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Supplemental Material 

 
Supplemental Table 1.  ESI-MSMS parameters for studies done at the Univ. of 
Washington. 
 
A Waters Quattro Micro tandem triple quadrupole instrument was used for all sample analysis in 
positive ion mode. MassLynx 4.1 software was used to record all ion signals.  The ESI-MS/MS 
settings were as follows:   

Capillary voltage 4500 V 
Extractor 4 

RF 0.4 
Source temp 80 °C 

Desolvation temp 250 °C 
Cone Gas Flow 24L/h 

Desolvation Gas Flow 500 L/h 
Collision gas flow 0.20 mL/min 
LM 1 Resolution 15 
HM 1 Resolution 15 

Ion Energy 0.2 
MSMS Mode Entrance 50 

MSMS mode Exit 50 
LM 2 Resolution 15 
HM 2 Resolution 15 

Ion Energy 2 0.2 
Multiplier 650 

Collision Cell Pressure 2.2 e-3 mbar 
Collision Gas Argon 

 

Analyte MRM transition 
Cone Voltage 

(V) 
Collision Energy 

(eV) 
IDUA-IS m/z 377.2  m/z 277.1 19.0 9.0 
IDUA-P m/z 391.2  m/z 291.2 19.0 10.0 
GLA-P m/z 484.2  m/z 384.3 23.0 13.0 
GLA-IS m/z 489.4  m/z 489.3 23.0 13.0 
GAA-P m/z 498.4  m/z 398.4 27.0 17.0 
GAA-IS m/z 503.4  m/z 403.4 27.0 17.0 

 

All transitions were conducted with the following settings: dwell time, 0.1 s; delay, 0.02 s. 

Ten µL of the 150 µL sample was injected using a Waters 2777C Sample Manager via flow 
injection with 80/20 acetonitrile/water with 0.2% formic acid with a flow-rate of 0.1 mL/min for 1 
min then 1 mL/min for 0.5 min. Data was collected during 1.5 minute of infusion, and the signal 
returned to the background level before the next injection. 
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Supplemental Table 2.  ESI-MSMS parameters for studies done at the WA state newborn 
screening laboratory. 
 

A Waters Acquity TQD tandem triple quadrupole mass spectrometer was used for all sample 
analysis in positive ion mode. MassLynx 4.1 software was used to record all ion signals.  The 
ESI-MS/MS settings were as follows:   

Capillary voltage 3000 V 
Cone (V) 24 
Extractor 3 

RF 0.3 
Source temp 100 °C 

Desolvation temp 250 °C 
Cone Gas Flow 50 L/h 

Desolvation Gas Flow 600 L/h 
Collision gas flow 0.10 mL/min 
LM 1 Resolution 15 
HM 1 Resolution 15 

Ion Energy 0 
MSMS Mode Entrance 1 

MSMS mode Exit 0.5 
LM 2 Resolution 15 
HM 2 Resolution 15 

Ion Energy 2 0.4 
Multiplier 650 

Collision Cell Pressure 2.76 e-3 mbar 
Collision Gas Argon 

 

Analyte MRM transition 
Cone Voltage 

(V) 
Collision Energy 

(eV) 
IDUA-IS m/z 377.2  m/z 277 14 8 
IDUA-P m/z 391.2  m/z 291.1 22 10 
GLA-P m/z 484.3  m/z 384.2 22 12 
GLA-IS m/z 489.4  m/z 389.2 22 12 
GAA-P m/z 498.2  m/z 398.1 24 14 
GAA-IS m/z 503.4  m/z 403.2 26 12 

 

All transitions were conducted with the following settings: dwell time, 0.1 s; delay, 0.02 s. 

Ten µL of the 150 µL sample was injected using a Waters 2777C Sample Manager via flow 
injection with 80/20 acetonitrile/water with 0.2% formic acid with a flow-rate of 0.1 mL/min for 
1.10 min then 0.5mL/min for 0.4 min. Data was collected during 1.5 minute of infusion, and the 
signal returned to the background level before the next injection. 
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Experimental details used for triplex assay optimization.   
 
