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a b s t r a c t

Sialylglycopeptide (SGP) is a complex bi-antennary N-glycan bearing a short peptide fragment that can
be isolated from the yolk of hen eggs. This natural product has gained popularity as a starting material for
the semi-synthesis of N-glycans. We have found that current isolation methods provide a glycopeptide
contaminated with several related structures, one being a glycopeptide having a hexose directly attached
to peptide backbone, most like through the hydroxyl containing side chain of the threonine moiety.
Furthermore, current methods employ fresh egg yolks that need to be lyophilized and involve several
tedious purification steps. Herein, we report a convenient method for the isolation of gram quantities of
homogeneous SGP from commercially available egg yolk powder using solid/liquid extraction and HILIC-
HPLC purification.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Isolation of advanced glycans from natural sources can provide
attractive starting materials for the semi-synthesis of complex
glycans of biological importance. Sialylglycopeptide (SGP, Fig. 1A),
having an A2G2S2 structure, where A stands for GlcNAc, G stands
for Gal, S stands for Neu5Ac, is abundant in the yolk of hen eggs [1]
and is commonly employed as a starting material for the prepara-
tion N-glycans by enzymatic or chemical manipulations [2e6].
Initially, SGP was isolated from fresh egg yolks [1] through phenol
extraction followed by an elaborate purification process involving
six size-exclusion and ion-exchange columns. In 2012, an improved
purification procedure was reported employing porous graphite
carbon (PGC) instead of size-exclusion column chromatography [7].
Further optimization of the SGP isolation procedure involved the
removal of the lipids via diethyl ether extraction, thereby elimi-
nating problems caused by emulsification. Additionally, an aqueous
search Center, University of
and Drug Discovery, Utrecht

ons@uu.nl (G.-J. Boons).
acetone solution was used for SGP extraction, followed by an active
carbon column to provide gram quantities of SGP (Fig. 1B) [8].

Despite the greatly improved protocol for SGP isolation [9e12],
several drawbacks remain. To obtain gram amounts of SGP, kilo-
gram quantities of dried egg yolk are need, which requires cracking,
separating, and lyophilization of hundreds of fresh eggs. Further-
more, the large volume of diethyl ether for lipid extraction poses a
safety concern. We have found that the current isolated protocol
provides SGP contaminated with several closely related structures.
To address these issues, we have developed a convenient extraction
and purification procedure that gives homogenous SGP employing
commercially available egg yolk powder using aqueous ethanol as
the extracting solvent, and hydrophilic-interaction-chromatog-
raphy (HILIC) for further purification (Fig. 1C).

2. Results and discussion

2.1. Commercially available egg yolk powder as a source for SGP

To find an alternative source of SGP in lieu of fresh hen eggs, we
have examined commercially available egg yolk powder [13] that is
routinely used by the food industry as an emulsifying agent and a
source of high quality protein. One kilogram of egg yolk powder is
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Fig. 1. A The structure of sialylglycopeptide (SGP). B Previously reported SGP isolation protocols. C Newly developed strategy for SGP isolation. Legend: GlcNAc; Man; Gal;
Neu5Ac; Hex.

Table 1
Removal of the lipids in egg yolk powder using different solvents.

Entry Solvent Extracted lipid/whole weight (%)

1 Chloroform: Methanol, 2: 1 61.9
2 Acetone 44.7
3 Hexanes 46.3
4 Diethyl ether 50.8
5 Ethanol 51.2
6 Ethanol, twice 61.5

L. Liu et al. / Carbohydrate Research 452 (2017) 122e128 123
equivalent to 100e150 egg yolks and is available in large quantities
for an economical price ($4.45/kg) [14]. Using bulk egg yolk powder
has a concern that the preparation procedure involves “spray dry-
ing” in which atomized liquid egg is sprayed into a hot air stream
well above 100 �C to evaporate water [13] which may compromise
the integrity of the glycopeptide.

When egg yolk powder was extracted with water and analyzed
by ESI-MS, despite significant emulsification resulting from the
presence of lipids, we detected a signal at m/z 1431 (2-) corre-
sponding to SGP indicating that egg yolk powder may be an
appropriate source of the glycopeptide. Approximately, 60% of the
weight of egg yolk powder is of lipids [15], and its emulsifying
properties cause difficulties in SGP extraction. We investigated
several organic solvents commonly used in the food industry for
lipid extraction including acetone [16], diethyl ether [17], hexanes
[18], chloroform/methanol mixtures [19,20], and ethanol [21]. Egg
yolk powder was stirred in each solvent for 30min, filtered, and the
insoluble material was dried in vacuo to determine the weight loss
due to the removal of the lipids (Table 1). The combination of
chloroform and methanol (entry 1), also known as the Folch
method [19,20], gave the best result with a weight reduction of
61.9%. However, due to the toxicity of chloroform, it is not a
preferred solvent for large-scale extraction. Acetone (entry 2) and
hexanes (entry 3) extractions resulted in a weight reduction of
44.7% and 46.3%, respectively. Diethyl ether (entry 4), which was
used in the previous reported isolation method [8], and ethanol
(entry 5) resulted in a 50.8% and 51.2% reduction in weight,
respectively. Among the solvents tested, ethanol proved to be the
best choice due to its low toxicity and affordability. We found that
performing a second extraction with ethanol resulted in an addi-
tional 20% reduction inweight which (entry 6) making this protocol



L. Liu et al. / Carbohydrate Research 452 (2017) 122e128124
as efficient as the chloroform/methanol mixture (entry 1). After
removal of the lipids, the remaining solid became off-white powder
that was easy to handle.

2.2. Optimizing the conditions for SGP extraction

Next, we focused on extracting SGP from the lipid-free material
to identify a solvent mixture amenable to large-scale preparations
that would extract the highest quantity of SGP while limiting the
amount of undesired egg yolk components. Several different
aqueous solution mixtures were examined including acetone,
acetonitrile, methanol, and ethanol (Fig. 2A), which were analyzed
by HILIC-ESI-MS (see later section for details). The LC-MS chro-
matograms showed two peaks having retention times of 27.9 and
25.3 min corresponding to the desired symmetrical SGP and an
asymmetric derivative lacking a sialic acid and galactosyl moiety. It
was found that all aqueous solutions could extract SGP, however,
subtle differences were observed. An impurity was detected in the
acetone/water extracts near the peak of SGP at 24.3 min, while it
was absent in the other extracts. The chromatogram of the meth-
anol and ethanol extractions were quite similar, and showed fewer
impurities compared to acetonitrile. Due to the lower toxicity of
ethanol compared to methanol, we decided to use aqueous ethanol
as the solvent for SGP extraction.

Next, we investigated the effect of ethanol concentration on SGP
extraction efficiency. Fig. 2B shows the relative amount of SGP
detected by LC-MS in each extraction mixture, normalized against
Fig. 2. A LC-MS chromatogram of the crude extracts from different solvents. B The relativ
concentrations.
the highest value. This data shows that SGP was absent from ex-
tractions with ethanol concentrations greater than 80% (v/v), but
present starting at 70%, albeit in low yield. The amount of extracted
product appeared to be fairly consistent from 10% / 60% aqueous
ethanol. However, when the aqueous content was high (10e20%
ethanol), a substantial amount of undesired protein was extracted
which caused problems in further purification steps. From a practical
point of view, 40% ethanol was chosen for large-scale extraction.

