
Introduction
Over the last two years the vast majority (27 of 28) of the FDAapproved therapeutic biologicshave been
glycoprotiens(1). Theseglycosylatedtherapeuticsare comprisedof glycoproteinhormones,cytokines,clotting
factors and monoclonalantibodies. Sialicacidsare terminal, negativelychargedmonosaccharidespresent on
manyN- and O-glycans. Biopharmaceuticalsoften contain two main typesof sialicacid; N-acetyl-neuraminicacid
(Neu5Ac,purplebox figure1) andN-glycolyl-neuraminicacid(Neu5Gc,blue box figure1). Neu5Acis found in both
humanand non-humancells,whereasNeu5Gcnot presenton humanglycoproteinsand is immunogenic(2). The
biopharmaceuticalsefficacy,serum half-life and immunogenicityare impactedby both the abundanceand the
type of sialylation(including O-acetylation)(3). Consequently,sialylationis a glycosylationcriticalquality attribute
(GCQA). Sialicacidanalysisis in the quality guidelinesfor registrationof biopharmaceuticals(ICHQ6B) and should
beperformedthroughoutthe product lifecycle

Ludger’s DMB kit for Sialic Acid Analysis and Standards
Sialicacid analysisworkflow designedto satisfy the regulatory requirementsfor biopharmaceuticalsialic acid
contentanalysisto specifythe following:

Sialylation: A Critical Glycosylation Quality Attribute for Biopharmaceuticals

Conclusions
Assialylationof therapeuticglycoprotiensis critical to adrug’ssafetyandefficacy,a sensitive,robust andeasyto
implement method to detect both low and high levelsof sialylationis necessary. Thebenefitsof usingLudger’s
sialicacidanalysisworkflow are:

ÅSatisfiesthe regulatoryrequirementsfor biopharmaceuticalsialicacidcontentanalysis,providing: 1) the overall
degreeof drug sialylation(absolutequantitation of sialicacid residuesper molecule); 2) Relativequantitiesof
Neu5Ac:Neu5Gc; and3) relativepercentagesandidentity of O-acetylatedsialicacids.

ÅUtilizesmultiple standardsto providea robust analysismethod includingacceptancecriteria to ensureoptimal
processperformance

Å Isvalidatedto anICHQ2 standard.
ÅKit andmethodsareusedin-housefor contractanalysis–Ludgerhascontinuoushands-on experiencewith this

method and use it with many therapeutic glycoproteinsthat have both low and high levels of sialylation
(erythropoietin(EPO),monoclonalantibodies,etc..).
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Figure 1: Structural differences between Neu5Ac and Neu5Gc.

Biopharmaceutical Sialic Acid Analysis to Satisfy Regulatory 
Requirements
Sialicacidanalysisis a regulatoryrequirementandshouldbe performedthroughout the product lifecycle. Thekey
dataacquiredfrom this study:

1. Identity of eachsialicacidpresent

2. Absoluteamountsof Neu5GcandNeu5Ac

3. RelativePercentagesof Neu5Gc/Neu5Ac/Neu5,9Ac2 (if applicable)

Erythropoietin (EPO)

EPOis a highlyglycosylatedprotein and its high levelof sialylationandaccompanyingacetylationhasa significant
effect its therapeuticproperties,especiallyon the circulationhalf-life of the protein (3). TheDMBlabeledsialic
acidsfrom an EPOglycoprotein(startingamount 50 ug) are shownin Figure6 with the relative levelsof the N-
acetyl,N-glycolyland O-acetyl sialicacids(Table2). Thisinformation is useful for QCto monitor batch to batch
variation,or for comparabilitystudies.

Note: When monitoring O-acetylation of sialic acidson productssuchas erythropoietin (EPO),acetyl esterase
(sialate-O-acetylesterase)canbe usedduring characterization. Theenzymeremoves9-, 8- and 7-O-acetylgroups
from releasedsialicacids,releasedglycansor glycoproteins. Theuseof this enzymefor characterisationof follicle
stimulatinghormone(FSH)isdetailedin Dr. RadoslawP.YƻȊŀƪΩǎPoster(P-203).

