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Structure and expression of urea cycle enzyme genes and related diseases
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The urea cycle is the major pathway for detoxication of ammonia formed in amino acid
metabolism. The urea cycle involves five enzymes including ornithine transcarbamylase {OTC)
and arginase. The complete urea cycle is found only in the liver where all five enzymes increase
in the perinatal pericd in a coordinated manner. Coordinated induction of the cycle enzymes is
also caused by dietary protein and hormones such as glucagon and glucocorticoids, There are
enzyme deficiencies in all the enzymes of the cycle. If one of these enzymes is missing, conversion
of ammonia to urea is impared and hyperammonemia occurs.

The rat and human OTC genes are 73-75 kb long and are split into 10 exons. The 1.3-kb 5.
flanking region of the gene directed expression of the fused CAT gene in HepG2 cells much more
efficiently than in CHO cells. Analysis of deletion mutants revealed one negative and {wo positive
regulatory elements within the 220-bp immediate 5'-fianking region. Transgrnic mice carrying a
recombinant gene containing the rat OTC promoter (1.3kb of the 5'-flanking region) were
produced. Tissue-specific expression of the transgene was observed, but the expression in the
liver was low. Further transient expression analysis in HepG2 cells revealed the existence of an
enhancer located 11 kb upstream of the cap site. The OTC enhancer was also hepatoma
cell-specific. Gel shift competition analysis showed that one of the factors binding to liver-specific
sites of the enhancer is related to C/EBP.

The raf and human arginase genes are about 12 kb and are split into 8 exones. We
investigated its promoter using an in vitro transcription system. The arginase promoter was
transcribed more efficiently in liver nuclear extracts than in brain extracts, reproducing the iz vivo
tissue specificity qualitatively. Deletion mutant analysis of the §'-flanking region in liver nuclear
extracts revealed a positive regularory region spanning nucleotided —90 to —51 relative to the
cap site, Three factors related to CTF/NF1, Spl and C/EBP bound to the promother region.
Therefore, C/EBP may be one of the factors responsible to the tissue-specific and coordinated
expression of these urea cycle enzyme genes. DNA analysis of argininemia revealed mutations of
the arginase gene.
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