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Definition - applications

Environmental biotechnology applies the principles of microbiology to the
solution of environmental problems. Applications include :

 Treatment of industrial and municipal wastewaters.
e Enhancement of the quality of drinking water.

e Restoration of industrial, commercial, residential and government sites
contaminated with hazardous materials.

* Protection or restoration of rivers, lakes, estuaries and coastal waters from
environmental contaminants.

 Prevention of the spread through water or air of pathogens among humans
and other species.

* Production of environmentally benign chemicals.

e Reduction in industrial residuals in order to reduce resource consumption and
the production of pollutants requiring disposal.



Differences between biotechnologies

The major difference between environmental biotechnology
and other disciplines that feature biotechnology is that
environmental applications almost always are concerned with
mixed cultures and open, nonsterile systems. Success depends
on how individual microorganisms with desired characteristics
can survive in competition with other organisms, how desired
functions can be maintained in complex ecosystems, and how
the survival and proliferation of undesired microorganisms can

be prevented.



The CELL

The cell is the basic structural and functional unit of all known living
organisms. It is the smallest unit of an organism that is classified
as living, and is often called the building block of life.

General principles

Each cell is at least somewhat self-contained and self-maintaining:
it can take in nutrients —=> convert these nutrients into energy —
carry out specialized functions —> reproduce as necessary.

Each cell stores its own set of instructions for carrying out each of
these activities.



The CELL (General principles...)

All cells have several different abilities:

Reproduction by cell division : (binary fission/mitosis or meiosis).

Use of enzymes and other proteins coded for by DNA genes and made via
messenger RNA intermediates and ribosomes.

Metabolism, including taking in raw materials, building cell components,
converting energy, molecules and releasing by-products. The functioning of a
cell depends upon its ability to extract and use chemical energy stored in
organic molecules. This energy is released and then used in metabolic
pathways.

Response to external and internal stimuli such as changes in temperature, pH
or levels of nutrients.

Cell contents are contained within a cell surface membrane that is
made from a lipid bilayer with proteins embedded in it.



The CELL (Anatomy of cells)

There are two types of cells: eukaryotic and prokaryotic.

Prokaryotic cells are usually independent, while eukaryotic cells are often
found in multicellular organisms.

Capsule
Cell wall
Plasma membrane

Image url

The prokaryote cell is simpler than an
eukaryote cell, lacking a nucleus and
most of the other organelles of
eukaryotes. There are two kinds of
prokaryotes: bacteria and archaea;
these share a similar overall structure.

Bacterial Flagellum
Nucleoid (circular DNA)

Prokaryotic cells


http://en.wikipedia.org/wiki/File:Average_prokaryote_cell-_en.svg

The CELL (Anatomy of cells)

Imageurl A prokaryotic cell has three architectural regions:
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 on the outside, flagella and pili project from the cell's
surface. These are structures (not present in all
prokaryotes) made of proteins that facilitate
movement and communication between cells;

* enclosing the cell is the cell envelope — generally consisting of a cell wall
covering a plasma membrane though some bacteria also have a further covering
layer called a capsule. The envelope gives rigidity to the cell and separates the
interior of the cell from its environment, serving as a protective filter.

Though most prokaryotes have a cell wall, there are exceptions such as
Mycoplasma (bacteria) and Thermoplasma (archaea)). The cell wall consists of
peptidoglycan in bacteria, and acts as an additional barrier against exterior
forces. It also prevents the cell from expanding and finally bursting (cytolysis)
from osmotic pressure against a hypotonic environment. Some eukaryote cells
(plant cells and fungi cells) also have a cell wall;


http://en.wikipedia.org/wiki/File:Average_prokaryote_cell-_en.svg

The CELL (Anatomy of cells)

o Imageurl  ®  Inside the cell is the cytoplasmic region that

- contains water and macromolecules like the cell
genome (DNA) and ribosomes and various sorts of
inclusions. A prokaryotic chromosome is usually a
circular molecule (an exception is that of the
bacterium Borrelia burgdorferi, which causes Lyme
disease). Though not forming a nucleus, the DNA is
condensed in a nucleoid.

lllllll

Prokaryotes can carry extrachromosomal DNA
elements called plasmids, which are usually
circular. Plasmids enable additional functions,
such as antibiotic resistance.

Bacterial DNA Plasmids

Image url
Chromosome |:> ribosome |:> enzymes
genetic code converting catalyst
engine 8
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The CELL (Anatomy of cells)

Eukariotic cells are about 10 times the size of a typical prokaryote and can be as
much as 1000 times greater in volume. The major difference between
prokaryotes and eukaryotes is that eukaryotic cells contain membrane-bound
compartments in which specific metabolic activities take place. Most important
among these is the presence of a cell nucleus, a membrane-delineated
compartment that houses the eukaryotic cell's DNA. It is this nucleus that gives
the eukaryote its name, which means "true nucleus”.

e? Organelles: (9) Mitochondria
" @\ fa/@ (1) Nucleolus (10) Vacuole
e - (2) Nucleus (11) Cytoplasm
. ; (3) Ribosome (12) Lysosome

(4)
(5)

\@ Image url (6)

(7)
Eukaryotic cells (8)

Vesicle (13) Centrioles
Rough endoplasmic reticulum

Golgi apparatus

Cytoskeleton

Smooth endoplasmic reticulum
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The CELL (Anatomy of cells)

Other differences include:

The plasma membrane resembles that
of prokaryotes in function, with minor
\@ differences in the setup. Cell walls may

Image url or may not be present.

