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Fig. 3. mIEF (a) and cIEF (b) for profiling of charge variants of transferrin under optimized conditions. Peaks were labeled as T1 through T5 depending on their detection
positions in mIEF. Smaller peak number means more acidic peak in the test sample. Analytical conditions for mIEF are the same as those in Fig. 2. Analytical conditions for
cIEF: capillary, DB-1 capillary (Agilent Technologies), 50 jum L.D. with an effective length of 30 cm (total length, 40 cm); anolyte, 0.2 mol/L phosphoric acid with 0.4% HPMC;
catholyte, 0.3 mol/L sodium hydroxide with 0.4% HPMC; injection, 2 min at 30 psi; focusing, 25 kV in normal polarity for 10 min; mobilization, 25 kV in normal polarity with
pressure at 0.5 psi on both negative and positive ends of capillary; temperature, 20°C; detection, UV at 280 nm.

transferrin in the presence of urea at high concentrations [36]. In
the analysis of transferrin, urea is not necessary (Fig. 2d-1).

TEMED is often used as an additive for preventing focusing of
basic proteins beyond the detection window in cIEFs and works
as a spacer between the catholyte and the basic end of pH gradi-
ent [35,37]. However, addition of TEMED in the separation mixture
at 0.4% concentration obviously decreased resolution (data not
shown). Thus, TEMED is not necessary in the analysis of isoforms
of transferrin in mIEF. However, in case of the analysis of basic
proteins having higher pl values (p/>10), TEMED is required as a
spacer.

Based on the optimization studies on the analysis of transferrin,
the sample solution was prepared as follows: 2.4% of Pharmalyte
(5-8:3~10, 19:1), 0.2% of HPMC and 2 mg/mL of transferrin.

3.1.4. Analysis of isoforms of transferrin by mIEF and cIEF

Under the optimized conditions, transferrin was resolved into
5 isoforms within 200s in a range of 5-15mm from the anolyte
reservoir (Fig. 3a). pI Values of the peaks were calculated by linear
regression between p! 5.12 and 7.40 markers. Calculated pl value of
the most abundant isoform (T4) was 6.06, and other isoforms (T1,
T2, T3, and T5) were observed between pl 5.46 and 6.19 in mIEF
analysis.

The calculated pl values obtained by mIEF were compared with
those acquired by cIEF as shown in Fig. 3b. The difference (Apl) of
calculated plI values of the most abundant isoform (T4) was +0.14

Table 3
Cormnparisons of calculated pl values in mIEF and cIEF.

(Table 3). And those of other isoforms (T1, T2, T3 and T5) ranged
from —0.08 to +0.19. Thus, calculated pl values obtained by mIEF
were comparable to those obtained by cIEF.

Sensitivities of the proposed mlEF system were slightly lower
than those of clEF system (see Fig. 3). The limit of detection (LOD) for
transferrin (isoform T4) in mIEF was estimated to be ca. 0.2 mg/mL
(as final concentration) from a signal to noise ratio (S/N=3). On the
other hand, LOD in cIEF was 0.005 mg/mL. Because the total length
of the channel is 25 mm in mIEF, the amount of the injected sample
is much smaller than cIEF. This is the major reason why high sen-
sitivity is not achieved in mIEF. However, the proposed mIEF with
linear imaging UV detection system does not need sample mobi-
lization toward detection window which often causes diffusion of
focused charge variants and disruption of pH gradient. Further-
more, we can monitor the progress of separations in the real-time
manner, therefore, readily find the optimal conditions (see the
movie for the analysis of transferrin in electronic supplementary
materials).

3.1.5. Effect of the presence of arginine in the sample solution

Most isoforms of mAB preparations show pI values between
pl 7 and pl 10. Prior to the analysis of mAb, pH gradient formed
during mIEF was examined using four pl markers (pls 7.40, 8.18,
9.22, and 10.10) for accurate determination of p! values {5]. mIEF
separation was performed using a mixture prepared by 2.4 uL of
pharmalyte 8-10.5, 34 pL of 0.6% HPMC, 1 pL of each pl marker,

Peak number pl values in mIEF (Apl)

