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Analysis of Hemoglobin Variants using an Automated Sample Preparation Workstation Coupled to LC-MS

Introduction

Hemoglobinopathies are genetic defects that result in one of the chains of
the hemoglobin molecule. These are usually single-gene disorders, such as
sickle cell disease, and they are usually inherited as autosomal codominant
traits. There are over 2000 known hemoglobin variants and identification
of these variants is important to a patient’s health. It is important to be
able to structurally identify and quantitate these variants in order to detect
abnormal hemoglobin quickly and precisely. It is necessary to reduce
sample complexity to avoid exceeding the analytical limitations of the mass
spectrometer. This poster will discuss the use of an automated sample
preparation system coupled to mass spectrometry to quickly and reproduc-
ibly identify differences between normal and abnormal hemoglobin.

Methods

The Perfinity Workstation is a fully integrated online protein sample prepa-
ration workstation, combining the selectivity of immunoassay approaches
with the resolution of high performance liquid chromatography and is
easily coupled to a mass spectrometer.

e Automates and integrates five key
proteomic workflow steps:
- Affinity Selection
- Buffer exchange
- Trypsin digestion
- Desalting
- Reversed phase LC

® Reduces sample preparation times
from 24 hours to less than 1 hour

e Acheives exceptional reproducibility
(CV less than 10%)
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Immunoassay
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Poor Selectivity (-)
® Proteins must be extracted or samples frac-
tionated prior to analysis
® High Resolution (+)

Separation of a mixture of
five differing peptides

Chromatography

Digestions - Under 4 minutes
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® Antibodies can be used to isolate proteins
from biological extracts

e Low Resolution (-)
Immunological contact areas (epitopes)
are very small

Similar proteins differing by small changes
in structure can be easily resolved
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179‘.0‘ - ‘20‘.0‘ - ‘21‘.0‘ B ‘22‘.0‘ - ‘2’31.0‘ - ‘24‘.0‘ B ‘25‘.0‘ -
Sample: 5 ug Insulin

Column 1: Perfinity Optimized Trypsin Column
Column 2: HALO 2.1Tmm x 100mm

i ‘ i i
26.0 min

Reproducibility

2 ng/mL Hemoglobin (Reduced/Alkylated)

- 4 minute digest at 40 degrees C
- 15 minute linear gradient
- Three consecutive injections
- 10 uL injection
H - Q3 Scan on LCMS-8030 Triple Quad
- 400-1500 m/z
- 15,000 u/sec
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Representative digest chromatograms generated
from Perfinity workstation with process CV's less
than 10% (shown in table to the right)

Mobile Phase A: 2% ACN, 98% Water, 0.1% FA
Mobile Phase B: 90% ACN, 10% Water, 0.1% FA
UV detection at 214 nm
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Results - LCMS-IT-TOF

® Sickle Cell Disease (SCD) is a blood disorder characterized by
red blood cells that assume an abnormal, rigid, sickle cell
shape.

| | | | Normal Hb
¢ Sickle cell variants were captured (directly from sera), digest-

ed, separated and cleaned-up for MS on the Perfinity Work-
station. These variants were then identified on an LCMS-IT-
TOF and quantified on the LCMS-8030 triple quadrupole.

Sickle
Cell Hb

Mass Spectrometry Sample Preparation for Identification
LCMS-IT-TOF

Structural Identification of targets

e Fully automated, digestion and RPC workstation

® Rapid identification of VHLTPVEK sickle cell peptide isoform by LC/MS-
lon trap-time of flight (IT-TOF) \
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®*91% sequence coverage

MASCOT Results
Matched peptides shown in Bold Red

1 MVHLTPEEKS AVTALWGKVN VDEVGGEALG RLLVVYPWTQ RFFESFGDLS
51 TPDAVMGNPK VKAHGKKVLG AFSDGLAHLD NLKGTFATLS ELHCDKLHVD
101 PENFRLLGNV LVCVLAHHFG KEFTPPVQAA YQKVVAGVAN ALAHKYN

Three consecutive injections of Hb using the
Perfinity workstation coupled to the IT-TOF.
- 10 pmol injection

- 4 minute digest at 40 degrees C
- 25 minute linear gradient
IT-TOF Conditions:

-Ms1 - scan 400-1500 m/z M ‘
- Data shown - TIC for Hb
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Results - LCMS-8030

Mass Spectrometry Sample Preparation for Quantification
LCMS-8030

Base peak chromatogram (BPC) Hb
- 4 minute digest, 15 minute gradient
- LCMS-8030 Q3 scan
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e Quantification of purified targets using LCMS-Triple Quad
®Selected ion monitoring (SIM) of normal and sickle cell Hb

8030 TIC, Normalized to Normal
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Conclusions

The Perfinity Workstation automates and integrates affinity selection,
buffer exchange, protein digestion, desalting and LC separation and adds
speed, quality and value to MS-based assay development. This platform
combines the high selectivity of immunoassay with the high resolution of
chromatography. When combined with mass spectrometry, peptide based
SRM assays can be performed faster and with greater reproducibility. The
ability to do fast, automated sample prep into a LC coupled to a triple
guad mass spectrometer allows for the quantitation of purified hemoglo-
bin targets using SIM and MRM and the use of an ion trap-tiom of flight
mass spectrometer allows for the structural idfentification of the hemob-
globin variants. The ability to speed up digestion allows for the quick and
efficient identification of the hemoglobin variants as well as quality data
with each injection.

For research purposes only. Not for use in diagnostic procedures.



