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Abstract

Guanidinoacetate methyltransferase (GAMT) deficiency is an autosomal recessive genetic
disorder which results in global developmental delay and intellectual disability. There is evidence
that early treatment prevents intellectual disability and seizures. GAMT deficiency is now being
discussed as a potential addition to the U.S. Recommended Uniform Screening Panel (RUSP); the
availability of suitable screening methods must be considered. A neonatal screening derivatized
method to quantify creatine (CRE) and guanidinoacetic acid (GAA) in dried blood spots by
tandem mass spectrometry (MS/MS) has been described. Its key feature is the ability to detect
CRE and GAA in the same extract generated from neonatal DBS during amino acids (AA) and
acylcarnitines (AC) analysis. More laboratories are adopting non-derivatized MS/MS screening
methods. We describe an improved, non-derivatized DBS extraction and MS/MS analytical
method (AAAC-GAMT) which incorporates quantitation of CRE and GAA into routine analysis
of amino acids, acylcarnitines, and succinylacetone. The non-derivatized AAAC-GAMT method
performs comparably to the stand-alone GAMT and non-derivatized AAAC screening methods,
evidencing its potential suitability for high-throughput GAMT neonatal screening.
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1. Introduction

Guanidinoacetate methyltransferase (GAMT) deficiency (OMIM 612736) is an autosomal
recessive genetic disorder which results in global developmental delay and intellectual
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disability. [1,2]. It is due to a disorder of creatine synthesis caused by a deficiency of hepatic
guanidinoacetate methyltransferase, resulting in a lack of creatine (CRE) and an
accumulation of guanidinoacetic acid (GAA), the biochemical precursor of creatine [3,4].
Treatment of GAMT deficiency involves supplementing creatine intake and reducing
guanidinoacetate concentrations [3]. Literature reports evidence that early treatment prevents
intellectual disability and seizures [5]. GAMT deficiency is now being discussed as a
potential addition to the U.S. Recommended Uniform Screening Panel (RUSP), and specific
guidance has been offered to further study GAMT’s inclusion into the RUSP [6].

Several methods to quantify CRE and GAA in dried blood spots (DBS) have been published
[1,5]. One key feature is the ability to detect CRE and GAA in the same extract from
neonatal DBS using the classical (ie, derivatzied) method using flow injection-tandem mass
spectrometry (FIA-MS/MS). We describe an improved, non-derivatized DBS extraction and
FIA-MS/MS analytical method which incorporates quantitation of CRE and GAA into
routine analysis of amino acids (AA), acylcarnitines (AC), and succinylacetone (SUAC). We
used the method to quantitate these biomarkers in quality control (QC) DBS specimens
produced at the Centers for Disease Control and Prevention’s (CDC) Newborn Screening
Quality Assurance Program and characterized for AA, AC, SUAC, CRE and GAA by
previously described methods [7]. Furthermore, we describe the method’s precision,
linearity, and limit of detection.

2. Materials and Methods

2.1 Reagents

Stable-isotope labeled CRE, GAA, AA, AC, and SUAC were from Cambridge Isotope
Laboratories (Tewksbury, MA, USA). HPLC-MS grade water, methanol, acetonitrile and
formic acid were from Fisher Scientific (Pittsburg, PA, USA). Hydrazine hydrate was from
Sigma-Aldrich (St. Louis, MO, USA). 3N Hydrochloric acid (HCI) in n-butanol was
obtained from Regis Technologies (Morton Grove, IL, USA). All reagents were used as
received.

2.2 Dried Blood Spots

QC DBS materials were enriched with AA, AC, and SUAC (lots 1532 (low) and 1534
(high)), and CRE and GAA (lots 20151 (unenriched), 20152 (low) and 20154 (high)). Both
QC DBS sets were assayed by the derivatized and non-derivatized methods. Assay linearity
was examined using a separate 9-level, CRE/GAA-enriched set of QC materials prepared in-
house. All punches were 3 mm (1/8”) diameter. The blood used to prepare the QC materials
was hematocrit-adjusted to 50 + 1% and lysed by freezing. Lysed blood DBS were 100 pL
each. All DBS were prepared on Whatman 903 paper, dried overnight, and stored at —20°C
with low (<30%) humidity as previously described [8].

2.3 Sample Preparation

2.3.1 Non-derivatized AAAC method—DBS sample punches were placed into 96-well
polypropylene microtiter plates and extracted with 100 pl of a working internal standard
solution (WISS) comprised of 80:20 acetonitrile:water containing 0.1% formic acid, 15
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mmol/L hydrazine hydrate (0.1% by volume), and stable isotope-labeled standards for AA,
AC, and SUAC. The DBS punches were then incubated for 45 minutes at 45 °C, and the
eluates transferred to another 96-well microtiter plate. The eluates were dried down under
nitrogen, and reconstituted in 50 pl of methanol, followed by another dry-down step to
remove excess hydrazine. The extracts were reconstituted with 100 pl of mobile phase
(acetonitrile:water:formic acid; 50:50:0.02% by volume), then shaken for 3 minutes and
placed in the LC-MS/MS system for analysis.

2.3.2 Derivatized GAMT method—DBS sample punches were prepared as previoulsy
described [1] using 3N HCI as the derivatizing agent.

2.3.3 Non-derivatized AAAC-GAMT method—The non-derivatized AAAC-GAMT
method followed the same sample preparation as the non-derivatized AAAC method
(Section 2.3.1), with the following modification: the WISS also included 100 uM and 1 uM
isotopically-labeled CRE and GAA respectively.

