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Release Data Set Information

This document details the Lab Protocol for testing the items listed in the following table for
FFMR_K_R:

File Name Variable Name SAS Label

LBDRF7SI Total folate (nmol/L)
LBXRF1SI 5-Methyl-tetrahydrofolate (nmol/L)
LBXRF2SI Folic acid (nmol/L)

FFMR K R LBXRF3SI 5-Formyl-tetrahydrofolate (nmol/L)
LBXRF4SI Tetrahydrofolate (nmol/L)
LBXRF5S| 5,10-Methenyl-tetrahydrofolate

(nmol/L)

LBXRF6SI Mefox oxidation product (nmol/L)
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1. Summary of Clinical Relevance and Principle
A. Clinical Relevance

Folate belongs to the group of water-soluble B vitamins that occur naturally in food. It is required in
cellular one-carbon metabolism and hematopoiesis [1]. Prolonged folate deficiency leads to
megaloblastic anemia. Low folate status has been causally linked to an increased risk in women of
reproductive age to have an offspring with neural tube defects. Low folate status also increases
plasma homocysteine levels, a potential risk factor for chronic diseases such as cardiovascular disease
or cognitive function. Potential roles of folate and other B vitamins in modulating the risk for diseases
(e.g., heart disease, cancer, and cognitive impairment) are under investigation.

While serum folate is an indicator of recent intake, red blood cell (RBC) folate is an indicator of long-
term status. RBCs contain mainly 5-methyltetrahydrofolate (5-methyITHF) in the polyglutamate form
to ensure cellular retention. In people with a polymorphism in the 5,10-methylene-tetrahydrofolate
reductase (MTHFR) enzyme, a portion of the methyl folate is replaced by formyl folates. The
measurement of folate forms present in RBCs may elucidate the role of folate vitamers relative to
various health outcomes, while the calculated total folate (tFOL, sum of the individual folate forms),
provides information on the folate status of the individual.

B. Test Principle

RBC folate status can be determined directly by measuring folate forms in washed RBCs [2] or indirectly by
measuring folate forms in a whole blood (WB) lysate [3]. The direct measurement requires the addition of
exogenous y-glutamyl hydrolase (exo-GGH) to deconjugate folate polyglutamates to monoglutamates. It
also requires the measurement of hemoglobin (Hb) in the RBC lysate to correct for residual moisture in
the packed RBCs. By using the mean corpuscular hemoglobin content (MCHC), RBC folate can be
calculated. The indirect measurement can either utilize the endogenous plasma-based y-glutamyl
hydrolase (no addition of enzyme; 4 h incubation at 37°C) or preferably, for faster deconjugation, use the
addition of exo-GGH (30 min incubation at room temperature). To calculate RBC folate, it also requires
the measurement of serum folate and hematocrit (Hct) to correct for the serum folate contribution to WB
folate and to normalize to the proportion of packed red cells.

Five folate forms, 5-methylTHF, pteroylglutamic acid (PGA), tetrahydrofolate (THF), 5-formyl-
tetrahydrofolic acid (5-formyITHF), 5,10-methenyltetrahydrofolic acid (5,10-methenylTHF), and one
oxidation product of 5-methyITHF called MeFox (pyrazino-s-triazine derivative of 4-a-hydroxy-5-
methylTHF) are measured by isotope-dilution high performance liquid chromatography coupled to
tandem mass spectrometry (LC-MS/MS) [4]. The current method is a modification of a previously
published method [5,6] to add the measurement of an oxidation product [7] and to scale down the
amount of specimen needed and increase the sample throughput.

The assay is performed by combining specimen (150 pL of WB lysate or RBC lysate) with an internal
standard mixture containing exo-GGH enzyme (5 pug per mL of WB lysate or RBC lysate) and incubation at
room temperature for 30 min to deconjugate folate polyglutamates to monoglutamates prior to folate
extraction. Ammonium formate buffer (1%) is added to the samples and extraction and clean-up is
performed by automated 96-probe solid phase extraction (SPE) using 96-well phenyl SPE plates which
takes ~1 h for a 96-well plate. Folate forms are separated within 4 min using isocratic mobile phase
conditions and measured by LC-MS/MS (7 min to next injection). Quantitation is based on peak area
ratios interpolated against a five-point aqueous linear calibration curve using 1/x*> weighting. The
following analytes are quantified (Table I):
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Table I: Analytes and abbreviations

