
UD1 
Composizione chimica degli 

organismi viventi 
 

Concetti	chiave:		
•	Da	un	punto	di	vista	molecolare,	gli	organismi	sono	molto	simili.	
•	Le	molecole	biologiche	sono	costruite	da	un	numero	limitato	di	elementi	(bio-elementi).	
•	Le	principali	classi	di	biomolecole	sono	caratterizzati	da	determinati	gruppi	funzionali	e	legami.	
•	I	diversi	tipi	di	biomolecole	sono	caratterizzati	da	determinati	gruppi	funzionali	e	legami.	
	
	
	



CIBO per CANI 



CIBO per GATTI 



Biochimica della Nutrizione 



Tavola	periodica	degli	elementi	



La	materia	vivente	consiste	
di	pochi	elementi	



Sali minerali 

MACROELEMENTI o elementi presenti in discrete quantità (da 
decine di grammi): Ca, P, Mg, S, Na, K, Cl 
Fabbisogno giornaliero è dell’ordine dei grammi o dei decimi di 
grammo 
 
 
OLIGOELEMENTI o microelementi o elementi presenti in 
tracce: Fe, Cu, Zn, I, ecc. 
Fabbisogno giornaliero è dell’ordine dei mg o dei microgrammi 



Calcio, Ca 
In un uomo adulto si trovano 1000 g di calcio di cui 99% nelle ossa e nei denti 

Il calcio non osseo svolge il ruolo di secondo messaggero universale, in grado di convogliare segnali 
nervosi, ormonali, ecc. Fabbisogno giornaliero uomo adulto: 0.8 - 1 g. 



OLIGOELEMENTI 
•  Essenziali: Fe, Cu, Zn, I, Se (13 mg), Cr (6 mg), Co, 

F, Mo (9 mg) 
•  Probabilmente essenziali: Si, Mn, Ni, V 
•  Potenzialmente tossici, con possibile funzione 

essenziale a bassissima concentrazione: As, Pb, 
Cd, Hg, Al, Li, Sn. 

 
La tossicità è una caratteristica di tutti gli elementi e 
dipende solo dalla quantità (e qualità o forma chimica) 
del minerale che perviene all’organismo. 
 
Spesso la tossicità acuta di un elemento si deve a 
un’inibizione totale o parziale di enzimi vitali (UD2). 
 
 
 
 
 
 
 
 



Selenio, Se 

Cofattore essenziale per la Glutatione perossidasi 

Il selenio contribuisce a proteggere l’integrità delle membrane 
cellulari ed è implicato nel metabolismo degli ormoni tiroidei 
Fabbisogno giornaliero uomo adulto: 50-200 microgrammi. 
 

In un uomo adulto si trovano 13 mg di selenio 



Zinco, Zn 

Cofattore essenziale per numerosi enzimi: 
Anidrasi carbonica 
Superossido dismutasi 
Carbossipeptidasi 
 

In un uomo adulto si trovano 1.4-2.3 g di zinco 

Fabbisogno giornaliero uomo adulto: 10 mg. 



VALORE di una DIETA VARIA 
(oligoelementi) 

Se l’alimentazione è varia e razionale il fabbisogno in sali minerali viene 
automaticamente soddisfatto; per alcuni comunque (Ca, Fe, I) si può andare 
facilmente incontro a sindromi da carenza, con manifestazioni ben definite, 
soprattutto un determinate condizioni fisiologiche, come ad esempio la 
gravidanza. 



