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Conventions

The MassLynx Users Guide follows these typographic conventions

This Represents
bold Anything to be typed exactly as it appears
italic Place holders for information that must be provided. For

example if asked to type filename, type the actual name for a
file instead of the word shown in italic type.

ALL Directory names, filenames and acronyms.
CAPITALS
Keyboard Formats

Key combinations and key sequences appear in the following formats.

KEY1+KEY2 A plus sign (+) between key names means to press and hold
down the first key while pressing the second key. For
example, "press ALT+ESC" means to press and hold down the
ALT key and press the ESC key. Then release both keys.

KEY1,KEY2 A comma sign (,) between key names means to press and
release the keys one after the other. For example, "press
ALT,F" means to press and release the ALT key and then press
the F key.
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Chapter 1 Introduction

Overview

The objective of this document is to explain the processes required to return a quantitative analysis
of metabolites extracted from blood spots. The chemical and instrumental background on the
analyses is covered in some depth, with the aim of allowing the users to develop their own
analytical strategies. The principles and operation of the NeoLynx suite of processing software are
discussed, and a comparison of the quantification results with classical integration methods is
presented. The ultimate goal of this type of analysis is to provide a result giving the endogenous
concentration of the targeted metabolites.

There are seven basic stages involved in automated analysis, which are:
l. Creation of a Project.
2. Definition of Tune page, Inlet and Scanning Method files.

3. Definition of NeoLynx Test Files.

4, Creation of a list of samples using the Sample List Editor.

5. Preparation of Samples.

6.  Acquisition of sample data.

7. Processing of acquired data and production of reports using the NeoLynx Browser.

A data compendium of samples from a number of patients with inherited metabolic diseases is
included Appendix A. The samples were provided by Dr Mohamed Rashed of the King Faisal
Specialist Hospital and Research Center.

Introduction

In the study of metabolic diseases in newborn babies, blood spot samples are taken on filter papers
soon after birth. The adsorption of blood onto filter papers has been well characterized, and it is
possible to utilize a reasonably well defined amount of blood by punching a disc out of the dried
filter paper.

In the analyses described in this document, the metabolites are typically extracted from the dried

blood sample on the filter paper disc, chemically derivatized where necessary and subjected to

analysis by electrospray tandem mass spectrometry.

The function of a tandem mass spectrometer is to:

1. Produce ions from the compounds in the sample under analysis.

2. Select PRECURSOR ions according to their mass in the first analyzer of the instrument.

3. Fragment the mass selected PRECURSOR ions, by colliding them with argon gas in the
collision cell, to give PRODUCT ions - a process called COLLISION-INDUCED
DISSOCIATION (CID).

4. Analyze the PRODUCT ions according to their mass in the second analyzer of the tandem
instrument.

The overall process is often called MS/MS (mass spectrometry - mass spectrometry or tandem
mass spectrometry) and is a highly specific way for detecting specific substances in complex
mixtures
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When data from samples has been acquired NeoLynx processes the results to:-
e determine the metabolite concentrations of interest
e compare them to a standard set of rules

e produce reports detailing both normal and abnormal results.

Electrospray lonization

Electrospray ionization is a soft ionization technique that allows for the mass spectrometric
analysis of labile, polar compounds that were previously extremely difficult to analyze. A soft
ionization technique is one in which the majority of the ionic species observed are attributable to
molecular related species or facile fragmentation (e.g. dehydration) from the parent molecule. A
solution of the analyte of interest is nebulized from a fine nozzle through a high electric field,
forming the ions to be analyzed.

In a typical experiment the mobile phase pumped from an LC system, or an infusion pump, enters
through the probe and is pneumatically converted to an electrostatically charged aerosol spray. The
solvent is evaporated from the spray by means of a drying gas passed through the desolvation
heater. The resulting analyte and solvent ions are drawn through the sample cone aperture into the
ion block, from where they are extracted into the analyzer.

The electrospray ionization technique allows rapid, accurate and sensitive analysis of a wide range
of analytes from low molecular weight polar compounds (less than 200 Da) to biopolymers larger
than 100 kDa. Generally, compounds of less than 1000 Da produce singly charged protonated
molecules ((M+H]") in positive ion mode. Likewise, these low molecular weight analytes yield
deprotonated molecules ([M-H]) ions in negative ion mode, although this is dependent upon
compound structure.

Probe
—3J» Exhaust

Sample — Cleanable
—> : Baffle /E’ﬁ'i’naé’ft

[_;J Purge Gas
A —ﬂ*ﬁMega ow only)

ngple’ o
one
P RF
Isolation Lens
. . Valve )
Nebuliser Desolvation "
A
Extraction™ 0 Analyser
Cone
Source
Enclosure

vin | | n

Rotary Turbomolecular
Pump Pumps

Figure 1.1 The Z-spray ionization source

High mass biopolymers, for example peptides, proteins and oligonucleotides, produce a series of
multiply charged ions. The acquired data can be transformed by the software to give a molecular
weight profile of the biopolymer.

The Z-spray source can be tuned to fragment ions within the 'ion block’, although the 'cone
voltage' is usually tuned for optimum sensitivity. The optimum cone voltage setting is normally
compound-class dependent. Cone voltage fragmentation can provide valuable structural
information of low molecular weight analytes, although it is considerable less specific than the
experiments detailed below.
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Electrospray is a concentration dependant technique, and it is this characteristic that is taken
advantage of for the quantification process. Analytes and the isotopically labeled analogs both
have a similar sensitivity under ionization, and the relative peak intensities detected will be
proportional to their concentration in the solution under analysis.

Analytical Procedures

The following analyses have been developed and reported in the literature, and are in use in one
form or another in a number of laboratories around the world. They are explained in more detail in
the references cited at the end of this document.

Analysis Of Acylcarnitines

L-carnitine (3-hydroxy-4-aminobutyrobetaine) plays a vital role in the mitochondrial 3-oxidation
of fatty acids by acting as a transporter of acyl groups across mitochondrial membranes. Free fatty
acids are activated by the cytosol to the coenzyme A thioesters (acyl CoA) and conjugated with
carnitine by long-chain carnitine acyltransferase. This is also known as carnitine palmitoyl
transferase and is located on the inner and outer mitochondrial membranes. When the carnitines
cross the membrane, the carnitine is regenerated with an equivalent release of the acyl-CoA.
Successive cycles of B-oxidation are carried out by a closely coupled system of enzyme
complexes, of which the acyl-CoA dehydrogenases are essential components. Three specific
systems exist with overlapping chain-length specificity, very long-chain (VLCAD), medium-chain
(MCAD) and short-chain (SCAD), whose preferred substrates are palmitoyl (C;4) CoA, octanoyl
(Cg) CoA and butyryl (C4) CoA, respectively. One of the major products of the B-oxidation, acetyl
(C,) CoA, is transported out of the mitochondrion as a carnitine conjugate.

Defects have been identified and characterized in many of these enzymes and, in disorder of fatty
acid and branched chain amino acid catabolism affecting the mitochondrial enzymes, the potential
exists for the accumulation of abnormal acyl-CoA intermediates. These compounds may exhibit
toxicity by inhibiting other essential enzymes and may also sequester the limited pool of coenzyme
A in the mitochondrion. Carnitine plays an important role in the transport of these intermediates
out of the mitochondrion using the carnitine acyltransferases. The ratio of bound carnitine
(acylcarnitine) to free carnitine in plasma reflects the acyl CoA to free CoA thioester ratio, and the
ratio is usually elevated in-patients with fatty acid oxidation disorders. The secondary role of
carnitine is therefore one of detoxification when there is an abnormal accumulation of abnormal
acyl CoA.

The generation of a profile of the acylcarnitines present in the blood should yield a significant
amount of information, relating to the fatty acid catabolism of the patient.

Acylcarnitines can be analyzed in the native state but exist in solution as zwitter ions. If a positive
ion analysis is to be performed considerable increases in sensitivity are achieved by blocking the
carboxylate group through esterification. If free acyl-carnitines are to be analyzed, the addition of
a small amount of acid will serve to promote the fraction of the positive ions in solution. The
discussions in this document relate primarily to the analysis of butyl esters.

The acylcarnitines may be studied by an analysis where all the molecular species that decompose
to yield a common fragment ion are determined. In mass spectrometric terms, this is called a
PRECURSOR or PARENT ion scan. In the analysis of acylcarnitines, a common fragment of
mass 85 Da can be used to provide information on all the butylated acylcarnitines present in the
sample. The derivatization and fragmentation is shown in Figure 1.2.

1-5
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RCO-0 s|
(CHz):N CH, CH CH COOH
Butylation
+ lonisation
RCO-0 H
(CH3)3N+ CH, CH CH COOC,HH
CID -C,H,
-RCOOH
-N{(CHa)s
CH, CH CH COOH
(/2 83)
Figure 1.2 Butylation and fragmentation of acylcarnitines to yield a common fragment at
m/z 85

The acylcarnitine profile is derived by scanning the first mass analyzer (MS1), and only allowing
fragment ions of m/z 85 to pass through the second mass analyzer (MS2) to be detected. The
PARENT or PRECURSOR ion scan is depicted in Figure 1.3.