Transferrin Bevacizumab Trastuzumab Cetuximab
1 (acidic end) 5.46 (~0.08) 7.96 (+0.09) 8.45 (-0.07) 7.57 (~0.12)
2 5.70 (+ 0.00) 8.10 (+0.07) 8.57 (~0.05) 7.71(-0.16)
3 5.88 (+0.06) 8.29 (+0.05) 8.76 (+0.02) 7.90 (-0.14)
4 6.06 (+0.14) 8.41(-0.01) 8.89 (+0.04) 8.09(-0.15)
5 6.19 (+0.19) - 8.98 (+0.03) 8.26(-0.16)
6 - - - 8.43(-0.18)
7 - - - 8.57(~0.19)
8 (basic end) - - - 8.68 (-0.25)

pl values obtained by mlEF are shown in the table. Numbers shown in round bracket are the actual p! difference (Apl) compared with those obtained by conventional cIEF
method. Peaks observed in each sample were labeled depending on their detection positions as shown in Figs. 3 and 5. Peak 1 means the most acidic-end peak in the sample,

but they were not identical charge variants among the tested samples.
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Fig. 4. miEF separations of the mixture of four p/ markers (pI 7.40, 8.18, 9.22, and
10.10) in the presence of (a) 0.0mmol/L, (b) 4mmol/L, and (c) 8 mmol/L arginine.
Analytical conditions are the same as those in Fig. 2.

several volume of 200 mmol/L of arginine (pl/ = 10.76) which is com-
monly used as cathodic stabilizer [9] and water to make the sample
solution to 100 L. When analyzing the four pI markers without
arginine, pl 10.10 marker was not detected due to leakage from the
cathodic end (Fig. 4a). Addition of arginine to the mixture induced
pl shift toward anodic end due to accumulated arginine zone at
the cathodic end (Fig. 4b), and addition of 8 mmol/L of arginine
showed the best separation of four pI markers within 240 s (Fig. 4c).
Good linear relationship (R%=0.983) was observed between the
pl values and distances of the p/ markers from the anolyte reser-
voir.

3.2. miEF analysis of mAb pharmaceuticals

The optimized conditions employed for the analysis of trans-
ferrin was applied to the analysis of commercially available mAb
products (bevacizumab, trastuzumab, and cetuximab). The analyti-
cal conditions were slightly modified based on the p! values of each
mAB preparation.

For mIEF of mADb products, the mixture containing 2.4% phar-
malyte 8-10.5, 0.2% HPMC, 8 mmol/L arginine and 2 mg/mL mAbs
with two pI markers (p! 7.40 and 10.10) was employed as the sam-
ple solution. In bevacizumab, four charge variants (peak b1 to b4)
were observed in both mIEF (Fig. 5a) and cIEF (Fig. 5b). pI values cal-
culated by linear regression are summarized in Table 3. Apl values
were less than 0.09 for all observed peaks. And, relative abundances
of the peaks (b1, b2, b3, and b4) were 4.0%, 23.5%, 69.2%, and 3.3%
for mIEF, and were well correlated with the data observed by cIEF
(5.0%, 24.9%, 64.8%, and 5.2%).

Other mAb products, trastuzumab (Fig. 5¢) and cetuximab
(Fig. Se), were separated into five and eight charge variants by
mlEF. Both electropherograms showed consistent profiles with
those obtained by cIEF (Fig. 5d and f). The present data indicate
that the proposed mIEF method is comparable to cIEF, and shows
excellent ability in high-speed mAB analysis.

Table 4
Intra- and inter-day assay variations of mIEF.

Calculated pl values

b1 b2 b3 b4

Repeatability (intra-day)

1 7.86 8.03 8.25 8.45
2 7.83 8.00 8.22 8.42
3 7.86 8.03 8.22 8.44
Mean 7.85 8.02 8.23 8.44
RSD (%) 0.22 0.22 0.21 0.21
Reproducibility (inter-day)

Day 1-1 7.86 8.02 8.22 843
Day 1-2 7.83 8.00 821 8.40
Day 1-3 7.86 8.04 8.22 8.43
Day 2-1 7.85 8.05 8.25 8.46
Day 2-2 7.86 8.05 8.23 8.46
Day 2-3 7.84 8.02 8.25 8.44
Day 3-1 7.86 8.03 8.25 8.45
Day 3-2 7.83 - 8.00 8.22 8.42
Day 3-3 7.86 8.03 8.22 8.45
Mean 7.85 8.03 8.23 8.44
RSD (%) 0.17 0.23 0.19 0.24

Pealks observed in bevacizumab were labeled as b1 through b4 depending on their
detection positions as shown in Fig. 5a.

3.3. Precision of mIEF method

In order to evaluate the precision of the optimized mIEF method,
repeatability and reproducibility were investigated using beva-
cizumab as a model mAb product. For repeatability assessment,
a single separation mixture was prepared and analyzed using two
pl markers of 7.40 and 9.22 instead of 10.10. On the other hand, for
reproducibility assessment, separation mixtures were prepared in
triplicate on each day, and analyzed by mIEF over three days as
summarized in Table 4.