2.3. Optimized procedure for SGP isolation from egg yolk powder

Having successfully optimized the solvent conditions for lipid
removal and SGP extraction from egg yolk powder, we set out to
improve the carbon column chromatography purification protocol.
The fine particle size of active carbon creates significant back
pressure resulting in a slow flow rate, and using this procedure, it
was not uncommon that a single run took several days. To increase
the flow rate, the ratio of active carbon/Celite was decreased from
2/1 to 1/1 (wt/wt), which reduced the back pressure resulting in
faster elution flow rates. The bulk of impurities could be removed
by using a gradient of 0 / 15% acetonitrile/water (0.1% TFA v/v)
mixture while desired SGP could be eluted from the column using
25% acetonitrile in water (0.1% TFA v/v). Miscellaneous salts could
be removed by P-2 size exclusion column chromatography. The
NMR and mass spectrometry data of the purified SGP matched
previous reported data and on average 0.8 mg SGP/g egg yolk
powder was isolated.
e amount of SGP in the crude extracts using aqueous ethanol solutions with different



L. Liu et al. / Carbohydrate Research 452 (2017) 122e128 125
2.4. Heterogeneity of isolated SGP

While our optimized purification method greatly facilitated the
isolation of SGP from egg yolk powder, we noticed that regardless
of the source or isolation method, the recovered SGP was not ho-
mogenous, and contained ~10% impurities due to the presence of
several closely related structures. The use of SGP as starting ma-
terial for N-glycan syntheses requires homogenous SGP, and
therefore several HPLC methods were considered for further puri-
fication. It was found that both reverse phase and porous graphi-
tized carbon (PGC) chromatography could not separate the
individual components. Gratifyingly, hydrophilic interaction chro-
matography (HILIC) [22], a technique used to separate highly polar
compounds [23], showed an incredible ability to fractionate SGP
into homogeneous constituents (Fig. 3A).

Four peaks in the LC-MS chromatogramwere observed with the
major component (peak 3), eluting at 28.2 min having a mass of
2864.17 Damatching the expected mass of the desired symmetrical
glycopeptide A2G2S2. Peak 1 had a mass of 2411.02 Da, corre-
sponding to the glycopeptide bearing an A2G1S1 glycoform.
Interestingly, peak 2 and 4 had a mass of 2573.07 and 3026.22 Da,
respectively corresponding to peak 1 and 3 with an increase in
mass of 162 Daltons, indicating the presence of an additional
hexose (Fig. 3B). To determine if the hexosewas linked to the glycan
or the peptide backbone, SGP was treated with pronase, which is a
commercially available mixture of various amidases that cleaves
the aglycon peptide to a single asparagine (Fig. 4A). The resulting
LC-MS chromatogram of the digested product showed only the
presence of 5, A2G1S1-Asn and 6, A2G2S2-Asn, indicating that the
hexose is directly linked the peptide (Fig. 4B). To support this
finding, we pooled the four peaks and treated the mixture with
PNGase F (Fig. 4A), which allowed analysis of the intact peptide. As
expected, the ESI-MS chromatogram showed signals at 659 and
821 Da corresponding to peptide 7 and peptide 8 bearing a hexose,
respectively (Fig. 4C).

Preparative HILIC-HPLC was used to obtain homogenous SGP in
Fig. 3. HILIC-MS analysis of isolated SGP. A Analytic LC-MS chromatogram o
gram quantities and NMR analysis further confirmed the identity of
the resulting compound (Fig. 5A). When using the SGP for N-glycan
synthesis, we found it is beneficial to treat the product after the
carbon/Celite column with a general neuraminidase and galacto-
sidase to afford the A2 glycan 10 (Scheme 1). Further treatment
with pronase furnished a homogeneous product 11, A2-Asn, that
could be purified by preparative HILIC-HPLC to obtain a highly pure
product (Fig. 5B).

It may be possible that during the spray drying process, amino
acids of SGP epimerize including the asparagine moiety harboring
the N-glycan. We carefully compared the 1H (900 MHz) and 13C
NMR (225MHz) spectral data of 11with previously reported data of
the same asparagine-linked oligosaccharide obtained from fresh
egg yolks [25,26]. Gratifying, no differences were detected, and
furthermore careful analysis of key 1H and 13C signals suggesting
the absence of an epimeric compound. Thus, the methylene group
at the b position of Asn appeared as two doublets of doublets. One
proton appears at d 2.80 (J ¼ 17.2, 4.2 Hz), the other was found at
d 2.73 (J ¼ 17.2, 6.9 Hz) with a corresponding 13C signal at d 34.74.
The Asn a-proton at d 3.85 (J ¼ 6.9, 4.2 Hz) appeared as a doublet of
doublets with a corresponding carbon signal is at d 50.73 ppm. The
anomeric proton of GlcNAc-1 was observed as a doublet at d 4.93
(J ¼ 9.8 Hz) with a corresponding 13C signal at d 77.95. We did not
observe additional proton/carbon signals of the reducing anomeric
GlcNAc or the Asn further supporting the absence of epimers
(Figs. S1-S8).