MS1 (Scanning) Collision cell MS2 (Static)

Figure 1.3 A schematic representation of the parent or precursor ion scan in which the first
mass analyzer (MS1) is scanned and the second mass analyzer (MS2) is set to pass only one
specific fragment

A typical acylcarnitine profile from a healthy patient is shown in Figure 1.4. The spectrum shows
the presence of free carnitine (m/z 218), acetyl carnitine (m/z 260), propionyl carnitine (m/z 274)
and palmitoyl carnitine (m/z 456). Four internal standards are used for quantification purposes (tri-
deuterated free carnitine, propionyl carnitine, octanoyl carnitine and palmitoyl carnitine).

normal01 1 (2.902) 1: Parents of 85ES+
100+ 2.08e6
2212
O/O,
260.2
460.6
277.3 456.5
347.4 N 4845
J 289.3 302.4 380.3
I J\h A "

0+ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ == m/z
225 250 275 300 325 350 375 400 425 450 475 500
Figure 1.4 Acylcarnitine profile from a healthy patient

Table 1.1 shows a list of the masses that may be observed for a number of acylcarnitine butyl
esters.
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Notation | Common Name Mass of butyl ester /Da
Free Free carnitine 218.18
ds;-Free ds-free carnitine (internal standard) 221.20
C, Acetyl 260.19
d;-C, ds-acetyl (internal standard) 263.21
Cs Propionyl 274.20
ds;-C; d;-propionyl (internal standard) 277.22
Cy Butyryl 288.22
d;-C4 d;-butyryl (internal standard) 291.24
Cs. Tiglyl 300.22
Cs Isovaleryl 302.23
Cs Hexanoyl 316.25
Cs-OH 3-hydroxy-isovaleryl 318.23
Cg.1 Octenoyl 342.27
Cg Octanoyl 344.28
d;-Cy ds;-octanoyl (internal standard) 347.30
Cio2 Decadienoyl 368.28
Cio1 Decenoyl 370.30
Cio Decanoyl 372.31
C4-DC Methylmalonoyl 374.29
Cs-DC Glutaryl 388.31
Ciaa Dodecenoyl 398.33
Ciy Dodecanoyl 400.34
Cs-DC Adipyl 402.33
Ci42 42434
Cis 426.36
Ciy Myristoyl 428.37
Cs-DC Subaryl 430.41
Cy4-OH 3-hydroxy-myristoyl 444.37
Cis1 Palmitoleyl 454.39
Cis Palmitoyl 456.40
Cy-DC Sebacyl 458.45
d;-Cys ds;-palmitoyl (internal standard) 459.42
Ci61-OH | 3-hydroxy palmitoleyl 470.40
Ci6-OH 3-hydroxy palmitoyl 472.40
Cisa Linoleyl 480.40
Cig Oleyl 482.42
Cis Stearoyl 484.44
Cig2-OH | 3-hydroxy linoleyl 496.40
Ci5.1-OH | 3-hydroxy oleyl 498.42

Table 1.1 Masses of butyl esters

Analysis Of Amino Acids

A number of inherited diseases result in the disruption of the metabolism and transformation of

amino acids. This results in an accumulation of certain amino acids, depending on the reduction in
enzyme efficiency that has occurred.
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In phenylketonuria, a deficiency in phenylalanine hydroxylase inhibits the conversion of
phenylalanine to tyrosine, with an accumulation of phenylalanine and a decrease in tyrosine.

An elevation of methionine in blood may be indicative of two inherited amino acid metabolic
disorders: isolated hypermethioninemia and homocystinuria due to cystathionine f-synthase
deficiency.

Maple syrup urine disease is an inherited disorder characterized by the accumulation of the
branched-chain amino acids and their corresponding o-keto acids in blood and urine. It arises from
defects in the oxidative decarboxylation by branched-chain o-keto-acid dehydrogenase (a
multienzyme complex).

Early detection and dietary treatment of these and other disorders can lead to a significantly
improved outcome for a patient.

A large number of amino acids (though not all) may be analyzed using tandem mass spectrometry.
The metabolites are extracted from the blood spots using methanol and derivatized using the same
procedure as for the acylcarnitines. The fragmentation of the esterified amino acids is somewhat
different to the acylcarnitine, and amino acids fall into two distinct classes for their detection by
tandem mass spectrometry, based on structural and chemical differences. In addition, both glycine
and arginine show significantly improved sensitivity if different scanning methods are used.

Neutral and Acidic Amino Acids
In the case of the derivatized amino acids it is possible for all the amino acids to lose a neutral
molecule of mass 102 Da. In mass spectrometric terms, detection of all molecular species that
undergo a CONSTANT NEUTRAL LOSS of 102 Da will provide information on the different

butylated amino acids present in the sample.

The fragmentation for this transition is shown in Figure 1.5.

E
HN CH COOH
Butylation
+ Tonisation
R
H;N* CH COOC,H,
- HCOOC,H,
(102 Da)
HN'——CH R

Figure 1.5 Butylation and fragmentation of amino acids to show the common loss of butyl
formate (102 Da)

The neutral and acidic amino acid profile is derived by scanning the first and second mass
analyzers together with the difference between the first mass analyzer (MS1) and the second mass
analyzer (MS2) set to the neutral loss mass, 102 Da. The only time an ion will be detected is when
the fragmentation of the species in the collision cell results in the appropriate loss from the
precursor ion. The CONSTANT NEUTRAL LOSS scan is depicted in Figure 1.6.
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MS1 (Scanning) Collision cell MS2 (Scanning)

Figure 1.6 A schematic representation of the constant neutral loss scan in which both mass
analysers (MS1 and MS2) are scanned at a pre-defined offset of 102 Da for the detection of
neutral amino acids

A neutral amino acid spectrum from a healthy patient is shown in Figure 1.7.

normal01 1 (2.902) 3: Neutral Loss 102ES+
100- 3.91e6
191.3
188.2
%1 150.2 227.3 2442
146.2
N 162.2 J74'3
182.3
260.3
0+ . ; . ; . ; ; T . ; ; i
140 160 180 200 220 240 260

Figure 1.7 Neutral amino acid profile from a healthy patient

The amino acids detected in this spectrum are detailed in Table 1.1. In addition to the endogenous
species detected, a number of deuterated internal standard analogues of the amino acids have also
been included for quantification purposes. The internal standards used in the experiment shown in
Figure 1.7 include: d4-alanine (m/z 150), dg-valine (m/z 182), ds-leucine (m/z 191), d;-methionine

(m/z 209), ds-phenylalanine (m/z 227) and dg-tyrosine (m/z 244).

Basic Amino Acids

In instances where the side chain of the amino acid contains a basic group, it is energetically more
favorable for the derivatized compounds to lose an ammonia molecule (an additional 17 Da) as
well as the butyl formate molecule. Again, the loss from the precursor molecule will be neutral
(losing two species instead of one), but in such cases all ions undergoing a CONSTANT
NEUTRAL LOSS of 119 Da will need to be reported.
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R
HN —— CH COOH
Butylation
+ Ionisation
R
HNt*— CH COOC,H,
CID -HCOOC H,
_]_\]:[—I3
(119 Da)
HN'—/—CH—— R

Figure 1.8 Butylation and fragmentation of amino acids to show the common loss of butyl
formate and ammonia (119 Da)

The basic amino acid profile is derived by scanning the first and second mass analyzers together
with the first mass analyzer (MS1) set to the neutral loss mass, 119 Da. The only time an ion will
be detected is when the fragmentation of the species in the collision cell results in the appropriate
loss from the precursor ion. The CONSTANT NEUTRAL LOSS scan is depicted in Figure 1.9.

MS1 (Scanning) Collision cell MS2 (Scanning)

Figure 1.9 A schematic representation of the constant neutral loss scan in which both mass
analysers (MS1 and MS2) are scanned at a pre-defined offset of 119 Da for the detection of
basic amino acids

A basic amino acid spectrum from a healthy patient is shown in Figure 1.10.

normal01 1 (2.902) 4: Neutral Loss 119ES+
100+ 7.86e5
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Figure 1.10 Basic amino acid profile from a healthy patient
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The amino acids detected in this spectrum are detailed in Table 1.2. In addition to the endogenous
species detected, a single deuterated internal standard, dg-ornithine (m/z 195) has been included for
quantification purposes.

Note: some amino acids appear in both the 102Da and 119Da Neutral loss spectra.
Glycine and Arginine

Two exceptions to the general classifications for amino acids described above relate to glycine and
arginine.

Although glycine can be detected by using a constant neutral loss of 102 Da, examination of the
fragmentation of the glycine butyl ester using a daughter ion scan shows that the most abundant
fragment results from the neutral loss of C4Hg (56 Da).

A DAUGHTER or PRODUCT ion scan may be generated by passing the analyte ion of interest
through the first mass analyzer (MS1), fragmenting the selected ion by collision with a target gas
in the collision cell, and scanning the second mass analyzer (MS2) in order to detect all the
fragments generated from the selected precursor. This is illustrated in Figure 1.11.

MS1 (Static) Collision cell MS2 (Scanning)

Figure 1.11 A schematic representation of the daughter or product ion scan in which the first
mass analyzer (MS1) is fixed to pass the ion of interest and the second mass analyzer (MS2)
is scanned to detect all the fragment ions generated in the collision cell.

The product ion spectrum from the glycine butyl ester is shown in Figure 1.12.

daughters of 132.2 15/15, 15/15, collision 15, cone 20
gly02 1 (0.839) Daughters of 132ES+
100+ 1.80e6

57.2

%-

304 41.3483

29.4AA 86.2

) | A

O e e e (TVZ

20 30 40 50 60 70 80 90 100 110 120 130 140

Figure 1.12 Product ion spectrum of the butyl ester of glycine. Cone voltage = 20V, Collision
energy = 15eV
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Amino Acid Sigma # Mass of ester +H Preferred loss
Alanine A7503 146.12 102.07
Arginine A4881 231.18 161.11
Asparagine A8256 189.12 119.09
Aspartic acid A9006 246.18 (2 Bu) 102.07
Citrulline C6131 232.17 119.09
Glutamic acid G1126 260.19 (2 Bu) 102.07
Glycine G7126 132.10 56.06
Histidine H7875 212.14 102.07
Isoleucine 15393 188.16 102.07
Leucine L7875 188.16 102.07
Lysine L6001 203.18 119.09
Methionine M9500 206.12 102.07
1-Me-Histidine M9005 226.16 102.07
3-Me-Histidine M3879 226.16 102.07
Norleucine N1398 188.16 102.07
Ornithine 02250 189.16 119.09
Phenylalanine P1876 222.15 102.07
Proline P0255 172.13 102.07
Serine S4375 162.11 102.07
Threonine T8375 176.13 102.07
Tryptophan T0129 261.16 102.07
Tyrosine T3379 238.14 102.07
Valine V0375 174.15 102.07

Table 1.2 List of common amino acids and preferred neutral loss.

