazione dell’azoto.

Il metabolismo dei nucleotidi purinici e pirimidinici.

Integrazione del metabolismo e unidirezionalita delle vie metaboliche.
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Fine Dicembre — Seconda Prova in ltinere
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Fine Gennaio — Terza Prova in ltinere

Esame di fine Corso

Febbraio / Marzo — Esame scritto e orale
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La lezione di ogqgi ha I sequenti obiettivi

didattici :

- Che cos’ ¢ la Biochimica?
- A che cosa serve come disciplina scientifica?

- Che cosa ci aiuta a capire ?
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Un organismo vivente si distingue da uno non vivente perché:

1) E capace di di autoreplicarsi
2) E dotato di una complessita strutturale

3) E capace di produrre energia
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...complessita
strutturale !

...produrre energia !
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La Biochimica, quindi, costituisce :

1) Lo studio del trasferimento dell ‘Informazione genetica
2) Lo studio della Chimica della vita

1) Lo studio del Metabolismo



Lo studio del trasferimento dell” informazione genetica
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strand 1 strand 2 strand 1 strand 2



Liniversits
duglio Starchi
el Sannio

Secondo il dogma della
Biologia:

da ogni singolo gene si
genera una proteina

Transcription of DNA sequence
into RNA sequence

Translation on the ribosome of RNA sequence

into protein sequence and folding of protein

into native conformation

Protein 1 Protein 2 Proféin 3

Formation of supramolecular complex
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La sintesi di un acido nucleico,
di una proteina, che sono
macromolecole biologiche,

si realizza attraverso I’uso

di elementi semplici.

Monomeric subunits

Letters of Deoxyribo- Amino
English nucleotides acids
alphabet
(26 different (4 different (20 different
kinds) kinds) kinds)

M P
A A
5 3
5 8
A A
¢ G
£ B
S S

e Bt e B S o B B S el
. R U V- <
H_Q_ 0 _ > _H_0_ > 6.

M
E:;
i
?
i
G
T
~

English Deoxyribonucleic Protein
words acid (DNA)
Ordered linear sequences

For a segment of 8 subunits, the number of
different sequences possible =

268 or 48 or 20° or
2.1 x 1011 65,536 2.56 x 1010
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Un organismo vivente si distingue da uno non vivente perché:

2) E dotato di una complessita strutturale

3) E capace di produrre energia



Lo studio del Metabolismo e della Bioenergetica

Nutrienti ed Energia




Lo studio del Metabolismo e della Bioenergetica

Luce ed Energia

4H
Thermonuclear

fusion

4He

Photons of
visible light
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e Photosynthesis in plants,
algae, bacteria

v

Reduced fuels
and O9

Cellular respiration in
animals, plants, algae, bacteria
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Phototrophs Chemotrophs
(energy from (energy from chemical
light) compounds)

Autotrophs Heterotrophs Heterotrophs
(carbon from (carbon from (carbon from organic

COg9) organic compounds)
compounds)

Examples:

eCyanobacteria Examples:

ePlants e Purple bacteria
eGreen bacteria

! }

Lithotrophs Organotrophs
(energy from (energy from
inorganic organic
compounds) compounds)

Examples: Examples:

eSulfur bacteria *Most prokaryotes
eHydrogen bacteria ¢ All nonphototrophic
eukaryotes
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La biochimica studia le trasformazioni delle macromolecole ed

| relativi scambi di energia.

- Gli organismi non sono mai in equilibrio con il loro
ambiente esterno;

- La composizione molecolare riflette uno stato stazionario;

- Gli organismi scambiano energia e materia con il loro
ambiente circostante.
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(a) Mechanical example

AG >0 AG < 0

Work < Loss of

-

done 4 D & potential

S

Ny energy of

raising gy
position

object .
7’

B Endergonic Exergonic [l
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Che cos’e I’ene

roi1a libera di Gibbs ?