Abbreviation
Scientific literature (including

Database analyte code

Compound this document)

5-Methyltetrahydrofolic acid 5-methyITHF MET
5-Formyltetrahydrofolic acid 5-formyITHF FOT
Tetrahydrofolic acid THF THF
5,10-Methenyltetrahydrofolic acid 5,10-methenyITHF MYT
Pteroylglutamic acid (folic acid) PGA PGA
Pyrazino-s-triazine derivative of 4-a-

hydroxy-5-methyltetrahydrofolate MeFox MFO
Total folate (sum of folate forms) tFOL RBF7

Safety Precautions

Consider all blood specimens as potentially positive for infectious agents including HIV, hepatitis B and
hepatitis C. We recommend the hepatitis B vaccination series for all analysts working with whole blood
and /or serum. Observe universal precautions; wear protective gloves, lab coat, and safety glasses during
all steps of this method. Discard any residual sample material by autoclaving after analysis is completed.
Place all disposable plastic, glassware, and paper (pipette tips, autosampler vials, gloves etc.) that contact
serum/blood in a biohazard autoclave bag and keep these bags in appropriate containers until sealed and
autoclaved. Use disposable bench diapers during sample preparation and serum/ blood handling and
discard after use. Also, wipe down all contaminated work surface with 10% bleach solution when work is
finished.

Handle acids (e.g., formic and acetic acid) and bases (e.g., ammonium hydroxide; produces strong fumes;
handle only in chemical fume hood) used in sample and reagent preparation with extreme care; they are
caustic and toxic. Handle organic solvents (e.g., methanol, acetonitrile) only in a well-ventilated area or, as
required, under a chemical fume hood.

Reagents and solvents used in this study include those listed in Section 6. Safety data sheets (SDSs) for all
chemicals are readily available in the SDS section as hard copies in the laboratory. SDSs for other
chemicals can be viewed at http://www.ilpi.com/msds/index.html or at
http://intranet.cdc.gov/ossam/workplace-safety/safety-practices/chemical-safety/index.html.

Observe universal precautions (i.e., PPE) during operation of automated liquid handlers (e.g., Hamilton,
Caliper-Zephyr); keep instrument doors always locked when it is running; wipe down contaminated decks
(10% bleach solution) after work is finished. Either turn off the instruments or keep in standby mode.

Computerization; Data System Management

(A) During sample preparation and analysis, samples are identified by their sample ID. The sample ID is a
number that is unique to each sample that links the laboratory information to demographic data
recorded by those who collected the sample.

(B) The raw data file and respective batch file from the tandem mass spectrometer are collected using the
instrument software and stored on the instrument workstation. The data file and batch file are
transferred to the CDC network where the data file is processed into a results file that is also saved on
the CDC network. Results are typically generated by auto-integration but may require in some cases
manual integration. The results file (including analyte and internal standard names, peak areas,
retention times, sample dilution factor, data file name, acquisition time, etc.) is imported into a LIMS
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(€)

(D)

database for review of the patient data, statistical evaluation of the QC data, and approval of the
results. See “4015.02 - SOP Computerization & Data System Management” for a step-by-step
description of data transfer, review, and approval.

For NHANES, data is transmitted electronically on a regular basis (approximately weekly for 3-week
turnaround analytes). Abnormal values are confirmed by the analyst, and codes for missing data are
entered by the analyst and are transmitted as part of the data file. NCHS makes arrangements for the
abnormal report notifications to the NCHS Survey Physician.

The batch and the raw data file from the instrument workstation are typically backed up to the CDC
network after a run is completed. This is the responsibility of the analyst under the guidance of the
project lead. Files stored on the CDC network are automatically backed up nightly by ITSO support
staff.

Specimen Collection, Storage, and Handling Procedures; Criteria for Specimen Rejection

(A)

(B)

(€)

(D)

(E)

(F)

(G)

Collecting a fasting specimen is not required to interpret RBC folate.

RBC folate analysis is typically performed on frozen specimens, either WB lysate or RBC lysate. It is not
recommended to freeze intact whole blood and generate the lysate later because thawing whole blood is
particularly sensitive to folate degradation [2].

A 600-pL lysate specimen is required to allow for repeat analysis and for automated sample pipetting; a
volume of 150 pL is required for analysis.