The product ion spectrum of the glycine butyl ester shows the protonated molecule (M+H)" at m/z
132. As the fragment ion at m/z 76 (loss of 56 Da) is approximately five times more abundant than
the normal neutral loss of 102Da, it is more appropriate to analyse for glycine using a neutral loss

of 56Da.

A neutral loss of 56Da is also observed for the other butyl esters of the amino acids, but is not the
most intense transition in the product ion spectra.

Arginine is another anomally from the normal fragmentations described above. Although arginine
is observed in the basic amino acid profile (neutral loss of 119 Da), the most abundant transition is
the loss of 161Da from the m/z 231 precursor to give a dominant product ion at m/z 70.

A list of the common amino acids, their masses, and preferred neutral loss, is in Table 1.2.
Bile Acids

Bile acid concentrations are elevated in the blood of some neonates with cholestatic hepatobiliary
disorders, providing a means of screening for treatable conditions including biliary atresia. Bile
acids can be eluted from the Guthrie blood spots using methanol containing deuterated internal
standards, the glycine and taurine conjugates of ds-chenodeoxycholic acid and d,-cholic acid. The
samples are evaporated to dryness and reconstituted in propan-2-ol/water (60/40 v/v) and analyzed
directly by negative ion electrospray tandem mass spectrometry.
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Figure 1.13 Generic Structure of Bile Acids

Name R, R, R; Ry (M-H)
Lithocholic H H H OH 375.29
Chenodeoxycholic H OH H OH 391.28
Deoxycholic H H OH OH 391.28
Hyodeoxycholic OH H H OH 391.28
Cholic H OH | OH OH 407.28
Hyocholic OH | OH H OH 407.28
Glycolithocholic H H H NH-CH,-COOH | 431.31
Glycodeoxycholic H H OH | NH-CH,-COOH | 448.31
Glycocholic H OH | OH | NH-CH,-COOH | 464.30
Glycochenodeoxycholic H OH H NH-CH,-COOH | 448.31
Taurochenodeoxycholic H OH H NH-(CH,),-SO;H | 498.29
Taurodeoxycholic H H OH | NH-(CH,),-SO;H | 498.29
Taurolithocholic H H H NH-(CH,),-SO;H | 482.29
Taurocholic H OH | OH | NH-(CH,),-SOsH | 514.28

Table 1.3 Structure of generic bile acids

Bile acids form strong deprotonated molecules, giving rise to a related molecular species at the m/z
value shown in Table 1.3. Predominant losses from the deprotonated molecules are the
consecutive losses of water (H,0), depending on the number of substituent hydroxyl groups.
Neutral losses of 36 Da and 54 Da may be used for the determination of di- and tri- hydroxy bile
acids in, for example a LC-MS separation experiment.

The majority of work analyzing bile acids from neonatal blood spots has been performed using the
common fragmentation of the glycine and taurine conjugated bile acids. Taurine conjugated bile
acids show a common fragment (relating to the taurine sub-unit) of m/z 80, formed from the
deprotonated molecule. The glycine conjugated bile acids show a common fragment (relating to
the glycine sub-unit) of m/z 74, formed from the deprotonated molecule.

Owing to the small number of species to be analyzed (it is not possible to differentiate the different
bile acid isomers in a simple MS/MS experiment), it is usual to use multiple reaction monitoring to
monitor specific species (and the internal standards) for quantification purposes. The limit of
detection of the conjugated bile acids extracted from Smm blood spots is less than 0.5uM for each
isobaric species.

Inclusion of the bile acid screening into a common experiment with amino acids and acylcarnitines
has been undertaken on a limited basis. One problem that occurs during the derivatization
(butylation) process is the hydrolysis of the glycine groups from the conjugates. The taurine
conjugates are not affected.

Other Analyses
A considerable amount of research has been devoted to the analysis of hemoglobin by mass

spectrometry and tandem mass spectrometry. It is possible to use single stage mass spectrometry
to measure the level of total hemoglobin glycation by using a simple dilution of whole blood. The
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same sample may also be used in the preliminary stages of the detection and characterization of
hemoglobin variants. The experimental procedures involved in such characterizations fall outside
the scope of this document, but are available on request.

Modes Of Data Acquisition

If a number of different classes of metabolites are to be screened for, the mass spectral data may
be acquired in one of two ways:

1. A method where a mass spectrum is acquired in order to detect all the species that undergo
a specific decomposition (e.g. PARENTS of m/z 85 will yield a spectrum to show all masses
of all the butylated acylcarnitines present in the sample). This method will give rise to a
spectrum that may indicate a known disorder, or may give rise to a signal that has not
previously been observed. This method will be referred to as the full-scan MCA mode of
operation.

2. A method where only specific fragmentations are detected by the mass spectrometer using a
multiple reaction monitoring technique (MRM). In this mode of operation only specific
user-defined metabolites will be detected and all other metabolites will be ignored. This
method will be referred to as the MRM mode of operation.

The choice of scanning method depends on a number of factors, including legislative and ethical
considerations. It might be considered that the MRM mode of operation would be preferred for a
neonatal screening application as it is usual to just test for a specific disorder. MRM data files are
considerably smaller than MCA data files acquired for similar compound classes. However, in
cases where samples from acute patients are to be studied it will be necessary to examine the
spectra for all possible disorders, and the full-scan MCA method will be required. These different
modes of scanning the mass spectrometer to derive information are termed FUNCTIONS.

Despite the complex physiology involved, the levels of the acylcarnitine and amino acid
metabolites present in blood are reasonably constant from person to person. If a metabolic disorder
is apparent then the levels of the appropriate metabolite are altered severely, usually increased, by
a measurable difference from what is considered to be 'normal'.

In order to develop a consistency in the measurements, known amounts of isotopically labeled
acylcarnitines and amino acids are added to the blood sample while it is being extracted from the
filter paper. The internal standards, which are identical in every way to the endogenous
metabolites apart from the isotopic labeling, behave chemically in exactly the same way as the
metabolites they are mimicking. This means that they will also be detected by the different scan
functions of the mass spectrometer. The relative levels of the endogenous metabolites to the
internal standards can easily be determined by measuring the relative intensities of the peaks in the
acquired mass spectra. It is not economically viable to provide an internal standard for every
analyte that may appear in a physiological sample, so only a limited number of internal standards
are used. The range of internal standard materials available is discussed in more detail in the next
section.
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Sample Preparation

Blood samples are typically collected on Guthrie filter cards (Schleicher and Schuell 903 filter
paper), dried and submitted to central laboratories for analysis. These cards have been in use since
the mid 1960s and remain in routine use around the world. Blood spots are punched from these
filter cards and used in a variety of ways. A number of different sizes of blood spots are typically
used, corresponding to different amounts of whole blood equivalent, and these are summarized in
the table below.

Spot diameter /mm Area / mm’ Whole blood content / pL
3 7.1 3.1
4.7 17.3 7.6
6 28.3 124
2x4.7 347 15.2

Table 2.1 Blood spot diameter showing whole blood equivalent

Preparation of samples for introduction into the mass spectrometer is perhaps the most time-
consuming part of the whole analysis. The sample preparation procedure described here is that
derived by the group at Duke University Medical Centre (D S Millington, D L Norwood, N Kodo,
C R Roe and F Inoue, Anal. Biochem., 180 (1989) 331-339 and D H Chace, D S Millington, N
Terada, S G Kahler, C R Roe and L F Hoffman, Clin. Chem., 39 (1993) 66-71) and is based on the
analysis of blood extracted from Guthrie cards

Reagents

The reagents used for the derivatization are;

Reagent Grade Use

Methanol HPLC grade  for extraction

Butanolic HCI see below for derivatization

Acetonitrile HPLC grade for reconstituting the derivatized samples
Water HPLC grade for reconstituting the derivatized samples

Butanolic Hydrochloric acid

The derivatizing reagent is probably the most critical of the reagents used. The derivatization
requires the presence of acid in order to catalyze the reaction. The concentration of the
hydrochloric acid is normally stated as 3M. However, the reagent is required to be anhydrous, as
the presence of water during the derivatization stage will result in hydrolysis of the acylcarnitines,
and to some extent, the amino acids, thus reducing the sensitivity of the overall analysis. Butanolic
HCl is commercially available in some countries, but there are limitations on shipping, making
access to such sources troublesome.

Butanolic HCI may be prepared in one of the following ways:

e Adding acetyl chloride to dry n-butanol in the ratio 1:9. This is an exothermic process, and
due care must be exercised during the mixing. It is usual to prepare the reagent with the
mixing vessel in an ice bath.

e Passing hydrochloric acid gas through dry n-butanol. The gas may be sourced from, either a
cylinder or from the reaction of sodium chloride with sulfuric acid. Passing the gas for 45
minutes should result in an appropriate acid concentration in the solution. The concentration
of the acid may be verified by back titration.
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Extraction and Derivatization Procedure

Extraction and derivatization of the metabolites should be performed in appropriate vessels. Glass
vials have been used successfully, but the requirement for analyzing large numbers of samples
makes the use of single vials for each sample somewhat unwieldy. Preference is currently being
given to the use of 96-well microtitre plates. The plate material and well-depth should be chosen
with care as some materials have been shown to degrade with the reagents used. Polypropylene
plates have been shown to be particularly resistant to degradation. The profile of the wells is not
critical, but round-bottomed vials will result in a concentration of the analytes of interest in the
bottom of the wells during the drying procedures.

The blood spot samples are punched into the chosen vessels and a volume of methanol is added to
effect the selective extraction of the metabolites from the filter paper. In this process the blood
proteins remain attached to the filter paper. The samples are then gently agitated for approximately
30 minutes, although there have been reports of efficient extraction by simply allowing the
samples to stand.

