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Metabolism is the set of life-sustaining chemical transformations within the
cells of organisms. These enzyme-catalyzed reactions allow organisms to
grow and reproduce, maintain their structures, and respond to their
environments. The word metabolism can also refer to the sum of all chemical
reactions that occur in living organisms, including digestion and the transport
of substances into and between different cells, in which case the set of
reactions within the cells is called intermediary metabolism or intermediate
metabolism.
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The chemical reactions of metabolism are organized into metabolic
pathways, in which one chemical is transformed through a series of steps into
another chemical, by a sequence of enzymes (figure 5-1). Enzymes are
crucial to metabolism, and they act as catalysts that allow the reactions to
proceed more rapidly. Enzymes also allow the regulation of metabolic
pathways in response to changes in the cell's environment or to signals from
other cells.

A striking feature of metabolism is the similarity of the basic metabolic
pathways and components between even vastly different species.
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1- The conversion of food/fuel to energy to run cellular processes,
2- The conversion of food/fuel to building blocks for proteins, lipids, nucleic

acids, and some carbohydrates,
3- The elimination of nitrogenous wastes.
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Most of the structures that make
up animals, plants and microbes
are made of four basic classes of
molecule: proteins, carbohydrates
and lipids in addition to nucleic
acids. As these molecules are
vital for life, metabolic reactions
Biochemical pathway s sasS Jusa :1 J8& either focus on making these
molecules during the construction
of cells and tissues, or by
breaking them down and using
them as a source of energy, by
their digestion.
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Metabolism involves a vast array of chemical reactions that involve the
transfer of functional groups of atoms and their bonds within molecules. A
small set of metabolic intermediates are used to carry chemical groups
between different reactions. These group-transfer intermediates are called
coenzymes. Each class of group-transfer reactions is carried out by a
particular coenzyme. A coenzyme is an organic non-protein compound that

binds with an enzyme to catalyze a reaction (figure-2).These coenzymes are
therefore continuously made, consumed and then recycled. There are many

types of coenzymes:
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One central coenzyme is adenosine triphosphate (ATP). This nucleotide is
used to transfer chemical energy between different chemical reactions. There
is only a small amount of ATP in cells, but it is continuously regenerated.
ATP acts as a bridge between catabolism and anabolism. Catabolism breaks
down molecules, and anabolism puts them together. Catabolic reactions
generate ATP, and anabolic reactions consume it. It also serves as a carrier of

phosphate groups in phosphorylation reactions.
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A vitamin is an organic compound needed in small quantities that cannot be
made in cells. In human nutrition, most vitamins function as coenzymes
after modification; for example, all water-soluble vitamins are
phosphorylated or are coupled to nucleotides when they are used in cells.
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Nicotinamide adenine dinucleotide (NAD™), a derivative of vitamin Bj
(niacin), is an important coenzyme that acts as a hydrogen acceptor.
Hundreds of separate types of dehydrogenases remove electrons from their
substrates and reduce NAD" into NADH. This reduced form of the coenzyme
Is then a substrate for any of the reductases in the cell that need to reduce
their substrates. Nicotinamide adenine dinucleotide exists in two related
forms in the cell, NADH and NADPH. The NAD*/NADH form is more
Important in catabolic reactions, while NADP*/NADPH form is used in
anabolic reactions.
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In catabolism, organic matter is breaking down to simpler molecules by
digestion and cellular respiration. While in anabolism, simple molecules and
monomers are joined together to form complex body’s molecules and functional
components such as proteins and nucleic acids.
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Catabolism is the set of metabolic processes that break down large
molecules. These include breaking down and oxidizing food molecules. The
purpose of the catabolic reactions is to provide the energy and components
needed by anabolic reactions which build molecules. The exact nature of
these catabolic reactions differs from organism to organism, and organisms
can be classified based on their sources of energy and carbon (their primary
nutritional groups), as shown in the table below:

1- Organic molecules are used as a source of energy by organotrophs,
2- Lithotrophs use inorganic substrates,
3- Phototrophs capture sunlight as chemical energy.
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However, all these different forms of metabolism depend on redox reactions
that involve the transfer of electrons from reduced donor molecules such as
organic molecules, water, ammonia, hydrogen sulfide or ferrous ions to
acceptor molecules such as oxygen, nitrate or sulfate (figure 3). In animals,
these reactions involve complex organic molecules that are broken down to
simpler molecules, such as carbon dioxide and water. In photosynthetic
organisms, such as plants and cyanobacteria, these electron-transfer reactions do
not release energy but are used as a way of storing energy absorbed from
sunlight.
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Diagram 1: A simplified outline of the catabolism of proteins, carbohydrates and fats
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The most common set of catabolic reactions in animals can be separated into
three stages:
In the first stage, large organic molecules, such as proteins, polysaccharides or
lipids, are digested into their smaller components outside cells.
Next, these smaller molecules are taken up by cells and converted to smaller
molecules, usually acetyl coenzyme A (acetyl-CoA), which releases some
energy.
Finally, the acetyl group on the CoA is oxidised to water and carbon dioxide in
the citric acid cycle and electron transport chain, releasing the energy that is
stored by reducing the coenzyme nicotinamide adenine dinucleotide (NAD")
into NADH (diagram 1).
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Macromolecules such as starch, cellulose or proteins cannot be rapidly taken up
by cells and must be broken into their smaller units before they can be used in
cell metabolism. Several common classes of enzymes digest these polymers.
These digestive enzymes include proteases that digest proteins into amino acids,
as well as glycoside hydrolases that digest polysaccharides into
monosaccharides.
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Microbes simply secrete digestive enzymes into their surroundings while
animals only secrete these enzymes from specialized cells in their guts,
including the stomach and pancreas, and salivary glands. The amino acids or
sugars released by these extracellular enzymes are then pumped into cells by
active transport proteins.
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Carbohydrate catabolism is the breakdown of carbohydrates into smaller units.
Carbohydrates are usually taken into cells once they have been digested into
monosaccharides. Once inside, the major route of breakdown is glycolysis,
where sugars such as glucose and fructose are converted into pyruvate and some
ATP is generated.
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Pyruvate is an intermediate in several metabolic pathways, but the majority is
converted to acetyl-CoA through aerobic (with oxygen) glycolysis and fed into
the citric acid cycle and some more ATP is generated.
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In anaerobic conditions, glycolysis produces lactate, through the enzyme lactate
dehydrogenase re-oxidizing NADH to NAD+ for re-use in glycolysis. An
alternative route for glucose breakdown is the pentose phosphate pathway,
which reduces the coenzyme NADPH and produces pentose sugars such as
ribose, the sugar component of nucleic acids.
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Fats are catabolised by hydrolysis to free fatty acids and glycerol. The glycerol
enters glycolysis and the fatty acids are broken down by beta oxidation to
release acetyl-CoA, which then is fed into the citric acid cycle. Fatty acids
release more energy upon oxidation than carbohydrates.
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Amino acids are oxidized to urea and carbon dioxide as a source of energy.
The oxidation pathway starts with the removal of the amino group by a
transaminase. The glucogenic amino acids can also be converted into glucose,
through gluconeogenesis.

Anabolism sball edelds 4-3-1
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Anabolism is the set of constructive metabolic processes where the energy
released by catabolism is used to synthesize complex molecules. In general, the
complex molecules that make up cellular structures are constructed step-by-step
from small and simple precursors. Anabolism involves three basic stages:

Eirst, the production of precursors such as amino acids, monosaccharides and
nucleotides.

Second, their activation into reactive forms using energy from ATP.

Third, the assembly of these precursors into complex molecules such as
proteins. polysaccharides, lipids and nucleic acids.