WB is collected using lavender-top Vacutainers containing EDTA as an anticoagulant.

e WB lysate: 100 uL EDTA WB is added to 1.0 mL of 1 g/dL ascorbic acid, corresponding to a
1/11 dilution; the WB lysate is frozen promptly (preferably at -70°C) to keep folates in the
reduced state. A Hct measurement is made at the time of blood collection to allow RBC folate
calculation.

e RBC lysate: packed RBCs are triple washed with cold physiologic saline (1:1 ratio), then diluted
1/2 with saline (1+1); 100 pL diluted RBCs are dispensed into a plastic screw-capped vial and
1.0 mL of 1 g/dL ascorbic acid is added, corresponding to a 1/11 dilution; the RBC lysate is
frozen promptly (preferably at -70°C) to keep folates in the reduced state. A separate
hemoglobin measurement is made on the lysate at the time of the folate measurement to
allow RBC folate calculation.

Specimens collected in the field should be kept cold and protected from light. After processing, specimens
should be frozen and shipped on dry ice by overnight mail. Once received, they should be stored at <-
20°C until analyzed. Folates are stable for only a few weeks if the specimen is frozen at -20°C. For long-
term storage, specimens should be frozen at <-70 °C. Up to three short (2 h) freeze-thaw cycles cause only
minor folate degradation.

Specimens should generally arrive frozen. Specimens received at ambient temperature are rejected.
Refrigerated intact WB samples may be used provided they are brought promptly from the site where the
blood was collected. Samples should be processed for WB lysates or RBC lysates as soon as possible.

Specimen handling conditions are outlined in the DLS Policies and Procedures Manual. The protocol
discusses in general collection and transport of specimens and the special equipment required. If
there is more than one test of interest in the specimen and it needs to be divided, the appropriate
amount of blood specimen should be transferred into a sterile Nalgene cryovial labeled with the
participant’s ID to avoid cross-contamination.
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Procedures for Microscopic Examinations; Criteria for Rejection of Inadequately
Prepared Slides

Not applicable for this procedure.

Preparation of Reagents, Calibration (Standards), Controls, and All Other Materials;
Equipment and Instrumentation

A. Reagent Preparation

Prepare all reagents with 0.22 um filtered (cellulose Nitrate-filters) deionized water with a resistance
of at least 18 MQ/cm. Use Class A volumetric glassware where a volumetric flask is specified. Though
each reagent preparation specifies a total volume of reagent prepared, these directions may be scaled
up or down to prepare larger or smaller quantities if desired.

1) 1% Ammonium formate buffer, pH 3.2

Into a 1-L reagent bottle, add 980 mL deionized water (measured by graduated glass cylinder) and
10 mL concentrated formic acid (measured by graduated glass pipette). This mixture is titrated
with ammonium hydroxide (30%) to adjust the pH to 3.2. Transfer the buffer into a 1-L graduated
glass cylinder and make up to final volume with deionized water. Transfer back into the 1-L
reagent bottle and degas under vacuum for 3—5 min. This buffer can be stored at room
temperature for one week.

Note: 10x concentrated ammonium formate buffer can be prepared as above (use 100 mL of
concentrated formic acid instead of 10 mL measured by graduated glass cylinder). This buffer can
be stored at room temperature for 6 months. At the time of use, dilute 100 mL of the 10x buffer
to 1 L using deionized water and degas under vacuum.

a)

b)

c)

d)

Conditioning solvent for 96-well SPE plates

The ammonium formate buffer described above is used as is to condition the sorbent of the
95-well SPE plate (1.3 mL). Other solvents used to condition the sorbent are 0.5 mL
acetonitrile and 0.5 mL of methanol.

Solvent #1: 1% ammonium formate buffer, pH 3.2, with 0.5% ascorbic acid
Add 0.5% ascorbic acid (0.5 g/100 mL) to the buffer described above at the time of use.

