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Aminoacid
• MSUD (allo)
• Argininosuccinic (ASA)
• Tyrosinemia type I (SUAC)

Bile acid
• 3β-hydroxy-Δ5-C27-steroid 
dehydrogenase (3β-HSD)
• Peroxisomal 3-ketothiolase deficiency 
(pseudo-Zellweger syndrome)





L’ importanza diagnostica
della leucina e suoi isomeri



1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0
m /z0

1 0 0

%

0

1 0 0

%

0

1 0 0

%

Normal

Hyperleucinaemia

Leu
d3-Leu

d4-AlaAla
Phe

Tyr
d3-Met

d5-Phe

d6-Tyr

Leu/Ile

Normal vs Hyperleucinaemia vs MSUD

Leu/Ile

MSUD



MSUD

Isobutyryl-CoA

Methacrylyl-CoA

3-OH-Isobutyryl-CoA

3-OH-Isobutyrate

Methylmalonate
semialdehyde

2-Methyl-butyryl-CoA

Tiglyl-CoA

2-Methyl-3-OH-
butyryl-CoA

2-Methyl-3-keto-
butyryl-CoA

Isovaleryl-CoA

3-Methyl-crotonyl-CoA

3-Methyl-
glutaconyl-CoA

3-OH-3-Methyl-
glutaryl-CoA

Propionyl-CoA Acetyl-CoA Acetoacetate

Methylmalonyl-CoA

Succinyl-CoA

Krebs-cycle

BCKDH BCKDH

DH DH ICD

Hydratase Hydratase MCC

Hydratase
DH DH

3-Ketothiolase HMG-CoA-Lyase

PCC

MCM

Deocylase

FAD

Valine Isoleucine Leucine

2-Keto-isovalerate 2-Keto-3-methylvalerate 2-Keto-isocaproate
Thiamine ThiamineBCKDHThiamine

FAD FAD

Biotin

Biotin

Ado-Cbl

Alloisoleucine
2-OH-Isovaleric acid 2-Ketoisocaproic acid,

2-OH-Isocaproic acid



Age Valine Isoleucine Leucine Alloisoleucine 

Premature 99-220 23-85 151-220 0 

0-1 month 86-190 26-91 48-160 0 

1-24 months 64-294 31-86 47-155 0 

2-18yrs 74-321 22-107 49-201 0 

Adult 119-336 30-108 72-201 0 
 

 

Blau, Duran & Blaskovics, 1996

Normal Reference Values for Inborn Errors 
of Leucine Metabolism



The presence of allo-isoleucine is a critical factor in the 
diagnosis of defects of leucine metabolism

Newborn Screening:

Elevated Leucine (>153μM)

Plasma or serum amino 
acids elevated.

Leucine & isoleucine
elevated.

Alloisoleucine present

Not Classical 
MSUD

Not Classical 
MSUD

N

N

Y

Y

MSUD



Condition Valine Isoleucine Leucine Alloisoleucine 

Classical 496-1846 199-1298 518-5091 72-310 

Intermediate Elevated 
(to 1000) 

Elevated 
(to 1000) 400-2000 Present 

Intermittent Elevated 
(to 1000) 

Elevated 
(to 1000) 50-4000 Present 

Thiamine 
Responsive 

Elevated 
(to 1000) 

Elevated 
(to 1000) 50-5000 Present 

 

 

Leucine values in MSUD

Blau, Duran & Blaskovics, 1996
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HPLC Injection system
Mass spectrometer

Computer Printer/Output

HPLC Column

Schema di un sistema automatizzato d’analisi 



ALLOISOLEUCINA

ISOLEUCINA
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Spot in 150 µL Methanol with int. Std and Inj. 5 µL 

ControlloLeucinosi



Prima identificazione del campione affetto (ASA)

Cit

Arg



Spot controllo
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Clinical Biochemistry 37 (2004) 1010– 1015
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Aminoacid
• MSUD (allo)
• Tyrosinemia type I (SUAC)
• (ASA)

Bile acid
• 3β-hydroxy-Δ5-C27-steroid 
dehydrogenase (3β-HSD)
• Peroxisomal 3-ketothiolase deficiency 
(pseudo-Zellweger syndrome)



Gli acidi biliari

Gli acidi biliari vengono prodotti dal catabolismo del colesterolo

Nel fegato vengono sintetizzati gli acidi biliari primari (colico e chenodeossicolico). 
Dopo coniugazione con glicina e taurina vengono secreti nelle vie biliari attraverso le 
quali passano nell’intestino dove svolgono la loro funzione prodigestiva di
emulsionamento dei lipidi

Nel lume intestinale parte degli acidi primari viene trasformata in acidi secondari
(deossicolico e litocolico)