Eukaryotic cells

The eukaryotic DNA is organized in one or more linear molecules,
called chromosomes, which are associated with histone proteins. All
chromosomal DNA is stored in the cell nucleus, separated from the
cytoplasm by a membrane. Some eukaryotic organelles such as
mitochondria also contain some DNA.
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The CELL (Anatomy of cells)

Many eukaryotic cells are ciliated with
primary cilia.

| Primary cilia play important roles in
\@ chemosensation, mechanosensation,
Image url and thermosensation.

Eukaryotic cells

Cilia may thus be "viewed as sensory cellular antennae that
coordinate a large number of cellular signaling pathways,
sometimes coupling the signaling to ciliary motility or
alternatively to cell division and differentiation."

Eukaryotes can move using motile cilia or flagella. The flagella 48
are more complex than those of prokaryotes. 22\ e

Image url

11


http://en.wikipedia.org/wiki/Introduction_to_viruses
http://en.wikipedia.org/wiki/Cilium

Cyanobacteria

Planctomyces

Bacteroides
Cytophaga

Themeotoga

Aquifex

The CELL (phylogenetic tree)

A phylogenetic tree or evolutionary

tree is a tree showing the

Bacteria Archaea Eukaryoia evolutionary relationships among
almen various biological species or other

Spirochetes bacteria Entamoebae '™ apimals

Sam | narosacin " [ entities that are believed to have a
cllaes common ancestor. In a phylogenetic
N tree, each node with descendants
i represents the most recent common
e ancestor of the descendants, and
imageurl  the edge lengths in some trees

correspond to time estimates.

Phylogenetic Tree of Life

; Halophiles
Proteobacteria

Thermoproteus
Pyrodicticum

Each node is called a taxonomic unit. Internal nodes are generally called
hypothetical taxonomic units (HTUs) as they cannot be directly observed.
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The CELL (Taxonomy and Phylogeny)

Taxonomy is the science of classification of microorganisms and relies on the
observable physical properties of organisms.

Observable properties are called cell’s phenotype and may involve its appearance
(morphology), the manner in which it interacts with dyes or staining and its
ability to use or convert a given chemical into another one (transformation).

Phylogeny is a newer method of classification that detects differences in
microorganisms based upon genetic characteristics which are encoded in the
organism’s DNA and RNA.

The basic taxonomic unit is the species which is the collection of strains having
sufficiently similar characteristics. Groups of species with major similarities are
placed in collections called genera and groups of genera with sufficient
similarities are collected into families. Microorganisms are generally given a
genus and species name. For example : Escherichia coli or E.coli.

13



Archaea

The Archaea are a group of single-celled microorganisms. They have nocell
nucleus or any other organelles within their cells.

Initially, archaea were seen as extremophiles that lived in harsh
environments, such as hot springs and salt lakes, but they have since been
found in a broad range of habitats, such as soils, oceans and marshlands.
Archaea are particularly numerous in the oceans, and the archaea in
plankton may be one of the most abundant groups of organisms on the
planet. Archaea are now recognized as a major part of life on Earth and
may play an important role in both the carbon cycle and nitrogen cycle.
No clear examples of archaeal pathogens or parasites are known, but they
are often mutualists or commensals.
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Archaea

One example are the methanogenic archaea that inhabit the gut of humans and
ruminants, where they are present in vast numbers and aid in the digestion of
food. Archaea have some importance in technology, with methanogens used to
produce biogasand as part of sewage treatment and enzymes from extremophile
archaea that can resist high temperatures and organic solvents are exploited in
biotechnology.

Generally, archaea and bacteria are quite similar in size
and shape, although a few archaea have very unusual
shapes, such as the flat and square-shaped cells of
Haloquadratum walsbyi.

Despite this visual similarity to bacteria, archaea possess
genes and several metabolic pathways that are more
closely related to those of eukaryotes: notably the

Image url  enzymes involved in transcription and translation.
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Archaea

cell

Other aspects of archaean biochemistry are unique, such as §:> "’
their reliance on ether lipids in their cell membranes. The

. . Chromosome
archaea exploit a much greater variety of sources of energy lDNﬂj |
than eukaryotes: ranging from familiar organic compounds Fepicat on
such as sugars, to using ammonia, metal ions or even Vi (}{}
hydrogen gas as nutrients. \\&____ .

