
Diferencia fundamental entre una célula y el conjunto de 
moléculas que la componen es su mayor organización 
con respecto al medio: 
Axioma
"los organismos vivos presentan un alto grado de 
orden, y cuando crecen y se dividen crean más 
orden a partir de materiales que están en un mayor 
grado de desorden"

Bioenergética



Todos los organismos

Fotótrofos
La energía 
proviene
 de la luz

Quimiótrofos
La energía proviene

 de compuestos 
químicos

Células captan Energía de su 
entorno y la usan para generar 
Orden.

Parte de la energía usada se 
disipa como calor (Entalpía: H) 
y se libera al entorno.

Aumenta la Entropía (S) del 
universo.



Figure 2-36  Molecular Biology of the Cell (© Garland Science 2008)
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The Importance of Energy

All living systems require an ongoing supply of energy.
Before discussing why cells need energy, it might be useful
to consider what we mean by energy. Usually, energy is
defined as the capacity to do work. But that turns out to be
a somewhat circular definition because work is frequently
defined in terms of energy changes. A more useful defini-
tion is that energy is the ability to cause specific changes.
Since life is characterized first and foremost by change, this
definition underscores the total dependence of all forms of
life on the continuous availability of energy.

Cells Need Energy to Cause Six Different 
Kinds of Changes

Now that we have defined energy in this way, we recognize
that asking about cellular needs for energy really means
inquiring into the kinds of changes that cells must
effect—that is, the cellular activities that give rise to
change. Six categories of change come to mind, which in
turn define six kinds of work: synthetic, mechanical, con-
centration, and electrical work, as well as the generation of
heat and light (Figure 5-2).

Synthetic Work: Changes in Chemical Bonds. An important
activity of virtually every cell at all times is the work of
biosynthesis, which results in the formation of new bonds
and the generation of new molecules. This activity is espe-
cially obvious in a population of growing cells, where it
can be shown that additional molecules are being synthe-
sized if the cells are increasing in size or number or both.
But synthetic work is required to maintain structures just
as surely as it is needed to generate them originally. Most
existing structural components of the cell are in a state of
constant turnover. The molecules that make up the struc-
ture are continuously being degraded and replaced.

In terms of the hierarchy of cellular structure shown
in Figure 2-14, almost all of the energy that cells require
for biosynthetic work is used to make energy-rich organic
molecules from simpler starting materials and to activate
such organic molecules for incorporation into macro-
molecules. As we already know from Chapters 2 and 3,
higher levels of structural complexity usually occur by
spontaneous self-assembly, without further energy input.

H2O

CO2

(a) Synthetic work (b) Mechanical work

(c) Concentration work

Active inward
transport of
molecules

(f) Bioluminescent work

(e) Heat

Active outward transport of ions (protons)

Concentration gradient
across membrane

Charge gradient
across membrane

(membrane potential)

H+

H+

–

– – – – – – –

– – –– –– –––

++ + + + + + + ++

++++++++++

(d) Electrical work

Figure 5-2 Several Kinds of Biological Work. The six major
categories of biological work are shown here. (a) Synthetic work is
illustrated by the process of photosynthesis, (b) mechanical work by
the contraction of a weight lifter’s muscles, and (c) concentration
work by the uptake of molecules into a cell against a concentration
gradient. (d) Electrical work is represented by the membrane
potential of a mitochondrion (shown being generated by active
proton transport), (e) heat production is illustrated by the sweat of
the weight lifter, and (f) bioluminescence is depicted by the
courtship of fireflies.

BECK.CH05.106-129  5/6/02  1:50 PM  Page 107

The Importance of Energy 107

The Importance of Energy

All living systems require an ongoing supply of energy.
Before discussing why cells need energy, it might be useful
to consider what we mean by energy. Usually, energy is
defined as the capacity to do work. But that turns out to be
a somewhat circular definition because work is frequently
defined in terms of energy changes. A more useful defini-
tion is that energy is the ability to cause specific changes.
Since life is characterized first and foremost by change, this
definition underscores the total dependence of all forms of
life on the continuous availability of energy.

