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Currently, the amino acids, acylcarnitine and 17-hydroxyprogesterone profiling
of dry blood specimens using LC/MS/MS has been developed and recognized as a
useful tool for screening inherited metabolic defects of newborns in our laboratory.
In this study, our most important goal was to provide a high throughput and specific
method with potential to screen for many of the peroxisomal disorders (ex.
adrenleukodystrophy  (ALD), adrenomyelinoneuropathy (AMN), peroxisomal
biogenesis defects (PBD), Refsum disease and etc.) with a 3-mm blood spot (~3.6 ni
blood impregnated on filter paper) from newborns using high performance liquid

chromatography/el ectrospray ionization tandem mass spectrometry (LC-ESI/MS/MYS).
3. @ praFH
There is considerable pressure to expand universal newborn screening
programmes to cover a broader range of inborn errors of metabolism.  Peroxisomes
catalyze the b-oxidation of fatty acids and related substrates. The specificity of
peroximal b-oxidation overlaps that of mitochondrial b-oxidation. Substrates that
are preferentially or exclusively oxidized in peroxisomes include very long chain
fatty acids (VLCFA), polyunsatured fatty acids, dicarboxylic fatty acid,



prostaglandins and the side chain of cholesterol. Peroxisomal disorders are a
heterogeneous collection of inherited disorders characterized by impaired, reduced
or total absence of peroxisomes in cells’. Patients with these disorders can be
detected by an accumulation of VLCFA such as eicosanoic (C20:0), docosanoic
(C22:0), tetracosanoic (C24:0) and hexacosanoic (C26:0) acids in their red blood
cells, plasma or cultured skin fibroblasts. Zellweger syndrome’ is the most severe
of this group of disorders. It isapparent at birth and results in death within the first
year. Neonatal adrenoleukodystrophy (ALD)® and infantile Refsum disease’ and
hyperpipecolic acidemia® are less severe, and some patients are in stable condition in
the third or forth decade, albeit with deficits in vision, hearing, and cognitive
function. They demonstrate similar, athough generally milder, symptoms and
biochemical abnormalities. Death often occurs in childhood. Other inborn errors
appear to be caused by single peroximal enzyme defects. Some them mimic the
disorders of peroxisome biogenesis to a considerable extent but the underlying cause
is entirely different. Rhizomelic chondrodysplasia punctata appears to be an
intermediate case with deficiency of a subset of peroximal enzymes.

Currently, neonatal screening procedures for the peroximal disorders are based
on its determination of VLCFA by gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS). Quantification of VLCFA by GC®’
or GCIMS®® takes 1-2 days. Elevated ratios of C26:0/C22:0 and C24:0/C22:0
indicate a peroximal disorder. The GC/MS method has been applied to the anaysis
of large blood spots containing 50-100 m of blood'®*.  An elevated C26:0/C22:0
ratio has been observed in blood spots obtained from Guthrie cards collected at birth
from Zellweger syndrome patients™ and in cord blood of X-linked ALD***3,  This
givesjusttification to developing arapid, reliable method for screening for peroximal
disorders on a sample size as small as that contained in a 3-mm neonatal blood spot.
Anayses of VLCFA by GC and GC/MS methods, while highly sensitive and
specific, is till slow and difficult to automate.

Recently, electrospray ionization (ESI) has rapidly emerged as a very
promising technique for the analysis of compounds with medium or high polarity.
Similar to atmospheric pressure chemical ionization (APCI), ESI produces ions at
atmospheric pressure, but without the need of high temperature that could

decompose labile compounds. Because of its low detection limit, high specificity,



soft ionization and more importantly, abundant structural information, electrospray
mass spectrometry (ESI-MS) and its related techniques have been considered one of
theideal devicesfor drug and screening analysis.

Today, tandem mass spectrometry (MS/IMS) has already emerged as a powerful
analytical tool in clinica biochemical genetics®®. MS/MS was developed as a
technique for expanding the scope and efficiency of newborn screening for inherited
metabolic  disorders™®*®. Liquid  chromatography  coupled  with
electrospray/multidimensional mass spectrometry (LC-ESI/MSn)**# represents a
powerful aternative combining rapidly, easy process, high throughput, accuracy,
specificity and sensitivity. One advantage of using MS instead of UV as the
detector is that baseline separation may not be needed for a clear identification, and
the relative concentration of each compound can be calculated based on their peak
areas. A few publications have proposed the detection of very long chain fatty
acids using liquid chromatography/tandem mass spectrometry (LC/MS/MS)?>2,
An faster LC/MS/MS can be used to replace the slow GC and GC/MS assays. The
strategy developed was to liberate all of the VLCFA from the dried blood sample
and to derivatize them if possiblee. An LC/MS/MS assay was suitable for
measuring VLCFA in a 3-mm blood spot (~3.6 ml blood). The amino acid,
acylcarnitine and 17-hydroxyprogesterone profiling of dry blood specimens using
LC/MS/MS has been recognized as a useful tool for screening inherited metabolic
defects of newborns in our laboratory**®. A LC/MS/MS coupled with the
microtiter plate technology to perform lower-sample volume screening for peroximal
disorders in the newborn filter-paper blood specimens was designed in this study.
We have sought the first development of an alternative method for the determination
of VLCFA in newborn that takes advantage of the analytical versatility, specificity,
and high throughput unique to the combination of HPLC and MS/MS.
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4. B33
Chemicals

Glacia acetic acid, very long chain fatty acids (VLCFA) and related compounds
were purchased from Sigma (St. Louis, MO, U.SA.). HPLC grade methanol and
acetonitrile were obtained from LAB-SCAN Analytical Science (Labscan Ltd. Dublin,
Ireland). Deionized (18MW) water (Milli-Q water system, Millipore Inc., Bedford,
MA, U.S.A.) was used in the preparation of the samples and buffer solution. Prior to
use, the mobile phase was filtered through a 0.45 mm membrane filter (Gelman
Sciences, Michigan, U.S.A.). Blank human whole blood samples were obtained
from ChinaMedica College Hospital, Taichung, Taiwan.