Salt-tolerant archaea (the Halobacteria) use sunlight as a
source of energy, and other species of archaea fix carbon;

Chromosome
segregation

however, unlike plants and cyanobacteria, no species of < (} r*’:?

archaea is known to do both. Archaea reproduce asexually e

and divide by binary fission, fragmentation, or budding; in l Cytnkinesisl

contrast to bacteria and eukaryotes, no species of archaea P g

are known that form spores. Y (; 3_'}

Image url
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Archaea

Morphology

Individual archaeans range from 0.1 um to over 15 um in diameter, and
occur in various shapes, commonly as spheres, rods, spirals or plates.
Other morphologies in the Crenarchaeota include irregularly shaped lobed
cells in Sulfolobus, thin needle-like filaments that are less than half a
micrometer in diameter in Thermofilum, and almost perfectly rectangular
rods in Thermoproteus and Pyrobaculum.
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Archaea

Metabolism

Archaea exhibit a great variety of chemical reactions in their metabolism and use
many different sources of energy. These forms of metabolism are classified into
nutritional groups, depending on the source of energy and the source of carbon.
Some archaea obtain their energy from inorganic compounds such as sulfur or
ammonia (they are lithotrophs). These archaea include nitrifiers, methanogens
and anaerobic methane oxidizers.

In these reactions one compound passes electrons to another (in a redox
reaction), releasing energy that is then used to fuel the cell's activities. One
compound acts as an electron donor and one as an electron acceptor. A common
feature of all these reactions is that the energy released is used to generate
adenosine triphosphate (ATP) through chemiosmosis, which is the same basic
process that happens in the mitochondrion of animal cells.
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Archaea

Chemiosmosis is the diffusion of ions
across a selectively-permeable
membrane. More specifically, it relates
to the generation of ATP by the
movement of hydrogen ions across a
membrane during cellular respiration.

ATP
Synthase

ATP

NAD +H"

NaTH acid
atrix cycle =

||||||||

NADH H.O

Succinate
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Other groups of archaea use sunlight as a source of energy (they are
phototrophs). However, oxygen-generating photosynthesis does not occur in
any of these organisms. Archaea use a modified form of glycolysis (the Entner-
Doudoroff pathway) and either a complete or partial citric acid cycle.
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Nutritional types in archaeal metabolism.

Archaea

Nutritional Source of
Source of carbon Examples
type energy
Phototrophs Sunlight Organic compounds | Halobacteria
Lithotrophs Inorganic Organic corppgunds Ferroglobus, Methanobacteria
compounds | or carbon fixation or Pyrolobus
rgani rganic com n Pyr Ifol r
Organotrophs Organic Organic co. pqu ds Yyrococcus, S.u olobus o
compounds | or carbon fixation Methanosarcinales
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Entner-Doudoroff pathway
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Citric acid cycle
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Bacteria

Bacteria are among the smallest living entities.
They are present in land, water and air.
They are important to the environment, as they:

e have the ability to transform organic & inorganic pollutants into
harmless minerals recycled back to the environment

* convert inorganic nitrogen to N,

e degrade organic chemicals and industrially synthesized compounds,

e produce methane, hydrogen and other bio-fuels.
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Bacteria

Morphology

Morphology includes shape, size, structure and spatial relationship
to one another.

Image url Image url Image url

Bacillus cereus Escherichia coli Staphylococcus aureus (cocci)
(rods or bacilli)

Leptospira interrogans
(spirillum)

Image url 24
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Bacteria

Morphology

Width varies from 0.5 to 2 um and Length from 1 to 5 um.
Cocci diameter within 0.5 to 5 um range. About 10'? bacteria per g d.w.
Surface about 12 m?/g d.w.

Cytoplasmic inclusions may include polyphosphate granules, PHB or fatty
materials. Sulfur accumulates in sulfur-metabolizing bacteria.

Bacterial cell walls

The plasma membrane of Gram-negative bacteria is surrounded by a
thin cell wall beneath the outer membrane.

Gram-positive bacteria lack outer membranes and have thick cell
walls.
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Bacterial cells (chemical composition)

In order for bacteria to grow and maintain themselves they must have essential
nutrients such as C, N, P, S and other trace elements.

Chemical Composition

Trace elements Constituent percentage
Mo for N, fixation Water 75
Ni for anaerobic CH, prod. Dry matter 25
Cofactors such as vitamins Organic 90

C 45-55
Empirical formula : ;27‘28
C5H702N N 8-13
MW =113 .

Inorganic 10

C:53% MW 0, .
N:12,4% MW .0 65

Na,O 10

MgO 8.5

Cao 10

S0, 15




Bacterial cells (environmental
conditions)

Factors of importance : Temperature, pH, DO and osmotic pressure.

