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Decreased plasma citrulline – causes: 

 Urea cycle defect (OTC / CPS1 / NAGS)

 Compromised small bowel function

 Generalised decrease in amino acids

Peters et al 2017 Clinical and Experimental Gastroenterology 2017:10 75–81







Plasma amino acids



Urine organic acids





Plasma acylcarnitines



Biotinidase

 NB: Doesn’t exclude holocarboxylase synthetase deficiency



Summary of biochemistry MT-ATP6

Plasma 

lactate 

(mmol/L)

Plasma 

citrulline

(umol/L)

Plasma 

alanine 

(umol/L)

Organic acid 

increases

Acylcarnitine 

increases
Biotinidase

CASE 1 6.8 6 646
TCA cycle

(3OH-IVA)
C3 & C5OH Normal

CASE 2 4.8 – 5.3 4 & 0 793 & 739 3OH-IVA C5OH Normal

CASE 3 5.9 4 & 4 517 & 618
TCA cycle & 

3OH-IVA
C3 & C5OH Normal



MT-ATP6 & MC5DM1

 MT-ATP6 encodes subunit of Complex V of respiratory chain = ATP synthase

 MC5DM1: Mitochondrial complex V mitochondrial type 1 (MT-ATP6)

 MC5DM2: Mitochondrial complex V mitochondrial type 2 (MT-ATP8)

 Ganetsky et al 2019: 218 published cases of MT-ATP6 + 14 new cases

 m.8993T>G variant most prevalent (>100 cases)

 18 other pathogenic variants described

Vademecum Metabolicum Online edition



MC5DM1 – Clinical presentation

 Developmental delay

 Epilepsy

 Cardiomyopathy

 Neuropathy

 Ataxia

 Retinitis pigmentosa

 Brain MRI abnormalities consistent with Leigh syndrome

 Variation in severity: 

Infantile-onset Leigh syndrome → adult-onset progressive ataxia

 Dependent on genotype & heteroplasmy



Mechanism for biochemical abnormalities

 Larson et al 2019: ? Secondary deficiencies in ATP-dependent enzymes:

 CPS1

 Δ1-pyrroline-5-carboxylate synthetase

 Biotin-protein ligase

 Propionyl-CoA carboxylase

 3-Methylcrotonyl carboxylase



Review of decreased citrulline results

 3459 plasma amino acid profiles

 102 citrulline (3%) <LLN of reference range (<7 umol/L)

 63 (62%) from HYPOGLYCAEMIA SCREENS
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Use of SD plots to interpret low citrulline
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2 µmol/L
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MT-ATP6 cases
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Is decreased citrulline present in all mitochondrial / 

respiratory chain disorders?
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Complex 1 deficiency (NDUFS7): 
CITRULLINE 11umol/L (RR7-48)



Summary

 Think MC5DM1 due to MT-ATP6 if you see:

 SD Plots can be useful to highlight relative decreases (or increases)

 ? Other respiratory chain disorders / secondary mitochondrial dysfunction

Lactate
Plasma 

citrulline

Plasma 

alanine
Organic acid increases

Acylcarnitine 

increases
Biotinidase

TCA +/- 3OH-IVA +/- Me.cit C3 +/- C5OH Normal
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