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The Carbon Cycle

 Key compounds in the carbon cycle include 

carbon dioxide, methane and carbonate.

 Carbon is recycled through ecosystems via 

photosynthesis, respiration, and

fermentation of organic molecules, 

limestone decomposition, and methane 

production.



The Carbon Cycle

 Principle users of atmospheric CO2 are 
photosynthetic autotrophs.

 Carbon is returned to the atmosphere as 
CO2 by respiration, fermentation, 
decomposition of marine deposits, and 
burning fossil fuels.

 Methanogens reduce CO2 and give off 
methane (CH4).



Insert figure 26.6
The carbon cycle



FOTOSINTESIS

proses sintesis karbohidrat yang 
menggunakan energi matahari yang 
ditangkap melalui reaksi yang kompleks 
yang dilakukan oleh mikroba fotoautotrof

Dilakukan oleh bakteri terjadi pada spesies bakteri hijau dan ungu 
memanfaatkan energi cahaya dengan bantuan klorofil dan karatenoid 
(sebagai donor elektron)



Reaksi terang

Reaksi yang terjadi dalam reaksi terang adalah sebagai 

berikut : 
klorofil

H2O + NADP+ + ADP + Pi O2 + H+ + NADPH + ATP
Energi matahari



Reaksi gelap

Reaksi yang terjadi pada reaksi gelap adalah sebagai 

berikut:

CO2 + H+ + NADPH + ATP  GLUKOSA + NADP+ + ADP + Pi

























ALGAE

Algae



 Autotrophic organisms

 Photosynthetic

 Eukaryotic organisms

 Unicellular to Multicellular

 Giant kelps grow to 65 meters in length

 The largest and most complex marine forms 

are called seaweeds.

ALGAE

CHARACTERISTICS



 Lack of various structures that characterize 

land plants.

 Leaf-like  phyllids of bryophyta

 Rhizoid in non vascular plants and roots

ALGAE

CHARACTERISTICS



Life Cycle :

 Asexual phase : seaweeds cells are diploid

 Sexual phase : the cells are haploid

 Fusion of the male and female gametes

 Asexual reproduction : permits efficient 

population increases, but less variation

 Sexual reproduction always more variation

ALGAE

CHARACTERISTICS



ALGAE

CHARACTERISTICS



Archaeplastida :

 Chlorophyta (green-algae)

 Rhodophyta (red-algae)

 Glaucophyta

Rhizaria, Excavata :

 Chlororachinophytes

 Euglenids

ALGAE

CLASSIFICATION



Chromista, Alveolata :

 Heterokonts : Bacillariophyceae, Axodine, 

Bolidomonas, Eustigmatophyceae, 

Phaeophyceae (brown algae), Chrysophyceae 

(golden algae), Rapidophyceae, 

Synurophyceae, Xanthophyceae (yellow-green 

algae)

 Cryptophyta

 Dinoflagellates

 Haptophyta

ALGAE

CLASSIFICATION



ALGAE

CLASSIFICATION



Uses :

 Agar (red algae group)

 Alginates (Macrocystis group)

 Stabilizing substance/Carrageenan (Chondrus 

crispus)

 Energy sources : biohydrogen, biodiesel, ethanol, 

vegetable fats and oils (DHA, EPA)

 Fertilizer

 Nutrition (Chlorella & Spirullina : rich of vitamin & 

minerals)

 Pollution control

 Pigments : bioactive compound

THE ROLE OF 

ALGAE



Pigment Cosmetics

Bioenergy
Omega 
System

THE ROLE OF 

ALGAE



The Nitrogen Cycle

 N2 gas is the most abundant gas in the atmosphere, 

79% of air volume.