Buffer for folate calibrator mix and ISTD mix: 1% ammonium formate buffer, pH 3.2, with 0.1%
ascorbic acid

Add 0.1% ascorbic acid (0.1 g/100 mL).
Wash buffer (Solvent #2): 0.05% ammonium formate, pH 3.4

Dilute 50 mL of 1% ammonium formate buffer, pH 3.2 to 1 L with deionized water in a
graduated glass cylinder. Transfer into a 1-L reagent bottle, check pH, and degas under
vacuum for 3-5 min. This buffer can be stored at room temperature for one week. Add
ascorbic acid powder to a final concentration of 0.1% (0.1 g/100 mL) prior to use.
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2) Sample elution buffer (Solvent #3): 49% deionized water, 40% methanol, 10% acetonitrile,
1% acetic acid, 0.5% ascorbic acid

Using graduated glass cylinders (500 mL and 100 mL), add 490 mL of deionized water, 400 mL of
methanol, and 100 mL of acetonitrile to a 1-L reagent bottle and degas under vacuum for 3-5 min.
At the time of use add 1% (final concentration) acetic acid (1 mL/100 mL) and 0.5% (final
concentration) ascorbic acid powder (0.5 g/100 mL).

3) HPLC mobile phase: 49.5% deionized water, 40% methanol, 10% acetonitrile, 0.5% acetic
acid

Using graduated glass cylinders (500 mL and 100 mL), add 495 mL of deionized water, 400 mL of
methanol, and 100 mL of acetonitrile to a 1-L reagent bottle and degas under vacuum for 3-5 min.
At the time of use, add 5 mL of acetic acid (0.5% final concentration).

4) L-Ascorbic acid solution (1% or 1 g/dL, pH 2.7)

To a 50-mL falcon tube, add 0.5 g ascorbic acid and 40 mL deionized water and mix well to
dissolve. Add deionized water to the 50-mL mark. The solution should be made fresh before use.

The same solution is also used as a lysate buffer. To prepare lysates, add 100 uL of either intact
WB of saline-diluted washed RBCs into 1.0 mL of this solution (1/11 dilution), vortex mix and store
at the appropriate temperature.

If the ascorbic acid is used to dilute folate stock solutions, degas each tube under a stream of
nitrogen for a few minutes and filter using 0.45 um (mixed cellulose esters) 10-mL sterile syringe
filter just prior to use.

5) Phosphate buffer (0.1 M)

Dissolve 1.4 g potassium phosphate monobasic and 2.2 g dibasic in 95 mL of deionized water
(measured by graduated glass cylinder), measure the pH and adjust to 7.2 with KOH. Make up to
final volume (100 mL) with deionized water. Filter and degas under a stream of nitrogen for a few
minutes. To obtain a 20 mM concentration, dilute 20 mL buffer to 100 mL with degassed
deionized water (using graduated glass cylinder and pipette).

6) PPG dilution solvent for mass spectrometer calibration

Dissolve 15.4 mg of ammonium acetate completely in 49.9 mL of water first. Mix 49.9 mL of
methanol with 0.1 mL of formic acid and 0.1 mL of acetonitrile. Then mix the above two solutions
together to make the final PPG dilution solvent. Use a 1/50 dilution (400 pL of PPG standard 2000
+19.6 mL of PPG dilution solvent) for positive ion calibration of the AB Sciex tandem mass
spectrometer. This solution is stable at 4 °C for 6 months. For negative ion calibration, PPG
standard 3000 and diluent is supplied in the kit by the manufacturer (AB Sciex).

B. Standards Preparation
1) Primary and intermediate individual stock solutions

The concentrations of primary stock solutions (for each individual folate) are calculated using
molar absorptivity. Information on absorption maxima, absorption coefficients, and formulas to
calculate the concentration are provided in Appendix B. Table Il summarizes diluent information
for primary and intermediate stock solutions.
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Table IlI. Diluents used for primary and intermediate stock solutions

Compound Diluent for primary stock solution | Diluent for intermediate stock solution Il
5-MethyITHF 20 mM phosphate buffer (pH 7.2) [D&F] 0.5% ascorbic acid [D&F]
5-FormyITHF 20 mM phosphate buffer (pH 7.2) [D&F] 0.5% ascorbic acid [D&F]

THF 20 mM phosphate buffer (pH 7.2) [D&F] 1% ascorbic acid [ D&F]
5,10-MethenyITHF 1 M HCI [D] 0.5 M HCI with 0.5% ascorbic acid [D&F]
PGA 20 mM phosphate buffer (pH 7.2) [D&F] Deionized water [D&F]

MeFox 0.1 N NaOH [D&F] Deionized water [D&F]

[D] degassed with nitrogen; [F] filtered using 0.45 um sterile filters (mixed cellulose esters)

a)

Primary stock solution | (<200 pg/mL)

5-MethyITHF, 5-FormyITHF and THF: These reduced folates are treated the same way. The
13Cs-labeled compounds are used as internal standards and are also prepared in the same way
as described below.