10

https://manara.edu.sy/



https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Beta_oxidation
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Urea
https://en.wikipedia.org/wiki/Transaminase
https://en.wikipedia.org/wiki/Glucogenic_amino_acid
https://en.wikipedia.org/wiki/Gluconeogenesis
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Monosaccharide
https://en.wikipedia.org/wiki/Nucleotide
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Polysaccharide
https://en.wikipedia.org/wiki/Lipid
https://en.wikipedia.org/wiki/Nucleic_acid

[

ojliaJl

- Yo

Carbon fixation ¢Sl cuii 5-3

A Sl S yilly S gall S Gl a8l sa A 5 e juadl) Cilailially Be slas Akl LA () 5S3
Ml Jelall (35 uaddl ¢ um aladiuly (CO2) s oSU a5l 6 (e Tey il Sl S 53

CO, + H,O sunlighty ligh CeH1206 + Oy

calladall g —el8 ) 50 2l all s —ol puaddl bl (e JS 8 ¢ mnS V) gl (Sl lady
Sse 8 (padiall NADPH 5 ATP dilasll 038 Jasins <Olad 3US (S Y1 7 5h o oLl
Kar Sl (CsH/O07P) G3P liusé -3- &l yusle ) CO,p Jsadl (A gaiall S il CBle L
Seangy wil el 13 0p S0 cuii Jeld Sladl b ciall jSe by Lebsas

(3 blada) ¢ i - 8IS Als (0 ¢ 32S RUBISCO

Plant cells filled with chloroplasts (green), which are the sites of photosynthesis
Photosynthesis is the synthesis of carbohydrates from sunlight and carbon
dioxide (COy).
CO;, + HyO — CgH1206 + Oy

In plants, cyanobacteria and algae, oxygenic photosynthesis splits water, with
oxygen produced as a waste product. This process uses the ATP and NADPH
produced by the photosynthetic reaction centres, to convert CO; into glycerate
3-phosphate, which can then be converted into glucose. This carbon-fixation
reaction is carried out by the enzyme RuBisCO as part of the Calvin — Benson
cycle.

dls ) COp 4Shuy s o hally #1531 o2 Caliasy (Ailadl shliall Glily 2ie) CAM (5 seall
ceall S jilly C4 g il A8 Lain 3 il CO, iy clbilall o588 C3 g il 88 ¢S

Aalall (o g Hlall g 3l Guadll ¢ g g Jalaill S Y o (5 a0 S 30 N CO, e siCAM

Three types of photosynthesis occur in plants, C3 carbon fixation, C4 carbon
fixation and CAM (Crassulacean acid metabolism) photosynthesis. These differ
by the route that carbon dioxide takes to the Calvin cycle, with C3 plants fixing
CO- directly, while C4 and CAM photosynthesis incorporate the CO; into other
compounds first, as adaptations to deal with intense sunlight and dry conditions.

i aly O Sy Ligh | ST Ao gite o5 i) llad 5 gaall S i) A e so S s T () 5S3
carboxylation il S o Ogalll (man Aala) ASlas Adla oy gty @IS Adls Al 0 CO,
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3 Molecules
CO,

RuBisCO *

Stage 1:
carbon fixation

6 ATP

Calvin Cycle 6 ADP

Stage 3: :
regeneration Stage 2:
of RuBP

reduction

C 6 NADPH
6 NADP*+ H*

diagram 3: Calvin cycle ¢alls 4dla ;3 hhaia

In photosynthetic prokaryotes the mechanisms of carbon fixation are more
diverse. Here, carbon dioxide can be fixed by the Calvin — Benson cycle, a
reversed citric acid cycle, or the carboxylation ( producing a carboxylic acid
group) of acetyl-CoA .Prokaryotic chemoautotrophs also fix CO, through the
Calvin — Benson cycle, but use energy from inorganic compounds to drive the

reaction.