ImmunoglobulinG(IgG)

Most therapeuticmAbsare IgGswhere the levelsof sialicacid can impact the pharmacokinetics,specificity,and
anti-inflammatoryactivity (4). Comparedto EPO,IgGshavelower levelsof sialyationso largeramountsof starting
materialarerequired(e.g. 100ug–200ug)(Figure7, Table3).
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sialicacids

Workflow
Sialicacidsare releasedfrom glycoproteinsby mild acidhydrolysis(2M aceticacid)usingconditionsthat preserve
the N-acetyl, N-glycolyl and O-acetyl groups. Theα-keto acid of the free sialic acidsare derivatisedwith 1,2-
diamino-4,5-methylendioxybenzene(DMB). Typical starting amounts are 50 µg of glycoprotein for a highly
sialylatedsampleand up to 200 µg for a glycoproteinwith low levelsof sialylation. TheDMB-labeledsialicacids
arethen analysedby RP-HPLC(Scheme1; HPLCand(U)HPLCRunningconditionsin Table1).

Anumberof controls arealsotakenthroughthe process:

i. Positiveprocesscontrolglycoprotein: Fetuinglycoprotein(GCP-FET-50U)

ii. Positiveprocessquantitativecontrolglycopeptide: GPEP(BQ-GPEP-A2G2S2-10U)

iii. Negativeprocesscontrol: Water

iv. Negativeprocesscontrol: Samplebuffer

E
U

0.0

500.0

1000.0

1500.0

Minutes

0.0 5.0 10.0 15.0 20.0 25.0 30.0

R² = 0.999719

R² = 0.999978

0

50000000

100000000

150000000

200000000

250000000

300000000

0 0.2 0.4 0.6 0.8 1 1.2

A
re

a
 (

µ
V

*S
e

c)

nmoles

Neu5Ac Neu5Gc Linear (Neu5Ac) Linear (Neu5Gc)

Validationto ICHQ2 (R1) Guidelineswith FetuinGlycoprotein
Thevalidationprotocol followed ICHguidelinesQ2 (R1) to showthat the LudgerStandardoperatingproceduresfor sialicanalysiswere suitablefor
their intended use with both the sialicacid standardsand a glycoproteinsample(fetuin). Accordingto the ICHguidelineQ2 (R1) (for Analytical
Validation)the following validationcharacteristicswere assessed: specificity,accuracy,repeatability(Intra-assayprecision),intermediateprecision,
linearity,workingrange,detectionlimit, quantitationlimit androbustness. Notablefindingsare listedbelow.

Range: Theworking rangefor starting amount of fetuin glycoproteinthat givesa linear responseis 5 to 100μgfor Neu5Ac and 25 to 100μgfor
Neu5Gc.

Limit of quantitation: Both Neu5Ac and Neu5Gcshow a linear relationshipbetweensampleamount and signalto noiseand are presentat levels
abovethe LOQ(10* S/N)acrossthe wholerangeof amounts(5 to 100μg).

Thekit containsthe followingcomponents:
Reagents: DMBDye, 2M AceticAcid,Mercaptoethanolin Aceticacid(1.4 Molar) , SodiumDithionite
QuantitativeStandards: N-acetylneuraminicacid(1 nmol), N-glycolylneuraminicacid(1 nmol)
Reference Standards: Sialic Acid Reference Panel containing Neu5Ac, Neu5Gc, Neu5,7Ac2, Neu5Gc,9Ac,
Neu5,8Ac2, Neu5,9Ac2 andNeu5,7,(8),9Ac3

QuantitativeProcessStandardsialylatedglycopeptide(GPEP-A2G2S2)

QualitativeStandards: SialicAcidreferencePanel(SRP)andNeu5,9Ac2
A sialicacidreferencepanel(SRP)containinga mixture of sialicacidsfound in humansandanimalsis usedasa systemsuitabilitystandard. Thesialic
acidreferencestandardcontainsNeu5Gc,Neu5Ac,Neu5,7Ac2, Neu5Gc9Ac,Neu5,9Ac2, andNeu5,7,(8),9Ac3.

Theacceptancecriteria for this standardare that the HPLCprofiles from the SRPat the start and end of the sampleset shouldoverlapwith minimal
drift in retention time (e.g. ± 0.1 min.). TheDMBprofile for the SRPisshownin Figure2A.

ThepurifiedNeu5,9Ac2 standardisusedto determinethe relativeabundanceof O-acetylatedvsnon-O-acetylatedsialicacidresidues(Figure2B).

QuantitativeStandards(Neu5Ac,Neu5Gc)
ThequantitativestandardsareNIST-FandUSPtraceableNeu5GcandNeu5Acmonosaccharidesdispensedto approximately1 nmole(exactvaluesin C
of A for eachbatch). Preparationof serialdilutionsof the Neu5AcandNeu5Gcquantitatedstandardsprovidecalibrationcurves(Figure3A). Thepeak
areasof Neu5AcandNeu5Gcin test samplesarecomparedto the calibrationcurvesto providequantitativedataon the amountof eachsialicacid.