The methanol also contains the isotopically labeled internal standards that will subsequently be
used for quantification purposes. Isotopically labeled standards are used as they will have similar
chemical and ionization characteristics to the analytes of interest, but will differ in their molecular
masses, and will be differentiated during the analysis by the tandem mass spectrometer. Adding
the internal standards at the point of sample extraction also serves as a check that the derivatization
has been effective. If Internal Standard peaks are not at the expected intensity then the
derivatization may not have worked.

The choice of which internal standards to add will depend on the particular analytes of interest. In
an ideal situation, every analyte to be measured would require the addition of an appropriately
labeled chemical analogue, although this may not be cost effective. The concentration of the
internal standards in the methanol will depend on:

(1) The volume of blood (number and size of blood spot punches) used.
(i1) The volume of methanol used for the extraction.
(iii) The clinical decision point for the concentration of a particular analyte.

This final point is regiospecific and it is recommended that the internal standards are added at a
concentration equivalent to the clinical concentration that prompts follow up (e.g. approximately
200uM/L equivalent for ds-phenylalanine for measuring phenylalanine in whole blood). The
highest accuracy of measurement will be achieved when the intensity of the analyte and internal
standard peaks are approximately the same intensity.

Once the metabolites have been extracted, it is necessary to either transfer the methanolic solution
to another vessel, or remove the blood spot. The methanol is then evaporated under a stream of air
or nitrogen (possibly with gentle heating to aid the evaporation), to leave a residue of the extracted
metabolites in the bottom of the well. The evaporation time will depend on a number of factors
and may take up to 20 minutes.

An amount of butanolic HC1 (60-100uL) is then added to each dried sample. The sample vessels
then need to be sealed to prevent evaporation of the reagents before the derivatization is complete.
A number of commercial, inert rubber plates are available for this purpose. The sealed plate is then
heated at 60°C for approximately 15 minutes. The optimum conditions for butylation should be
carefully established. Some evidence exists for the hydrolysis of acylcarnitines if a prolonged
butylation period is used.
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Following the derivatization, it is necessary to remove the butanolic HCI by evaporation, similar to
the process described above. Hydrochloric acid vapors are both toxic and corrosive, and care must
be exercised. As the viscosity of n-butanol is somewhat higher than methanol, this stage is usually
the most time-consuming of the whole procedure.

Once the derivatized samples have been dried down, they are reconstituted in an appropriate
solvent (e.g. 80% acetonitrile) in preparation for injection into the mass spectrometer.

The derivatization procedure described above is shown schematically Figure 2.1.

F G H

—— | | — | — ==

Punch out selected spot from Guthrie card.

Add MeOH (e.g 200uL, including internal standard) and agitate for 20 minutes.
Decant off supernatant or remove bloodspot.

Evaporate to dryness under nitrogen or air with mild (40°C) heating.

Add 60-100uL butanolic HCI. Cap or seal. Heat at 60°C for 15 minutes.
Evaporate to dryness under nitrogen or air with mild (40°C) heating.

Add suitable solvent (approx. 50-100uL) e.g. 80% aqueous MeCN

Z o mm gy 0w >

Inject appropriate amount (typically 10-20uL) into mobile phase flowing to the mass
spectrometer.

Figure 2.1 Schematic diagram of sample preparation

It is possible that the operations in the derivatization process may be automated such that batches
of samples are prepared in a single session.

Isotopically Labeled Internal Standards
The primary source of isotopically labeled internal standards is:

Cambridge Isotope Laboratories
50 Frontage Road

Andover, MA 01810-5413

USA

Phone: 508-749-8000
FAX: 508-749-2768
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Please check for a local supplier. The UK catalogue numbers are shown below (Correct at Spring

2001).
Compound CIL Catalogue #
*H,- alanine DLM-1276
*H;-aspartic acid DLM-832
*H;-glutamic acid DLM-335
*Hs-glycine DLM-280
BCPN-glycine CNLM-507
’Hj-leucine DLM-1259
2H3—methionine DLM-431
*Hs-phenylalanine DLM-2986
*H,-proline DLM-487
’H,-serine DLM-1073
*H,-tyrosine DLM-449
*H-tyrosine DLM-451
’H;-valine DLM-311
2H3—carnitine DLM-1871
Hg-carnitine DLM-3820
H,-carnitine DLM-3555
’H,-C2-carnitine DLM-754
H¢-C2-carnitine DLM-3821
H,-C2-carnitine DLM-3822
’H,-C3-carnitine DLM-3973
’H;-C4-carnitine DLM-3861
’H,-C5-carnitine DLM-3974
“H,-C8-carnitine DLM-755
“H,-C16-carnitine DLM-1263

A primary source of kits of isotopically labelled internal standards is:

NeoGen Screening Inc.

110 Roesslar Road
Pittsburgh, PA 15220, USA
Phone: 412-341-8658
FAX: 412-341-8926

NeoGen Screening supply two kits that contain certified solutions of L-amino acids (Kit A) and L-
carnitine and acylcarnitines (Kit B). Each kit should provide sufficient internal standards to allow
for the preparation of up to 20,000 3mm blood spots.
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Kit A Kit B

PNBC-glycine Ho-L-carnitine
2H4-a1anine 2H3-acetylcarnitine
Hg-valine 2H3-propi0nylcarnitine
’Hj-leucine ’Hs-butyrylcarnitine
’H;-methionine 2Hg-isovalerylcarnitine
’Hs-phenylalanine ’Hs-octanoylcarnitine
’H,-tyrosine Ho-myristoylcarnitine
’H;-aspartic acid 2H3-palmitoylcarnitine
’H;-glutamic acid

’H,-ornithine

H,-citrulline

*H,"C-arginine

It is advisable to maintain close links with the suppliers, as it is understood that new labeled
compounds that might be suitable for this type of work are constantly under development.

Some isotopically labeled acylcarnitines are also available from:

Dr Herman ten Brink

Department of Pediatrics

Academic Hospital V U Metabolic Unit
P O Box 7057

1007 Amsterdam

Netherlands

Phone: + 31-20-444-2883
FAX: +31-20-444-0305

Sample Introduction

Once the sample has been prepared and is in solution, it needs to be passed into the ion source of
the mass spectrometer. This is normally performed by injecting the sample into an appropriate
mobile phase, which is flowing continuously into the electrospray ion source. There are no special
restrictions on the type of LC pump and autosampler that may be used for the NeoLynx
application.

The mobile phase is usually delivered to the mass spectrometer by an LC pump at flow rates from
10puL/min to 100puL/min, depending on the application. A typical mobile phase for the majority of
applications is 50-80% aqueous acetonitrile or aqueous methanol containing no additives. The lack
of additives allows for simple switching between positive and negative ion analyses with minimal
loss in sensitivity. A number of LC pumps may be directly controlled from MassLynx, allowing
user-defined flow rates to be programmed.

In order to introduce the sample into the mobile phase some form of sample injection is necessary.
This may be performed using a manual LC injector (e.g. Rheodyne 7125), but is more commonly
performed using an LC autosampler. Autosamplers allow large batches of samples to be injected
without user intervention. A range of LC autosamplers may be controlled via MassLynx, and used
for synchronizing the sample injection with a 'start' signal to the mass spectrometer
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The facility is also available for the inclusion of an ultra-violet (UV) or diode array (DAD)
detector to be controlled from the data system, if required (this will only be required for adding an
extra dimension of information when performing chromatographic separations).

For details of how to configure the pump, autosampler and detector see the Controlling Inlet
Systems and Autosamplers chapter in the MassLynx Guide to Data Acquisition.

Mass Calibration

Periodic verification of the mass scales of both analyzers is recommended for optimum
performance in both full-scan and MRM acquisitions.

It is advised that the mass scales should be calibrated to either m/z 23 (sodium) using a mixture of
sodium iodide and rubidium iodide (nairb.ref). The upper limit of the mass calibration should be
greater than m/z 600.

For full details of calibration procedures and recipes for calibration solutions see the Mass
Calibration section in the Quattro LC User's Guide.

Mass Spectrometer Tuning

In order to get the best analysis from the mass spectrometer, it is important that the instrument is
tuned effectively for the analysis. It is recommended that a 'standard' normal blood spot is
prepared with each batch, and that this sample is used for tuning the mass spectrometer. Ideally, a
copy of the tune page should be printed and stored for future reference and quality control.
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- Temperatur

Source Temp [°C) 98 100
Desolvation Temp ['C] 148 150

i~ Gas Flo

Desolvation (L) Cane (L]

2200 2220 2240 | 236.0 238.0 240.0
Acquire... Press far Standby D
Ready [ [Wacuum 0K | Dperate v

Figure 2.2 Typical tune page for Quattro Micro Z-spray

When tuning the instrument, it is possible to monitor up to four peaks on the tune page. A typical
tune page setting for neonatal blood spot analysis on amino acids and acylcarnitines is shown in
Figure 2.2.

To access the tune page select the Instrument ,Tune Page from the MassLynx Shortcut Bar. The
collision gas pressure for argon (recommended) is approximately 2.0 x 10~ mbar (indicated on the
readbacks).
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BB Quattio Z0 - c-\masslynxtneolyrx_screening protacqudb\msms. ipr
File lonMode Calbration Gas Ramps Options Help
D|3|@|8)] o= [l [T 2| @lafm] o[z @2
ES+ Source Anabser | Diagnastcs | Funclian Set Mass Span  Gain
V1 [Meural Loss Sean ) 102 222 5 10
[ Analyser W 2 |MNeutral Loss Scan (| {102 238 5 20
LM Resolution 1 15.0 7J— [~ 3 |M5 Scan it | [N 222 5 5
M Fescluion 1[50 |—1F—— 4 [M5Scan =] [#137 B 5 5
lon Energy 1 0.1 s '— 2220 ﬂ{ 2380 ﬂ{
100.0% «10| | 29.0% 20
Entrance 14 -2 A
Lallisian 16 15 *Ji
Esit EEE] I —
LM Resalution 2 150 | I
HM Resoluionz  [150 |[————— |——
lon Energy 2 [l ——] ———
Multipiier ESil Gl [ — [
[ Svnng
Pump Flow [uL/min] I?.U
Syringe Empty [ ]
220.0 2220 2240 | 236.0 2380 240.0
Acauire... Press far Standby D
Rsady [Vacuum 0K [ Operate 4

Figure 2.3 Typical tune page for Quattro Micro Z-spray

The italicized parameters are intended as a guide only and must be set according to the resolution

required.

Source
Capillary
Cone
Extractor
RF Lens

Block temperature

Desolvation Temperature

Analyzer

LM resolutionl
HM resolutionl
Ion energy 1
Collision entrance
Collision Energy
Collision exit

LM resolution?2
HM resolution?2

Multiplier

3.50kV

set in scan function editor
3-5V

0.0V

140°C

300°C

15.0

15.0

0.0-1.0eV

2V

set in scan function editor
0-3V

15.0

15.0

650V
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Data Acquisition

Overview

NeoLynx operates in an automated MassLynx environment, and data acquisition is usually
achieved via the Sample List using some form of automated sample introduction. It is possible to
acquire data manually for post-processing in a batch fashion. Multiple Sample Lists can be
generated and queued up on the mass spectrometer. This manual has been written with a view to
all the data acquisition and processing being performed from the Sample List.

Projects

MassLynx utilizes a project structure that has been designed to assist laboratories in GLP
compliance. All acquisition settings files, raw data files, Sample Lists etc. are stored within a
project. The Project structure is particularly useful for the NeoLynx application, as it is
conceivable that a large number of samples will be analyzed on a daily basis.

It is strongly recommended that a Master project is created for each laboratory containing the
basic information for the control of the instrumentation and data acquisition. The master project
can then be used as a template for the creation of individual projects. It may be appropriate to
create a project on a daily basis, as this will make data archiving and retrieval simpler.

MassLynx comes with some predefined projects NeoLynx Research.pro and Default.pro are the
two relevant to metabolite investigation. NeoLynx.pro is an example metabolite investigation
project, only available when NeoLynx is installed. Default.pro is the default project where all data
are stored until a new project has been selected or created.

For more information on projects see the Getting Started section of the MassLynx NT User
Guide.

WHEN CREATING A NEW PROJECT, THE PROJECT NAME MUST NOT CONTAIN
SPACES.

Calibration Note

If the instrument is recalibrated, the new calibration experiment should be performed in the
<MASTER.PRO> project, used as the project template. In this way the calibration is automatically
included in any new project created from the template.

ROOT DIRECTORY

The project root directory (SPROJECT_NAME>.PRO) contains seven sub-directories of which
Acqudb, Data and Sampledb are the most important. The root directory also contains the
NeoLynx Results files generated after NeoLynx processing of a Sample List. These files are
discussed in more detail later.

DATA
This directory contains all the raw data directories associated with a particular project. Each raw
directory contains the raw mass spectral information and any saved mass spectral processes. The
folders are given the name of the acquisition with the format: <datafilename>.RAW.
SAMPLEDB

This directory contains the sample list files (*.SPL) that contain the run summary information. It is
recommended that an individual SPL file is created for each batch (approximately one plate or 100
samples) as the SPL filename is used as a prefix for the NeoLynx Results files generated by the
NeoLynx processing.
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ACQUDB

This directory contains all the instrument control files used in the data acquisition. For some files,
different extensions will be used depending on the type of interface card selected when the
software was installed (TDA or Ethernet)

mass spectrometer tuning *.dbf (TDAT) or *.ipr (Ethernet)
mass spectrometer acquisition * mdb (TDAT) or *.exp (Ethernet)
HPLC pump control *h1l1 for HP1100

* gil for Gilson

* w60 for Waters 600
* w27 for Waters 2700
* w29 for Waters 2790

Calibration files * cal

Sample Lists

The Sample List is part of the top level MassLynx screen. NeoLynx uses it to prepare a list of
samples for analysis. The list of samples is set up using a spreadsheet style editor, which can be
tailored to suit different requirements.

Load Sample List

]|
CAMASELYM:Y
default frnt Cancel
diverze, FiT |
‘Meol yn
Proteinlyns FRT Browse |
quantify. fmt
— Description

Meolynx Defaulk Format

Figure 2.4 The Load Sample List Format dialog.

A NeoLynx Sample List format is supplied with the software. A Sample List format is a definition
of the columns to be used in a Sample List. To use the NeoLynx format select Samples, Format
from the Samples List menu, select NeoLynx from the dialog displayed (Figure 2.4) and press the
OK button. See the MassLynx NT User Guide for details.

Propagation of the sample list is available to input large numbers of samples, with incremental
descriptors, into the Sample List. A copy of a typical, propagated sample list for this application is
shown in Figure 2.5
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[liMassLynx - DEFAULT - untitled =10l x|
Eile ¥ew PRun Help

- 023> B | Rowe Goons |

Queue Is Empty

x NeoLynx = Spectrum  Chromatogram Map Edit=  Samples~
= File: Mame: | File Text ‘ WS File | Inlet File ‘ Battle Inject Volume | Sample Type Process Parameter File =
é @ 1 [Fampiaii MCA_fnalysic | MCA_Flow 1141 10,000 Analyte Meolpnx  MeoLyns_Sample.nif
o 2 |Sampls02 MCA_Analysis MCA_Flow 1142 10.000 Analyte Meolyny MeoLyns_5ample.ntf
H Editar | Sample0d MCA_Analysis MCA_Flow 1143 10.000 Analyte Meolynx MeoLynx_Sample.ntf
= 4 |Sample0d4 MCA_Analysis MCA_Flow ARE-X) 10000 Analyte Meolyns Meolyn«_Sample.ntf
% sy [ 5 [Sample0s MCA_fnalysi:  |MCA_Flow 1145 10,000 Analyte Meolpnx  MeoLyns_Sample.nif
g 6 |Sampls0G MCA_Analysis MCA_Flow 1146 10.000 Analyte Meolyny Meolyns_Sample.ntf
= rowser |7 |5ample0? MCE_Analysis | MCA_Flow 1,147 10,000 Analyte Meolyrx  NecLyrw_Sample.ntf
% L Samplz08 MCA_Analysis MCA_Flow 1148 10000 Analyte Meolyns Meolyn«_Sample.ntf
N 9 [Sample1 MCA_fnalysic  |MCA_Flow 1143 10,000 Analyte Meolpnx  MeoLyns_Sample.nif
E‘; 10 |Sample102 MCA_Analysis MCA_Flow 114,10 10.000 Analyte Meolyny MeoLyns_5ample.ntf
E 11 |Sample103 MCa_Analysiz MCA_Flow 1,141 10.000 Analyte Meolyny Meolyns_Sample.ntf

12 |Sample104 MCA_Analysis MCA_Flow 11812 10000 Analyte Meolyns Meolyn«_Sample.ntf
S 13 |Samplel05 MCA_fnalysic  |MCA_Flow 11413 10,000 Analyte Meolpnx  MeoLyns_Sample.nif
g 14 |Sample106 MCA_Analysis MCA_Flow 114,14 10.000 Analyte Meolyny MeoLyns_5ample.ntf
S s | Sample107 MCa_Analysiz MCA_Flow 1,1:4,15 10.000 Analyte Meolyny Meolyns_Sample.ntf
< 16 |Sample108 MCA_Analysis MCA_Flow 114,16 10000 Analyte Meolyns Meolyn«_Sample.ntf -
- [ | [+

[Ready o Instrument o0 |anty Errer Shutdown Enabled m v

Figure 2.5 Sample List Editor

Full details on editing the sample list can be found in the Sample List section of the MassLynx
NT User Guide. The parameters used in the Sample List in this example are:

File Name

File Text

MS File

Inlet File

Bottle

Inject Volume

Sample Type

Parameter File

Process
Parameters

Process

The raw data filename under which the data will be stored.

The text that will be appended to each file. This may be used to contain patient
details.

The Scan Function Editor file that will be used to control the mass
spectrometer during the data acquisition.

The Inlet Control File that will be used to control the LC pump and
autosampler.

The location of the sample in the autosampler tray.

The volume of sample to be injected in microlitres. It is recommended that the
injection loop is over-filled for the best reproducibility. E.g. for a 20uL loop,
inject 25-30uL.

The type of sample. This is used to differentiate the different sample types
when processing data. Available Sample Types are Standard, Blank, QC and
Analyte. If no sample type is entered or Blank is selected then the sample will
be processed as an analyte. The Sample Type definition is assigned when data
is processed not acquired.

The name of the NeoLynx Test File (*.ntf) to use.

In NeoLynx 3.2 and 3.3 the parameters '4 4' had to be entered in this column. In
NeoLynx 4.0, this column must be empty.

The type of processing that will be performed on the data. In this case it should
be NeoLynx.

For the MS File, Inlet File, Sample Type, Process and Parameter File ficlds files created and
saved in the appropriate directories of the current project can be included in the sample list by
double clicking on a cell and selecting the file from the drop down list displayed. See the
MassLynx NT User Guide for further details.



Chapter 2 Sample Preparation and Data Acquisition

If the file required is in another project then click on a cell and enter the full path name.

If any of the required columns do not appear in the sample list select Samples, Format,
Customize, or right click on the sample list and from the menu select Customize Display; check
the boxes for the required fields.

The columns labeled Sparel to Spare5 in the Sample List can be used to enter extra information.
This information can be used for variables in rule calculations or for printing on reports.

Once the Sample List has been prepared, it must be saved (File, Save or Save As) before
continuing.