(b) Chemical example

Reaction 2:

ATP — ADP + P; Reaction 3:

A Glucose + ATP —
=== glucose 6-phosphate + ADP

Reaction 1:
Glucose + P; —

glucose 6-phosphate

AG3 e AGI e AGZ

Reaction coordinate
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Le trasformazioni energetiche

Potential energy

Energy
transductions
accomplish
work

e Nutrients in environment
(complex molecules such as
sugars, fats)

e Sunlight
(a)

Chemical transformations
within cells

Cellular work:

* chemical synthesis

¢ mechanical work

e osmotic and electrical gradients
¢ light production

¢ genetic information transfer

(b)

(c)

Increased randomness
(entropy) in the surroundings

Metabolism produces compounds
simpler than the initial

fuel molecules: COy, NHj3,

H,0, HPO%~

(d)

Decreased randomness
(entropy) in the system

Simple compounds polymerize
to form information-rich
macromolecules: DNA, RNA,
proteins

(e)



Le trasduzioni energetiche basate sul ciclo dell’ ATP
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Stored Other
nutrients cellular work

Ingested Complex
foods biomolecules

Solar Mechanical
photons work

Osmotic
work

Catabolic Anabolic

reaction reaction

pathways pathways
(exergonic) (endergonic)

COs
NH;
Sy, Hy0

ﬁ%‘
50

oF
Ple products, pre’
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Un organismo vivente si distingue da uno non vivente perché:

1) E dotato di una complessita strutturale



Lo studio della Chimica della vita o delle macromolecole
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Cellula di E. coli in divisione




Cellula di Saccromyces cerevisiae (lievito)




Lo Nostoc sphaeroides, un cianobacterio

del Sannio

0.25 um




Localizzazione di componenti cellulari in un batterio
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Ribosomes Bacterial ribosomes are smaller than
eukaryotic ribosomes, but serve the same function—
protein synthesis from an RNA message.

Nucleoid Contains a single,
simple, long circular DNA
molecule.

Pili Provide
points of
adhesion to
surface of
other cells.

Flagella
Propel cell
through its

_ surroundings.

Cell envelope
Structure varies
with type of
bacteria.




Localizzazione di componenti cellulari in un batterio
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Membrana e parete cellulare nei batteri
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Localizzazione di componenti cellulari in un batterio
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Ribosomes Bacterial ribosomes are smaller than
eukaryotic ribosomes, but serve the same function—
protein synthesis from an RNA message.

Nucleoid Contains a single,
simple, long circular DNA
molecule.

Pili Provide
points of
adhesion to
surface of
other cells.

Flagella
Propel cell
through its

_ surroundings.

Cell envelope
Structure varies
with type of
bacteria.
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(v Componenti cellulari : la membrana
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Receptor Gated ion

Transporter enzyme channel

Ions, nutrients Ligands Ions

YA L B
75

a“)‘)d ) ' DDDE ‘

Substrate
Ions, nutrients Product Ions

(Intracellular signals)




Componenti cellulari : il mitocondrio
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Crista
Matrix

Ribosomes

Inner membrane

Outer membrane




Evoluzione degli Eucarioti
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Anaerobic
metabolism

is inefficient
because fuel is not
completely oxidized.

Bacterium is
engulfed by ancestral
eukaryote, and
multiplies within it.

Nucleus

Ancestral anaerobic
eukaryote
Bacterial
O,L/ genome
\ J

“\ 7\

Aerobic bacterium

Aerobic metabolism is
efficient because fuel
is oxidized to CO9.

Symbiotic system

can now carry out
aerobic catabolism.
Some bacterial genes
move to the nucleus,
and the bacterial
endosymbionts become
mitochondria.

f .g;
\
A
\
| -
“ ‘g
=\
\

Nonphotosynthetic
eukaryote

Mitochondrion

Aerobic eukaryote

Cyanobacterial
genome

g | Chloroplast

Photosynthetic

Photosynthetic
eukaryote

cvanobacterium

Engulfed
cyanobacterium
becomes an
endosymbiont
and multiplies;
new cell can
make ATP using
energy from
sunlight.

In time, some
cyanobacterial
genes move to
the nucleus, and
endosymbionts
become plastids
(chloroplasts).

Light energy is used
to synthesize
biomolecules from CO2.




