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PURINE SYNTHESIS

  The biosynthetic pathway for  purines is a complex, 11-step sequence in which seven different molecules contribute parts to the purine skeleton.  The pathway begins with ribose 5-phosphate, and the purine skeleton is constructed on this sugar. Therefore the first purine product of the pathway is the nucleotide inosinic acid, not a free purine base. The cofactor folic acid is very important in the purine biosynthesis because folic acid derviatives contribute two carbon to the purine skeleton. 

   Once inosinic acid has been formed, relatively short pathway synthesize adenosine monophosphate and guanosine monophosphate, and produce nucleoside diphosophate and triphosphates by phosphate transfer from ATP. At this point, the cell has synthesized ribonucleotides. However, it needs deoxynucleotides for DNA synthesis. In deoxynucleotides there is an H atom rather than a hydroxyl group on carbon Two of the sugar. Thus, to convert a ribonucleotide into a deoxyribonucleotide, that carbon must be reduced. Deoxyribonucleotides arise from the reduction of nucleoside diphosphates or nucleoside triphosphates by two different routes. Some microorganisms reduce the ribose in nucleoside triphosphate with a system requiring vitamin B12 as a cofactor.  Others reduce ribose in nucleoside diphosphates. Both systems employ a small, sulfur-containing protein called thioredoxin as their reducing agent. 

PYRIMIDINE SYNTHESIS

Pyrimidine nucleotides include cytidine, uridine, and thymidine. The synthesis of any pyrimidine nucleotide begins with the formation of uridine. This reaction requires aspartate, glutamine, bicarbonate, and 2 ATP molecules (to provide energy), as well as PRPP which provides the ribose-monophosphate. Unlike in purine synthesis, the sugar/phosphate group from PRPP is not added to the nitrogenous base until towards the end of the process. After uridine-monophosphate is synthesized, it can react with 2 ATP to form uridine-triphosphate or UTP. UTP can be converted to CTP (cytidine-triphosphate) in a reaction catalyzed by CTP synthetase. Thymidine synthesis first requires reduction of the uridine to deoxyuridine (see next section), 

before the base can be methylated to produce thymidine.

ATP, a purine nucleotide, is an activator of pyrimidine synthesis, while CTP, a pyrimidine nucleotide, is an inhibitor of pyrimidine synthesis. This regulation helps to keep the purine/pyrimidine amounts similar, which is beneficial because equal amounts of purines and pyrimidines are required for DNA synthesis.

Deficiencies of enzymes involved in pyrimidine synthesis can lead to the genetic disease Orotic aciduria which causes excessive excretion of orotic acid in the urine.

CONVERTING NUCLEOTIDE TO DEOXYNUCLEOTIDE

Nucleotides are initially made with ribose as the sugar component, which is a feature of RNA. DNA, however, requires deoxyribose, which is missing the 2'-hydroxyl (-OH group) on the ribose. The reaction to remove this -OH is catalyzed by ribonucleotide reductase. This enzyme converts NDPs (nucleoside-diphosphate) to dNDPs (deoxynucleoside-diphosphate). The nucleotides must be in the diphosphate form for the reaction to occur.

In order to synthesize thymidine, a component of DNA which only exists in the deoxy form, uridine is converted to deoxyuridine (by ribonucleotide reductase), and then is methylated by thymidylate synthase to create thymidine.

DIFFERENCE BETWEEN BIOREACTOR AND FERMENTOR

	An apparatus in which a biological reaction or pprocess is carried out, especially on an industrial scale
	A container in which fermentation takes place 

	May use either aerobic or anaerobic conditions 
	use anaerobic conditions 

	microorganisms are introduced 
	microorganisms in the air are used

	A vessel that facilitates a biochemical reaction
	A type of bioreactor

	various types of substrates can be used based on the desired reaction 
	glucose or glucose-containing compounds are used


SHORT NOTE ON AMINO ACID SYNTHESIS 

Amino acid synthesis is the set of biochemical processes (metabolic pathways) by which the amino acids are produced. The substrates for these processes are various compounds in the organism's diet or growth media. Not all organisms are able to synthesize all amino acids. For example, humans can only synthesize 11 of the 20 standard amino acids (a.k.a. non-essential amino acid), and in time of accelerated growth, histidine can be considered an essential amino acid.

Some amino acids are made directly by transmission of a precursor metabolite. For example, alanine and aspartate are made directly from pyruvate and oxaloacetate, repectively, using glutamate as the amino group donor. However, most precursor  metabolites must be altered by more than just the addition of an amino group.  In many cases, the carbon skeleton must be reconfigured, and for cysteine and methionine, the carbon skeleton must be  amended by the addition of sulfur. These biosynthetic pathways are more complex,  and they oftem involve many steps and are branched. By using branched pathways, a single precursor metabolite cab be used for the synthesis of a famy related amino acids. For example, the amino acids lysine, threonine, isoleucine and methionine are synthesized from oxaloacetate by a branching route because of the need to conserve nitrogen, carbon and energy, amino acid synthetic pathway are usually tightly regulated by feedback mechanism. 

