AQUATIC MICROBIAL BIOCHEMISTRY








�bacteria


fungi			===> reducers (env. catalysts)


protozoa





algae			===> producers (fuel cells)











��			microorganisms








prokaryotes					eukaryotes





lack of nuclear membrane			well defined cell nuclei








Chemotrophs


use energy from oxidation-reduction





Phototrophs


use light energy from photosynthesis





Heterotrophs


obtain their carbon from other organisms





Autotrophs


	obtain C from CO2 & carbonates
































�ALGAE


microscopic organisms that subsit on inorganic nutrients & produce organic matter from CO2 by photosynthesis





�filaments





�sheets





colonies








Nutrient requirements of algae:





C ---> CO2, HCO3-





N2	---> NO3-





P 	---> orthophosphate





S 	---> SO42-





Na, K, Ca, Mg, Fe, Co, Mo








PRODUCTION OF ORGANIC MATTER:





CO2 + H2O  + hu ---> {CH2O} + O2(g)








Symbiotic relationship of lichen








�lichen === algae 	+ 	fungi


�





		generates food		provides moisture and nutrients














FUNGI





nonphotosynthetic organisms


filamentous structure (w 5-10 mm)


aerobic


survive in acidic media


tolerant to heavy metals


do not grow in water





PROTOZOA





microscopic animals consisting of single eukariotic cell





Classification:





morphology


means of locomotion


presence of chloroplasts


presence of shells


ability to form cysts





BACTERIA





single cell prokaryotic microorganisms





Forms:


rods


spheres


spirals





size: 0.5-3.0 mm





COMMON FEATURES:





semirigid cell wall


motility with flagella


unicellar nature


multiplication by binary fission


production of spores





AUTOTROPHIC BACTERIA





non dependent upon organic matter


use CO2, HCO3-


synthesize proteins, enzymes, etc. from inorganic materials: O2, NH4Cl, phosphates, mineral salts, CO2, FeS





Effect on environment ===> geochemical transformations





HETROTROPHIC BACTERIA





depend upon organic compounds





Effect on environment ===> breakdown of organic pollutants





AEROBIC BACTERIA


require oxygen as electron acceptor





ANAEROBIC BACTERIA








FACULTATIVE BACTERIA


when oxygen is not available use other substances as nitrates, sulfates








PROKARYOTIC BACTERIAL CELL
































Features:


lack of membranes enclosing the nucleus & organelles


presence of unique polymer, peptidaglycon


absence of histone proteins


Cell membrane





(7 mm) composed of protein & phosphalipid. Controls the nature & quantity of materials transported into & out of the cell.








Mesosome





increase the surface area of the membrane, helps in reproduction








Pilli





enable the cell to stitch to surfaces








Hagella





cause moving of the bacterial cell








CYTOPLASM:





medium in which the cellÕs metabolic processes are carried out.





Constituents of cytoplasm:





nuclear body


inclusions


ribosomes
































KINETICS OF BACTERIAL GROWTH





POPULATION CURVE









































A; lag phase


little bacterial reproduction





B: log phase


rapid growth, exponential phase, generation time





C: stationary phase


due to the limiting conditions





D. Death phase





BACTERIAL METABOLISM





biochemical process by which chemical species are modified in bacterial cells





























Catabolism 


energy-yielding degradative metabolism which breaks macromelecules





Anabolism:


synthetic metabolism








Factors affects bacterial metabolism:





stability of enzymes


substrate concentration


temperature








PSYCHROPHILIC  BACTERIA: temp. optimum < 25oC





MESOPHILIC BACTERIA:		2O oC < T < 45 oC





THERMOPHILIC BACTERIA:		T > 45 oC








MICROBIAL TRANSFORMATIONS OF CARBON











CO2 + H2O + hu ---> {CH2O} + O2(g)








aerobic degradation of organic matter





1/4 {CH2O} + 1/4 O2(g) ---> 1/4 CO2 + 1/4 H2O ; 	DG= -29.9 kcal





CH4 forming bacteria: anaerobic





1/8 CO2 + H+ + e ----> 1/8 CH4 + 1/4 H2O





1/4{CH2O} + 1/4H2O ----> 1/4 CO2 + H+ + e


___________________________________________


1/4{ CH2O } ---> 1/8 CH4 + 1/8 CO2 : 		DG = -5.55 kcal


BIODEGRADATION OF ORGANIC MATTER


(crucial environmental process)





oxidation





CH3 ===> -CO2 ===> CO2H





CH3CH2CH2CH2CO2H + 3O2 ---> CH3CH2CO2H + 2CO2 + 2H2O





microbial oxidation of aromatic rings:




















hydrolysis





addition of H2O to the molecule accompanied by its cleave


(pesticidal esters, amides, organophosphate, esters)


















































reduction


dehalogenation


ring cleavage


dealkalation


hydroxylation





























Dehalogenation





replacement of covalently-bound halogen atom (F, Cl, Br, I) with -OH





Dealkylation





replacement of alkyl group by H
































MICROBIAL TRANSFORMATION OF NITROGEN



































Nitrogen fixation:





3{CH2O} + 2 N2 + 3H2O + 4H+ ---> 3 CO2 + 4 NH4+





photosynthetic bacteria: Azobacter, cyanobacteria








Nitrification


conversion of N(III) ---> N(V)





1/4O2 + 1/8 NH4+ ---> 1/8 NO3- + 1/4 H+ + 1/8 H2O; 	K=107.59





nitrosomonas, nitrobacter





Nitrate reduction


nitrogen is reduced to lower oxidation stage





NO3- ===> NH3








Denitrification


reduced nitrogen = N2





1/5 NO3- + 1/4 {CH2O} + 1/5 H+ ---> 1/10 N2 + 1/4 CO2 + 7/20 H2O





************************************************


OXIDATION OF ORGANIC MATTER:


O2


NO3-


SO42-





TRANSFORMATION OF PHOSPHORUS & SULFUR





P


source of orthophosphate


(algal nutrient)


biodegradation of highly toxic organophosphorus components





hydrolysis:





