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Combined solid-phase extraction purification method for chondroitin sulfate analysis
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IRINTRODUCTION

Glycosaminoglycans (GAGs) are long linear polysaccharide molecules built up of repeating disaccharide units. These macromolecules are often
connected to a protein core as post-translational modification, exerting immense biological roles. Chondroitin sulfate (CS) building units
consist of N-acetylgalactosamine (GalNAc) and glucuronic acid, and they can contain sulfation in different positions.
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The disaccharide building block analysis is a widespread technique for CS investigation. Before the HPLC-MS measurements,
a purification step is necessary to remove the matrix and residual digestion components. However, due to the wide polarity range of these
disaccharides, measurement and purification are still challenging tasks.

CONCLUSIONS

AIMS Development of solid-phase extraction (SPE) > Cotton-HILIC: for more polar components

method for small amount of CS disaccharides

=<5, » Self-packed cotton-HILIC SPE method 47| » Combined method: ultimate for all CS disaccharides
» Commercial graphite-based SPE methods > Application on biological samples is feasible

Self-packed cotton-HILIC method Graphite-based methods

Commercial 100% Three commercial

cotton pads. Optimized parameters: graphite-based TopTip
» composition of loading solid-phase /l \ protocol by
HILIC-type resin  acid type extraction resins \ \ tfhe
: : . ' : ~ manutacturer
Loaded Into plpette aCId COn.C.entratlon o ThermoFisher / gl‘YgCi
tips into 2-3 mm » composition of elution
height /
Loading solvent composition Elution solvent composition Graphite-based methods
§ 900
> Al
Q SN TO% - mmmmm e e ]
O
o S 0o e
@ 0
o) B I R
AT R | S
I O 20% oo B L] =]
>
E I __________________ -
1% TFA95% 1% TFA95% 1% HFBA 95% 1% HFBA 95% N A & -
ACN elution ACN ACN elution ACN é& é& é& é& ‘;(V’ QV’ 6&% Pierce resin TopTip Pierce resin TopTip Hypercarb resin TopTip TopTip resin TopTip
loading+wash loading+wash o RS (s\o \Qo\o e‘?‘ \o'z’ protocol + 5%NH3 elution protocol elution protocol elution protocol elution
Qs
mD0a0  [D0a4-D0a6 = D0a10 B D0a0 [1D0a4-D0a6 M DO0al0 | DOa0 H D0a4-DOa6 = D0a10
Optimized protocol Optimized protocol
Centrifugation parameters: 2500 rpm, 1 min Centrifugation parameters: 2500 rpm, 1 min
1. Activation with 50 pl 40% H,O 60% ACN Lawrence-code 1. Acti‘;la,t!"",With ?‘:\0 l 8°| % ACN 0,1% TFA 2x
2. Conditioning with 50 pl 1% TFA, 95% ACN x 2 2. Conditioning with 100 pf water 2x -
3. Loading with 30 pl 1% TFA, 95% ACN AHexA-GalNAc D0a0 3. Loading in 50 ul water. Incubation 2 min before centrifuging.
4 Reload x 2 ' AHexA-GalNAc4S  DOa4 4. Reload 1x
5. Washing with 50 pl 1% TFA, 95% ACN e e Do >- Washing with 100 pl water 3x
6. 40°C heated elution with 10 I-ll 1% NH3 Iy 6. Elution with 50 HI 40% ACN 0,05/0 TFA 3x

COOH

HOSO  5so.H
— Q O :
Better applicable for the more polar mqfnmm Better applicable for the less polar

disaccharides e disaccharides

Prostate cancer samples

—_ 2
o g
— C
- ©
3 RECOVERY ~ 50% 3=

Mchngs § 3 WELL APPLICABLE
—
LOADING ; NO SIGNIFICANT &
COTTON 4 ? BIAS IN §
\/ B - 9 SULFATION 2

/ \ < PATTERN
COTTON GRAPHITE
METHOD'S METHOD'S tumor adjacent normal
UNITED &
ELUTION ——— ELUTION ELUTION mD0a0 [D0a4-D0a6 @ D0al10 B D020 0 D0ad [ DO0a6

Acknowledgments
National Research, Development and Innovation Office (OTKA PD 121187 and OTKA FK 131603) and Janos Bolyai Research Scholarship of the Hungarian Academy of Sciences.
Supported by the UNKP-22-2-1-BME-135 New National Excellence Program of the Ministry of Human Capacities



. : .,
2 g S i = A
F 2 ' 5 ™ “ .
B a : : B R o il : i o
. - = t n -l- I 3 T
-.ﬂ"- e : wok s -
- o f— *. - L | i .
G i .
e ST L
. + P £

y o 1-1 FT&U _[ “"“"‘*'*F‘""



HILIC and Graphite-based Solid-phase Extraction
of Heparan Sulfate Disaccharides
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Heparan sulfate (HS) is a class of glycosaminoglycans built up of disaccharide repeating
units comprised of glucuronic/iduronic acid and glucosamine residues; sulfation of the
disaccharide building blocks may happen at four different positions. The most common
workflow for HS analysis is enzymatic digestion followed by solid-phase extraction (SPE)
purification and HPLC-MS measurement. Optimization of the SPE purification of HS
disaccharides from biological matrices is an important, but usually neglected part of the
analysis.

We aimed to develop SPE methods for maximizing the recovery of the HS disaccharides
during sample preparation. First, we developed a HILIC purification method based on self-
packed cotton pipet tips. The sample loading, elution conditions, and solvent volumes
were thoroughly optimized. We found that the cotton-HILIC method provided excellent
(ca. 80%) recovery for the highly hydrophilic doubly and triply sulfated disaccharides, but
sample loss up to 60% was observed during the sample loading step for the less
hydrophilic ones. Second, we tested three different commercial graphite SPE systems with
three different loading and elution protocols, respectively. Excellent recovery was
observed for the less hydrophilic non-sulfated and monosulfated components with most
of the methods, while the highly-sulfated ones were not eluted from the column.

As a result, we designed a combined method where the flow-through of the cotton-HILIC
SPE is further purified with the graphite-based system. The method was applied for
biological matrices like HS chain isolated from different species, and we concluded that it
was suitable for bias-free analysis of small amounts of biological samples.
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