Carbohydrates @l Sadl sl el 5-3-1

558 slal) Jie el SIS ) Adasad) 4y gmal) (i el Jy gt (S ey Sl sy clelis
o S e e i) S ) ey oLil Jie saanial) Sl S el aay Jesind
el i gaall s (G3P) i 8- 3= il jualall g ¢ g ymualill 5 ¢S 5 ecild g pall Jia 4 S
Clius 8-6- )5S 5le ) iyl 5 Sl ad 55 J sy gluconeogenesis S stall a5 dalasy

ial) S Jlas Al ae Lgaina 48 52t elansl) (e Alulu e

In carbohydrate anabolism, simple organic acids can be converted into
monosaccharides such as glucose and then used to assemble polysaccharides
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such as starch. The generation of glucose from compounds like pyruvate,
lactate, glycerol, glycerate 3-phosphate and amino acids is called
gluconeogenesis. Gluconeogenesis converts pyruvate to glucose-6-phosphate
through a series of intermediates, many of which are shared with glycolysis.

Fatty acids &saall paleaal) el clelds 6-3-1
a5 o i Al ey el Gl Apaall (i geal) 5 Cley 3l Ao g Apiaall alea) aial a1y
Ol (e ddls Ao g Apaall o sead) & Jaud) Judlo Ao oy A-diial o 5V aciall
GSI de sana ) Ledgaty Leia cnouell g 3y JsaS ) Lera iy Jind e sane canmi A

O Ao gana ) IS day (5 AT S e Lean i

Fatty acids are made by fatty acid synthases that polymerize and then reduce
acetyl-CoA units. The acyl chains in the fatty acids are extended by a cycle of
reactions that add the acyl group, reduce it to an alcohol, dehydrate it to an
alkene group and then reduce it again to an alkane group.

Proteins <id gl el cBlelds 7-3-1
e1sY) a2 S i bl 5 adl o) alirs aakaind Auel) pmlaa¥) e le 5520 2 o
Al (dad daaY! Galeall (o bl e o g3 11 a3 clpail) a5 ¢ il
llahll gl il (g 0w Lladall b (e 38 Al g1V e Juasd o cany
Lgdsa (e b puilaa Led A 3O (e 22l 5 dpinal) paleal) aaes () Ao 5 jall
(ysadlll (oaea ddla ‘JJSM‘JSNMA@GLLA}}L}AWY\ uaLAAY\@A; QS yiah e
Dty i g lase |
ellay ainll byl g5l (e @M&L@mﬂé\wy‘u&u&\}“wk_\MJﬂ‘Weu °
Jil g gt iy Leboa s (S Cun A palea¥) (e 2 8 i iy ) e g 58 S
i gyl (e pdaia ¢ o
iyl e tRNA s> ) Ll b dalinall 1Y) (mleal) (e iyl gl ol o
tRNA Jeod el 330 o) g1 o Jlad) o ATP o aaine Jold 8 (4l sa8) 4 i
bl
e There are 20 common amino acids. Most bacteria and plants can
synthesize all twenty, but mammals can only synthesize eleven
nonessential amino acids, so nine essential amino acids must be obtained
from food.
e Some simple parasitic bacteria lack all amino acid synthesis and take
their amino acids directly from their hosts.

e All amino acids are synthesized from intermediates in glycolysis, the
citric acid cycle, or the pentose phosphate pathway.
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e Nitrogen is provided by glutamate and glutamine. Amino acid synthesis
depends on the formation of the appropriate alpha-keto acid, which is
then transaminated to form an amino acid (figure 5-4).

¢ Amino acids are made into proteins by being joined together in a chain of
peptide bonds. Each different protein has a unique sequence of amino
acids; amino acids can be linked in varying sequences to form a huge
variety of proteins.

e Proteins are made from amino acids that have been activated by
attachment to a transfer RNA molecule through an ester bond in an ATP-
dependent reaction carried out by an aminoacyl tRNA synthetase.