Grandezze	e	costanti	della	chimica	

1	dalton	(Da)	=	1	unità	di	massa	atomica	(uma)	=	1/12	massa	del	C-12	
	
Numero	di	Avogadro	(NA)	=	6,022x1023	

	
Mole	=	unità	di	misura	della	quantità	di	sostanza:	
1	mole	di	una	sostanza	=	quantità	di	sostanza	che	contiene	un	NA	di	particelle	di	
sostanza	
	
Numero	di	moli	(n)	=	massa	di	una	sostanza	(g)/massa	molecolare	della	sostanza	
(g/mol)	
	
Concentrazione	molare	di	una	sostanza	=	numero	di	moli	di	una	sostanza	(n)/
volume	della	soluzione	(L)	
	
	
	
	
	





Notazione	scientifica	
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really polymeric like other macromolecules; however, lipids are important contribu-
tors to higher levels of complexity.) Interactions among macromolecules lead to the
next level of structural organization, supramolecular complexes. Here, various mem-
bers of one or more of the classes of macromolecules come together to form specific
assemblies that serve important subcellular functions. Examples of these supramo-
lecular assemblies are multifunctional enzyme complexes, ribosomes, chromosomes,
and cytoskeletal elements. For example, a eukaryotic ribosome contains four differ-
ent RNA molecules and at least 70 unique proteins. These supramolecular assemblies
are an interesting contrast to their components because their structural integrity is
maintained by noncovalent forces, not by covalent bonds. These noncovalent forces
include hydrogen bonds, ionic attractions, van der Waals forces, and hydrophobic in-
teractions between macromolecules. Such forces maintain these supramolecular as-
semblies in a highly ordered functional state. Although noncovalent forces are weak
(less than 40 kJ/mol), they are numerous in these assemblies and thus can collectively
maintain the essential architecture of the supramolecular complex under conditions
of temperature, pH, and ionic strength that are consistent with cell life.

Organelles Represent a Higher Order in Biomolecular Organization
The next higher rung in the hierarchical ladder is occupied by the organelles, en-
tities of considerable dimensions compared with the cell itself. Organelles are
found only in eukaryotic cells, that is, the cells of “higher” organisms (eukaryotic
cells are described in Section 1.5). Several kinds, such as mitochondria and
chloroplasts, evolved from bacteria that gained entry to the cytoplasm of early eu-
karyotic cells. Organelles share two attributes: They are cellular inclusions, usually
membrane bounded, and they are dedicated to important cellular tasks. Or-
ganelles include the nucleus, mitochondria, chloroplasts, endoplasmic reticulum,

The dimensions of mass* and length for biomolecules are given typically in daltons and
nanometers,† respectively. One dalton (D) is the mass of one hydrogen atom, 1.67 ! 10"24 g.
One nanometer (nm) is 10"9 m, or 10 Å (angstroms).

Mass

Length
Biomolecule (long dimension, nm) Daltons Picograms

Water 0.3 18
Alanine 20,0000.5 40,000,089
Glucose 20,0000.7 40,000,180
Phospholipid 20,0003.5 40,000,750
Ribonuclease (a small protein) 20,004 40,012,600
Immunoglobulin G (IgG) 20,014 40,150,000
Myosin (a large muscle protein) 20,160 40,470,000
Ribosome (bacteria) 20,018 42,520,000
Bacteriophage !X174 (a very small bacterial virus) 20,025 44,700,000
Pyruvate dehydrogenase complex (a multienzyme complex) 20,060 47,000,000
Tobacco mosaic virus (a plant virus) 20,300 40,000,000 6.68 ! 10"5

Mitochondrion (liver) 21,500 1.5
Escherichia coli cell 22,000 2
Chloroplast (spinach leaf) 28,000 60
Liver cell 20,000 8,000

*Molecular mass is expressed in units of daltons (D) or kilodaltons (kD) in this book; alternatively, the dimensionless term molecular weight, symbolized by Mr, and defined as the ratio of the
mass of a molecule to 1 dalton of mass, is used.
†Prefixes used for powers of 10 are
106 mega M 10"3 milli m
103 kilo k 10"6 micro "
10"1 deci d 10"9 nano n
10"2 centi c 10"12 pico p

