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(CH2O)n n….3, 4, 5 ,6 ,7 , 8        

(2%, 1g = 17 kJ)

Monosacharides: simple sugars, with multiple hydroxyl 

groups, based on the number of carbons (3, 4, 5, 6), 

pentose (ribose, deoxyribose) or hexose (glucose) 

Disacharides: two monosaccharides covalently linked

(e.g. sucrose) 

Oligosacharides: few monosaccharides covalently linked

Polysacharides: polymers consisting of chains of 

monosaccharide or disaccharide (e.g. cellulose, 

starch)

Monomer = monosaccharides

- -

POLYSACHARIDES



Isomeric forms - same chemical formula (e.g. galactose and 

glucose), but with different chemical and physical

properties. 

Optical isomers - mirror images (D and L forms)

C6H12O6



Glycosidic bonds – between hydroxyl groups of 

two sugars with removing of water

Disacharides:

maltose = glucose + glucose (alpha glycosidic bond)

sucrose = glucose + fructose (alpha glycosidic bond)

lactose = glucose + galactose (beta glycosidic bond)

R-OH + HO-R'  R-O-R' + H2O



Sugars in nucleic acids



What is the function of polysacharides?

▪ source of energy (glucose)

▪ long-term energy storage (glycogen in animals, 

starch in plants)

▪ structure (cellulose, chitin, skeleton of insects

and crustaceans)

▪ part of mucus, slime, cartilage

▪ part of glycoproteins, glycolipids

How to detect starch – see handbook



1.THERMODYNAMICAL LAW

▪ different forms of energy can transform each other

2. THERMODYNAMICAL LAW

▪ amount of entropy (disorder) will tend to increase

in closed system

▪ all organisms are open systems (exchange matter and 

energy with their surroundings), they maintain their high

complexity by causing increasing entropy

▪ this is achieved by coupling catabolism and 

anabolism

Thermodynamics of living organisms

What is the difference between anabolism and catabolism?



ANABOLISM - metabolic pathway to built polymers

from monomers with using energy (ATP)

CATABOLISM - metabolic pathway to brakes

polymers to monomers (energy is released)

Source of energy:

1) organic molecules (in 

organotrophs - animals, plants) 

2) inorganic substrates (in 

lithotrophs - chemosynt. bacteria) 

3) sunlight (in phototrophs - plants, 

some bacteria and protist)

METABOLISM



Acceleration of a chemical reaction by catalyst

(enzyme), which is not consumed during reaction

and lower activation energy that leads to 

increasing of the reaction rate

CATALYSIS



ATP (adenosine triphosphate) - universal energy carrier, 

"energy-rich phosphate bonds"  

GTP (quanosin triphosphate)

NADH (reduced nicotinamide adenine dinucleotide)

NADPH (reduced nicotinamide adenine dinucleotide phosphate)

FADH2 (reduced flavin adenine dinucleotid)

ENERGY CARRIERS (coenzymes)





Food molecules are broken 

down in three stages:

How cell obtain energy from food?

Write formula of cellular respiration



1. DIGESTION

▪ polymers are digested into monomers

▪ occurs in intestine or in lysosome

C6H12O6 + 6O2 6CO2 + 6H2O + energy

Cellular respiration



2. CELLULAR CATABOLISM

Glycolysis

▪ chain of 10 reactions that converts glucose into 2 

molecules of pyruvates

▪ energy is stored in two carrier molecules (2ATP, 

2NADH)

▪ it takes place in cytoplasm

1 glucose (6C) 2 pyruvates (2x3C) 2 ATP, 2 NADH



Formation of Acetyl-CoA

▪ pyruvat is converted into CO2 and acetyl group, 

acetyl group is attached to coenzymeA (CoA) 

forming acetyl CoA

▪ energy is stored in 2NADH

▪ it takes place in mitochondria

2 pyruvates (2x3C) 2CO2 (2x1C) + 2acetyl (2x2C)

2acetyl + CoA 2 acetyl CoA (2x2C)