Cellular Respiration and Fermentation ,aiilly s lddl (udidh (2

Introduction 4t 1-2

sa oslall il g Tagas s ST 5 (o \Y1 e Adaaall GOl < jle aal aal g 5lal) i)
:Lf)u\uaé.?ﬂ\d;\fM}ATPJH}QA’J\JS“(}L;:\L?J\@MY\)M\

s e g (S Adla) () saalll raes dala Al pa -l gyl 3uST Als ye maial) S Jlad dls e
(AJESE) (I Jaill Alule) duansl 3 504l

N. -\DH NADH, F ADH2 1
<l
ilad) S J i ETC-generated proton gradient
GlUCOBO e == == e e o e e - Pyruvate Acetyl CoA -'(kreb s drives ATP production
(two f.
R R [—

ATP CcO2 .-\TP or GTP Jall) dlle  ATP

1) Glycolysis 2) Pyruvate metabolism 3) Kreb's cycle 4) Chemiosmosis and

58 sl Jlas il gy oLl S ila electron transport chain

Figure 4: stages of cellular respiration ¢ sia) («dil) Ja) e :4 JS&

Cellular respiration is one of the most elegant, majestic, and fascinating metabolic
pathways on earth. At the same time, it’s also one of the most complicated
pathways (figure 4).
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Cellular respiration is a metabolic pétﬁ\)vay that breaks down glucose and
produces ATP. The stages of cellular respiration include glycolysis, pyruvate
oxidation, the citric acid or Krebs cycle, and oxidative phosphorylation

(figure4).

Steps of cellular respiration i) (udiil) & ghad 2-2

Ot (i ey 4y guaedl il Jadl aaa COle il ATP delua e 5,08 LA ()5S

Cells are able to make from ATP the catabolism of organic molecules in two

different ways:

Gl s Ao sanal Jaladl s ol J85 (e ity o (Jelédl) 30l dapllall (5 sine ie 3 jaudl) -]

.C3H403 a5l s ATP 855 ADP 25 5 () (C3H506P <lé sy J gl s 8)
PIA il Sl Aibaassl) ol 1) e e 3 g LS il g i) Adad 0 Jeliil) 13 o
Sl Jelall Jia (5 J&) ATP Jisial 4 gllaal) a8Uall (a5 All cBlelal) 8 allas

CsHsOsP + ADP | "“‘“"““““"“> CsHsO3 + ATP
(Phosopho- enolpyrvate) Pyruvate kinase (Pyruvate)

In the substrate- level phosphorylation, ATP is formed by transferring a
phosphate group- bearing intermediate by enzyme Pyruvate kinase. During the
glycolysis the chemical bonds of glucose are shifted around in reactions that
provide the energy required to form ATP (figure 4).
gl (e 2l ge ddlday Sliiin ATP mil Aasd g ATP ) S i o Jlsell adiil) 8 eaiy -2
ALl il IV 038 e &y A sazanll iy jall (e ddagilall <l g SIY) (e BN s )
A ke ¢ sl il 3 (s sl Ay s ol i A CpanS Y1 e ) dany agiill
Akl o3y ATP

In aerobic respiration, ATP is synthesized by ATP synthase powered by a
proton gradient formed from electrons harvested from organic molecules. These
electrons, with their energy depleted, are then donated to oxygen gas.
Eukaryotes and aerobic prokaryotes produce the vast majority of their ATP this
way.
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In most organisms, these two processes are combined. To harvest energy to
make ATP from the sugar glucose in the presence of oxygen, the cell carries out
a complex series of enzyme- catalyzed reactions that occur in four stages: the
first stage captures energy by substrate-level phosphorylation through
glycolysis; the next three stages carry out aerobic respiration by oxidizing the
end product of glycolysis.

glycolysis sl S Jias ;A 5¥) Aa yal)

Ja Cla 1Y) Aol g0 5 jeah ENeld 38 e Adlge Aulu allh el Sl At (o pal
il S Jlal J ga0 Jalis Aludall s34 8 Aoy gl codle )

c‘a}ﬁ} 2\_‘9\33.‘3\ salall 5 Fua gf 3)3.»453\ Z\_L-,“\J_, ATP g_\S‘)A ‘(.,3,“ )S“ e PO t‘,):‘-’\ c—j—‘j—]
AR LensDly s 8 caiall S Jlad edle s jaad 3l il 391
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Glycolysis is a determined sequence of ten enzyme-catalyzed reactions. The
intermediates provide entry points to glycolysis. Extracting energy from glucose
produces ATP by substrate-level phosphorylation. The enzymes that catalyze
the glycolytic reactions are in the cytoplasm of the cell.

Two ATP molecules are used up early in the pathway, and four ATP molecules
are formed by substrate-level phosphorylation. This yields two ATP molecules
for each molecule of glucose catabolised. In addition, four electrons are
harvested from chemical bonds of glucose and carried by NADH so they can be
used to form ATP by aerobic respiration.

When glycolytic process is completed, the two molecules of pyruvate that are
formed still contain most of the energy the original glucose molecule held.

Pyruvate oxidation <t s sl us) ;450 dda yall

S s a5 Sl Al A Sl ) il S Jlail el priiall Jy gt As yall o3 A
s ™ 2l s oded Slig s a3 Aladiuly @y - A-diiul e Y sl ey - S
Jid NADH L) NAD* gl sy syl (e Jsme esin IS NAD' 0 oals

Alalaall & =l ge b LS5 (5 JSG) ATP pial Lgaladinl (S 5 406 <l 5 5y

clbgyy  A- al e Pyruvate A - i agal)
CH3(C=0) COO -+ CoA-SH + NAD * _Dehydrogenase. - CoA-S(C=0)CHs + NADH + CO>

In this stage, the end product of glycolysis is converted into carbon dioxide and
a two — carbon molecule called acetyl-CoA. For each molecule of pyruvate
converted by Pyruvate Dehydrogenase, one molecule of NAD™ is reduced to
NADH, again to carry electrons that can be used to make ATP (figure 5).
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Pyruvate Pyruvate

CH3(C=0) COO" + CoA-SH+NAD* Pehydrogenase,  CoA-S(C=0)CHs + NADH+CO:

Oxidation of Pyruvate to acetyle CoA A— Juiul a3 arati de gara M) cld gl 31usi 15 J&
Figure 5:

The Krebs cycle (citric acid cycle) Gsalll (aas A8la g (pun S A8la 2ANEY A ol
b o S Al e 8 el i (e il ) A-diid a3 aaial) Jlaa) Aa el o2 8 o
58 4paS Al ) a5 Ao liiall Balall (6 sine 33 il (pe G AT ATP i s £ 550 ilal) s2a

NADH JINAD* gla ) ddaul 53 i g 5S4

The third stage introduces this acetyl- CoA into a cycle of nine reactions
called the Krebs cycle. In this cycle, two more ATP molecules are extracted
by substrate-level phosphorylation, and a large number of electrons are
removed by reduction of NAD* to NADH.

(Adeaslil) 3 jauddll) (A g S JAT Aladbas sdayl ) Ala sl
The Electron Transport Chain (oxidative phosphorylation)
Alaiind 2 g GaanSY) ) 4 saed) Gy el e A all il IV J8 dpanslill 3 janal b 2
Ldel b g s ) oo dludi o) 5 5 9il) s 8138 Guasy  ATP delial 5 ) jaiiall 48l
e iyl o3 aa g )il gl G Ll Ay Jal Aladiy Capat 4y Sl Cilagual

18

https://manara.edu.sy/




Z4

ojl_aJl
e iy SV 1) (e 5 atall ALY iy ) e3a Jaxind (550 eliall 213 adaud
sl e i gig ) faal GuannS Y ) NADH Jie dxa all @il 5al)

sliall oila Ao Slgig sl 58 55 (8 A 4 a8 Clapall 2l i) i Gl
sl e (5,80 80 (s sl ) il 5 o3 @8 5 Y e 75 s
CrosY) iy s JSE sl sl it a8 ge il gi g all 333 bl U AATP e a il

ATP @laas il 336 05550081 Y saie ADP i gill AL

In oxidative phosphorylation, the electrons removed from organic molecules are
transferred to oxygen and the energy released is used to make ATP. This is done
in eukaryotes by a series of proteins in the membranes of mitochondria called
the electron transport chain. In prokaryotes, these proteins are found in the cell's
inner membrane. These proteins use the energy released from passing electrons
from reduced molecules like NADH onto oxygen to pump protons across a
membrane.

