One Carbon Metabolism
One carbon pieces, in various states of oxidation/reduction (from most oxidized ( most reduced= CO2, HCOOH, HCHO, H3COH, CH4) are created by and needed for many crucial reactions that take place in the body.  However, many of these compounds are toxic, and they cannot be just floating around freely in the body.  The body uses tetrahydrofolate (THF), a folic acid molecule with 4 hydrogens as a ‘carrier’ of sorts for these various one carbon pieces.  When folate is ingested, it is converted to dihydrofolate, and finally to THF by dihydrofolate reductase (NADPH supplies the reducing equivalents).

There are six one carbon compounds that, when combined to THF, make up the “folate pool” in the body.  The 6 compounds are N5-formyl-THF, N5-formamino-THF, N10-formyl-THF, N5,10-methenyl-THF, N5,10-methylene-THF, and N5-methyl-THF.  

The conversion of N5-formyl and N5-formamino to N5,10-methenyl is irreversible.  The conversion of N10-formyl to N5,10-methenyl is reversible.  N5,10-methenyl can be converted to N5,10-methylene via a reversible dehydrogenase.  N5,10-methylene can be converted to N5-methyl via a reductase.

Key Folate-utilizing Reactions  
1) Serine can be reversibly converted to glycine using a hyroxymethyltransferase.  THF is converted to N5,10 CH2 THF.

Glycine can be broken down into CO2 and NH4 using PLP dependent glycine synthase.  THF is converted to N5,10 CH2 THF.  This reaction can also be used to synthesize glycine when run in reverse.

2) Homocysteine can be converted to methionine by a methyl-B12 dependent methyl transferase, converting N5-methyl-THF to THF.

3) dUMP can be converted to thymidylate (TMP) using thymidylate synthase.  N5,10 CH2 THF is converted to FH2.  Remember that FH2 can be converted to THF by dihydrofolate reductase.  Thymidylate synthase is crucial to dividing cells because TMP is needed for DNA synthesis.  

NOTICE THAT REACTIONS (1) AND (2) DO NOT REMOVE FOLATE (IN THE FORM OF THF) FROM THE ‘FOLATE POOL’; THEY ARE MERELY INTERCONVERTING IT BETWEEN DIFFERENT FORMS.  (3) DOES REMOVE THF FROM THE ‘POOL’; IT RESULTS IN THE PRODUCTION OF FH2 WHICH NEEDS DIHYDROFOLATE REDUCTASE TO GET BACK TO THF. 
N5-METHYL-THF IS A STORAGE FORM OF FOLATE.  THE REACTION REDUCTION OF N5,10-METHYLENE THF TO N5-METHYL-THF IS IRREVERSIBLE.  TO GET THE FOLATE OUT OF STORAGE, B12 MUST CATALYZE THE CONVERSION OF HOMOCYSTEINE TO METHIONINE, RESULTING IN THE PRODUCTION OF THF FROM N5-METHYL THF.


People with a folate deficiency can experience side effects relating to the fact that folate is needed for TMP production in dividing cells.  They can present with anemia, hair loss, GI symptoms, etc.  In fact, some cancer drugs exploit this and there are chemotherapeutic agents that target both dihydrofolate reductase and thymidylate synthase.  Sometimes people are treated with supplemental folate for what is thought to be a folate deficiency, and they actually had a B12 deficiency.  These people can experience certain neurological symptoms after they had experienced an initial relief in their folate deficiency symptoms.  This phenomenon occurs because B12 impairs the ability to take the folate out of its ‘storage’ as the 5-methyl THF.
Patients with Folate Deficiencies will have FIGLU (formamino glutamate) in their urine.  This is an intermediate in the conversion of histadine to glutamate, which is THF dependent.  Without THF, FIGLU will accumulate and eventually be excreted in urine.  Patients with a B12 deficiency will have methyl malonyl acid in their urine, which is an intermediate in the B12 dependent proprionate pathway.