2 NADH



Kreb´s cycle (Citric acid cycle)

▪ acetyl group of acetyl Co-A is transfered to four-

carbon molecule of oxaloacetate, acetyl group

is oxidized to CO2

▪ it takes place in mitochondria (matrix)

3. OXIDATION OF ACETYL Co-A

2acetyl CoA + O2 4CO2 +H2O 6 NADH, 2 FADH2, 2ATP



▪ carrier molecules (NADH, FADH2) give high-

energy electrons to electron-transport chain in 

inner mitochondrial membrane and thus become

oxidized to NAD+ and FAD

▪ electrons are passed along the chain to oxygen to 

form water

▪ energy released is used to pump H+ protons

across membrane to intermembrane space

▪ proton gradient drives syntesis of ATP

ATP is produced in cytoplasm and 

on membrane of mitochodria, 

chloroplasts and bacteria

4. Chemiosmotic coupling

OXIDATIVE PHOSPHORYLYTION



Electron-transport chain - proton pumps:

1) NADH-dehydrogenase complex

2) cytochrome b-c1 complex

3) cytochrome oxidase complex



GENERATION OF ATP

Animation of mitochondrial electron transport:

https://www.youtube.com/watch?v=6W-

7FG9KlpA

https://www.youtube.com/watch?v=6W-7FG9KlpA


About 50 % of energy 

from glucose is bound 

in ATP (energy is used 

for work), the rest is 

released as heat

6 NADH

Theory: NADH 3ATP , FADH2 2 ATP

Net ATP: 4 + 30 + 4 – 2 (transport of NADH from glycolysis) = 36 ATP

Reality: NADH 2.5 ATP, FADH2 1.5 ATP 

Net ATP: 4 + 25 + 3 – 2 = 30 ATP

ATP       4x

NADH  10x

FADH2 2x

SUMMARY



30ATP

2ATP



▪ through photosynthesis

▪ energy from sunlight is captured by plants, 

cyanobacteria, purple bacteria, green sulfur

bacteria and some protists

Write formula of photosyntesis.

How cell obtain energy from sunlight?



("photo" = light, "synthesis" = putting together)

▪ plants take carbon dioxide from air, water from

soil, in presence of light energy produce sugar

(glucose) and oxygen

▪ some sugar is used for its life processes (growing, 

reproducing), excess is converted to starch

6CO2 + 6H2O C6H12O6 + 6O2

sunlight

Photosynthesis





LIGHT REACTION

▪ solar energy (photons) is captured by 

photosystem II and used to remove electrons from

water and to release oxygen

▪ electrons flow to cytochrome b6f complex, which

uses its energy to pump H+ protons across

thylakoid membrane into tylakoid space

▪ H+ protons move back through membrane and 

drive ATP synthase to synthesize ATP

▪ electrons flow through photosystem I and are 

used to reduce coenzyme NADP+ into NADPH
(used in Calvin cycle or recycled for further ATP generation)

▪ located in thylakoides

H2O 2H+ + 2 ē + 1/2O2

Chlorophyl - green pigment in plants





Animation of photosynthetic phosphorylation:

https://www.youtube.com/watch?v=k17bJQSQeQ4

Chemiosmotic coupling

PHOTOSYNTHETIC PHOSPHORYLYTION

https://www.youtube.com/watch?v=k17bJQSQeQ4


CALVIN CYCLE 

dark reaction, light independent
(named after scientist Melvin Calvin)

 reactions can proceed in 
absence of light

 energy gained from light 
reaction (ATP, NADPH) is 
used for metabolism of C to 
make organic molecule (it 
require 6 turns of Calvin 
cycle to produce one 
molecule of glucose)

 located in the chloroplast 
stroma 

Animation of Calvin cycle:

https://www.sciencephoto.com/media/600458/view/c

alvin-cycle-animation

https://www.sciencephoto.com/media/600458/view/calvin-cycle-animation


FAT - lipid vacuoles

SUGARS - glycogen (in animals), starch (in plants)

STORAGE OF ENERGY