Normal Temperature Range

Based on D.O. Temperature Class for Growth (°C)
Aerobic vs Anaerobic Psychrophile TR0

. . Mesophile 81045
Facultative bacteria Thermophile 40 1o 70
Obligate vs aerotolerant anaerobs Hyperthermophile 6510 110

Microaerophiles

Based on salt conc. Thermophile ~ Hyperthermophile
Halophiles (~3,5% NaCl) g Mesophile

=
Extreme halophiles (15-30% ) = | Psychrophile

@)

/ | / 1 | |

0 20 40 60 80 100 120
Temperature, °C
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Bacteria

Characteristics of the 12 phylogenic lineages of bacteria

Phylogenic Group

Characteristics

Aquifex/Hydrogenobacter

Hyperthermophilic, chemolithotrophic

Thermotoga

Hyperthermophilic, chemoorganotrophic, fermentative

Green nonsulfer bacteria

Thermophilic, phototrophic and nonphototrophic

Deinococci

Some thermophiles, some radiation resistant, some unique spirochetes

Spirochetes

Unique spiral morphology

Green sulfur bacteria

Strictly anaerobic, obligately anoxygenic phototrophic

Bacteroides-Flavobacteria

Mixture of types, strict aerobes to strict anaerobes, some are gliding bacteria

Planctomyces

Some reproduce by budding and lack peptidoglycan in cell walls, aerobic, aquatic, require dilute
media

Chlamydiae

Obligately intracellular parasites, many cause diseases in humans and other anomals

Gram-positive bacteria

Gram-positive, many different types, unique cell-wall composition

Cyanobacteria

Oxygenic phototrophic

Purple bacteria

Gram-negative; many different types including anoxygenic phototrophs and nonphototrophs;
aerobic, anaerobic and facultative; chemoorganotrophic and chemolithotrophic
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Bacteria

Major groupings among the purple bacteria and the common genera
for each group

Alpha

Beta

Gamma

Delta

Epsilon

Rhodospirillum,* Rhodopseudomonas,* Rhodobacter,* Rhodomicrobium,*
Rhodovulum,* Rhodopila,* Rhizobium, Nitrobacter, Agrobacterium, Aquaspirillum,
Hyphomicrobium, Acetobacter, Gluconobacter, Beijerinckia, Paracoccus,
Pseudomonas (some species)

Rhodocyclus,* Rhodoferax,* Rubrivivax,* Spirillum, Nitrosomonas, Sphaerotilus,
Thiobacillus, Alcaligenes, Pseudomonas, Bordetella, Neisseria , Zymomonas

Chromatium,* Thiospirillum,* other purple sulfur bacteria,* Beggiatoa, Leucothrix,
Escherichia and other enteric bacteria, Legionella, Azotobacter, fluorescent
Pseudomonas species, Vibrio

Myxococcus, Bdellovibrio, Desulfovibrio and other sulfate-reducing

Thiovulum, Wolinella, Campylobacter, Helicobacter

*Phototrophic representatives
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Enzymes

Organic catalysts produced by m/o to speed up energy-yielding and cell-building
reactions within the cells.

Primary structure - chain of attached amino acids.

Secondary structure - twisted chain of amino acids into a 3-dimensional
configuration (amino acid and S-S bonding )

Tertiary structure — protein folded back onto itself (H-H bonding)

Denaturation : breaking down of tertiary structure by heat, pH and chemicals
Important characteristics of enzymes : specificity and rate of reaction

The set of enzymes made in a cell determines which metabolic pathways occur
in that cell
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Enzymes

 Enzymes do not increase the amount of energy released by a given reaction but
they minimize the diversion of resources (electrons, energy and elements) into
non-productive pathways.

e Asingle enzyme molecule can affect from 1.000-100.000 molecular
reactions/sec.

 Enzymes are not consumed by the reactions they catalyze,
nor do they alter the equilibrium of these reactions.

Reaction without catalyst A catalyst increases the rate of reaction without

- - - - Reaction with catalyst

being consumed by it. In addition, while the
catalyst lowers the activation energy, it does not

Energy

change the energies of the original reactants nor

products. Rather, the reactant energy and the

product energy remain the same and only

Reaction path the activation energy is altered (lowered).

Image url
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Enzymes

ivi Carboni hyd Il.
Activity of enzymes arbonic anhydrase

a. Their activity may depend only on their structure
b. Others require a non-protein component.

