Multiplexed Measurement of Enzyme Activities Associated with Seven
re-\l Lysosomal Storage Disorders from a Dried Blood Spot via LC-MS/MS

Sara E. Smith*, Jim DiPerna, Alyssa Vranish: Revvity Omics, Pittsburgh, PA 15275

Anna Potier, Joe Trometer, Tsun Au Yeung: Rewity, Waltham, MA 02451

Yang Liu, Fan Yi, Naveen Kumar Chennamaneni, Zdenk Spacil, Arun Babu Kumar, Joyce Liao, Michael H. Gelb,
C. Ronald Scott, Frantisek Turecek: University of Washington, Seattle, WA 98195

n Introduction B Assay Procedure B Results
- Lysosomal storage disorders (LSD) are a class of Table 4. Presumed normal patient groups.  Apparently normal
diseases initiated by inherited gene mutations that A single 3.2 mm punch was collected from each ' Group | Age Range | Number of Patients ?fon%pgeli (\;\/I?freer:r?tagyzeed
result in a disruption of lysosomal function. These DBS sample. ; 6<7da>§ - groups in order to J
mutations often cause a deficiency in activity of a ; a5y s establish normal activity
particular lysosomal enzyme, resulting in the 1. Added 30 pL of cocktail A 6-10 y 20 ranges and observe any
accumulation of cellular components. containing enzyme specific 3. Added 100 L of 5 115y 20 reationsnip between
« The development of newborn screening (NBS) Semdede. Ses Table il fr 50:50 (MeOH/EtOAc) ° 16-20y 2 v 2
assays for LSDs provide the ability to identify pre- details on cocktail components. to quench reaction. + Confirmed Ilow activity patient samples were randomly
effective therapeutic interventions. 400 rpm agitation for 20 h. transferred solution ' ARSB bGAL
« The goal of this s_tgdy was to determine if a seven- 16, Bvaporeted sslvent to a deep well plate. 35.0 60.0 |
plex enzyme activity assay could be developed for 11. Reconstituted in 100 L & - o )-
. I TP ' = 40.0
two types of LSD_s. mucopqusaccharldoses (MPS) ifzmlutu_al sz_ni DE(E;?;.S/MS 5. Added 400 L of EtOAC. 3300
and neuronal ceroid Ilpo_fuscmoses. . Injected into 5. Added 200 pL of saline. z
« DBS collected from various age groups were also system. . 7. Mixed. 5=
analyzed in order to begin to understand the 100} f 1 t
relationship between age and enzyme activity. \ O a4 5 6 Poive 00 o
| Group G
E Assay BaCkg round 9. Transferred top (A) r?Bu)p
layer to round bottom 8. C_entrifuged for GALNS GUSB
+ The assay centers around the ability of each 76 well plate. 2 min at 2500 rpm. 00 | 00
7.0 - &
enzyme to convert a substrate to a product. - Seo | — 400
; . = = 350
Normal ID2S Function: 1D2S Deficient: : : : .. %_5.0— %_30_0_
@ @ Figure 1. Overview of sample preparation for seven-plex lysosomal enzyme activity assay. < .0 = o |
ID2S ID2S = R
Substrate Substrate - E 3.0 - 2> 20.0 -
Bl Analysis Method i
10.0 -
« Analysis was performed using a Shimadzu® Nexera® X2 UPLC ;2 o 5
M M system coupled with a Sciex® 5500 QTRAP™ MS/MS. L Grou 6 Posiive b2 = Grgup EE
@ sﬁiifm@ - The mass spectrometer was operated in MRM mode with positive (C'; D)
\ olarity.
Ipzs ‘ P Y ID2S NAGLU
o 35.0 - . 30.0 -
- Enzymatic reactions are carried out by incubating ‘Parameter | Time 250 :
dried blood Spots (DBS) within a cocktail Column Waters® X-select™ CSH C18 column (min) §- 20.0
containing substrates and internal standards in a S i 0,011 70 130 S :

. i Guard column Waters® Vanguard™ CSH pre-column 0.50 70 30 = . s
buffered environment allowing for proper enzyme (10 x 2.1 mm: 3.5 um) T 2 100 ¢ : -
aCtIVIty CqumnTemperature.(° C) 35 2 00 60 40 . <. !