TheLudgeracceptancecriteriausingin-houseSOPsis that the calibrationcurveshouldgiveR2 valuesof >0.99 for both Neu5GcandNeu5Ac(Figure3B).

Table1. 30 min runningmethod for HPLCanalysis
usinga LudgerSep-R1 column(4.6 x 150mm, 3 µm
particles) LS-R1-4.6x150.
Injectionvolume= 25µL
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Figure 2: A) DMB-labeled sialic acid reference panel profiled on an LS-R1 HPLC column; B) Neu5,9Ac2 Standard 

A) B)

Figure 3: A) Overlay of the spectra from Neu5Ac and Neu5Gc serial dilutions; B) Calibration curves 

Figure 4: Overlay of DMB-labeled Sialic Acid from GPEP-A2G2S2 (Triplicate Analysis)

Stability: A common concern is the stability of DMB-labeled
samplesafter derivatisation,to addressthis we monitored the
samplesover 72 hours at 10oC in the dark. An overlay of the
chromatogramsof DMB-labeledsialicacidsreleasedfrom fetuin
at 0, 24, 48and72 hoursafter derivatisationisshownin figure5.
CVsare less than 1% for retention times and less than 5% for
peakareas. CVsfor the calculatednmol/mg protein are lessthan
5%for Neu5AcandNeu5Gc. Fromthis datawe concludethat it is
acceptableto store samplesin the dark at 10°Cfor up to 72 hr,
providedthat the calibrationstandardshavebeen stored in the
sameconditionsandare analysedat the sametime. Additionally
we havefound that samplesstored in the freezerin the darkare
suitablefor analysis. DMBlabelledsamplescanbe frozenfor up
to 2 days. Figure 5: Sample Stability of DMB-Labelled Sialic acids after Derivatisation 

(overlay of traces from time points: 0, 24, 48, 72 h)

Figure 7: DMB profiles of sialic acids released from IgG 

TheLudgerBioQuant™GPEPquantitativestandardis
a purified sialylatedglycopeptidestandardusedasa
positive processcontrol. Thisglycopeptidestandard
containsa biantennaryN-linked glycanterminating
in two sialic acids and has been quantified using
qNMR. Thisstandardis usedto checkthe efficiency
of glycanrelease,labelingandrecovery(Figure4).

The Ludger acceptance range for GPEP-A2G2S2
analysedusing in-house SOPsis 5.6 to 8.4 nmol
(which is the amount determined by quantitative
NMR± 20%)

DMB labeled sialic acid standards are eluted under the following HPLC conditions:
Column: LudgerSep R1 (Cat. #: LS-R1-4.6x150) 
Flow: 0.5 ml/min; Temperature: 30 °C
Solvent A: methanol: acetonitrile: water (7:9:84); Solvent B: acetonitrile
Excitation wavelength: 373 nm Emission wavelength: 448 nm

Scheme 1: DMB Release and Labelling Workflow

Table 2: Quantitative Amount and Relative Percent for sialic acids in EPO
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Ave CV%

Neu5Gc 0.000 -

Neu5Ac 6.946 2.0

Acceptance Criteria:  ±20% nmolfrom C of A

Acceptance range = 6.98 ±20% 
5.58 –8.38 nmol

IgG (100 µg Glycoprotein) 

Sialic Acid
1. Amount of Sialic 
Acids on Protein 

(nmoles/mg protein)

2. Amount of Neu5Ac 
(nmoles)

Neu5Gc n.d n.d.

Neu5Ac 7.0278 0.70278

n.d. –not detected

Time (min) Flow mL/min %A %B

0 0.5 100 0

19 0.5 100 0

19.5 0.5 10 90

23.5 0.5 10 90

24 0.5 100 0

30 0.5 100 0

EPO(50 µg Glycoprotein) 

Sialic Acid
1. Amount of Sialic 
Acids on Protein 

(nmoles/mg protein)

2. Amount of Neu5Gc 
and Neu5Ac (nmoles)

3. Average Relative 
Percent (%) of Sialic 

Acids from Peak Areas

Neu5Gc 4.97 0.25 0.95

Neu5Ac 307.44 15.37 94.17

Neu5,9Ac2 - - 4.88

Contact for more information
Thankyou for viewingmy poster. Ifyou’dlike a copyor want to knowmoreabout
our glycomicsworkflow then pleaseemail me (claire.morgan@ludger.com) or
connectwith meon LinkedIn. Thanks,Claire. www.ludger.com

Table 3:  Quantitative amount of Sialic acids in IgG

Figure 6: DMB profile of EPO in comparison to SRP and Neu5,9Ac2
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