1. Metal ion - cofactor

2. Organic - coenzyme or prosthetic group.

Image url
Metal Cofactor | Enzyme or Function
Co Transcarboxylase, Vitamin B,,
Cu Cytochrome c oxidase, proteins involved in respiration, some superoxide dismutases
Fe Activates many enzymes, catalases, oxygenases, cytochromes, nitrogenases, peroxidases
Mn Activates many enzymes, oxygenic photosynthesis, some superoxide dismutases
Mo Nitrate reductase, formate dehydrogenases, oxotransferases, molybdenum nitrogenase
Ni Carbon monoxide dehydrogenase, most hydrogenases, coenzyme F,;, of methanogens, urease
Se Some hydrogenases, formate dehydrogenase
Vv Vanadium nitrogenase, some peroxidases
w Oxotransferases of hyperthermophiles, some formate dehydrogenase
Zn RNA and DNA polymerase, carbonic anhydrase, alcohol dehydrogenase

32


http://en.wikipedia.org/wiki/Carbonic_anhydrase

Enzymes

Coenzymes involved in group-transferring reactions

Group Transferred Coenzyme Acronym
Nicotinamide adenine dinucleotide NAD
Nicotinamide adenine dinucleotide phosphate NADP

Hydrogen atoms (electrons) Flav?n adenine dinuc.leotide FAD
Flavin mononucleotide FMN
Coenzyme Q CoQ
Coenzyme F,,, Fa20

Acyl groups Lipoamide
Coenzyme A HSCoA
Tetrahydrofolate

. Methanofuran

One-carbon units .
Tetrahydromethanopterin
Coenzyme M CoM

Carbon dioxide
Methyl
Glucose
Nucleotides

Aldehyde

Biotin
S-Adenosylmethionine
Uridinediphosphate glucose
Nucleotide triphosphates

Thiamine pyrophosphate
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Enzymes

NAME : -ase added to a root meaning either the reaction catalyzed or the
substrate transformed.

proteinase . hydrolyzes proteins to form amino acids

dehydrogenase . removes 2 hydrogen atoms from a molecule

In oxidation-reduction reactions enzymes catalyze reactions where electrons are
transferred from an electron donor to an electron acceptor.

Acetate is oxidized transferring electrons to O, which is converted to water.

primary electron donor final electron acceptor

Extacellular or exoenzymes vs intracellular or endoenzymes
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Enzyme Reactivity

Specificity

"Lock and key" model (Emil Fischer, 1894)

The enzyme and the substrate possess specific complementary geometric
shapes that fit exactly into one another. Fails to explain the stabilization of the
transition state that enzymes achieve.

"Induced fit model" model (Daniel Koshland, 1958)
Since enzymes are rather flexible structures, the active site is continually
reshaped by interactions with the substrate as the substrate interacts with the

enzyme. Apparently, the most effective way for

reaching large stabilization is the use of
electrostatic effects, in particular, by having
a relatively fixed polar environment that is
oriented toward the charge distribution of
the transition state. Such an environment
Substrate entering Enzymelsubstrate Enzymelproducts Products leaving . . . .
active site of enayme complex complex aemvesie oensyme - OES NOt exist in the uncatalyzed reaction in

Enzyrme changes shape Products
Substrate slightly as substrate binds

.l-'\.L'tI'\\.-'E site
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Enzyme Reactivity

A characteristic of enzyme reactions is substrate saturation.

UH’I

. ¥ 9]
B 2

0 Ky
S

L. Michaelis and M.L. Menten developed a theory on enzyme kinetics
describing this phenomenon in 1913. G.E. Briggs and J.B.S Haldane extended
this theory.

36



Enzyme Reactivity

Both reactions are considered reversible, and the

k . .
E +S —>:1 ES various kyalues arg rate coefﬂagnts for each of the
Ky four possible reactions. In the Briggs and Haldane
development, E equals the total enzyme
k : . .
ES —/——> E+P concentration, ES is the conc'entratlon of enzyme-
k5 substrate complex and the difference between the

two, E — ES, is the concentration of free enzyme.

dES

The rate of formation of ES from E + S is thus given by: d— = k1 ( E—-ES ) S
t
The rate of formation of ES from E + P is very small and dES
neglected. The rate of breakdown of ES is thus given by: ——  — k_1 ES + k2 ES

dt
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Enzyme Reactivity

When the rate of formation of ES just equals its rate

of breakdown, the system is at steady state with K, ( E — ES ) S=k ,ES +k,ES
respect to ES concentration:

o S(E-ES) k., +k, The coefficient K,,, which represents a
Rearranging gives: ES - k =K composite of the three rate coefficients, is
- called the Michaelis-Menten coefficient.
It may be solved for the
concentration of the ES complex ES E-S

K, +S

Our interest is in the overall rate of the reaction, in other words, the rate of D= k ES
formation of product P. The velocity of this reaction v is given by: 2

~k,-E-S
Ky +95

Combining this two Equation yields

v

38



Enzyme Reactivity

If the substrate concentration is very high so that essentially all the enzyme i
the ES complex, that is, ES = E, then the maximum velocity, u_, , is obtained:

v, =kK,E

S present as

The Michaelis-Menten equation, which defines the quantitative
relationship between the substrate concentration and the U=0U
reaction rate in relation to the maximum possible rate:

For the important case wherev =% v,,

1 U,
— = or v= >
2 Ky, +S

S=K,,, when U=U7”‘
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Enzyme Reactivity

Effect of chemicals

Chemical agents may reduce enzyme activity.

Two types of reversible inhibition is competitive and non-competitive.