1.

Prepare a primary stock solution in a volumetric flask by dissolving an accurately known
mass (+0.1 mg) of the pure solid compound in degassed 20 mM phosphate buffer (pH 7.2,
containing 0.1% cysteine), targeting a final concentration of ~100 pug/mL (e.g., 5 mgin 50
mL). Vortex briefly to help dissolve the contents and make up to final volume.

Remove a small aliquot (1 mL) of the primary stock solution to a microcentrifuge vial to
determine its concentration by UV spectrophotometry. To the remaining stock solution
add ascorbic acid powder to a final concentration of 1%. From the aliquot you removed,
prepare two dilutions (e.g., 1/10 and 1/20), each in duplicate, measure the UV absorbance
at the peak maximum using scan analysis against phosphate buffer as a blank, and
calculate the primary stock solution concentration (Appendix B). For 5-methyITHF, the
ratio of absorbance at 290/245 nm can be monitored (simple reads analysis at each wave
length) to ensure that no oxidation takes place. This ratio should exceed 3.3.

Prepare a 20 pmol/L intermediate stock solution (see below under b).

Aliguot the remainder of the primary stock solution into cryovials (typically 1 mL/vial) that
are stored at -70 °C and used approximately every two months to generate a fresh
intermediate stock solution. The primary stock solution is stable for at least 2 years.

5,10-MethenyITHF: Although 5,10-methenyITHF is also a reduced folate, it is treated
differently because it is only stable at acidic pH. At neutral pH it is in equilibrium with 5-
formyITHF and at alkaline pH it converts to 10-formyITHF. The 3Cs-labeled compound is used
as internal standard and is prepared in the same way as described below.

1.

Prepare a primary stock solution in a volumetric flask by dissolving an accurately known
mass (+0.1 mg) of the pure solid compound in 1 M HCI, targeting a final concentration of
~100 pg/mL (e.g., 5 mgin 50 mL). Vortex briefly and keep the flask for ~10 min in a beaker
with warm water (~70 °C) to help dissolve the contents. Vortex a few times in between.
After contents are completely dissolved, keep the volumetric flask at ambient
temperature for ~30 min to let it cool down. Make up to final volume.

Remove a small aliquot (1 mL) of the primary stock solution to a microcentrifuge vial to
determine its concentration by UV spectrophotometry. To the remaining stock solution
add ascorbic acid powder to a final concentration of 1%. From the aliquot you removed,
prepare two dilutions (e.g., 1/10 and 1/20), each in duplicate, measure the UV absorbance
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at the peak maximum using scan analysis against 1 M HCl as a blank, and calculate the
primary stock solution concentration (Appendix B).

Prepare a 20 umol/L intermediate stock solution (see below under b).

Aliguot the remainder of the primary stock solution into cryovials (typically 1 mL/vial) that
are stored at -70 °C and used approximately every two months to generate a fresh
intermediate stock solution. The primary stock solution is stable for at least 2 years.

Folic acid (PGA): The solubility of PGA decreases as the pH decreases from alkaline to acidic
[8]. To maintain optimum solubility, keep higher concentration stock solutions (umol/L) at
neutral (or alkaline) pH and ensure buffering when working at slightly acidic pH at much lower
PGA concentrations (nmol/L). The *Cs-labeled compound is used as internal standard and is
prepared in the same way as described below.

1.

Prepare a primary stock solution in a volumetric flask by dissolving an accurately known
mass (+0.1 mg) of the pure solid compound in degassed 20 mM phosphate buffer (pH 7.2),
targeting a final concentration of ~50 ug/mL (e.g., 5 mgin 100 mL). Vortex briefly to help
dissolve the contents. Keep the volumetric flask in a luke-warm water bath (~30 °C) for
~20 min to ensure complete solubility. Keep the volumetric flask at ambient temperature
for ~20 min to let it cool down. Make up to final volume.

Remove a small aliquot (1 mL) of the primary stock solution to a microcentrifuge vial to
determine its concentration by UV spectrophotometry. From this aliquot, prepare two
dilutions (e.g., 1/10 and 1/20), each in duplicate, measure the UV absorbance at the peak
maximum using scan analysis against phosphate buffer as a blank, and calculate the
primary stock solution concentration (Appendix B).