Cells Need Energy to Cause Six Different 
Kinds of Changes

Now that we have defined energy in this way, we recognize
that asking about cellular needs for energy really means
inquiring into the kinds of changes that cells must
effect—that is, the cellular activities that give rise to
change. Six categories of change come to mind, which in
turn define six kinds of work: synthetic, mechanical, con-
centration, and electrical work, as well as the generation of
heat and light (Figure 5-2).

Synthetic Work: Changes in Chemical Bonds. An important
activity of virtually every cell at all times is the work of
biosynthesis, which results in the formation of new bonds
and the generation of new molecules. This activity is espe-
cially obvious in a population of growing cells, where it
can be shown that additional molecules are being synthe-
sized if the cells are increasing in size or number or both.
But synthetic work is required to maintain structures just
as surely as it is needed to generate them originally. Most
existing structural components of the cell are in a state of
constant turnover. The molecules that make up the struc-
ture are continuously being degraded and replaced.

In terms of the hierarchy of cellular structure shown
in Figure 2-14, almost all of the energy that cells require
for biosynthetic work is used to make energy-rich organic
molecules from simpler starting materials and to activate
such organic molecules for incorporation into macro-
molecules. As we already know from Chapters 2 and 3,
higher levels of structural complexity usually occur by
spontaneous self-assembly, without further energy input.

H2O

CO2

(a) Synthetic work (b) Mechanical work

(c) Concentration work

Active inward
transport of
molecules

(f) Bioluminescent work

(e) Heat

Active outward transport of ions (protons)

Concentration gradient
across membrane

Charge gradient
across membrane

(membrane potential)

H+

H+

–

– – – – – – –

– – –– –– –––

++ + + + + + + ++

++++++++++

(d) Electrical work

Figure 5-2 Several Kinds of Biological Work. The six major
categories of biological work are shown here. (a) Synthetic work is
illustrated by the process of photosynthesis, (b) mechanical work by
the contraction of a weight lifter’s muscles, and (c) concentration
work by the uptake of molecules into a cell against a concentration
gradient. (d) Electrical work is represented by the membrane
potential of a mitochondrion (shown being generated by active
proton transport), (e) heat production is illustrated by the sweat of
the weight lifter, and (f) bioluminescence is depicted by the
courtship of fireflies.

BECK.CH05.106-129  5/6/02  1:50 PM  Page 107



Figure 2-55  Molecular Biology of the Cell (© Garland Science 2008)

ATP: conecta 
ambos procesos

!G = !H " T!S



ATP

La ruptura de los enlaces fosfoanhídrido libera energía (reacción con un valor 
de energía libre negativo)                    TRABAJO BIOLÓGICO



Figure 2-41  Molecular Biology of the Cell (© Garland Science 2008)

Energía  que permite Trabajo 
Biológico:
Síntesis de macromoléculas,  
trabajo mecánico.

Fotosíntesis y Respiración como Procesos 
Complementarios.



Table 2-5  Molecular Biology of the Cell (© Garland Science 2008)

Moléculas de relevancia en el Metabolismo



Etapa 1:
desdoblamiento de
macromoléculas a
subunidades simples

Etapa 2:
desdoblamiento de
las subunidades a
acetil-CoA y pro-
ducción de canti-
dades limitadas de
ATP y NADH

Etapa 3:
oxidación completa
del acetil-Coa hasta
CO2 y H2O con pro-
ducción de grandes
cantidades de ATP y
NADH

alimentos

proteínas polisacáridos grasas

aminoácidos monosacáridos
 (ej. glucosa)

ácidos grasos
 y glicerol

gl
ic

ol
is

is

ATP

piruvato

acetil-CoA

ciclo de
Krebs

poder reductor
NADH

ATP
O2

NH3 H2O CO2

C
R

fosforilación
oxidativa

desechos



Glucosa

2 Piruvato

2 AcetilCoA

glicólisis
(10 reacciones sucesivas)