Assay buffer preparation.  For formate and citrate buffers, 1 mmol of formic acid or citric were 
dissolved in water, and the pH was adjusted with sodium hydroxide (1 M) to the desired pH (pH 
= 3.6, 4.0, and 4.4).  Water was added to adjust the buffer volume to 10 mL.  For the citrate-
phosphate buffer, 1 mmol of NaH2PO4 monohydrate and 0.5 mmol of citric acid were dissolved 
in water, and the pH was adjusted with sodium hydroxide (1 M) to the desired pH (pH = 3.6, 4.0, 
and 4.4).  Water was added to adjust the buffer volume to 10 mL 
Assay cocktails preparation.  Assay components were added to a vial as a solution in 
methanol:  GAA-S (20 µL of 10 mM), GAA-IS (5 µL of 1 mM), GLA-S (100 µL of 10 mM), GLA-
IS (5 µL of 1 mM), IDUA-S (50 µL of 10 mM), IDUA-IS (5 µL of 1 mM).  Additives were added as 
a solution in water:  Acarbose (8 µL of 1 mM) and saccharic acid 1,4 lactone (50 µL of 1 mM).  
The solvent was evaporated using a centrifugal concentrator (SpeedVac),  the residue was 
taken up in 1 mL of the appropriate buffer solution, and the vial was vortex mixed until the 
residue dissolved. The final assay cocktail contains 0.5 mM IDUA-S, 5 µM IDUA-IS, 0.2 mM 
GAA-S, 5 µM GAA-IS, 1.0 mM GLA-S, 5 µM GLA-IS, 8 µM acarbose, and 50 µM saccharic acid 
1,4 lactone. 
 
In the following studies, every sample is run in triplicate except patients. 

Buffer Screen.  For each buffer composition, a single 2-mm diameter DBS punch (containing 
approximately 1.6 μL of blood) was obtained with a leather punch and was placed in a 1.5 mL 
Eppendorf tube. To this tube was added assay cocktail (20 µL) prepared as described above 
and containing 0.5 mM IDUA-S, 5 µM IDUA-IS, 0.2 mM GAA-S, 5 µM GAA-IS, 1.0 mM GLA-S, 
5 µM GLA-IS, 8 µM acarbose, and 50 µM saccharic acid 1,4 lactone.  Similarly, a blank 
containing all the assay components except the DBS punch was also prepared.  The samples 
were incubated at 37 °C for 16 hrs in a thermostated air shaker operating at 250 rpm. The assay 
was quenched with 100 μL of 1:1 methanol:ethyl acetate followed by the addition of 100 μL 
sodium acetate (0.1 M, pH = 5.5), 300 µL water and 400 µL ethyl acetate.  The layers were 
mixed by aspirating with a pipette (5 times), and then the tubes were centrifuged to separate the 
layers.  A portion of the top layer (ethyl acetate, 250 µL) was transferred to a new centrifuge 
tube and dried down under a stream of nitrogen.  The residue was resuspended in 100 μL ethyl 
acetate:methanol (19:1) and applied to a plug of silica gel (~100 mg in a 1 mL pipette tip 
containing a cotton plug.  The plug was eluted 4 times with 400 µL ethyl acetate:methanol 
(19:1).  Solid-phase extraction was carried out using a vacuum manifold (Millipore Inc, 
MAVM0960R) connected to a water aspirator. The solvent was evaporated with a stream of 
nitrogen, and the residue was reconstituted in 100 µL of 80/20 acetonitrile/water with 0.2 % 
formic acid. A 20 µL aliquot was used for the mass spectrometric analysis. 
 
Post-Assay Purification.  Assay cocktail was prepared as described above with the following 
concentrations: 0.5 mM IDUA-S, 5 µM IDUA-IS, 0.2 mM GAA-S, 5 µM GAA-IS, 0.5 mM GLA-S, 
5 µM GLA-IS, 8 µM acarbose, and 50 µM saccharic acid 1,4 lactone in 0.1 M sodium formate 
buffer at pH = 3.6.  A 20 µL aliquot of assay cocktail was purified as described in the buffer 
screen experiments using the liquid-liquid extraction and the solid phase extraction.  The 
residue was reconstituted in 100 µL of 80/20 acetonitrile/water with 0.2 % formic acid. A 20 µL 
aliquot was used for the mass spectrometric analysis. 