Prepare a 20 pmol/L intermediate stock solution (see below under b).

Aliquot the remainder of the primary stock solution into cryovials (typically 1 mL/vial) that
are stored at -70 °C and used approximately every two months to generate a fresh
intermediate stock solution. The primary stock solution is stable for at least 2 years.

MeFox: This is an oxidation product of 5-methylTHF. The 3Cs-labeled compound is used as
internal standard and is prepared in the same way as described below.

1.

Prepare a primary stock solution in a volumetric flask by dissolving an accurately known
mass (+0.1 mg) of the pure solid compound in degassed 0.1 N NaOH (pH ~13), targeting a
final concentration of ~100 pg /mL (e.g., 5 mgin 50 mL). Vortex briefly to help dissolve
the contents and make up to final volume.

Remove a small aliquot (1 mL) of the primary stock solution to a microcentrifuge vial to
determine its concentration by UV spectrophotometry. From this aliquot, prepare two
dilutions (e.g., 1/10 and 1/20), each in duplicate, measure the UV absorbance at the peak
maximum using scan analysis against 0.1 N NaOH as a blank, and calculate the primary
stock solution concentration (Appendix B).

Prepare a 20 pmol/L intermediate stock solution (see below under b).

Aliquot the remainder of the primary stock solution into cryovials (typically 1 mL/vial) that
are stored at -70 °C and used approximately every two months to generate a fresh
intermediate stock solution. The primary stock solution is stable for at least 2 years.
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b) Intermediate stock solution Il (20 umol/L)

Prepare a 20 umol/L intermediate stock solution for each folate separately by diluting a
portion of the primary stock solution in the diluent specified in Table Il (typically 10 mL
volume). Aliquot the intermediate stock solution into microcentrifuge tubes that are stored at
-70 °C and used to generate daily working solutions (typically 40—-50 vials at 0.2 mL/vial). This
procedure is repeated approximately once every 2 months to generate a fresh intermediate
stock solution.

Note:

Fresh individual primary stock solutions | are prepared approximately every 2 years. Individual intermediate stock
solutions Il are prepared approximately every 2 months. Analyte and internal standard stock solutions are always
prepared together. In-house long-term storage stability data showed that 5-methylTHF and 13C5-5-methyITHF stock
solutions (100 pug/mL in 1% ascorbic acid and 10 ug/mL in 0.1% ascorbic acid) were stable for at least 9 years when
stored at -70 °C [7]. Buffers and diluents are degassed with nitrogen & filtered (0.45 um sterile filters (mixed cellulose
esters) before use.

2) Mixed calibrator solutions

At the beginning of each run, prepare a mixed calibrator (Mix A) and a mixed internal standard
solution (Mix B) using intermediate stock Il solutions.

a) Calibrator mix (Mix A)

Contains a mixture of each standard prepared in 1% ammonium formate buffer, pH 3.2, with
0.1% ascorbic acid, as shown in Table Ill. The total volume of Mix A is 1.0 mL.

Table IlI: Information for calibrator mix A

Mix A 5-MethylTHF | PGA 5-FormyITHF MeFox THF 5,10-MethenyITHF
Intermediate stock Il (uL) 100 50 50 50 50 50

1% Ammonium formate buffer 650

with 0.1% ascorbic acid (uL)

Folate conc. (umol/L) in Mix A 2.0 | 1.0 1.0 1.0 1.0 1.0

b) Internal standard mix (Mix B)

To avoid pipetting small volumes, the 5 minor folate forms (PGA, 5-formyITHF, THF, and 5,10-
methenylTHF, MeFox,) are premixed as follows: 100 pL of each intermediate stock Il solutions
is mixed together for a total volume of 500 pL and 50 uL of premix is used to prepare the
internal standard Mix B.