All four charge variants were separated each other within 380s,
and RSDs of the measured position (L, mm) ranged from 0.81%
to 1.28% under optimized conditions (data not shown). After cor-
rection using pl markers, RSDs of calculated pl values were less
than 0.25%. These values were comparable with those obtained by
iclEF (0.2% or less in [ 15,38]). These data indicate that the proposed
miEF method shows excellent reproducibility, because the method
does not require mobilization, and superior to those obtained by
the conventional two-step clEF [5]. In addition, RSDs of relative
abundances of each peak (b1 to b4) in repeatability experiments
(intra-day, n=3) were 9.5%, 0.7%, 1.7%, and 11.5%, and in repro-
ducibility executions (inter-day, n=9) were 14.0%, 8.8%, 3.8%, and
16.6%, respectively. These values were similar to those reported
previously using icIEF as described above.

3.4. Assessment of heterogeneity by sequential enzymatic
digestions of mAb pharmaceuticals

C-Terminal lysine variants [39] and the presence of sialo N-
glycans in mAb products [40] are the major reasons for charge
variants. Two enzymes, carboxypeptidase B and sialidase, were
used to understand charge heterogeneity of cetuximab. Digestion
of cetuximab with carboxypeptidase B caused disappearance of two
peaks (c7 and ¢8) at basic region (Fig. 6b).

In contrast, trastuzumab and bevacizumab (humanized anti-
body products manufactured by CHO cells) showed no significant
changes (data not shown). These results are consistent with the
previous report that relative amounts of incorporated C-terminal
lysine in mAbs manufactured by CHO cell lines were up to
5% [40]. In addition, further digestion with sialidase resulted in
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Fig. 5. Analysis of charge variants of bevacizumab, trastuzumab, and cetuximab by mIEF (left column) and cIEF (right column). Peaks observed in each sample were labeled
with numbers depending on their detection positions. Peak 1 means the most acidic-end peak in the sample, but they were not identical charge variants among the tested
samples. Analytical conditions are the same as shown in Fig. 2. Bevacizumab (a and b), trastuzumab (c and d) and cetuximab (e and f).

decrease/disappearance of the peaks observed in acidic pl regions
(Fig. 6¢). After successive digestion with these two enzymes, cetux-
imab gave the simple profile which is similar to that of bevacizumab
and trastuzumab as shown in Fig. 5a and c. Thus, charge hetero-
geneity of cetuximab is largely due to C-terminal lysine processing
and sialylation of N-glycans. These charge heterogeneities of cetux-
imab may be due to manufacturing process. Bevacizumab and
trastumab are humanized mAb products (IgG4), and produced by

pl 10.10
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Fig. 6. miEF separation of (a) intact, (b) carboxypeptidase B-treated, and (c)
sialidase-treated cetuximab. Analytical conditions are the same as shown in Fig. 2.

CHO cells. In contrast, cetuximab is chimeric mouse-human 1gG4
produced by mouse myeloma SP2/0 cell line. This means that
manufacturing process change in cell type may lead significant
alteration in mAb heterogeneity especially in charge variants. Sev-
eral charge variants are still present in enzyme-treated cetuximab.
Although cetuximab may include other possible modifications such
as N-terminal glutamine cyclization, asparagine deamination, and
methionine oxidation, detailed structural analysis will be necessary
to get better understanding in heterogeneity of mAbs by analyzing
fractionated peaks such as accurate mass spectrometric methods.

4. Conclusion

A combination of a quartz chip specialized for isoelectric focus-
ing and a microchip electrophoresis system with a whole column
imaging UV photodicde array detector achieved ultrafast evalua-
tion of charge variants of glycoproteins. The quartz chip having
a simple, short and straight channel without any coating could
resolve transferrin and three mAb pharmaceuticals into their
charge variants within 200s and 380s with high reproducibility
in terms of calculated pl values and percent relative amounts of
each charge variant.

Charge profiles of protein samples determined by mIEF well cor-
responded to those obtained by cIEF. When comparing precision
in pI determination in mIEF measurements with icIEF measure-
ments (e.g. commercially available iCE280 Analyzer), and cIEF,
reproducibility of the calculated pl values is comparable to the
iCE280 and superior to clEF[15,38]. It should be noted that the time
required for the analysis is much shorter than clEF (approximately
10 times), which requires mobilization step after completion of
focusing, and faster than iclEF (about 3 times) due to incorpo-
ration of shorter separation channel. Whole column imaging UV
photodiode array detector leads precise tuning of focusing time,
because the progress of the focusing can be monitored on the
real-time basis. However, the proposed system needs to wash the
chip manually, and further improvements in functionalization and
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automation will be required for commercial use in the pharma-
ceutical industries. It is difficult to introduce enough amount of
the sample due to short analytical channel. Improvement of the
sensitivity is another future requirement.

