
Cofactor in metabolism: Tetrahydrobiopterin (BH4)
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Physiological function of BH4

Cofactor function
phe hydroxylase
tyr hydroxylase
trp hydroxylase

NO synthase

Chemical function
reducing agent

auto-oxidation

Cellular function
unknown mechanism
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Biosynthesis of BH4
de novo synthesis from GTP: GTPCH, PTPS, SR
regeneration: PCD, DHPR
salvage pathway: AR, SR, DHFR
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Regulation of BH4 synthesis
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BH4 in brain disorders

Phenylketonuria (PKU): inborn error in phenylalanine hydroxylase
NCBI OMIM

BH4 deficiency: genetic defects in BH4 biosynthesis
NCBI OMIMBH4 website, type tetrahydrobiopterin at 

BH4 implicated neuropsychiatric diseases
Depression
Parkinson’s
Schizophrenia
Autism

http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=261600
http://bh4.org/BH4_Deficiency.asp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?CMD=search&DB=OMIM


BH4 distribution in mice

using [14C]BH4 in mice
Liver high
Kidney high

Brain low
Adrenal medulla low
Bone marrow low
Neonatal similar to adult

J Pharmacol Exp Ther 1993, 267:971-8
Molecular Genetics and Metabolism 81 (2004) 52–57

Tissue distribution of BH4 generating enzymes (Adv Exp Med Biol 1993, 338:223-6) 



BH4 in brain

J Neurochem 1999, 72:669

Km values for BH4
0.02-0.03 uM for NOS
2-3 uM for PAH
30 uM for TH & TPH



Factors that may contribute to a reduction in nitric oxide bioavailability

Fig. 5. Factors that may contribute to a reduction in nitric oxide bioavailability. One of the major contributing 
factors to the progression of cardiovascular diseases is a loss of NO-dependent actions. It is proposed that 
this is due to a reduction in the bioavailability of NO. There are a variety of factors which could reduce NO 
availability including (1) a reaction in the availability of the substrate l-arginine, (2) increased concentration 
of circulating inhibitors such as ADMA (asymmetric dimethylarginine), (3) altered levels of eNOS
expression, (4) perturbed signal transduction reducing agonist-induced eNOS activation, (5) reduced 
availability of terahydrobiopterin (BH4) an essential co-factor, or (6) the destruction of NO by other free 
radical species. Mol Aspects Med. 2005 Feb-Apr;26(1-2):33-65



BH4 & NOS
nNOS
eNOS
iNOS
mtNOS

uncoupling
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Figure 2. Schematic illustrating the role of BH4 
in regulating eNOS activity in vascular disease. 
A, In healthy vascular endothelium, BH4 
availability is not limiting. eNOS production of 
NO is appropriate for the regulation of multiple
antiatherogenic biological effects. Superoxide
production by various oxidases acts 
predominantly in a signaling capacity.
Peroxynitrite formed by interaction between NO 
and superoxide is minimal. B, In vascular 
disease states such as diabetes, hypertension, or
hypercholesterolemia, superoxide production by
oxidases is markedly increased. NO production 
may remain unaffected initially, but NO
bioavailability is reduced because of scavenging 
interactions with superoxide, forming increased
peroxynitrite. C, Peroxynitrite and other reactive 
oxygen species oxidize BH4, via the BH3 
radical to BH2 and biopterin, which reduces the
bioavailability of BH4 and promotes eNOS
uncoupling. eNOS now generates superoxide
rather than NO, which contributes to vascular 
oxidative stress and further reduces NO
bioavailability. Ascorbate may protect against 
oxidative degradation of BH4 by directly 
reducing the BH3 radical to BH4.

Arterioscler Thromb Vasc Biol. 2004 
Mar;24(3):413-20

http://atvb.ahajournals.org/content/vol24/issue3/images/large/7FF2.jpeg


Development of Atherosclerotic 
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Schematic Time Course of Human Atherogenesis
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Coronary Atherosclerosis



Knockout mouse



Salvage pathway of BH4 synthesis

Molecular Genetics and Metabolism xxx (2005) xxx–xxx



Brain Research 954 (2002) 237–246



MTX and mental disorder



N-acetylserotonin and BH4

Ann. N.Y. Acad. Sci. 1053: 334–347 (2005).