Pumping protons out of the mitochondria creates a proton concentration
difference across the membrane and generates an electrochemical gradient. This
force drives protons back into the mitochondrion through the base of an enzyme
called ATP synthase. The flow of protons activates site of the synthase domain
to change shape and phosphorylate adenosine diphosphate — turning it into ATP.

Anaerobic Respiration (-l a3 (wdidl) 3-2

g I Ol GaanSY) Jlaninly 1 s IS (i O ¢S Y1 3 g 53 (LDIAY adaiias
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In the presence of oxygen, cells can respire aerobically, using oxygen to accept
the electrons harvested from food molecules. But even when no oxygen is
present to accept the electrons, some organisms can still respire anaerobically,
using inorganic molecules to accept the electrons. For example, many
prokaryotes use sulphur, nitrate, or other inorganic compounds as the electron
acceptor in place of oxygen.
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Among the heterotrophs that practice anaerobic respiration are primitive
archaebacteria such as the methanogens. Methanogens are archaean
microorganisms that produce methane (CH4) as a metabolic by-product in
anaerobic conditions. They use carbon dioxide (CO,) as the electron acceptor,

reducing CO, to CH,; (methane) with the hydrogens derived from organic
molecules produced by other organism.

Sulphur Bacteria <u Sl afil s -
&uS primitive prokaryotes 4l s sl Slaidla Gary 8 (e gl cu Sl g ls ) o4
& (SO4) Laspandl e Sl HSll pla ) e 4Bl (g il SlxiDla (o pSI) isill s b
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Biological sulphur reduction is carried out by certain primitive prokaryotes. In
this sulphate respiration, the prokaryotes derive energy from the reduction of
inorganic sulphates (SO,) to hydrogen sulphide (H.S).
The hydrogen atoms are obtained from organic molecules that other organism
produce. These prokaryotes thus do the same thing methanogens do, but they
use SO, as the oxidizing (that is, electron-accepting) agent in place of CO,. The
first form of photosynthesis obtained hydrogens from H,S using the energy of
sunlight.
The Need to Recycle (NADH ) s s3le) ) 4alad) 4-2
ATP zU) Aall gk o658 st caindl s ) elisad (S i eslaall iy Ja (55 Lol
Aall (5 a3V 5 1 NAD* @l s (a oa 205 s NADH #8155 138 Ledars (a5 Leilali 5 1]
NADH i sale) oy of cand ccuiall S Jlas ) il ol e s (NADF (03 S S e
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As long as food molecules that can be converted into glucose are
available, a cell can churn out ATP to drive its activities. In doing so,
however, it accumulates NADH and depletes the pool of NAD*
molecules. A cell does not contain a large a large amount of NAD*, and
for glycolysis to continue, NADH must be recycled into NAD*. Some
molecules other than NAD™ must ultimately accept the hydrogen atom
taken from G3P and be reduced. Two processes can carry out this key
task (figure 6).

Aerobic respiration ¢ s¢d) («diill -1
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Oxygen is an excellent electron acceptor. Through a series of electron
transfers, the hydrogen atom taken from G3P can be donated to oxygen,
forming water. This is what happens in the cells of eukaryotes in the
presence of oxygen. Because air is rich in oxygen, this process is also
referred to as aerobic metabolism.

Fermentation i) -2
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When oxygen is not available, an organic molecule, such as acetaldehyde
in wine fermentation, can accept the hydrogen atom insteadof oxygen and
forming Ethanol instead of water. Such fermentation plays an important
role in the metabolism of most organisms, even those capable of aerobic
respiration.
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The fate of the pyruvate that is produced by glycolysis depends upon
which of these two takes place. The aerobic respiration path starts with
the oxidation of pyruvate to a molecule called acetyl-CoA, which is then
further oxidized in series of reactions called Krebs cycle. The
fermentation path, by contrast, involves the reduction of all or part of

pyruvate to produce Lactate (figure 7).

figure 7: pyruvate fate (the product of cial) S Jlad mite) il gl juaa 17 J8&
glycolysis
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