A different 20 µL aliquot of assay cocktail was purified using just the liquid-liquid 
extraction described above.  After the ethyl acetate layer was dried down, the residue was 
reconstituted in 100 µL of 80/20 acetonitrile/water with 0.2 % formic acid. A 20 µL aliquot was 
used for the mass spectrometric analysis. 
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Detergent Concentrations.  A single 3-mm diameter DBS punch (containing approximately 3.2 
μL of blood) was obtained with a leather punch and was placed in a single well of a 96 deep-
well plate. Into this well was added assay cocktail (30 µL) which was prepared as described 
above and containing 0.5 mM IDUA-S, 6.7 µM IDUA-IS, 0.4 mM GAA-S, 6.7 µM GAA-IS, 1.0 
mM GLA-S, 6.7 µM GLA-IS, and 8 µM acarbose in 0.1 M sodium formate buffer at pH = 4.4.  In 
addition, the assays contained the following concentrations of detergent:  no detergent, 1.6 g/L 
sodium taurocholate, 5.6 g/L sodium taurocholate, 9.6 g/L sodium taurocholate, 2 g/L CHAPS, 4 
g/L CHAPS, and 6 g/L CHAPS. A blank containing all the assay components except the DBS 
punch was also prepared for each detergent concentration.  The samples were incubated at 37 
°C for 16 hrs in a thermostated air shaker. The assay was quenched with 100 μL sodium 
acetate (0.1 M, pH = 5.5) and 400 µL ethyl acetate.  The layers were mixed by aspirating with a 
pipette (5 times), and the plate was centrifuged to separate the layers.  A portion of the top layer 
(ethyl acetate, 250 µL) was transferred to a new 96 shallow-well plate, the solvent was 
evaporated with a stream of N2, and the residue was reconstituted in 100 µL of 80/20 
acetonitrile/water with 0.2 % formic acid. A 20 µL aliquot was used for the mass spectrometric 
analysis. 
 
Test for GalNAc addition.  Assay cocktail was prepared as described above and contained 0.5 
mM IDUA-S, 6.7 µM IDUA-IS, 0.4 mM GAA-S, 6.7 µM GAA-IS, 1.0 mM GLA-S, 6.7 µM GLA-IS, 
and 8 µM acarbose in 0.1 M sodium formate buffer at pH = 4.4.  A separate assay cocktail 
containing the same concentrations as well as 96 mM N-acetyl galactosamine (GalNAc, TCI 
American, A1245) was also prepared. A single 3-mm diameter DBS punch (containing 
approximately 3.2 μL of blood) was obtained from each DBS source with a leather punch and 
was placed in a single well of a 96 deep-well plate. To this well was added 30 µL of assay 
cocktail without GalNAc.  In a separate well, a 3-mm diameter DBS punch was incubated with 
30 µL of assay cocktail containing GalNAc.  Blank samples containing all the assay components 
except the DBS punches were also prepared.  The samples were incubated at 37 °C for 16 hrs 
in a thermostated air shaker. The assay was quenched with 100 μL sodium acetate (0.1 M, pH 
= 5.5) and 400 µL ethyl acetate.  The layers were mixed by aspirating with a pipette (5 times), 
and then the plate was centrifuged to separate the layers.  A portion of the top layer (ethyl 
acetate, 250 µL) was transferred to a new 96 shallow-well plate, the solvent was evaporated 
with a stream of nitrogen gas and the residue was reconstituted in 150 µL of 80/20 
acetonitrile/water with 0.2 % formic acid. A 20 µL aliquot was used for the mass spectrometric 
analysis. 
 
Substrate Concentration Tests 
 
Three assay cocktails were prepared containing the following concentrations: 