Acidi primari e secondari sono infine riassorbiti a livello intestinale dopo
deconiugazione ritornano al fegato per mezzo dei vasi portali



FEGATO

Dotto biliare

INTESTINO

Vena porta

2.7 g

Deconiugazione
3 g

Circolo enteroepatico degli acidi biliari

MISCELA DI ACIDI BILIARI
PRIMARI E SECONDARI

Escrezione fecale

ACIDI BILIARI
PRIMARI

Coniugazione

Colesterolo
(0.3 g)



Il colesterolo e gli acidi biliari
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Sintesi degli acidi biliari dal colesterolo
COLESTEROLO

INTESTINO
LITOCOLICO

CHENODEOSSICOLICO

ACIDO DEOSSICOLICO

ACIDO COLICO

DHCATHCA

7α-OH-colesterolo 27-OH-colesterolo

7α-OH-4-colesten-3-one

7α,12α-OH-4-colesten-3-one

5β-colestano-triolo 5β-colestano-diolo

3β-OH-5-colestenoico

7β,7α-diOH-5-colestenoico

VIA CLASSICA VIA ACIDICA
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3β-hydroxy-Δ5-C27-steroid dehydrogenase (3β-
HSD) deficiency is a rare inborn error of bile acid 
metabolism

The metabolic derangements of the disorder involve
Severe cholestasis from lack of primary bile acids

Chronic liver injury from toxic metabolites

Background
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H&E stainH&E stain

Liver biopsy at presentationLiver biopsy at presentation
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Liquid-Solid Extraction

Liquid-Solid Extraction

Total Nonsulfated BA

Unconjugated + Conjugated BALipidex 1000

SulfatesTaurine ConjugatesGlycine Conjugates

Unconjugated BA

Neutrals + Sterols

Free BA Free BAFree BA

Lipidex 1000

Lipidex 1000

Lipidex 1000

Lipidex DEAP

Unconjugated BA

hydrolysis hydrolysis

hydrolysis

sulfatase

solvolysis

Lipidex DEAP
Lipidex 1000

Schema dell’analisi degli acidi biliari in GC-MS



Solid-Phase Extraction

Unconjugated + Conjugated BA

SulfatesTaurine ConjugatesGlycine ConjugatesNeutrals + Sterols

Analysis

Unconjugated BA

Schema dell’analisi acidi biliari in FIA dopo una SPE extraction
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Separazione cromatografica degli acidi biliari
in scansione

ISOMERI
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At presentation After UDCA therapy After UDCA + CDCA therapy
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Predisposition
markers Prognostic

markers

Nutrition

Diagnostic
markers

Late biomarkers
of disease/effect

Pharma

Onset of
disease/effect

Early biomarkers
of disease/effect

Changes in pathway dynamics
to maintain homeostasis

Disease

Healthy

Van der Greef J. et. Kluver Academic Publishers; 2003: 170-198

Scheme of development of disease from healthy



Metabolomics

Genomics – 25,000 GeneDNA

Transcriptomics – 100,000 TranscriptsRNA

Proteomics – 1,000,000 Proteins

Protein

Biochemicals
(Metabolites) Metabolomics – 2,400 Compounds

Biochemical Context of
Genomics and Proteomics



METABOLOMICS
THE MEASUREMENT OF METABOLITE CONCENTRATIONS AND 
FLUXES AND SECRETION IN CELLS AND TISSUES IN WHICH THERE 
IS A DIRECT CONNECTION BETWEEN THE GENETIC ACTIVITY 
(GENE EXPRESSION), PROTEIN ACTIVITY (PROTEOME) AND THE 
METABOLIC ACTIVITY ITSELF.

METABONOMICS
THE QUANTITATIVE MEASUREMENT OF THE MULTIVARIATE 
METABOLIC RESPONSES OF MULTICELLULAR SYSTEMS TO  
PATHOPHYSIOLOGICAL STIMULI OR GENETIC MODIFICATION. 
AN APPROACH TO UNDERSTANDING GLOBAL METABOLIC 
REGULATION OF ORGANISM AND ITS COMMENSAL AND SYMBIOTIC
PARTNERS. 

Ref.: Nicholson J. K. et al., 2002, Nature Reviews 1: 153-161. 
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Conclusions

• LC-MS/MS has great potential for a clinical laboratory and as 
analytical engine for metabonomics (complementary to NMR)

• Chromatography is often  necessary for these kind of experiments 
due to the large number of endogenous components present in 
biological fluids

• Data interpretation is an important part of the process and this 
maybe a “real bottleneck”

• Biomarkers may be identified by Exact Mass and MS/MS analysis 
together with NMR

• Rapid simple transfer of methodology from discovery to high 
throughput analysis using LC-MS/MS