10"15 femto f

TABLE 1.2 Biomolecular Dimensions

Scala	dimensionale	degli	enti	
biologici	
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Golgi apparatus, and vacuoles, as well as other relatively small cellular inclusions,
such as peroxisomes, lysosomes, and chromoplasts. The nucleus is the repository
of genetic information as contained within the linear sequences of nucleotides in
the DNA of chromosomes. Mitochondria are the “power plants” of cells by virtue
of their ability to carry out the energy-releasing aerobic metabolism of carbohy-

The inorganic precursors:
(18–64 daltons)
Carbon dioxide, Water, Ammonia,
Nitrogen(N2), Nitrate(NO3

–)

Carbon dioxide

Pyruvate

Alanine (an amino acid)

Protein

Metabolites:
(50–250 daltons)
Pyruvate, Citrate, Succinate,
Glyceraldehyde-3-phosphate,
Fructose-1,6-bisphosphate,
3-Phosphoglyceric acid

Building blocks:
(100–350 daltons)
Amino acids, Nucleotides,
Monosaccharides, Fatty acids,
Glycerol

Macromolecules:
(103–109 daltons)
Proteins, Nucleic acids,
Polysaccharides, Lipids

Supramolecular complexes:
(106–109 daltons)
Ribosomes, Cytoskeleton,
Multienzyme complexes

Organelles:
Nucleus, Mitochondria,
Chloroplasts, Endoplasmic
reticulum, Golgi apparatus,
Vacuole

The cell
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FIGURE 1.8 Molecular organization in the cell is a hierarchy.



Scala	temporale	degli	eventi	
biologici	
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excitation in photosynthesis) to 1018 sec (the period of evolution, spanning from
the first appearance of organisms on the earth more than 3 billion years ago to to-
day) (Table 1.5). Because proteins are the agents of biological function, phenom-
ena involving weak interactions and proteins dominate the shorter times. As time
increases, more stable interactions (covalent bonds) and phenomena involving the
agents of genetic information (the nucleic acids) come into play.

1.5 What Is the Organization and Structure of Cells?
All living cells fall into one of three broad categories—Archaea, Bacteria and Eu-
karya. Archaea and bacteria are referred to collectively as prokaryotes. As a group,
prokaryotes are single-celled organisms that lack nuclei and other organelles; the
word is derived from pro meaning “prior to” and karyot meaning “nucleus.” In con-
ventional biological classification schemes, prokaryotes are grouped together as
members of the kingdom Monera. The other four living kingdoms are all Eukarya—
the single-celled Protists, such as amoebae, and all multicellular life forms, including
the Fungi, Plant, and Animal kingdoms. Eukaryotic cells have true nuclei and other
organelles such as mitochondria, with the prefix eu meaning “true.”

The Evolution of Early Cells Gave Rise to Eubacteria, Archaea,
and Eukaryotes
For a long time, most biologists believed that eukaryotes evolved from the simpler
prokaryotes in some linear progression from simple to complex over the course of
geological time. However, contemporary evidence favors the view that present-day
organisms are better grouped into the three classes mentioned: eukarya, bacteria,
and archaea. All are believed to have evolved approximately 3.5 billion years ago
from an ancestral communal gene pool shared among primitive cellular entities.
Furthermore, contemporary eukaryotic cells are, in reality, composite cells that har-
bor various bacterial contributions.

Despite great diversity in form and function, cells and organisms share much bio-
chemistry in common. This commonality and diversity has been substantiated by
the results of whole genome sequencing, the determination of the complete nu-

Time (sec) Process Example

10!15 Electron transfer The light reactions in photosynthesis
10!13 Transition states Transition states in chemical reactions have lifetimes of 10!11 to 10!15 sec (the reciprocal

of the frequency of bond vibrations)
10!11 H-bond lifetimes H bonds are exchanged between H2O molecules due to the rotation of the water

molecules themselves
10!12 to 103 Motion in proteins Fast: tyrosine ring flips, methyl group rotations

Slow: bending motions between protein domains
10!6 to 100 Enzyme catalysis 10!6 sec: fast enzyme reactions