Componenti cellulari : il mitocondrio
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Crista
Matrix

Ribosomes

Inner membrane

Outer membrane




= Componenti cellulari : il nucleo
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Nucleolus—-
transcription of
ribosomal RNA Chromatin—

Nuc{e_ar PO tight complex of
specific transport DNA axd histore

of RNA and proteins - proteins

Paired
membranes

of nuclear

envelope

-

v

"

'

endoplasmic
reticulum




Componenti cellulari : il reticolo endoplasmico
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Struttura

Il RER & formato da tante cisterne

appiattite (lamellari) le quali Rough endoplasmic reticulum (RER) Nuclear envelope
risultano parallele e delimitata da e Nucieus
una membrana, sulla cui faccia :

esterna (quella rivolta verso lo

laloplasma) si trovano tanti

ribosomi.




Componenti cellulari : I’apparato di Golgi
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retcolo vescicola
endopiasmabco di irasporio memiby ana
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Componenti cellulari : 1 lisosomi
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Esocitosi

Il lisosoma cattura
organuli danneggiati

Particelle alimentari
presenti nei liquidi
~ extracellulari

Vhscicolc dal
ret. endopl. rugoso .

- contenenti =end |sm4
cnzhni idrolitici }‘%u‘;';:o e




Componenti cellulari : 1 perossisomi
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Piccoli organelli (0,5 pum di ©)
contenenti importanti enzimi:

0,2-0,5 um

OSSIDASI: degradano gli acidi
grassi o altre sostanze formano
H,0, ,altamente tossico e reattivo

CATALASI: degradano il
perossido d’idrogeno in H,O e O,.

utilizzando sostanze nocive come
donatori di elettroni (etanolo)



Componenti cellulari : il cloroplasto
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Outer membrane

Inner membrane

DNA  Ribosomes Thylakoids




Componenti cellulari : 1 vacuoli

Liniversita
degli- Sturchi
del Sannio

Plant Cell Central Vacuole

central
Vacuole

Figure 1
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Lo studio della Biochimica corrisponde allo studio della
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Chimica della vita

Number of
unpaired
electrons

(in red)

Number of
electrons in
complete
outer shell

1

2

2

8

::P:OH =

B

Dihydrogen

(l) H
H

Water
H
: N—H
H
Ammonia
H
H—C—H
H

Methane

S—H
H

Hydrogen
sulfide

OH
O—=P—0OH
OH

Phosphoric

acid




[’atomo di1 carbonio € molto versatile
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Complessita strutturale delle macromolecole biologiche
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Phosphatidylcholine




Complessita strutturale delle macromolecole biologiche
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4a) Sannio Il colesterolo

Steroid
nucleus




Complessita strutturale delle macromolecole biologiche
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oxidation 2 g id H 1
X *ac — g
of aldehy(le/, Retinoic acic ormona

to acid .~ (d) signal to
epithelial

cells

/ \ CHs

/ \/

{ ¥

\ /N
\ / ~
\_{ ( J H 3

CH,

visible

light
A, Neuronal
point of oxidationof signal

alcohol to ) to brain

cleavage
aldehyde

\
.CH,0H

V itamin A 11- (-zs-R_etmal all-trans-Retinal
(retinol) (visual pigment)

(b) (e) (e)

B-Carotene
(a)




Complessita strutturale delle macromolecole biologiche

Emoglobina




Gruppi funzionali nelle biomolecole

Hydroxyl @R—O—H

(alcohol)



Gruppi funzionali nelle biomolecole

Carbonyl R —(Hl—H
O

(aldehyde)




Gruppi funzionali nelle biomolecole

Carboxyl R—C—OH

|
O
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Zhanns Gruppi funzionali nelle biomolecole