The name of the Browser Report file generated is based on the Sample List Name. E.g. Sample
List Neol.SPL will create a Browser Report file called Neol 001.nrf. It is therefore essential that
Sample Lists are saved with different names to ensure that Browser Report files are not
overwritten. The Sample List name must not contain spaces.

To Start a Sample List Run

Select Run, Start from the main MassLynx menu or press the II‘ toolbar button. This will
display the dialog box shown in Figure 2.6.

Start Sample Lizt Bun |

Froject
’7|E:hM.&SSLYNX‘\NEEILYNX_HESE.ﬁ.H CH.FRO

\ [T &cquire Sample Dat

@; W Auto Process Samples

[ Auto Quantify § amples

—FRun

From S ample |-| To Sample |-||3

™ Priority [ Hight Time Process

— Process
[ Pie-Run I
[ Post-Fun I

k. Cancel

Figure 2.6 The Start Sample List Run dialog for processing only (Acquire Data box not
checked)

Project This box shows where the acquired data will be stored, or from which directory
the previously acquired data will be retrieved for processing. If this is incorrect
press the Cancel button and select the correct project before starting the
Sample List run again (see the Getting Started section of the MassLynx NT
User Guide).
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Acquire
Sample Data

Auto Process
Samples

Auto Quantify
Samples

Run from

Sample n To
Sample m

Priority
Night Time
Process

Process

OK

Scan Function Ed

Specifies whether data is to be acquired. Do not check this box if only post-
processing of previously acquired data is to be performed.

Specifies whether data is to be processed. Checking both this box and the
Acquire Sample Data box will acquire and process the data automatically. Do
not check this box if only data acquisition is to be performed.

The box is used to automatically Quantify the results and is not applicable to
the NeoLynx process

These boxes automatically default to the first and last samples in the current
Sample List. It is possible to alter these values, to select a smaller range, by
typing new values into the relevant boxes, or to highlight a range of samples in
the Sample List with the mouse before displaying the dialog.

Checking this box will flag the Sample List as a priority process and put it
above all non-priority lists in the queue.

Check this box if the sample list is to be run at night.

Allows routines to be executed before, during and after the Sample List has
been run. For the NeoLynx application, there are no pre- or post-run processes.
Pressing will add the Sample List to the Sample List queue on the mass
spectrometer. The queue appears at the bottom of the MassLynx screen and

allows the user to delete, prioritize and pause Sample Lists. See the Getting
Started section of the MassLynx NT User Guide for more details.

itor

MassLynx allows for up to eight separate scan functions to be acquired. It is recommended that

data acquired from

the mass spectrometer is separated into discrete functions, that relate to a

specific class of metabolites and their related internal standards. It is possible to include full-scan
MCA functions with MRM functions. For a full explanation of the Function List Editor, see the
MassLynx NT Guide to Data Acquisition.

Scan Functions for Butyl

Ester Derivatives

The following experiments have been described in the literature, and are included as a guide only.

It is recommended

that tuning and collision conditions be optimized for each compound on each

instrument.
Compound Class Function Mass range Cone Collision | Polarity [ Scan
Voltage Energy Time
Acylcarnitines Parents of m/z m/z 200 - 500 35 25 +ve 3.0s
85.0
Neutral and acidic Neutral Loss of m/z 140 - 270 25 12 +ve 1.5s
amino acids 102.1 Da
Basic amino acids neutral Loss of m/z 160 - 270 28 25 +ve 1.0s
119.1 Da
Glycine and Alanine Neutral Loss of | m/z 120 - 160 22 8 +ve 0.5s
56.0 Da
Arginine Neutral Loss of m/z 220 - 240 40 35 +ve 0.2s
161.1 Da
Argininosuccinic Daughters of m/z m/z 60 - 150 35 25 +ve 1.0s
acid 459.4
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Full-Scan Acquisitions
A typical acquisition sequence from the MassLynx scan editor is shown in Figure 2.7.
There are two functions to be acquired in full scan MCA mode.
l. Scans for the Parent ion of m/z 85.0 (acylcarnitines) for 30 seconds, followed by:
2. A scan for a constant Neutral Loss of 102.1 Da (amino acids) for 30 seconds.

In this analysis, acylcarnitines and amino acids are detected sequentially. The exact timing
sequence will be determined by

(i) the size of the injection.
(ii) the flow rate of the mobile phase.
(1ii) the length of the transfer tubing from the injector to the ion source.

% Edit MS Method - c:A\masslynx\clinical. pro\acqudb\aa_ac_mcal.exp

Elle Edit Options Toolbars Functions

D|E—"|ﬂ|§|‘ @|X|A|V|| E sk |2 wv |B wssen |[@ ws2scan |B Parerts |2 Dauoiters |[Bf neutralLoss|

. 0 1m
Tatal Run Time:[1.50 + L |
Mo, | Type |rformation Time |
-=125.10, Time 0.00 ta 1 50, ES+ |
2 Meutral Loss Scan, Time 0.20to 0.70, Mass 120 00to 270,00 ES+ [ ]
& g Parent Scan, Time 0.70 10 1.20, Mass 200,00 to 550,00 ES+ |
Ready MU 4

Figure 2.7 The scan function editor for sequential full-scan MCA acquisition

The acylcarnitines and amino acids can also be detected simultaneously in a looped experiment, as
in Figure 2.8

File Edit Options Toolbars Functions

Dlﬁlﬂl@” @|X|A|V|| E sk | wu  |B wssen |@ wszscen |B reerts |[@ peugters |BeutralLoss|
Totel Run Time[ 150 43| o i

Infaimation

MR 10, Time 0.00 10 1.50, ES+
® Meutral Loss Scan, Time 0.20to 1.20, Mass 12000 to 270.00 ES+ ]
Parent Scan, Time 0.20 10 1.20, Mass 200.00 to 550.00 ES+ |

Ready HUM 4

Figure 2.8 The scan function editor for simultaneous full-scan MCA acquisition

Parameters currently used for these scan functions are shown in Figure 2.9, Figure 2.10 and Figure
2.11, along with Collision gas pressure (Ar) = 2.0x10~ mbar.
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Function:1 MRM
i Channels ~ Method
Parent D aughter Dwell LCone Caoll Energy lonization Made IES+ j'
[miz) [m/z) [Secs] [Walts) [eV] Inter-Channel Delay ID.D3
I I I I I Inter-Scan Delay ID.DS
227.204 125.18 a.2a 25, 15 .94 Repeats |1
Span I'I
[~ Use Tune Cone Settings
[~ Use Tune Coll Energy
— Retention Window [Mins)
Start IEI
End I‘I 5
Add | Change | Sart | = AEE Brobe
= Use Tiune Page Settinas
Clear Al Delete
'_l __l Probe Temp 100

=]

Cancel

Figure 2.9 Scan function details for MRM scan (Function 1)

This will allow for the injection profile to be monitored for each sample.

Function:2 Neutral Loss EI

— kazs [m/z)

Lozzes of

I 1021
Start

— Method
lonization kode ES+ =
Data kA T hd

— Time [Mins)

Start

End I

— Scan Duration [zecs)

T

1.03

Scan Time

Inter-Scan Delay

— Collizion Energy
[~ Use Tune Page

Callizion Energy 4] I 2

™ Use Callision Energy Ramp

LE Bamp.. |

|12I:|

End |2?IZI
IEI.2
1.2
1

— Cone Yolkage
[~ Use Tune Page

Cane Yoltage [V] |25

[ Use Cone Yoltage Ramp

[ Famp... |

—&Pcl Probe
[~ Wze Tune Fage Settings

Probe Temp 100

Cancel |

o]

Figure 2.10 Scan function details for constant neutral loss scan (Function 2)
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This will give a mass spectrum of the butylated acylcarnitines present in the sample.

This will give a mass spectrum of all the butylated amino acids present in the sample.

x|

—Mazz [m/z] — Method
Barents of 45.0 lorization Mode ES+
Start 200
End = Data [ ) h
— Time [Minz] — Scan Duration [gecs]
Start I'J-2 Scan Time I3
End |1-2 Inter-Scan Delay 0.0z
— Collizion Energy — Cone Yoltage

[~ Use Tune Page

Collizion Energy [+) |25

[ Usze Collision Energy Famp

CE FHamp... |

[~ Use Tune Page

Cone Yoltage [4] |35

[ Use Cone Yoltage Flamp

L Hamp... |

—&Pcl Probe

Probe Temp

[~ Wse Tune Page Settings

100

] I Cahcel |

Figure 2.11 Scan function details for precursor ion scan (Function 3).

In order to maintain mass spectral resolution when scanning in Parent or Constant Neutral Loss
modes, a scan speed of between 100 and 150 m/z per sec is recommended.

MRM Acquisitions

If the analytical method only requires specific analytes to be monitored then a multiple reaction
monitoring sequence should be used. Each function within the MassLynx scan editor is capable of

monitoring up to 32 transitions. Again, it is a requirement of NeoLynx that each function is

dedicated to one class of analytes and the associated internal standards.

Two functions used for the specific detection of acylcarnitines and amino acids are shown below.

The number of channels actually used in a particular analysis will depend on the analytes of

interest and the availability of internal standards.

Function 1 - For butylated acylcarnitines

Function type:
Chain Reaction

N N WD

:218.20> 85.00
:221.20>85.00
:260.20 > 85.00
:263.20>85.00
:274.20 > 85.00
:288.20 > 85.00
:300.20 > 85.00

MRM of 28 channels
Col.Energy  Analyte

Dwell

0.05
0.05
0.05
0.05
0.05
0.05
0.05

Cone Volt

35
35
35
35
35
35
35

25
25
25
25
25
25
25

Free carnitine

ds-carnitine (i.s.)

C,-carnitine

d;-C,-carnitine (i.s.)