3. Conclusion

We have developed a convenient method for isolating gram
quantities of homogeneous SGP from commercially available egg
yolk powder. Ethanol was chosen as the solvent to remove lipids
from the bulk egg yolk powder, and a 40% aqueous ethanol so-
lution for extracting SGP. The choice of solvent is amenable to
large-scale extractions and the optimized ratio of carbon/Celite
allowed for faster elution of the desired glycopeptide. Analytical
f isolated SGP showing four components. B Assignment for the peaks.



Fig. 4. Determining the position of the hexose on the isolated SGP. A The isolated SGP could be treated with pronase (top) to trim the peptide down to Asn or PNGase F (bottom) to
remove the peptide completely. B The LC-MS chromatogram of pronase treated SGP, showing disappearance of the additional hexose. C ESI of the cleaved peptide from isolated SGP
with PNGase F. The peak at 821 corresponds to the peptide with hexose.

Fig. 5. NMR spectra of compounds purified by semi-preparative HPLC using a HILIC column. A SGP. B A2-Asn.
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Scheme 1. Trimming SGP using neuraminidase, galactosidase and pronase.
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HILIC-HPLC analysis provided important insights into the het-
erogeneity of the isolated SGP. Treatment of the heterogeneous
mixture with exoglycosidases and either pronase or PNGaseF
resulted in homogeneous material that could undergo a final
HPLC purification by preparative HILIC chromatography to yield
an analytically pure substance. This new method of purifying SGP
from readily available egg yolk powder will aid the synthesis of
complex N-glycans needed in the field of glycobiology and
analytical chemistry.

4. Experimental section

4.1. Materials and reagents

Chemicals and solvents were purchased from Sigma-Aldrich
and used without further purification. Active carbon, NORIT™ SA
2, decolorizing grade, catalog 40403 and Celite®545 was purchased
from Acros. Egg yolk powder was purchased from Natural Foods
Inc, Toledo, OH (item 40504) and was stored at 4 �C.

Pronase (from Streptomyces griseus) was purchased from Sigma-
Aldrich, #P5147. Neuraminidase (Clostridium perfringens), #P0720
and PNGase F (Flavobacterium meningosepticum), #P0704 were
from New England Biolabs. Galactosidase (Aspergillus niger) was
purchased from Megazyme, #E-BGLAN.

4.2. LC-MS analysis

LC-MS was performed on a Shimadzu LC-ESI-IT-TOF with a
Waters XBridge BEH, Amide column, 2.5 mm, 130 Å, 2.1 � 150 mm
using ESI as detector at a flow rate of 0.16 mL/min. Mobile phase A
was 100mMammonium formate inwater, adjusted to pH 3.43with
formic acid; mobile phase B was 100% aceteonitrile.
Time (min) A (%) B (%)

0 35 65
25 50 50
40 50 50
45 60 40
50 60 40
60 35 65
4.3. Optimization of lipid removal

Organic solvent (40 mL) was added to egg yolk powder (10 g) in
a round bottom flask. The suspension was stirred at room tem-
perature for 2 h and then filtered and dried to yield an off-white
powder.
4.4. Optimization of SGP extraction

Ethanol solutions (2 mL) (Fig. 2B) were added to egg yolk
powder (1 g), which has been treated with 40% ethanol for lipid
removal, in a 15 mL centrifuge tube. The mixture was vortexed for
1 h at room temperature, centrifuged, and the top layer was dec-
anted and used for LC-MS analysis.
4.5. Large-scale SGP extraction