In competitive inhibition, a chemical that is similar in structure to the normal enzyme
substrate competes with the substrate for the active site on the enzyme. For example,
trichloroethene complexed at the active site of methane monooxygenase prevents the
enzyme from complexing with methane, causing the rate of methane oxidation to
decrease. However, if the methane concentration is increased, its reaction rate also
increases, because methane then displaces trichloroethene from the enzyme. A
competitive-inhibition model, developed from fundamental principles similar to the
treatment above, yields the following result:

S
Ky 1+L +S

| 40
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Enzyme Reactivity

Effect of chemicals

In noncompetitive inhibition, the chemical agent acts by complexing a metallic activator
or by binding at a place on the enzyme other than the active site. The enzyme is then less
reactive toward its substrate. For example, cyanide affects enzymes that require iron for
activation, because it forms a strong complex with this metal. Metals such as Cu(ll), Hg(ll),
and Ag(l) combine with sulfhydryl groups (-SH) of cysteine, a common amino acid in
proteins, and thus affect enzyme activity. In noncompetitive inhibition, an increase in
substrate concentration does not counteract the effect of the inhibitor. The model for
noncompetitive inhibition, developed from fundamental principles, is

s 1
"Ky+S 4, |

U=0U

I<I
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Electron and energy carriers

2 different classes :
a. Freely diffusible throughout the cell’s cytoplasm
(NAD*and NADP*)
b. Attached in the cytoplasmic membrane

(NADH dehydrogenases, cytochromes and quinones).

The reactions of NAD* and NADP* :

NAD* +2H"* +2e" =NADH + H*
NADP* +2H" +2e  =NADPH + H*

AG? = 62kJ
AG? = 62kJ
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Electron and energy carriers

If oxygen is the terminal electron acceptor, the energy released as the electrons are passed
through a chain of electron carriers to oxygen can be determined from the overall free energy
change of the NADH and O, half reactions:

NADH + H" = NAD" +2H" +2e~ AG? =-62kJ
%02+2H++2e‘ =H,O AG® = —-157kJ
Net : NADH +%o2 +H*"=NAD" +H,O AG? =-219kJ

Thus, the energy transferred along with electrons from an organic chemical to
NADH is released to subsequent electron carriers and ultimately to oxygen in
aerobic respiration, yielding in this case -219 kJ per mole of NADH for use by
the organism.
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Electron and energy carriers

How is this energy captured? It is accomplished by transferring the energy
from intermediate electron carriers to energy carriers. The primary example
of an energy carrier is adenosine triphosphate (ATP). When energy is
released from an electron carrier, it is used to add a phosphate group to
adenosine diphosphate (ADP):

ADP + H,PO,=ATP +H,O AG? =32kJ

or insimplified form:
ADP +P =ATP +H,O AG? = 32kJ
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Electron and energy carriers

One question of interest is how many ATPs can be formed from NADH under anaerobic
conditions. This might be estimated by computing the overall free energy released when
other known electron acceptors accept the electrons from NADH:

NO; : NADH +§No; +%H+

= NAD++%N2+SHZO AG® =—-206kJ

SOZ : NADH +%soj— +% H*

= NAD" +%st +%HS‘ +H,0 AG?% =-20kJ

CO, : NADH +%CO2 +H"

= NAD++1CH4+£ H,O AG® = —15kJ
4 2




Metabolism

The sum total of all the chemical processes of the cell.

Catabolism : all the processes involved in the oxidation of substrates in order

to obtain energy or use of sun-light. Also furnishes energy for
motion or other energy-requiring processes.

Anabolism : all the processes for the synthesis of cellular components from
carbon sources.

Energy-yielding - metabolites ....metabolites - final end-products substrate

J
NADH or ATP formation

Catabolism e I e e S 2 Anabolism

Energy coupling

46



Metabolism

Cells obtain energy via oxidation of substrates or through photosynthesis

chemotrophs

chemoorganotrophs

chemolithotrophs

—> Little if any energy

—> Some energy

—> Energy production

phototrophs

Anabolism
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Catabolism

Depends on the oxidation and reduction of chemicals.
le e

Oxidized material : electron donor (organic compounds, H,, H,S, NH,*)
Material being reduced : electron acceptor (O,, NO;, NO,, Fe3*, SO,, CO,)

Acetate and Oxygen (Aerobic Oxidation of Acetate)

Donor : £ CH,COO" +§ H,O = %Co2 +% HCO, +H" +e  AG® =—27.40kJ

Acceptor : %OZ +H"+e = % H,O AG® =—-78.72kJ

Net: LCH,COO +20, =XCO, +1HCO; +=H,0 AG? = -106.12kJ
8 4 8 8 8
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Catabolism

Acetate and Carbon Dioxide (Methanogenesis of Acetate)