Cs-carnitine
C,-carnitine
Cs.-carnitine
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8 :302.20>85.00 0.05 35 25 Cs-carnitine

9 :316.20>85.00 0.05 35 25 C¢-carnitine

10 :318.20>85.00  0.05 35 25 Cs-OH-carnitine
11:342.30>85.00 0.05 35 25 Cg.1-carnitine

12 :344.30 > 85.00 0.05 35 25 Cg-carnitine

13 :347.30 > 85.00 0.05 35 25 d;-Cg-carnitine (i.s.)
14 :370.30 > 85.00 0.05 35 25 Cjo.1-carnitine
15:372.30 > 85.00 0.05 35 25 Cyo-carnitine

16 : 400.30 > 85.00 0.05 35 25 C,-carnitine

17 : 426.40 > 85.00 0.05 35 25 Ci4.1-carnitine

18 : 428.40 > 85.00 0.05 35 25 Cy4-carnitine

19 : 444.40 > 85.00 0.05 35 25 C14-OH carnitine
20 : 454.40 > 85.00 0.05 35 25 Ci¢.1-carnitine

21 :456.40 > 85.00 0.05 35 25 C,¢-carnitine
22:459.40 > 85.00 0.05 35 25 d;-C4-carnitine (i.s.)
23 :470.40 > 85.00 0.05 35 25 Ci6.1-OH-carnitine
24 :472.40 > 85.00 0.05 35 25 C6-OH-carnitine
25:480.40 > 85.00 0.05 35 25 C\gp-carnitine

26 : 482.40 > 85.00 0.05 35 25 Cig.1-carnitine

27 :496.40 > 85.00 0.05 35 25 C,g-carnitine

28 :498.40 > 85.00 0.05 35 25 C\s.1-OH-carnitine

Function 2 - For butylated amino acids

Function type: MRM of 23 channels
Chain Reaction Dwell Cone Volt Col.Energy  Analyte
(secs)
1:132.10>30.00 0.05 25 12 Gly
2:134.10 > 32.00 0.05 25 12 BCN-Gly (is.)
3:146.10 > 44.00 0.05 25 12 Ala
4:150.10>48.00 0.05 25 12 ds-Ala (i.s.)
5:162.10 > 60.00 0.05 25 12 Ser
6:172.10>70.00 0.05 25 12 Pro
7:174.10 > 72.00 0.05 25 12 Val
8:176.10 > 74.00 0.05 25 12 Thr
9:182.10 > 80.00 0.05 25 12 ds-Val (i.s.)
10 : 188.10 > 86.00 0.05 25 12 Leu/Ile
11:191.10>89.00 0.05 25 12 ds;-Leu (i.s.)
12 :206.20>104.10  0.05 25 12 Met
13:209.20>107.10  0.05 25 12 d;-Met (i.s.)
14:212.20>110.10  0.05 25 12 His
15:215.20>113.10  0.05 25 12 Cit
16:222.20>120.10  0.05 25 12 Phe
17:227.20>125.10 0.05 25 12 ds-Phe (i.s.)
18 :238.20>136.10  0.05 25 12 Tyr
19:242.20> 140.10  0.05 25 12 d4-Tyr (i.s.)
20:246.20>144.10  0.05 25 12 Asp
21:260.20>158.10  0.05 25 12 Glu
22:261.20>159.10  0.05 25 12 Trp
23:263.20>161.10 0.05 25 12 d;-Glu (i-s.)
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This acquisition would again be prepared in the Scan Function Editor and would be similar to that
seen in Figure 2.12

% Edit MS Method - c:\masslynx\chinical pro\acqudb\default exp

File Edit Options Toolbars Functions

Diﬁiﬂ!@% @%XiA!V% E sk | wu  |B wssen |@ wszscen |B reerts |[@ peugters |BeutralLoss|
Totel Run Time[ 150 43| o i

Time |
—

Infaimation

% M of 28 mass pairs, Time 0.00 to 1.50, ES+
% MRM of 23 mazs pairs, Time 0.00to 1,50, ES+

Ready

Figure 2.12 Scan function editor for MRM acquisition

In the MRM analysis shown, the two functions are acquired in parallel, this means that all the
channels for the first function are acquired, immediately followed by the channels for the second
function, and so on. On completion of the acquisition of all the functions, the acquisition returns to
the start of the first function. The details of the first function are shown in Figure 2.13.

Function:1 MRM
— Channels - Method
Parent D aughter Dwell LCone Caoll Energy lonization Made ES+ =
() (mz) (Secs) [¥alts) I£¥] Inter-Channel Delay [005 |
;218.23 185.33 iE.BS 333.88 325.88 Inter-S can D elay ;ﬁﬁé““““
Repeats ;:ITMMM
Span ﬁww

[~ Use Tune Cone Settings
[ Use Tune Coll Energy

- Retention 'Windaw [Ming)————

a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
5

Start

;EI
End ;'I 5
;'i 0o

fidd 1 Cbange] Sort 1

-

Clear Al Delete
-—'—-—-—-—I —_———J Probe Temp
ok 1 Cancel I

Figure 2.13 MRM function details

When using an MRM acquisition, the data acquisition is initiated as soon as the sample has been
injected into the mobile phase passing into the electrospray source of the mass spectrometer. The
reaction chromatograms for each function are stored in a single data directory, each in a separate
data file. The total ion chromatogram for the first function (acylcarnitines in this instance) is
shown in Figure 2.14.

As can be seen from Figure 2.14, the analyte passes from the injector to the ion source in less than
20 seconds, lasting for approximately 30 seconds. In this time, each reaction channel is tested
approximately 10 times, and is sufficient to provide good chromatographic definition. (Note a
chromatogram is acquired even though no separation takes place). The benefit of this type of
acquisition is that the mobile phase in the mass spectrometer may flow somewhat quicker (up to
40 pL/min) than in the full-scan MCA acquisition (up to 10 pL/min), and the inter-sample time
may be reduced.
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24-Oct-1995. 03:01:24
TESTO1 1: MRM of 28 Channels ES+
0.55 TIC
1007 8.81e4
Area
o
0 T T RARRS T T Time
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20

Figure 2.14 Total ion chromatogram for acylcarnitine MRM function (time abscissa)
In both full scan and MRM acquisitions, it is recommended that the sample bolus is sampled at
least 7 times as it passes into the ion source. This is to average out any dispersion (and
'chromatography') that may have occurred in the tubing between the injection loop and the mass

spectrometer.
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Overview

The intensity of a mass spectral peak in electrospray ionization is proportional to the concentration
of the compound in the analysis. NeoLynx operates by calculating the ratio of the intensity of the
mass spectral peak for the analyte to the intensity of the mass spectral peak for a pre-defined
internal standard (e.g. ds-phenylalanine). If the concentration of the internal standard is known,
then the concentration of the analyte may be calculated by simply multiplying the peak intensity
ratio by the concentration of the internal standard.

In addition to the calculation of simple peak intensity ratios, and thus analyte concentrations, it is
also possible to monitor individual peak intensities so as to monitor the performance of the
complete assay (extraction, derivatization and mass spectral analysis).

In recent publications, there has been considerable discussion relating to the utility of complex
ratios of analytes e.g. [Phe]/[Tyr]. It is possible to use NeoLynx to perform such calculations.

All of the values reported by NeoLynx are compared to a set of maxima and minima that are
specific for each test performed. If the calculated peak intensity or peak intensity ratio falls outside
the acceptable limits, a user-defined message is returned.

NeoLynx uses a number of specific files for processing and viewing results.

NeoLynx Test Files (*.ntf) These files contain the ratio test information, spectral (and
chromatogram) processing information and test file modification history for audit purposes.

NeoLynx Result Files (*.nrf) These files contain the results for the specified Sample List,
including the mass spectral and chromatographic data, the test results and information about the
NeoLynx Test File used to generate it.

NeoLynx Report Scheme (*.nrs) These files define the reporting options used by the NeoLynx
Browser for generating printed and electronic summary reports.

The NeoLynx Test Files and the NeoLynx Report Schemes are controlled by the MassLynx
Security system and may not be edited or saved without appropriate permissions. The NeoLynx
Test Files and NeoLynx Results Files are also encrypted to prevent access by unauthorized
personnel from a non-MassLynx application.

Introduction

NeoLynx is an integral part of MassLynx that has been designed for the post-processing of data
acquired in a neonatal screening-type experiment.

NeoLynx requires that the analytes and their associated internal standards have both been acquired
in the same mass spectrometric function. Regardless of the type of data (full-scan MCA,
continuum or MRM), NeoLynx processes the data to give a mass measured or combined
centroided spectrum. NeoLynx automatically recognizes the type of data to be processed.

Processing information is stored with each sample in the NeoLynx Results file.

Once the centroided data has been prepared, NeoLynx calculates ratios of certain peaks within the
processed spectrum and tests the derived ratios against limits defined in the NeoLynx Test file. A
report is generated that contains a summary of all the spectral information, processing data, tests

performed and the results of the ratio comparisons.

The NeoLynx Results file is saved to the root directory of the current project (*.PRO) and can be
viewed using the NeoLynx Browser (see the NeoLynx Browser chapter).
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The name of the NeoLynx Results file generated is based on the Sample List Name. E.g. Sample
List Neol.SPL will create a Browser Report file called Neol.nrf. It is therefore essential that
Sample Lists be saved with different names to ensure that Browser Report files are not
overwritten. The Sample List name must not contain spaces.

All the information required to calculate the peak intensity ratios and to generate the report is
defined in the NeoLynx Test File.

NeolLynx Test File Editor

The NeoLynx Test File Editor can be accessed from the top level MassLynx screen by selecting
NeoLynx, Editor from the MassLynx shortcut Bar.