2 Lactato2 Etanol + 2CO2

condiciones
anaeróbicas

condiciones
anaeróbicas

condiciones
aeróbicas

2CO2

4CO2   +  4H2O

ciclo de
Krebs

fermentación
alcohólica en

levaduras

fermentación a lactato
en músculo, eritrocitos,

y 
microrganismos

Células animales, vegetales
y muchas bacterias bajo
condiciones aeróbicas

Glucosa + 2ADP + Pi + 2NAD =
2 Piruvato + 2ATP + 2NADH + 2H+ + 2H20



Figure 2-70  Molecular Biology of the Cell (© Garland Science 2008)

Glicólisis:

Ocurre en el 
Citosol de la 
célula

Viaje a la Mitocondria

Recordar:

Sin Oxígeno-Fermentación

En presencia de oxígeno-
respiración celular



Biochemestry, V ed. Berg et al. 2000

Fermentación, o, cómo sacar 
energía rápidamente de la glicólisis 

y no quedarse sin NAD+



Figure 2-72b  Molecular Biology of the Cell (© Garland Science 2008)

La oxidación de la Glucosa genera ATP y NADH

Glucosa + 2ADP + Pi + 2NAD =
2 Piruvato + 2ATP + 2NADH + 2H+ + 2H20



MITOCONDRIAS

0,2 A 10 um de diámetro
1 a 4 um de longitud

DNA
mitocondrial



porinas

ribosomas

Membrana externa
permeable a  iones y
moléculas pequeñas

crestas

ATP sintasa
(F0F1)

Membrana interna
impermeable a la mayor parte de los
 iones y moléculas pequeñas incluyendo H+.
Contiene:
  *transportadores de
    electrones (complejos  I-IV)
   *intercambiadores  ATP-ADP
   *ATP sintasa
    *otros transportadores
 

Matriz
contiene:
*piruvato deshidrogenasa
*enzimas del ciclo  de Krebs
*enzimas de la  "-oxidación de 
  ácidos grasos
*enzimas para   oxidación de
  aminoácidos
*DNA y  ribosomas
*ATP, ADP, Pi,
  

MITOCONDRIAS



Carácterísticas probables de los protoeucariontes
 
1. Células Depredadoras:
•  Sin pared celular, por lo tanto, capaces de fagocitar. 
• Gran Tamaño, 
• Citoesqueleto
• Núcleo protegido (de las presas y de las enzimas digestivas).

Carácterísticas probables de las protomitocondrias

1. ¿Parásitos intracelulares? Poco probable debido a su eficiente metabolismo.

2. Cadena transportadora de H+ en la membrana. Probablemente asociada ya a la generación 
de energía, pero desarrollada inicialmente para…

3. Sin núcleo definido.

Origen de las Mitocondrias
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divergence indicates recurrent transfer events, from
ancient to contemporary. The human genome has at
least 296 different numts of between 106 bp and 14,654
bp (90% of the mitochondrial genome) that cover the
entire mtDNA circle34. Other studies tallied 612 mtDNA
insertions in the human genome35, a greater number
because different sequence conservation criteria for
identifying numts are used in different studies36. Older
numts are more abundant in the human genome than
recent INTEGRANTS, indicating that mtDNA can be ampli-
fied once inserted36,37 and many are organized as tandem
repeats35. Barely detectable numts are present in
Plasmodium32, but highly conserved numts have now

the term ‘NUMTS’ was coined to designate these nuclear
stretches of mtDNA26. Numts have been found in the
nuclear genomes of grasshoppers27, primates28,29 and
shrimps30, and are often mistaken for bona fide
mtDNA31,32.