 Involves several types of microbes

 4 types of reactions:

 nitrogen fixation –atmospheric N2 gas is 

converted to NH4 salts; nitrogen-fixing bacteria live 

free or in symbiotic relationships with plants

 ammonification – bacteria decompose nitrogen-

containing organic compounds to ammonia

 nitrification – convert NH4
+ to NO2

- and  NO3
-

 denitrification – microbial conversion of various 

nitrogen salts back to atmospheric N2



Insert figure 26.10
Nitrogen cycle



Insert figure 26.11
Nitrogen fixation through symbiosis



Nitrogen Fixation

 Non-simbiotic : 

 Clostridium pasteurianum

 Azotobacter sp.

 Produce 56 kg Nitrogen/Ha/year

 Simbiotic :

 Rhizobium sp.

 Forming “nodule” surround plant root.

 Nodule in sweet clover, soy plant, cow pea



Lithospheric Cycles

 Sulfur cycle

 Phosphorous cycle



The Sulfur Cycle

 Sulfur originates from rocks, oceans, lakes 
and swamps.

 Sulfur exists in the elemental form and as 
hydrogen sulfide gas, sulfate, and thiosulfate.

 Plants and many microbes can assimilate 
only SO4 and animals require an organic 
source – amino acids: cystine, cysteine, and 
methionine.

 Bacteria convert environmental sulfurous 
compounds into useful substrates.



The Phosphorous Cycle

 Chief inorganic reservoir of phosphate (PO4) 

is phosphate rock.

 PO4 must be converted into a useable form 

(PO4
-3) by the action of acid; sulfuric acid is 

naturally released by some bacteria.

 Organic phosphate is returned to soluble 

phosphate by decomposers.



Insert figure 26.13
Phosphorous cycle



Soil Microbiology: The 
Composition of the Lithosphere
 Soil is a dynamic, complex ecosystem with a 

vast array of microbes, animals, and plants.

 Lichens – symbiotic associations between a 
fungus and a cyanobacterium or green algae
 produce acid that releases minerals from rocks 

 Humus – rich moist layer of soil containing plant 
and animal debris being decomposed by 
microbes

 Rhizosphere – zone of soil around plant roots 
contains associated bacteria, fungi and 
protozoa

 Mycorrhizae – symbiotic organs formed 
between fungi and certain plant roots



And with other organisms

 In lichens



Microbes Are Everywhere!

 In the soil



Insert figure 26.15
Structure of rhizosphere



MICROBIAL

PRODUCT



Microbiology Principles 

There are 3 principles when using microorganisms:

 Viability

 Purity

 Productivity



Microorganisms

 Isolate Culture   pure or mix culture
 Optimization of microbial growth
 Product Recovery : 

Intracellular or Extracellular



Cont’d.

 How to get ?
Isolation or buy from Culture collection.

 How to maintain ?
Deep freeze, lyophilization or adding glycerol as cryo-
protectant.

 How to improve ?
Optimization fermentation condition or  Genetic 
Engineering techniques.



Cont’d

 How about the metabolites ?
Primary or secondary

Primary Metabolites : (Logaritmic Phase)
 Organic acids
 Enzymes
 Alcohol, etc

Secondary Metabolites : (Stationary Phase)
 Antibiotic
 Bacteriocin
 Growth Hormone



Amino acids

Organic acids

Nucleic acids

Antibiotics

Enzymes

Fermented foods

Hormones
Vitamins

Biofuels

MICROBIAL PRODUCTS



Overall Products :

1. Microbial cell (Biomass)

2. Microbial enzymes

3. Microbial metabolite

4. Recombinant products

5. Transformation process



Products from Microorganisms

 Various foods and drinks

 Enzymes for varied uses (GM enzymes); 

biocatalysts

 Engineered proteins (antibodies)

 Vaccines and antibiotics (secondary metabolites)

 Primary metabolites and bulk chemicals (amino 

acids (glutamic acid) and organic acids (acetic acid)

 Pharmaceuticals and novel chiral chemicals

 Recovery of metals in bioleaching

 Biosensors (use of enzymes to specifically detect 

chemicals in medical and )



THANK YOU