« The high specificity of each substrate allows for Flow Rate (0.5 mL/min) 0.5 250 15 85 00 . " : .
- Injection Volume (uL) 1.0 1 2 3 4 5 6 Positive 1 2 3 4 5 6 Positive
multiplexed measurements. . e 300 15 8 Group Group
Mobile Phase A 0.1% formic acid 3.01 70 30 (E) (F)
Table 1. Concentrations of enzyme specific substrates and internal standards Mobile Phase B T —— 3:50 T e

Included in assay cocktail and buffer composition.

« The effect of age on activity

Concentration | Internal | Concentration e beAL | was found to be enzyme
(uM) Standard (kM) dependent. | |
ID2S ID2S 5 RO « For NAGLU, an increase In
NAGLU 500 NAGLU 5 N activity was observed at ages
GALNS 1000 GALNS 5 P G“ﬂSB > 6 months. Therefore, the
bGAL ErR —— . g 150808 mean activity from age groups
ARSB 1000 ARSB 5 LELZ08 2-6 will be utilized for cutoff
GUSB 500 GUSB 10 —— Tt 1D2S GALNS e 5 3 1 5 6 Postve determination. - |
TP 200 . e Z\L ﬁ "K | 9(( Group « For ID2S, a slight elevation
Buffer C iti 0.00E+00 = - ' ) (G) was observed for age group 2.
UHer -omposrion ° > Timel(min) - ? Figure 3. Dot plots comparing calculated enzyme « For TPP1, the average normal
Reagent Concentration (mM) _ _ o _ activities of (A) ARSB, (B) bGAL,  C) GALNS, . : : :
Ammonium Acetate (pH 5) 80 Figure 2. Sample chromatogram of a high activity quality control sample. Black (D) GUSB, (E) ID2S, (F) NAGLU, and (G) TPP1. activity Is _0Ut5|de the linear
EE—— ; traces represent the product formed by each enzyme. Red traces represent internal Black traces display the mean enzyme activity within range of this enzyme.
YT N standards. each age group.  For all remaining enzymes,
— | Note: For TPP1, the linear range only extends to 23 the use of newborn samples
N/ : : . ' ' ' M/h. A | 23 UM ' d ' i
e The activity of the followmg enzymes will be As seen in figure _2, the response of each product and internal ﬁcmded fr:)); r\e/?elrjeer?c:only. UM are inaccurate an (group 1_) s _gpproprlate for
measured directly by (MS/MS): standard was monitored via tandem mass spectrometry. Enzyme establishing initial cutoffs.
T suyllfatyase (IDZS). activities were then calculated using equation 1. Table 5. Proposed initial cutoffs for screening samples up to age 20 .
ni BB coxwm Activty (uw/h
« a-N-acetylglucosaminidase (NAGLU) o Is. ~ TS, IS IS ARSE v 20 %% of nowborn moan
- Enzyme activity (UM /h) = - °
. N-acetylgalactosamlne 6-sulfatase (GALNS) (V) X (t) bGAL 2.94 15 % of newborn mean
* [-galactosidase (bGAL) Equation 1. Calculation of enzyme activity. Where, (P,/1S,) represents the area ratio in a sample; GALNS 0.99 [ oGl ey
. AI"YlSU Ifatase B (ARS B) (P,/1S,) represents the area ratio in a blank; C,s represents the IS concentration in units of pM; GUSB 4.95 20 % of newborn mean
. B-g lucuronidase (G U SB) Vs represents volume of IS solution in units of pL; V,, represents the volume of blood in units of ID2S 5.21 20 % of group 2 mean
: . : uL; and t represents the incubation time in units of h. A blood volume of 3.1 puL was assigned to NAGLU 1.39 20 % of groups 3-6 mean
* Trlpeptldyl peptldase 1 (TPP]-) a 1/8 inch DBS punch. TPP1 9.88 Average of low activity contrived control
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« An assay has been successfully developed that allows for the direct measurement of the activity of seven lysosomal
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ﬂ Conclusion enzymes from DBS for patients age 0-20 y. This assay is used as a primary screening tool. For identified positives,
sequencing is performed for confirmation.
 For TPP1, activity was found to be linear within the clinically relevant region, however presumed normal activities are well outside of the linear range. Therefore,

Pursuant to applicable federal and/or state Ilaboratory the mean normal activity cannot be used for cutoff determination. In this case, the cutoff has initially been set at the average activity for the low quality control.
requirements, Revvity Omics establishes and verifies the This cutoff may be adjusted in the future.
accuracy and precision of their testing services. - The authors would like to thank Greenwood Genetics, the Mayo Clinic, and Serv. Genet. Med. HCPS for providing confirmed low activity DBS

samples. All DBS samples were collected following IRB approved protocols.
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