Eukaryotic genome sequences have more fully
exposed the scale of integrated mitochondrial and
cpDNA in the nuclear genome. Fragments of organelle
DNA are becoming recognized as a normal attribute of
nearly all eukaryotic chromosomes. For example, the
yeast genome contains tracts with 80–100% similarity
to mtDNA that range in size from 22 to 230 base pairs
(bp) integrated at 34 sites33. This range of sequence

ARCHAEBACTERIA

An ancient group of organisms
that have ribosomes and cell
membranes that distinguish
them from eubacteria. They
sometimes show
environmentally extreme
ecology.

NUMT

An acronym to describe nuclear
integrants of mitochondrial
DNA.

Box 2 | Endosymbiotic evolution and the tree of genomes

Intracellular endosymbionts that originally descended from free-living prokaryotes have been important in the evolution of eukaryotes by giving
rise to two cytoplasmic organelles. Mitochondria arose from α-proteobacteria and chloroplasts arose from cyanobacteria. Both organelles have made
substantial contributions to the complement of genes that are found in eukaryotic nuclei today. The figure shows a schematic diagram of the
evolution of eukaryotes, highlighting the incorporation of mitochondria and chloroplasts into the eukaryotic lineage through endosymbiosis and
the subsequent co-evolution of the nuclear and organelle genomes. The host that acquired plastids probably possessed two flagella113. The nature of
the host cell that acquired the mitochondrion (lower right) is fiercely debated among cell evolutionists. The host is generally accepted by most to
have an affinity to ARCHAEBACTERIA but beyond that, biologists cannot agree as to the nature of its intracellular organization (prokaryotic, eukaryotic
or intermediate), its age, its biochemical lifestyle or how many and what kind of genes it possessed120. The host is usually assumed to have been
unicellular and to have lacked mitochondria.

PlantsEukaryotes

Early diversification of 
algal/plant lineages and
gene transfer to the host

Cyanobacteria Proteobacteria Archaebacteria

Origin of mitochondria

The host 
that acquired 
mitochondria

Ancient 
proteobacterium

Ancient 
cyanobacterium

Ancient 
protozoon

Origin of
plastids

Early diversification of
eukaryotic lineages and
gene transfer to the host

Timmis et al, 2004, Nature Reviews Genetics. 123-135

Endosimbiontes Intracelulares  que derivaron de procariotes de vida libre han dado origen a 
dos organelos citoplasmáticos: 
Las Mitocondrias se originaron a partir de una #-proteobacteria, mientras que los cloroplastos 
derivan de las cianobacterias. Ambos organelos han transferido un número sustancial de genes a sus 
hospederos.  Las características del hospedero de las mitocondrias son controversiales, se sabe que 
estuvo relacionado con las ARCHAEBACTERIA, pero se desconoce su organización intracelular 
(procarionte, eucarionte o intermedio) y sus genética

Plantas
Eucariontes

Cianobacterias

Protobacterias Arqueobacterias



Ciclo
de

Krebs

piruvato ácidos grasos

piruvato ácidos grasos

membrana 
externa

membrana 
interna

acetilCoA

ATP ATP
NADH

O2

CO2 CO2

O2

2H2O

Acetil-CoA + 2H2O + 2FAD + 3NAD + +GDP + Pi = 2CO2 + 2FADH2+ 3NADH + 3H++GTP

Ciclo de Krebs: Sustratos y Productos



Transporte de sustratos al interior de la mitocondria:
piruvato y Acil-CoA-de-AcGrasos



Activación: de piruvato a Acetil-CoA,

Las mitocondrias pueden usar piruvato (CH3-CO-COO-) o ácidos grasos como combustible, 

para formar la importante molécula portadora activada: acetil CoA. 

El piruvato generado durante la glicólisis es transportado a través de las membranas 
mitocondriales a la matriz. Allí reacciona con la coenzima A para formar acetil CoA, NADH 
y CO2 en una reacción catalizada por el complejo piruvato deshidrogenasa.  

complejo piruvato deshidrogenasa



Ciclo de Krebs
(ciclo de los ácidos tricarboxílicos)

(ciclo del ácido cítrico)

Matriz Mitocondrial

Oxidación del grupo acetilo proveniente del 
piruvato hasta CO2

Fosforilación

Oxidativa

Piruvato

Energía química

Fosforilación

Oxidativa



La energía derivada del transporte de electrones se acopla a la formación de un 
gradiente de protones.
El complejo V (ATPasa) acopla el flujo energéticamente favorable de los H+ a la 
síntesis de ATP.