Gruppi funzionali nelle biomolecole

(‘)H

Phosphoryl R—0O—P—OH

|
O




Gruppi funzionali nelle biomolecole

COOH carboxyl

|
H,N-C—H

amino (|3H2

H(HJ 74

~N 1midazole

Histidine




Gruppi funzionali nelle biomolecole

hydroxyl I-‘I I—|I -
methyl CHjg H OH (Cc=C
p / \
N—C—C—C

\ //
I‘l/ H H \C—C/ hydroxyls

S-amino |

\
H OH

Epinephrine




Complessita strutturale delle molecole
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Esistono 4 tipi di Isomert:
1) Isomeri Strutturali
2) Isomeri Funzionali
3) Isomeri Geometrici

4) Isomeri Ottici
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Isomeri strutturali

Alcuni isomeri strutturali con formula C6H12

CH3 - CH2 - CH2- CH=CH-CH3 2 ESENE

CH3 - CH2 - CH=CH- CH2- CH3 3 ESENE

CH3- CH-CH=CH-CH3 4 METIL 2PENTENE
|
CH3

CH2
CICLOESANO
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Isomeri funzionali

Etere dimetilico




Isomeri geometrici

H H HOOC H
AN / N\ /
C=C

N\ / AN
HOOC/ COOH H COOH

Maleic acid (cis) Fumaric acid (trans)
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fRiei Isomeri geometrici

11-cis-Retinal All-trans-Retinal
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Mirror -
image of
original
molecule

Original
molecule

Molecole chirali

Chiral
molecule:
Rotated
molecule
cannot be
superimposed
on its mirror
image
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Mirror
image of
original
molecule

Original
molecule

Molecole chirali

Achiral
molecule:
Rotated
molecule

can be
superimposed
on its mirror
image
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Stereoisomerl

Enantiomers (mirror images) Enantiomers (mirror images)

CH, 'H CH

QQ H—-( -X = QQ H—c-x

99 H—C—Y o % Y—P—H
( "' CH 3 : () 9 Lll,

- I——

Diastereomers (non—mirror images)
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Molecole e conformazioni

Eclipsed Staggered

=
=
~
e
-4
o
o
=
o
E
-~
=
@
B o
o
(oW

120 180 240

Torsion angle (degrees)
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Strengths of Bonds Common in Biomolecules

Bond dissociation Bond dissociation
Type of bond energy* (kJ/mol) Type of bond energy (kJ/mol)

Single bonds Double bonds

461 = 712
435 615
419 6ll
414 502
389

352 Triple bonds

348 c=C

339 N=N

293

260

222

214

] |
T E O X T

| |
2T G

|
o

0
H
P
C
N
C
C_
S
C
C
N
S

|
%

*The greater the energy required for bond dissociation (breakage), the stronger the bond.




LLegami deboli
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Four Types of Noncovalent (“Weak”) Interactions
among Biomolecules in Aqueous Solvent

Hydrogen bonds .
Between neutral groups /C=O' H—0—

Between peptide bonds

lonic interactions

Attraction

Repulsion

Hydrophobic interactions

Van der Waals interactions Any two atoms in
close proximity




Reazionl biochimiche

Le reazioni piu frequenti nelle cellule sono:
1) Ossido-riduzione

2) Scissione o formazione di legami
3) Riarrangiamento interno

4) Trasferimento di gruppi

5) Condensazione



Reazione di ossido-riduzione

—CHy—CHj
—CHy;—CHsOH

—CHoy—C

Alkane
Alcohol

Aldehyde

Carboxylic acid

Carbon dioxide




Reazione di ossido-riduzione

lactate Pyruvate
dehydrogenase




Reazione di ossido-riduzione
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Reazione di scissione

Homolytic
cleavage

Heterolytic
cleavage

Carbanion Carbocation



E Reazione di scissione

l.iniv::rsi(ti‘g
i

dugli S
del Sannio

Some Functional Groups Active as
Nucleophiles within Cells*

Water HOH

Hydroxide ion HO =
Hydroxyl (alcohol)

Alkoxyl

Sulfhydryl

Sulfide

Amino

Carboxylate

Imidazole

Inorganic orthophosphate

*Listed in order of decreasing strength. Weaker nucleophiles
make better leaving groups.