Standard solutions

Standard stock solutions were prepared at the concentration of 0.1 mg/ml in
ethanol and kept in the dark at -20°C  when not in use. For the calibration, standard
samples containing VLCFA were prepared at 500, 300, 250, 200, 150, 100, 50 and 30
ng/ml. 30 m of ablank sample (mobile phase), and of each standard, were loaded on
to newborn screening cards.  All newborn screening cards for calibration were dried
at room temperature for at least three hours, and then stored in polypropylene bags at
room temperature until analyzed.

Collection of filter-paper blood specimens

Standardized filter-paper forms (Standardized Schleicher & Schull filter-paper
S& S 903; Dassel, Germany), impregnated with whole capillary blood from peroximal
disorder patients or 2-5-day-old infants, were collected from the Department of
Genetics, China Medical College Hospital, Taichung, Taiwan. We collected blood
gpot samples from these patients in order to establish corresponding abnormal
VLCFA profiles. All filter papers containing blood samples were dried at room
temperature for at least three hours, and then stored in polypropylene bags at room

temperature until analyzed.



Sample extraction

One 1/8-inch circles from each blood spot (equivalent to 3.6 m of whole blood)
were excised from a 0.5-inch (12.7mm)-diameter dried blood spot and placed into a
flat bottom 96 well block (individual 250m wells, Corning Incorporated, USA) using
an automated Wallac DELFIA DBS puncher (Turku, Finland). A stock solution
containing a known concentration of internal standard (100 nmol/L, margaric acid) in
ethanol was prepared and added to each well (3.6 ml). Internal standard margaric
acid was only used in this extraction step.  Acetonitrile (180 mt) and 5N hydrochloric
acid (20 m) were added to each well. The wells were sealed, shaked and heated at
85 C for 50 minutes. Subsequently, using a multi-channel pipette, the extracts
were transferred into a clean V-bottomed 96 well microplate (individual 220m wells,
Corning Incorporated, USA). Each 96-well microplate was placed in an evaporator
(SPEDry-96, JONES CHROMATOGRAPHY Ltd, UK. and the solutions
evaporated to dryness under a gentle stream of dry nitrogen.

Derivatization of VL CFA
Oxalyl chloride (50 m) was added to the residue, then it was sealed and heated

at 50°C for 5 min. The volatile material was evaporated to dryness under a gentle

stream of dry nitrogen and severa derivatizing agents (dimethylaminoethanol,
2-amino-2-methyl-1-propanol and choline, 50 M) were added for testing. After 5
min a 20°C, the volatile materia was evaporated under a gentle stream of dry
nitrogen. The derivatized VLCFA were reconstituted in 50m of acetonitrile/ water/
acetic acid (70:30:0.2) solution. The plate was covered with aluminum foil and
placed on an autosampler tray for HPLC/ESI-MS/M S or other analysis.
HPLC system

The HPLC separation was performed on a Surveyor LC system
(Thermo-Finnigan, San Jose, CA). HPLC analysis was performed on a 5 mm C-18
microbore column (50<2.0 mm 1.D.), operated at ambient temperature. A guard
column (C-8 cartridge) was used to prolong the life of the HPLC column. The
mobile phase was acetonitrile/ water/ acetic acid=70:30:0.2 (v/v) and the flow rate
was 200 m/min. At the end of each series, the column was thoroughly rinsed with a
mixture of acetonitrile-deionized water (30:70, v/v) at a flow rate of 200 mi/min for 2

hours, and stored. The autosampler was fitted with a 10 m loop and equipped with a



96 well sample plate stack. The HPLC and autosampler systems were all
synchronized viathe PC P4 workstation (Xcalibrate 1.3 software).
Electrospray and Mass Spectrometry (ESI-MS)

A Finnigan LCQ Deca XP quadrupole ion trap mass spectrometer (Finnigan

Corp., San Jose, CA, U.S.A.), equipped with a pneumatically assisted electrospray
ionization source, was used. The mass spectrometer was operated in the positive ion
mode by applying a voltage of 4.5 kV to the ESI needle. The temperature of the
heated capillary in the ESI source was set at 280 “C. To avoid space charge effects,

the number of ions stored in the trap was regulated by the automatic gain control,
whichwasset at 1 )X 10%ionsfor full scan mode, 5 > 10’ for MS/MS mode, and 2
10’ for ZoomScan mode. The flow rate of the sheath gas of nitrogen was set at
45 (arbitrary units). Helium was used as the damping gas at a pressure of 107 torr.
Voltages across the capillary and the octapole lenses were tuned by an automated
procedure to maximize signal for theion of interest.

In MS/IMS analysis, typical values for the relative collision energy (peak-to-peak
amplitude of the resonance excitation) ranged from 0.4 to 0.8 eV. Mass spectra
collected in full-mass scan mode were obtained by scanning over the range m/z 95 to
500. The maximum ion collection time was 0.3 s for each step and 3 scans were
added for each spectrum.

Matrix _assisted laser desorption _ionization-quadrupole-time of flight
(MALDI-Q-TOF) mass spectrometry

MALDI-Q-TOF was performed with a hybrid quadrupole-time of flight (Q-TOF)
mass spectrometer (Qstar XL hybrid Quadrupole TOF system, Applied
Biosystems-MDS Sciex).
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