10!3 sec: typical enzyme reactions
100 sec: slow enzyme reactions

100 Diffusion in membranes A typical membrane lipid molecule can diffuse from one end of a bacterial cell to the
other in 1 sec; a small protein would go half as far

101 to 102 Protein synthesis Some ribosomes synthesize proteins at a rate of 20 amino acids added per second
104 to 105 Cell division Prokaryotic cells can divide as rapidly as every hour or so; eukaryotic cell division varies

greatly (from hours to years)
107 to 108 Embryonic development Human embryonic development takes 9 months (2.4 " 108 sec)
105 to 109 Life span Human life expectancy is 77.6 years (about 2.5 " 109 sec)
1018 Evolution The first organisms appeared 3.5 " 109 years ago and evolution has continued since then

TABLE 1.5 Life Times
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linking a number of monosaccharides together. Car-
bohydrates composed of two monosaccharides are
known as disaccharides. Sucrose, or table sugar (Fig-
ure 2–9), is composed of two monosaccharides, glu-
cose and fructose. The linking together of most mono-
saccharides involves the removal of a hydroxyl group
from one monosaccharide and a hydrogen atom from
the other, giving rise to a molecule of water and link-
ing the two sugars together through an oxygen atom.
Conversely, hydrolysis of the disaccharide breaks this
linkage by adding back the water and thus uncoupling
the two monosaccharides. Additional disaccharides
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FIGURE 2–7
Two ways of diagraming the structure of the
monosaccharide glucose.

frequently encountered are maltose (glucose-glucose),
formed during the digestion of large carbohydrates in
the intestinal tract, and lactose (glucose-galactose),
present in milk.

When many monosaccharides are linked together
to form polymers, the molecules are known as poly-
saccharides. Starch, found in plant cells, and glycogen
(Figure 2–10), present in animal cells and often called
“animal starch,” are examples of polysaccharides. Both
of these polysaccharides are composed of thousands
of glucose molecules linked together in long chains,
differing only in the degree of branching along the
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The structural difference between the monosaccharides
glucose and galactose has to do with whether the hydroxyl
group at the position indicated lies below or above the
plane of the ring.

TABLE 2–5 Major Categories of Organic Molecules in the Body

Percent
of Body Majority

Category Weight of Atoms Subclass Subunits

Carbohydrates 1 C, H, O Monosaccharides
(sugars)
Polysaccharides Monosaccharides

Lipids 15 C, H Triacylglycerols 3 fatty acids ! glycerol
Phospholipids 2 fatty acids ! glycerol ! phosphate ! small

charged nitrogen molecule
Steroids

Proteins 17 C, H, O, N Peptides Amino acids
Proteins Amino acids

Nucleic acids 2 C, H, O, N DNA Nucleotides containing the bases adenine,
cytosine, guanine, thymine, the sugar
deoxyribose, and phosphate

RNA Nucleotides containing the bases adenine,
cytosine, guanine, uracil, the sugar
ribose, and phosphate







Gruppi	funzionali	e	legami	chimici	
in	biochimica	



Gruppi	funzionali	e	legami	chimici	
in	biochimica	





I	polimeri	biologici	



Reazioni	tra	acidi	carbossilici	e	ammine	





Introduzione	alla	chimica	della	vita	
	
	

Punto	di	verifica:		
•	Quali	sono	i	quattro	elementi	che	compaiono	praticamente	in	tutte	le	molecole	biologiche?	
•	Quali	sono	i	principali	gruppi	funzionali	di	interesse	biologico?	Che	caratteristiche	chimiche	
possiedono?	

•	Quale	sono	le	principali	classi	di	biomolecole?	Che	definizione	ne	darebbe	un	chimico	
organico?	

•  Che	cosa	sono	i	bio-elementi?	Nominate	i	principali	macroelementi	e	microelementi.	

•	Schematizzate	una	semplice	reazione	di	condensazione	e	idrolisi.	