El ATP producido se usa para 
realizar Trabajo Biológico.

NADH = 3 moléculas de ATP
FADH2 = casi 2 moléculas de ATP

FOSFORILACIÓN OXIDATIVA



Fosforilación oxidativa
 
La fosforilación oxidativa es el proceso en cual se forma ATP como resultado  de la 
transferencia de electrones desde el NADH o FADH2 al O2 por medio de una serie de 
transportadores de electrones en la membrana interna mitocondrial.

Las reacciones de la vía glicolítica y del ciclo de Krebs producen la conversión de 
1 molécula de glucosa en 6 de CO2   y la  reducción de 10 NAD+ a 10 NADH y 2 FAD a 
2 FADH2.



Acoplamiento quimiosmótico

La hipotesis quimiosmótica, propuesta por Peter Mitchell en 1961, consistía de 
cuatro postulados. En términos de las funciones de la mitocondria eran los 
siguientes:

1.- La cadena respiratoria mitocondrial es translocadora de protones. La cadena bombea 
protones fuera de la matriz cuando se transportan electrones a lo largo de ella.

2.- El complejo ATP sintasa también transloca protones a través de la membrana interna. 
Debido a su actividad reversible puede usar la energía de la hidrólisis del ATP  para 
bombear protones a través de la membrana, pero si existe una gradiente electroquímica de 
protones suficientemente grande, los protones fluyen en dirección inversa a través del 
complejo y permiten la síntesis de ATP.

3.- La membrana mitocondrial interna es impermeable a H+, OH- y en general a cationes y 
aniones.

4.- En la membrana mitocondrial interna existe un conjunto de proteínas transportadoras 
encargadas de la entrada y la salida de metabolitos y de ciertos iones orgánicos.
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2 a 4 um diámetro
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20 a 40 por célula



Comparación entre mitocondrias y cloroplastos

Mitocondria Cloroplasto

crestas
membrana interna

membrana externa

 espacio intermembrana

matriz estroma
espacio intratilacoide

DNA

ribosomas

Membrana del tilacoide

2 µm



Gradiente de protones

Ciclo 
de

Calvin

H+

O2 Azúcares

Productos

NADPH
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CLOROPLASTO

Luz
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Fotosistema I
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ATP +

Consumo  Animal 
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química)
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Clorofila

Luz

Excitación electrónica a 
niveles de mayor energía.

Sucede:

Transferencia electrónica 
a u n r e c e p t o r d e 
electrones (Fotosistemas).

L a c l o r o f i l a c a p t a 
electrones del Agua.





luz moléculas de
clorofila en el

complejo antena

entrada de una
molécula A lle-

vando un electrón 
de “baja energía”

salida de una
molécula B lle-

vando un electrón 
de “alta energía”

membrana

centro de reacción
complejo

proteína-pigmento

“par especial” de moléculas de
clorofila del centro de reacción

Esquema de un Fotosistema (Centro de reacción+Complejo Antena)
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En la membrana tilacoidal ocurre la transferencia electrónica, a la par, los H+ son 
bombeados hacia el interior del tilacoide. El flujo de estos H+ retornando al estroma a 
través de la ATP asa permite la síntesis del ATP.



citosol
cloroplasto

H2O O2

CO2

reacciones de
transferencia 
de electrones
fotosintéticas

ATP NADPH+
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fijación de CO2

gliceraldehído
3-fosfato
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grasos)



Reacción catalizada por la ribulosa-1,5-bisfosfato
carboxilasa oxigenasa (Rubisco)



Ciclo de Calvin Benson