Donor :%CHSCOO‘ +§ H,O = %CO2 +% HCO, +H"+e~ AG® =-27.40kJ
o1 N | 1 o
Acceptor : §CO2 +H" +e = §CH4 +Z H.,O AG” = 23.53kJ
1 _ 1 1 1 _ o
Net : §CH3COO +§H20=§CH4+§ HCO, AG" =-3.87kJ

Glucose and Carbon Dioxide (Methanogenesis of Glucose)

Donor : iC6H1206 +l H,O = 1CO2 +H" +e” AG® = —-41.35kJ]
24 4 4
1 N | 1 o
Acceptor : gCO2 +H"+e = §CH4 +Z H.,O AG" = 23.53kJ
1 1 1 o
Net : —C,H_,0,==CH_,+=CO, AG™ =-17.82kJ

24 8 8
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Catabolism of hydrocarbons, alcohols,
aldehydes & ketones

Hydrocarbons : either aliphatic or aromatic.
Difficult to attack, chemically or biologically,
because of the C-H or C-C bond

Oxygenation is an energy-costly reaction.

Organism vyield per e-eq of hydrocarbon
oxidized is lower than with other organic
compounds.

When O, is not available organic compounds
containing Oxygen or water can be used.

An alkene is converted to an alcohol by
enzymatic addition of water in the double
bond (C=C).

Alkane

Alcohol

Aldehyde

Acid

NADH + H*
+0,

Monooxygenation

NAD* + H,0

H

I
R — CH,— CH,— C — OH

NAD* H

Dehydrogenation

NADH + H*

i
R _CH2_ CHZ_ cC=0
NAD*
+ H20

Hydroxylation

NADH + H*

O
74
R— CHz_ CHI_ C
™=
OH
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Catabolism of hydrocarbons, alcohols,
aldehydes & ketones

Fatty acids are oxidized by the process of
B-oxidation.

Final products: acetyl CoA, FADH,, NADH
acetyl CoA then enters the citric acid cycle.

Overall stoichiometry for oxidation of palmitic
acid :

CH,— (CH,),;,— COOH

+
ATP + 8 HS — CoA + 7FAD + 7NAD™ + 6H,0

|

2

S —CoA
+
AMP + 2P1 + 7FADH2 + 7NADH + 7H*

o

&
R — CH,— CH,— C__

HS — CoA +ATP N

Y

OH

O
4 7z

R — CH,— CH,— C

FAD
™

5 — CoA

x.— FADH,

&, NADH + H*

o
1l Y 4_0
R—C—CH,—C

\S — CoA

K»— H,0 + AMP + PP;

Activation

Dehydrogenation
(oxidation)

Hydration

Dehydrogenation
(oxidation)

Agctivation
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Catabolism of carbohydrates

Carbohydrates : polysaccharides such as cellulose, starch and complex sugars.
Enzymatic hydrolysis produces 6-carbon hexoses or 5-carbon pentoses.

Carbohydrates are higher in energy content than other organic compounds.
Even under fermentative conditions m/os can obtain energy.
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Catabolism of carbohydrates

EXAMPLE : conversion of glucose to acetyl coA

Glucose OH OH OH H OH

B

H=C—C—C—C—C—C
TN
H H H OHH

2ATP Activation
2ADP

0

Glyceraldehyde OH H 0
3-phosphate | | Vs
H—C—C—C
2 N
o on H
I
PO3"
INAD™ + Oxidation and
2Pi + k SMADH substrate-level
+ Y .
P hosphorylation
4AD AATP + phosphory
2H*
Pyruvic H O 0
acid | I /4
2| H—C—C—C
| N
H OH

2HS — CoA + Oxidation and
2! * activation
2NAD 2NADH +

2CO, + 2H*

Acetyl — CoA
0
V/a
2 |CH;—C
' N
S —CoA

Overall stoichiometry :

C.H,,0, + 2HSCoA + 4NAD" + 2ADP + 2P —
2CH,COSCOA + 4NADH +2ATP +2CO, + 4H"*

Fermentation &
substrate-level phosphorylation :

C,H,,0, + 2NAD" + 2ADP + 2P, —>

2CH,COCO0" + AH

Transferring the electrons of NADH
back to pyruvate a lot of products may
be formed : e.g. ethanol, propanal,
propionate, butyrate, and H,.
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Catabolism of carbohydrates

EXAMPLE : Ethanol production from glucose:
C.H,,0, —2CH,CH,OH + 2CO,
Acetaldehyde formation from pyruvate:

CH,COCOO™ +H* —CH,CHO +CO,

Ethanol formation from acetaldehyde and NADH:
CH.,CHO + NADH +H" -CH,CH,OH + NAD"

Net : C,H,,O, + 2ADP + 2P —»2CH,CH,OH +2CO, + 2ATP

More energy can be produced if acetic acid is produced instead of ethanol !!
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Catabolism of amino acids

Amino acids are subjected to oxidation through electron removal and water addition.