The internal standard Mix B (total volume of 8 mL) contains a mixture of the exo-GGH enzyme
and each internal standard prepared in 0.1% ascorbic acid, as shown in Table IV. The
concentration of commercially available exo-GGH enzyme is 500 pg/mL. For 1 mL of RBC
lysate, 5 ug of exo-GGH are required for complete folate polyglutamate deconjugation (0.75
ug enzyme/150 pL RBC lysate) [2]. To optimize enzyme use, and avoid sample dilution, the
enzyme is directly added from the original vial to the internal standard mix (200 pL enzyme
solution containing 100 ug enzyme in 8 mL Mix B).
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Table IV: Information for internal standard mix B

Mix B 13c5_ 13c5_ 13C5_ 13c5_ 13c5_ 13c5_
5-MethylTHF | PGA | 5-FormyITHF | 5,10-MethenylTHF | THF | MeFox

Intermediate stock Il (pL) 40

Premix of minor folate forms (uL) 50

0.1% ascorbic acid (mL) 7.71

Exo-GGH enzyme (500 pg/mL) (uL) 200

Labeled folate conc. 100 25 25 25 50 25

(nmol/L) in Mix B

3) Calibration standards

Prepare mixed calibrators S1 to S5 for the calibration curve in 1.5-mL microcentrifuge vials: add 50
pL mix A to 950 pL ammonium formate buffer (Solvent #1) to prepare the highest calibrator S5
(100 nmol/L 5-methyITHF, and 50 nmol/L each of PGA, MeFox, THF, 5-formyITHF, and 5,10-
methenylTHF). Prepare calibrators S4 to S1 from calibrator S5 by using the amounts specified in
Table V.

Table V: Information for mixed calibrators S1 to S5

Calibrator Calibrator mix | Solvent #1 Concentration (nmol/L): 5-methylTHF/PGA/5-
level formylTHF/MeFox/THF/5,10-methenylTHF

S5 50 puL mix A 950 uL 100/50/50/50/50

S4 200 pL S5 800 uL 20/10/10/10/10

S3 40 uL S5 960 uL 4/2/2/2/2

S2 20 pL S5 980 uL 2/1/1/1/1

S1 10 pL S5 990 uL 1/0.5/0.5/0.5/0.5

C. Preparation of Quality Control Materials

Quality control materials for this assay are prepared in-house from blood products acquired from
blood banks or from other volunteer blood donors. Approximate QC target values for RBC tFOL are
~350 (low), ~¥600 (medium), and ~1000 nmol/L (high), respectively. The low QC aims to be close to the
deficiency cutoff value of 317 nmol/L. The high QC aims to be in the top third of the population
distribution (75" percentile is ~1400 nmol/L). Because the United States has mandatory food
fortification with folic acid, it is difficult to find donors with low RBC folate levels and the prevalence of
clinical folate deficiency is <1% in the US population [9].

In addition to tFOL, concentrations of individual folate forms are considered. If specimens don’t
contain the approximate target values for the individual folate forms as shown in Appendix C,
manipulation through spiking with standard compounds or dilution with physiologic sodium chloride
solution or albumin solution (4%) is considered. It is advisable to including a few blood donors with
MTHFR T/T genotype to obtain blood that has endogenous levels of THF and 5,10-methenylTHF. Not
all folate forms have to be low in the “low” pool, medium in the “medium” pool, and high in the
“high” pool, just as long as there is sufficient distinction between the pools.

To generate WB QC pools, fresh EDTA WB (~40 mL) is collected from blood donors. The Vacutainers are
placed on a rocker for 5-10 min at room temperature; WB is then diluted with 1% ascorbic acid to achieve
a 1:11 dilution. WB lysate (usually 700 pL) is aliquoted into 2.0-mL Nalgene cryovials, vials are kept
capped and frozen. The QC pools are stored at -70°C and are stable for at least 3 years.
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To generate RBC QC pools, fresh EDTA WB (~40 mL) is collected from blood donors. The Vacutainers are
placed on a rocker for 5-10 min at room temperature; WB is then centrifuged (1100 g) at 4°C for 10 min
and the plasma layer is removed; the RBC pellet is washed 3x with cold saline. The packed RBC pellet is
diluted with cold saline (1/2; 1 part RBC + 1 part saline) and mixed well. The diluted RBCs are further
diluted (1/11) with 1% ascorbic acid (10 g/L) to produce RBC lysate. The RBC lysate (~700 L) is aliquoted
into 2.0-mL Nalgene cryovials and vials are capped. The QC pools are stored at -70°C to maintain stability.

Characterization limits are established by analyzing duplicates of each pool for at least 20 consecutive
runs.

D. Other Materials

With some exceptions, a material listed herein may be substituted with an equivalent product from a
different manufacturer provided if it meets or exceeds the specifications of the product listed. In the
case of standards, internal standards, chemicals and reagents, the chemical and/or isotopic purity of
the substitute must meet or exceed that of the listed product. In the case of the HPLC column and
guard cartridge, equivalent performance must be demonstrated experimentally in accordance with
DLS Policies and Procedures.