 
 No Substrate 1X Substrate 2X Substrate 

GAA-S 0 0.2 mM 0.4 mM 
GAA-IS 6.7 µM 6.7 µM 6.7 µM 

acarbose 8 µM 8 µM 8 µM 
GLA-S 0 0.6 mM 1.2 mM 
GLA-IS 6.7 µM 6.7 µM 6.7 µM 
IDUA-S 0 0.25 mM 0.5 mM 
IDUA-IS 6.7 µM 6.7 µM 6.7 µM 
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A single 3-mm diameter DBS punch (containing approximately 3.2 μL of blood) was obtained 
from each DBS source with a leather punch and was placed in a single well of a 96 deep-well 
plate. To this well was added 30 µL of assay cocktail with no substrate.  In two additional wells, 
a 3-mm diameter DBS punch was incubated with 30 µL of assay cocktail with 1X substrate and 
2X substrate, respectively.  Blank samples containing all the assay components except the DBS 
punch were also prepared.  The samples were incubated at 37 °C for 16 hrs in a thermostated 
air shaker. The assay was quenched with 100 μL sodium acetate (0.1 M, pH = 5.5) and 400 µL 
ethyl acetate.  The layers were mixed by aspirating with a pipette (5 times), and then the plate 
was centrifuged to separate the layers.  A portion of the top layer (ethyl acetate, 250 µL) was 
transferred to a new 96 shallow-well plate, the solvent was evaporated with a stream of N2, and 
the residue was reconstituted in 150 µL of 80/20 acetonitrile/water with 0.2 % formic acid. A 20 
µL aliquot was used for the mass spectrometric analysis. 
 
Test of Sodium versus Ammonium Formate Buffers.  Two separate assay cocktails were 
prepared as described above  and contained 0.5 mM IDUA-S, 6.7 µM IDUA-IS, 0.4 mM GAA-S, 
6.7 µM GAA-IS, 1.0 mM GLA-S, 6.7 µM GLA-IS, and 8 µM acarbose.  One assay cocktail was 
prepared in 0.1 M sodium formate buffer at pH = 4.4.  A separate assay cocktail was prepared 
in 0.1 M ammonium formate at pH = 4.4.  The ammonium formate buffer was prepared as 
described above, but the pH of the buffer was adjusted with ammonium hydroxide instead of 
sodium hydroxide. 

A single 3-mm diameter DBS punch (containing approximately 3.2 μL of blood) was 
obtained from each DBS source with a leather punch and was placed in a single well of a 96 
deep-well plate. To this well was added 30 µL of assay cocktail in sodium formate buffer.  In a 
separate well, a 3-mm diameter DBS punch was incubated with 30 µL of assay cocktail in 
ammonium formate.  Blank samples containing all the assay components except the DBS 
punch were also prepared.  The samples were incubated at 37 °C for 16 hrs in a thermostated 
air shaker. The assay was quenched with 100 μL sodium acetate (0.1 M, pH = 5.5) and 400 µL 
ethyl acetate.  The layers were mixed by aspirating with a pipette (5 times), and then the plate 
was centrifuged to separate the layers.  A portion of the top layer (ethyl acetate, 250 µL) was 
transferred to a new 96 shallow-well plate, the solvent was evaporated with a stream of N2,  and 
the residue was reconstituted in 150 µL of 80/20 acetonitrile/water with 0.2 % formic acid. A 20 
µL aliquot was used for the mass spectrometric analysis. 
 
Test of DBS samples from Pompe Patients, Fabry Patients, and MPS-IH Patients.  Assay 
cocktail was prepared as described above and contained 0.5 mM IDUA-S, 6.7 µM IDUA-IS, 0.4 
mM GAA-S, 6.7 µM GAA-IS, 1.0 mM GLA-S, 6.7 µM GLA-IS, and 8 µM acarbose in 0.1 M 
ammonium formate at pH = 4.4.  A single 3-mm diameter DBS punch (containing approximately 
3.2 μL of blood) was obtained from each DBS source with a leather punch and was placed in a 
single well of a 96 deep-well plate. To this well was added 30 µL of assay cocktail in sodium 
formate buffer.  In a separate well, a 3-mm diameter DBS punch was incubated with 30 µL of 
assay cocktail in ammonium formate.  Blank samples containing all the assay components 
except the DBS punch were also prepared.  The samples were incubated at 37 °C for 16 hrs in 
a thermostated air shaker. The assay was quenched with 100 μL sodium acetate (0.1 M, pH = 
5.5) and 400 µL ethyl acetate.  The layers were mixed by aspirating with a pipette (5 times), and 
then the plate was centrifuged to separate the layers.  A portion of the top layer (ethyl acetate, 
250 µL) was transferred to a new 96 shallow-well plate, the solvent was evaporated with a 
stream of N2, and the residue was reconstituted in 150 µL of 80/20 acetonitrile/water with 0.2 % 
formic acid. A 20 µL aliquot was used for the mass spectrometric analysis. 
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Supplemental Table 3.  Effect of detergent on the MPS-IH, Fabry and Pompe enzyme assays. 