File Edit Wiew Processing Securty “window Help 1=l x|

D|(\| {5 55| BlelE] wla|e ol S$|2)s)

8] NAME [ RULE | FUNCTION _[IN CONC[4X CONC]MASS 1MASS 2[MASS Z[MASS 4] MSG LOW | MSGHIGH | MSGOK | Is | ARF | X

Thse | Thss | B | | | | |

1 12Pesk sl TAcylcamitnes 000 2000 2742 263.2 High C3 oK 1000 100 100

2[4 Camitine 12Peck Ralin  lAojcamines 000 200 2082 263.2 (BN (EENS High C4 i3 1000 100 100

3|C51Camiine  1:2FeakRalio  Thogloamiines 000 200 3002 263.2 HighC51 DK 1000 100 100
| 4|5 Camitine 12Peak Rl 1deyleamiines 000 200 (3022 283, High C5 i3 1000 100 100
| 5| c6 Camitine 12Peak Rl 1deyleamiines 000 200 (3162 347 High 06 i3 1000 100 100
| 6|C50HCaritne  1:2PeckRalic  lhocamines 000|200 #1827 Hish C50H 0K 000 100 1.00
| 7| c8 Camiine 12PeakRain  Thcylcamiines 000 200 3443 347, High C8 K 1000 100 1.00
| &8|C101 Camiine 1:2PeakRain lécicamines 000 200 303 3473 High C101 DK, 1000 100 1.00
| 3|ctocantne  12PeakRaie  Téepieamiines 000 200 3723 347.3 OO0 B HighCll Ok 1000 100 100
10| C1#1 Camifine 1:2PeakRatio  TAccamines 000 200 4264 459.4 High C141 DK, 1000 100 1.00
11| C16Caritine 1:2PeskRalic  Thcicamines 000 1000 4564 HighC16 DK, 1000 100 1.00
12| Lewlle 12Pesk slio  2Neutral Ad om a0 1081 191 High Leu/lle | O, a0 100 100
13| mat 12Pesk Ao 2Neutral Ad om |15 2062 HighMet | DK 1 100 10
14| Pre 12Pesk Ao 2Neutral Ad om |z 222 2212 HighPhe | OK. 20 100 10
B 1:2Pesk Ratia  2Neutal Ad, [ 282 2422 [BOEENN High Tyr oK. 400 100 100
16| Pre/Tyr 24 Pesk o 2Neutral Ad 000 125 222 2272 202 422 High Phe/Tyi | DK, 050 100 100
Far Help, press F1 e

Figure 3.1 NeoLynx Test File Editor
Warning
NeoLynx uses rule editor files in which the fields are separated by commas. In certain countries it
is common to use a comma instead of a decimal point, and a period as a thousand separator (e.g.
1.0 »> 1,0 and 1,000.23 — 1.000,23). MassLynx is configured with the computers regional

settings appropriately set in the Control Panel. This must not be changed under any circumstances.

Security

If the User is not authorized to modify the NeoLynx Test Files, or if the NeoLynx Test File is
opened without MassLynx Security running, it will not be possible to modify and save the file. In
addition all relevant buttons will be grayed out.

The Test Editor Toolbar

The Toolbar is displayed at the top of the test editor window and allows some common operations
to be performed with a single click of the appropriate Toolbar button.

Press to create a new NeoLynx Test file.
Press to open an existing NeoLynx Test file.

Press to save the current NeoLynx Test file.
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Press to copy the selected part of the table.

i
Press to paste the previously copied data onto the table. Note: The Paste area must be the
same size as the copied area.

3 Press to add a test.

Press to delete a test.

Press to view the Mandatory Mass table.
- -
Press to view the Function Name table.
Press to view the Rule Definition table.
- -
Press to view the NeoLynx Combine parameters.
Press to view the NeoLynx Mass Measure parameters.
Press to view the NeoLynx Peak Detect parameters.
Press to view the Processing Options.

Press to print the current NeoLynx Test file.

Press to display the About box.

Getting Started

To Create a NeoLynx Test Editor File

Press the Toolbar button, or select New from the Test Editor File menu. A new blank table is
created.

Enter the required test data as described later in this chapter.

Press the toolbar button, or select Save or Save As from the Test Editor File menu. Enter a
name for the new Test Editor file and press OK.

The Test Modification History dialog will be displayed.
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Test Modification History

|'.-'-"-.|:||:I Comment

Cancel |

Figure 3.2 Test Modification History dialog

This dialog is displayed when a file is saved and is used to keep a record of changes made to a test
file. Comments added here can be viewed by selecting Modification History from the NeoLynx

Test Editor View menu.

Enter comments as required (up to 50 characters) and press OK.

To Open an Existing Test Editor File

Press the Toolbar button, or select Open from the Test Editor File menu.

Select the required NeoLynx Test Editor file (*.ntf) and press Open.

To Convert a Rule Editor File

NeoLynx V3.2 and V3.3 Rule files (*.rle) created in previous version of NeoLynx can be

converted into NeoLynx Test Files (*.ntf).

Press the Toolbar button, or select Open from the Test Editor File menu. NeoLynx Test
Files(*.ntf) are the default file types. Click on the IEI arrow, at the end of the Files of type box

and select NeoLynx Rules Files (*.rle).

Select the required file and press Open to display the Convert RLE File dialog.

Convert BLE file
— Test Parameters

tazz T able |
Fule T able |

— Process Parameters——

Combine |

tazs Measure |

FPeak Detect |

— Optiohg Fage

Optians |

— Default Parameters——

Aocept Defaultz |

=]|

Saye e, |

Cancel |

Figure 3.3 Convert RLE file dialog

Before the table can be saved the Combine, Mass Measure and Peak Detect parameters
must be defined. Press the relevant buttons and enter values in the dialogs displayed or press
the Accept Defaults button to use the default values listed below. Files cannot be saved until

all the required fields have been entered.
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Combine Mass Measure
Average = 5:10 Background subtract selected
Peak separation = 1.000 Polynomial order = 30
Subtract = 2:3 Below curve (%) = 10.00
X =1.000 Smooth selected

Peak width (Da) = 1.00

Peal Detection Number of smooths = 2

Peak Selection = Savitzky Golay selected

Largest Peak in Window Min peak width at half height
(channels) = 2

Mass Window (a.m.u.) = 1.00 Top selected

The following parameters on the Options dialog are also defined.

Process Options tab

Pass Message = All Tests Within Limits
Output File = Up Issue
Create MassLynx Process selected

Variables tab

Mass 1 =111.1 X=3

Mass 2 =222.2 sl =10
Mass 3 = 333.3 s2 =20
Mass 4 = 444.4 s3 =30
1S Conc =1 s4 =40
RRF =2 s5 =50

The Function Table, Mass Table, Rule Table and Options parameters can also be defined by
pressing the relevant button and entering values in the dialogs displayed.

All dialogs are described in detail later in this chapter. Values can be modified after the table has
been saved.

When the required values have been defined press the Save As button, enter the name of the files
and press Save.

The Test Modification History dialog is displayed, enter comments as required (up to 50
characters) and press OK.

Test Modification History

The Test History (Figure 3.4) provides an audit trail for NeoLynx Test File modifications and is
displayed by selecting Modification History from the Test Editor View menu.

The Modification History contains:

the date and time of modification

the action performed

the name of the operator logged on to MassLynx

e acomment entered in the Test Modification History dialog.
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The modification history is stored as part of the NeoLynx Test file.

Test History E
— Histom
Current Test: CAMASSLYM=AMeol phe_S ample. ntf I axirum entries to display 50
Date | Time | Actian | L zer | Canment | Test Table
07-Jun-1333 03:51:51 SAVE Mike Moz Default Settings C:\MasslynsiMeolyns_Sam
07-Jun-1999 09:51:20 SAWE Mike Moz Default settings C:\Masslyma M eclyns_Sam

07-Jun-1993 03:51:09 HISTORY DELETED  Mike Momiz  Original Configuration  C:hMaszslpneiMeolyne_Sam

y | H

Clear |

Figure 3.4 NeoLynx Test History dialog

Processing Options

The Process Options dialog may be accessed by pressing the toolbar button or selecting
Options from the Test Editor Processing menu. This dialog contains information relating to the
automatic generation of printed and electronic reports.

Print Options Page

Options Ed |

Prirat Opticrs | Process Elptiu:unsl Varial:ulesl

— Report Scheme Options

[~ Bun Scheme after batcké

— Resulks Browser

IE:HM azslyriMHeoBro.exe Browsze |
— Resultz Scheme

IE: bl azzlunsh D efault nrz Browze |

k. I Cancel Sl | Help

Figure 3.5 The Processing Options: Print Options page

Run Scheme after batch  Check this box to generate printed reports and electronic reports on
completion of each Sample List (if NeoLynx processing is
specified).
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Results Browser

Report Scheme

Process Options Page

This defines the location of the NeoLynx Browser program. Press
the Browse button, locate the NeoBro.exe program, highlight it and
press Open to define the path. By default this is the C:\MassLynx
directory.

This defines the location of the NeoLynx Report Scheme used to
generate the printed and electronic reports. Press the Browse button,
locate the required *.nrs file, highlight it and press Open to define
the path. By default this is the C:\MassLynx directory. See the
NeoLynx Browser chapter for details on Report Schemes

Options Ed |

Frint Options  Process Optians |variables|

— Procezs Ophions
— Pazz Meszage

|11 Tests Wwithin Limits

— Output File—— — Save Optionsz
= Dwenwrite [ Create Mazslyny Process
&% Up lzsue Data Threshold ZBP ED.SK

k. I Cancel Spply Help

Pass Message

Output File

Save Options

Figure 3.6 The Processing Options: Process Options page

Enter the text to be displayed in the Browser Report if the results for
all tests lie within normal limits.

Select Overwrite or Up Issue. NeoLynx processes raw data files
and creates a NeoLynx Results file whose name is based on the
Sample List name.

If Overwrite is selected then any existing Results File with the same
name will be overwritten.

If Up Issue is selected then the file name will have an issue number
added to it (e.g. filename 001.nrf. Each time a report with the same
name is generated this number is increased by 1. The maximum
number of issues is 999, after which a warning message is generated.

In NeoLynx V4.0 the processed data and the process