1) Consumables for automated sample dilution on Hamilton liquid handler
a) 96-well 2 mL sample/collection plate (Whatman)
b) 96-well collection plate seals (Whatman)
c¢) 1mLandO0.3 mL plastic pipette tips (Hamilton)
d) 300 mL plastic reusable reagent and water troughs (Hamilton)

2) Consumables for automated solid phase extraction [SPE] on 96-probe SPE instrument (Caliper-
Zephyr)

a) 96-well Bond Elute SPE blocks [50 mg phenyl sorbent] (Agilent Technologies)

b) Captiva 96-well filter plates [0.45 um PVDF embedded into the well] (Agilent Technologies,
Lake Forest, CA) for efficient automated filtration with vacuum manifold (IST Vacmaster-VCU)

3) General consumables
a) C-8(2) analytical HPLC column, 150 x 3.2 mm, 5 um (Phenomenex)
b) 0.5 um stainless frits A-102X (Chromtech)
c) PEEK tubing 0.005 and 0.007 ID (Supelco)

d) HPLC Solvent glass inlet filters, purge frits, gold seal and outlet caps (Agilent Technologies,
Lake forest, CA)

e) Pipette tips (100-1000 pL) for Eppendorf pipette (Brinkmann)
f) Pipette tips (1000 uL & 10 mL) for Eppendorf pipette (Brinkmann)
g) Pipette tips (10-100 pL) for Eppendorf pipettes (Brinkmann)

h) Pipette tips (0.5-10 pL) for Eppendorf pipette (Brinkmann)
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5)

i)
j)
k)

s)

Combitip plus (500 pL) for Eppendorf repeater pipette (Brinkmann)

Positive displacement pipette tips (50 puL, 100 pL, 1000 pL) for Gilson pipettes (Gilson)
30 mm Nunc 1-mL 96-well HPLC plate for 96-well autosampler (Fischer Scientific)

Nunc plastic seals for 30 mm 1 mL 96-well HPLC plates (Fischer Scientific)

HPLC solvent filter degasser, model FG-256 (Lazar Research Laboratories)

0.45 um PVDF filters (Millipore)

0.22 um (cellulose nitrate) water filtration units 500 mL capacity (Corning)

2.0 mL polypropylene cryovials (Nalgene Company)

1.0 mL disposable syringes (Hamilton)

Sterile syringe filters ( 0.45 um, MF-MCE membrane [mixed cellulose esters ], Millipore)

Various glass beakers, volumetric flasks (class A), graduated glass cylinders, and bottles

Folate Standards

a)

b)

PGA (Pteroylglutamic acid, free acid or Na,-salt), 5-methylTHF ([6S]-5CHs-H4PteGlu, Ca-or Na,-

salt), 5-formyITHF ([6S]-5CHO-H4PteGlu, Ca-or Na,-salt), MeFox ([6S](pyrazino-s-triazine

derivative), THF ([6S]-H4PteGlu, free acid, Ca-or-Na,-salt) and 5,10-methenylTHF ([6S]-5,10-

CH=H4PteGlu-Cl x HCl salt) (Merck & Cie [formerly Eprova]), Schaffhausen, Switzerland)

http://www.merck.ch/en/company/merck in switzerland/merck cie schaffhouse/merck cie
schaffhausen.html)

13Cs-PGA, BCs-5-methylITHF, 3 Cs-5-formyITHF, 3Cs-MeFox, *Cs-THF and 3Cs-5,10-
methenylTHF (Merck & Cie)

Chemicals and Solvents

a)
b)
c)
d)
e)
f)
g
h)
i)
j)
k)

Exo-GGH enzyme (500 ug/mL, Novus Biologicals)

Ammonium hydroxide (28-30% as NHs, ACS reagent — J.T. Baker Brand by Avantor)
L-Cysteine (Sigma, Life Science)

Potassium phosphate dibasic and monobasic salts (Fisher Scientific Co)

Formic acid (>95%) reagent grade (Sigma Aldrich)

Acetic acid (99%) reagent grade (Fisher Scientific Co)

L-ascorbic acid (vitamin C min 99% purity (Fisher Scientific Co [Spectrum chemicals])
Hydrochloric acid (36.5-38%) (JT Baker)

Water, 18 MQ/cm, HPLC gr