 
Average Activity1 
mol/h/L of blood

Average Blank2 

mol/h/L of blood
No Detergent   

MPS-IH 4.25 ± 0.21 0.11 ± 0.02 
Fabry 16.13 ± 0.70 2.02 ± 0.46 

Pompe 14.24 ± 0.74 0.31 ± 0.09 
   

9.6 g/L Sodium Taurocholate   
MPS-IH 2.53 ± 0.46 0.26 ± 0.08 
Fabry 4.68 ± 0.34 1.06 ± 0.04 

Pompe 2.41 ± 0.40 0.16 ± 0.01 
   

5.6 g/L Sodium Taurocholate   
MPS-IH 3.14 ± 0.54 0.17 ± 0.07 
Fabry 6.46 ± 0.49 1.15 ± 0.07 

Pompe 3.55 ± 0.46 0.17 ± 0.02 
   

1.6 g/L Sodium Taurocholate   
MPS-IH 4.05 ± 0.16 0.15 ± 0.05 
Fabry 6.36 ± 1.16 1.74 ± 0.06 

Pompe 5.42 ± 1.10 0.32 ± 0.03 
   

6 g/L CHAPS   
MPS-IH 1.86 ± 0.10 0.07 ± 0.04 
Fabry 3.37 ± 0.18 0.72 ± 0.04 

Pompe 4.87 ± 0.29 0.14 ± 0.02 
   

4 g/L CHAPS   
MPS-IH 2.26 ± 0.27 0.10 ± 0.03 
Fabry 4.51 ± 0.28 0.91 ± 0.03 

Pompe 6.16 ± 0.56 0.19 ± 0.00 
   

2 g/L CHAPS   
MPS-IH 5.19 ± 0.16 0.09 ± 0.03 
Fabry 13.26 ± 2.32 2.46 ± 0.06 

Pompe 17.72 ± 3.17 0.53 ±0.05 
1Average activity and standard deviation is based on assays in triplicate. 

2Blank assays were carried out with the assay cocktail incubated with a filter paper punch that 
does not contain blood.  
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Supplemental Table 4.  Effect of solid-phase extraction on the amount of background product 
formation.1 

Work Up 

MPS-IH Blank 
µmol/h/L of blood 
(% of signal of the 
average activity of 
incubated assay)2 

Fabry Blank 
µmol/h/L of blood 
(% of signal of the 
average activity of 
incubated assay)2 

Pompe Blank 
µmol/h/L of blood 
(% of signal of the 
average activity of 
incubated assay)2 

Ethyl Acetate 
Extraction 

0.023 (0.2%) 0.078 (1.4%) 0.020 (0.4%) 

Ethyl Acetate 
Extraction + Silica Plug 

0.020 (0.1%) 0.012 (0.2%) 0.004 (0.08%) 

 

1These blank assays contained all components but were not subject to incubation prior to 
workup. 
2The observed activity in the non-incubated blank was compared to the average activity 
observed in triplicate assays conducted in 0.1 M sodium formate buffer, pH = 4.4 that were 
incubated to obtain the percentages listed in the Table. 
 
 
Supplemental Table 5.  Assay results for multiple analysis of the quality control samples.1 

  Enzyme Activity in µmol/h/L of blood (%CV) 
DBS  Pompe  Fabry  MPS‐IH 

CDC QC Low  1.1 (18.6)  1.2 (25.5)  0.8 (12.7) 

CDC QC Medium  7.8 (17.8)  6.9 (8.9)  3.7 (13.6) 

CDC QC High  11.5 (13.5)  13.2 (7.7)  6.5 (10.0) 

 
1The first number in each box is the mean enzyme activity followed by the 
covariance in percent (in parenthesis). 
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Supplemental Figure 1. Ratio of enzyme activity at two substrate concentrations for 30 random 
newborn DBS samples.    
One set of assays was run with each the of substrate concentration mixtures: A: IDUA-S = 0.25 
mM, GLA-S = 0.6 mM, and GAA-S = 0.2 mM; B: IDUA-S = 0.5 mM, GLA-S = 1.2 mM, and GAA-
S = 0.4 mM.  The ratio of the enzyme activities at the two different substrate concentrations is 
plotted. 
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Supplemental Figure 2. Enzyme activity versus buffer composition. 
Assays were done with DBS from a healthy adult.  Each point is the average and the error bars 
are standard deviation of triplicate assays carried out as described in the Supplemental 
Information. 
 

 

 