Egg yolk powder (2.27 kg, 5 lb) was suspended in ethanol (4 L of
95%) and mechanically stirred for 2 h, twice, to extract lipids from
the bulk startingmaterial. The suspensionwas filtered and dried via
suction filtration to yield an off-white, dry powder; the filtrate was
discarded. To extract the SGP, the off-white powder was twice
suspended in 3 L of 40% ethanol and mechanically stirred for 2 h.
The filtrates were pooled and concentrated under reduced pressure
at 40 �C. It is important to stress that during each filtration, the solid
should be washed thoroughly with plenty of extraction solvent to
ensure high recovery, since the long filtration time from the large
scale would lead to evaporation of the solvent in the solid. Cold
aqueous ethanol (40%, 100 mL) was added to the concentrated
solution to precipitate proteins which were be removed by
centrifugation (3000 rpm, 10 min). The resulting solution was
concentrated and purified by an active carbon/Celite column
chromatography (500 g of active carbon and 500 g of Celite). The
column was eluted with 3 L of water (0.1% TFA), 3 L of 5% aceto-
nitrile in water (0.1% TFA v/v), and 10% acetonitrile in water (0.1%
TFA v/v). SGP was released from the column by eluting with 25%
acetonitrile in water (0.1% TFA v/v). Fractions of 250 mL were
collected and analyzed by ESI-MS. Fractions containing the desired
product were concentrated in vacuo and subjected to size chro-
matography (Bio-Rad P-2, fine particle size 45e90 mm, column di-
mensions 5.0 cm � 80 cm) and eluted with a 0.1 M ammonium
bicarbonate solution. SGP containing fractions were lyophilized to
yield a white, fluffy powder (1.82 g, or 0.8 mg SGP/g of egg yolk
powder).
4.6. Neuraminidase, galactosidase trimming and pronase treatment
on SGP

Isolated SGP (225 mg) was dissolved in a sodium acetate buffer
(50 mM, pH 5.5, 5 mL) with CaCl2 (5 mM). To the mixture was
added neuraminidase (20 mL, Clostridium perfringens) The reaction
was incubated at 37 �C with shaking overnight until ESI indicated
all the sialic acid had been removed.

The pH of the reaction mixture was adjusted to 4.5 with acetic
acid. To the mixture BSA (3 mg) and b-galactosidase (150 mL,
Aspergillus niger) were added. The reaction was incubated at 37 �C
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with shaking. After overnight incubation, another 100 mL of galac-
tosidase were added, and the reaction was monitored until ESI
indicated all the galactose had been removed. The protein in the
mixture was removed by centrifugation using a 10K MWCO filter.

The pH of the filtrate was adjusted to 8.0 with sodium hydroxide
(1 M), and additional CaCl2 (50 mL, 500 mM) was added. To this
mixture was added pronase (100 mg, Streptomyces griseus). The
reaction was incubated at 37 �C with shaking for 5 days. When ESI
indicated the reaction had completed, pronase was removed using
a centrifuge filter (10K MWCO). The filtrate was lyophilized and
further purified via size chromatography (Bio-Rad P-2, fine particle
size 45e90 mm, 2 � 80 cm), eluting with a 0.1 M ammonium bi-
carbonate solution. The fractions with the product were collected,
lyophilized to provide the compound 11, A2-Asn (75 mg).

4.7. Semi-preparative HILIC-LC-MS protocol

Semi-preparative HILIC-LC was performed on a Shimadzu LC-
ESI-IT-TOF with a Waters XBridge BEH, Amide column, 5 mm,
10 � 250 mm at a flow rate of 3.8 mL/min, with 1/% of the flow is
diverted to the ESI-MS detector using a splitter. Mobile phase Awas
100 mM ammonium formate in water, adjusted to pH 3.43 with
formic acid; mobile phase B was 100% aceteonitrile. A general
condition for separation is as follows:
Time (min) A (%) B (%)

0 35 65
40 50 50
45 60 40
50 60 40
60 35 65
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