2.4 Instrumentation and Data Analysis

3. Results

All samples were analyzed via FIA on a Waters Xevo TQD MS/MS system (Milford, MA)
with electrospray ionization, coupled to a Waters Acquity UPLC system. All data were
analyzed using Analyse-it® Excel add-in.

3.1. Amino Acids and Acylcarnitines Analysis Comparison

Group means (UM blood) for all AA and AC analyzed by AAAC non-derivatized (control)
method and the new AAAC-GAMT non-derivatized were comparable (N=12 over five
days). Means for selected analytes (control-AAAC-GAMT) in the low QC specimens were:
phenylalanine (Phe) — 163.0-164.4; succinylacetone (SUAC) — 1.5 — 1.3; methionine (Met)
—81.1-79.1; propionylcarnitine (C3) — 5.13 — 5.12; isovalerylcarnitine (C5) — 0.51 — 0.53;
octadecanoylcarnitine (C18) — 1.53 — 1.57. No statistically significant differences were
observed for all analytes during this investigation (N=34). Group means (Figure 1) for
selected analytes are presented below.

3.2. Creatine and Guanidinoacetic Acid Analysis Comparison

Group means for CRE and GAA analyzed by GAMT derivatized (control) method and the
new AAAC-GAMT non-derivatized were comparable (N=10 over five days). No statistically
significant differences were observed during this investigation. Analyte group means are
summarized in Table 1.

3.3 Non-derivatized AAAC-GAMT Analytical Method Validation

3.3.1 Precision—Intraday and interday variability for CRE and GAA using the new
AAAC-GAMT non-derivatized were determined through the analysis of GAMT QC
materials (Table 2). Intraday and interday variability was in agreement with the control
GAMT derivatized method.
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3.3.2 Linearity, Limit of Blank, Limit of Detection—The acceptable repeatability and
nonlinearity should be no greater than 15%, with an acceptable increase to 20% as the
measurements approach the limit of detection. Both analytes were linear in the measuring
range of 226.97 — 1226.97 uM blood (CRE) and 2.41 — 7.41 uM blood (GAA).

The limit of blank (LoB) and the limit of detection (LoD) were calculated by examining 120
blank filter paper samples and 120 low-enrichment QC specimens over a five-day period
using two WISS lots (Table 3).

4. Discussion

The non-derivatized AAAC-GAMT method performs comparably to the stand-alone GAMT
[1] and non-derivatized AAAC screening methods [9], evidencing its potential suitability for
high-throughput GAMT neonatal screening. Small differences (<15%) in group means were
observed for both AAAC and GAMT analytes between the assays. Our results indicated that
the recoveries of all the assayed biomarkers were comparable to the results obtained from
the two stand-alone methods. Moreover, the analytical performance of the new non-
derivatized AAAC-GAMT method is shown to be in agreement with the previously-
published derivatized method [1]. As interest in GAMT screening increases, it is expected
that many programs will implement GAMT assays into their laboartory practice. The
addition of CRE and GAA internal standards to existing AAAC non-derivatized methods
provides a simple approach to implementing GAMT screening by laboratories currently
performing routine AAAC assays.
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Figure 1.

Comparison of selected AA and AC concentrations of QC DBS materials analyzed using a
routine non-derivatized method (Control) and a non-derivatized method with CRE and GAA
(GSABG): (a) Low AAAC QC — AA; (b) High AAAC QC — AA,; (c) Low AAAC QC - AC;
(d) High AAAC QC — AC. The boxes correspond to 10t to 90t percentile, the whiskers 15t
to 99t percentile and the horizontal line is the median value for the analyte.

Int J Neonatal Screen. Author manuscript; available in PMC 2017 September 01.



Page 7

Asef et al.

95°2T 86°L Sze 88'TT €e’l 70 (Vv9) p1ov onsoeoulpiuens
2€'589 07Ty 86'L.2 1¥'619 V' 76e 88'792 (340) suneasd
20 YbIH 20 P 20 Mo 20 YbIH 20 PN 20 Mo
a1Aeuy

poye N (MON) pozZIFenl op-UON LINYD-OVVY POyl I (j043U0D) pazifeAtssd LINYO

‘poolq AN :suun 'sjood 9O 1INV ybiy pue paw ‘moj Buisn suosiredwod sueaw dnouab pioe anaaeoulpiuend pue auneald

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Neonatal Screen. Author manuscript; available in PMC 2017 September 01.



Page 8

Asef et al.

v'0T 180 €6 8.0 8e'8 2z'0T - UBIH 00
(Vv'9) pIoy dnadeoulpiuens
06 9g0 g€l 50 S6°€ 22'5-M07 20
ran 80°€S 0's 10'€C 09°€9Y G£'667 - UBIH 00
(39D) sunea1n
S0T vrve 0'g €911 85282 G672 - M0 20

() AD  ™aps (% AD ™A ps
Aujiqerrep Aepeu|  Aujigersen Aepenu|

UOITe JJUSOUOD UBS |\ UOITR1IUS0U0)) pajoadxg 21k[euy

"poojq M :snun “(0y=N) Aesse paziieAlsp-uou 1 NVO-OVVY Aq sfeuisiew 2O LNV 1o Alljigeriea Aepiajul pue Aepenu
¢ 9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Neonatal Screen. Author manuscript; available in PMC 2017 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Asef et al. Page 9

Table 3

AAAC-GAMT non-derivatized assay limit of blank (LoB) and limit of detection (LoD) (N=120). Units: uM
blood.

Analyte AAAC-GAMT LoB  AAAC-GAMT LoD
Creatine (CRE) 0.21 31.38
Guanidinoacetic Acid (GAA) 221 2.95
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