Reazione di scissione

Leaving Nucleophile
group




Reazione di scissione

(a) SN1 reaction

2
L
N
g

R

R
R! I

A §

+
/C

R3
Carbocation
intermediate

Retention of
configuration




Reazione di scissione

Pentacovalent

! R
intermediate Z: C\ : +W:~
R

Configuration
inverted
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Reazione di scissione

) | HCOH 0
aldolase | CH_Z_"O_IID—O

CH,OH
&

Fructose 1,6-bisphosphate Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

AG'® = 23.8 kd/mol
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Reazione di riarrangiamento

g Ry ¢
26 C—C—C—C—0—P—0"

phosphohexose | | | | I

I
O OH H OHOHH OH O H OHOHH 0

Glucose 6-phosphate Fructose 6-phosphate
(a)

1Isomerase
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Reazione di riarrangiamento

@ B, abstracts a IT]:A
— H @ An electron leaves

the C=C bond to form

This allows the_ D a C —H bond with
formation of a C=C [r— the proton donated

double bond. S /() O\ by B;.
H

H @ Bo abstracts a
proton, allowing

the formation of
a C=0 bond.

Electrons from

carbonyl form an B.:
O—H bond with 2
the hydrogen ion.

Enediol intermediate



NE— RT — L L —

O-—P--O

._......_.‘ = l"'_—'—

IOI

Reazione di trasferimento




Reazione di trasferimento

O O O =5
| I Il

(¢) [ Adenine M Ribose —O—P—0—P—0—P>0 HO—R

(I) (I) - (I) : Glucose

ATP

Ademne Rlbose O—E—

Glucose 6-phosphate,
a phosphate ester




Reazione di condensazione

Diglycine




Reazione di condensazione

| 7 N\ 4
CHy—C_ + N—CHy—C
) d N\
O—tRNA H NH—R

Activated amino acid Polypeptide

t\»tlmﬂ-\

o
Y
CHi—C, /O
NH—CHo— C\
NH—R
Elongated polypeptide




Reazione di condensazione

//O

RL-NH— CHy—C_~, p

["NH— CHy—C__

HoO: — NH— R*
Polypeptide

l

O
7 7
Ri—NH— CHz—C\ + N—CHg— C\
4 2
OH H NH—R
Two peptide fragments
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Some of the amino acids of proteins

CIIOOII (IJOOH (l‘,OOH
HzN—(lf—H H,N—C—H I'IZN—(IZ —H
Alanine CHj Serine éH.zOH

Aspartic CH,
acid COOH

COOH COOH (|‘)OOH

| |
H,N—C—H H._,N—CI:—H
H, (|3H2
o—NH

; stidine
Tyrosine Histidine
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The components of nucleic acids

O O
I [ HOCH, O

¢ C
HN” “cH HN~ >C—CHj H H

Y B O H o
/'\g/ OH OH

Thymine a-D-Ribose

O

HOCH,

H2N_C\N/C\N

Adenine Guanine

Phosphoric acid
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Some components of lipids
CH, COOH
CH;—N— CH,CH,0H

CH,
Choline

CH,OH
?HOH

CH,OH
Glycerol

Palmitic acid

CH,
Oleic acid
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The parent sugar

CH,OH

a-D-Glucose
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Proteins

> Peptide hormones
Neurotransmitters
Toxic alkaloids

Amino acids

Nucleic acids
ATP

> Coenzymes
Neurotransmitters

Adenine

Membrane lipids
Palmitic acid < Fats
> Waxes

> Cellulose
Starch
> Fructose
> Mannose
Sucrose
> Lactose

Glucose
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Level 4:
The cell
and its organelles

Level 3:
Supramolecular
complexes

Cell wall

Level 2: Level 1:
Macromolecules Monomeric units

NH3

N ucleo_tides .\*))

3 N
O0—-P—-0—-CH2

H
OH

Amino acids
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Lo studio della Biochimica e rivolto alla comprensione :
1) della struttura e funzione delle macromolecole biologiche;

2) dei processi che generano energia che si puo ricavare dalla
loro degradazione e necessaria per la loro sintesi;

3) della individuazione dei complessi macromolecolari o degli
organuli dove avvengono tutti i processi vitali in un organismo
vivente.