General formula : H,NCHRCOOH, where R is an organic substituent

R

Deamination can be summarized as follows:

Image url

R —CHNH,COOH + NAD* + H,0 =R —COCOOH + NH, + NADH + H*

The organic acids produced may enter the citric acid cycle at various points.
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Citric Acid Cycle

The most important features are these :

The eight electrons in acetate are pairwise removed in four steps that generate

three NADHs and one FADH,.

The two carbons in acetic acid are removed in two steps that produce CO,.
One step is a substrate-level phosphorylation that gives one GTP (guanosine

triphosphate, an analog of ATP).

Four steps add H,0, and one step removes H,0.

In the last step, malate is oxidized to oxalacetate, which is then available to combine
with acetyl CoA and begin the cycle again.

Acetyl-CoA

H,0
HS-CoA

NAD" Oxalacetat Citrat
o
Isocitrat
Malat BREY
NADH/H*
H,0 co,

a-Ketoglutarat

Fumarat o
/(/ HS-CoA
[FADH,] o
a - - co,
[FAD]  syccinat Succinyl-CoA

QH;

Sy e Image url

Net result of all reactions :

CH,COSCoA+3NAD" + FAD +GDP + P, +3H,0 —
2CO, +3NADH + FADH, + GTP +3H " + HSCoA

C,H,,0, +10NAD" + 2FAD + 2ADP + 2GDP + 4P, + 6H,0 —>
6CO, +10NADH + 2FADH, +2GTP + 2ATP +10H *
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Oxidative Phosphorylation

Oxidative phosphorylation is the means by which respiration generates energy
for the cell. The amount of energy depends on the final electron acceptor.

0, : 3 moles ATP/ mole NADH SO, : 1 moles ATP/ mole NADH
ATP = ADP + Pi AGP = -32 KJ/mole ATP

Pumping H* and OH" ions to opposite directions of the cell membrane the cell
creates a proton motive force (PMF) across the membrane. The PMF is a
gradient in free energy that can be exploited to drive ATP formation from ADP

and phosphate..

H*(out) + ADP + Pi = H*(in) + ATP
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Teloc Evotntoc



Xpnuotodotnon

To apov ekmaldeUTLKO UALKO €XeL avarmtuxBel oto mAaiolo Tou
ekmaldeuTikol £pyou tou dLbaokovra.

To £pyo «Avoikta Akadnpaika Madnuata oto MNaveniotipio ABnvwv»

EXEL Xpnuatodotioel povo tTnv avadlapopdwaon Tou EKTOLOEUTIKOU
UALKOU.

To €pyo vAomoleital oto mAaiolo Tou Emxelpnotakol Mpoypapupatog
«Ekmaiidevon kot Ata Blou Mabnon» kot cuyxpnuatodoteital omo tnv
Evpwrnaiki Evwon (Evpwrmaiko Kowvwviko Tapeio) kot oo eBvikoug

TTOPOUC.
ENIXEIPHIIAKO MPOTPAMMA
E EKMAIAEYZH KAl AIA BIOY MABHEH 3= EXNA
YNOYPFEIO MAIAEIAL KAl BPHIKEYMATQN \ME

Evpuumaiicé Ko $Tapelo Me tn cuyxpnuartodotnon tng ENMadag kan tng Evpwmaikrg Evwong
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2 NUELWLOTO



2NUelwpa lotoplkovu Ekdooewv Epyou

To apov €pyo amotelel tnv €kdoon 1.0.0.
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>NUElwpo Avadopac

Copyright Navemnotipo Natpwv. AvanAnpwtn¢ Kadnyntng, MuyanA
Kopvapoc. «MeptParlovtikr) Biotexvoloyia». Ekdoon: 1.0. Natpa 2015.
AlaBeoipo amo tn diktuakn dtevBuvon:
https://eclass.upatras.gr/courses/CMNG2145
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>NUelwpa Adelodotnonc

To tapov LALKO StatiBetal pe toug 0poug tne adelac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] A petayeveéotepn, AleBvig
‘Ekboon. E&atpolvtal ta autoteAn £pya Tplitwy m.x. pwroypadiec, Staypappata
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPAONC TOoUC 0To «2ZnUeilwpa Xpriong Epywv Tpitwv».

OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:

e ToU Sev mepAaPAVEL AUECO 1] EUUECO OLKOVOULKO OdEAOC arod TNV Xpron Tou €pyou, yla
To SlavopEa tou Epyou Kot adelodoxo

e Tou Sev mepAapPavel olkovopLkry cuvaAlayn wc tpolnoBeon yla tn xpron n npoocfaon
OTO £pyo

e Tou bev nmpoomopilel oTto SlavopEa Tou €pyou Kal adelodOX0 ELUECO OLKOVOULKO OPEAOC
(rt.x. Stapnuioelg) arod tnv npoPfoAr Tou €pyou o€ SLASIKTUAKO TOTIO

O SwkatoUxo¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnOLUOTIOLEL TO €pYO YL
EUTTOPLKN Xpron, epocov auto tou {ntnbeL.
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