Evaluation of charge heterogeneity is necessary for assurance of
quality and stability of mAb products. Some charge variants derived
from several post-translational modifications or degradation show
different biological activity and stability compared to their origi-
nal variants [41,42]. Isoelectric focusing based techniques such as
mIEF, iclEF and cIEF makes us easy to access to useful information
on product specific “fingerprint” derived from charge heterogene-
ity of biopharmaceuticals. To get much better understanding in
detail into the therapeutics, further investigation such as struc-
tural analyses, potency, toxicity and stability evaluation will be
required. Mass spectrometry is one of the powerful tools to satisfy
these demands from the pharmaceutical industry, and fraction-
ated/separated peaks need to be analyzed for further evaluation
of their characterization.

The proposed ultrafast and precise mIEF method is easily applied
to identity and purity analyses in product lot release, stability
testing, formulation screening, process development, comparabil-
ity assessment and product characterization of biopharmaceutical
products possessing complex charge heterogeneity.
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ABSTRACT

During the course of studies on the analysis of O-glycans in biological samples, we found that significant
amount of free glycans are present in normal human serum samples. The most abundant free glycan was
disialo-biantennary glycan typically observed in transferrin which is one of the abundant glycoproteins
found in sera. Minor glycans were also considered to be mainly due to transferrin, but some glycans were
derived from mucin-type O-glycans, although the amount was quite minute. However, high mannose-
type glycans could not be detected at all. Although there have been many reports on the presence of
intracellular “free” N-glycans (mainly derived from high mannose-type glycans) generated either from
lipid-linked oligosaccharides or from misfolded glycoproteins through endoplasmic-reticulum associated
protein degradation pathway, there is little information on the presence of free glycans in extracellular
matrix and biological fluids such as serum. This report is the first one which demonstrates the presence

of free glycans due to glycoproteins in sera.

© 2013 Elsevier B.V, All rights reserved.

1. Introduction

There have been many reports on the presence of free glycans
in cytosols, and the formation of such free glycans is an important
clue for the understanding the selection of properly synthesized
glycoproteins. Such free glycans found in cytosols are exclusively
high mannose-type glycans having one N-acetylglucosamine (Glec-
NAc) residue at the reducing termini [1,2], and are formed in the
cytosol by a cellular system called ERAD (endoplasmic reticulum-
associated degradation) [3]. Such intracellular “free” N-glycans
are generated either from lipid-linked oligosaccharides or from
misfolded glycoproteins [4-7]. In both cases, occurrence of high
mannose-type free glycans, which have one GlcNAcresidue at their
reducing ends, has been well-documented.

Little is known with regard to the accumulation of more
processed, complex-type free glycans in the cytosol of mammalian
cells. In our previous report on the comprehensive analysis of N-
glycans in cancer cells [8], we found that significantly large amount
of unusual, complex-type free N-glycans were accumulated in
stomach cancer-derived cell lines, MKN7 and MKN45. It should be
noticed that all the free glycans found in these cells were cleaved
between the GIcNAcf1-4GIcNAc (i.e. chitobiose) bond and a single

* Corresponding author. Tel.: +80 6 6721 2332; fax: +80 6 6721 2353,
E-mail address: k_kakehi@phar.kindai.ac,jp (K. Kakehi).

1570-0232/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jchromb.2013.03.010

GlcNAc residue was present at the reducing end. In addition, most
of the accumulated glycans have N-acetylneuraminic acid (NeuAc)
residues at the non-reducing termini. And we showed that loss of
the activity of cytosolic neuraminidase, Neu2, was responsible for
the accumulation of such unusual free glycans [9].

In contrast, there is little information on the presence of free
glycans in extracellular matrixes and biological fluids such as sera
probably due to insufficient and poor ability to analyze minute
amount of glycans. We have been developing sensitive methods
for comprehensive analyses of N- and O-glycans in biological sam-
ples, especially cancer cells, tissues and serum samples [5,10-13].
During the course of studies on the analysis of O-glycans in biolog-
ical samples, we found that significant amount of free glycans are
present in human serum samples. This is unexpected and interest-
ing, although it is well known that patients suffering from genetic
lysosomal disorders of complex carbohydrate metabolism excretea
considerable amount of unusual oligosaccharides in urine [14-17].

Inoue et al. reported that free glycans were present in the unfer-
tilized eggs of a fresh water trout, Plecogiossus altivelis {18]. The
isolated glycans consist of desialylated biantennary glycans with 3-
Man-GIcNAc structure at their reducing termini. However, a small
portion of the glycans having chitobiose (GIcNAcf1-4-GlcNAc)
structure at the reducing ends were also present. It is still not clear
why and how such large amount of free glycans are accumulated
in unfertilized eggs. Another important report on the presence of
free glycans is the expression of free glycans in human seminal
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plasma [19], and the structural characteristics are similar to those
in human milk. But their variations are simpler than those of human
milk oligosaccharides.

According to the reference search works on the presence of free
glycans in sera, the present work demonstrating the presence of
free glycans in sera is the first one, and will lead to a new research
project on finding glycan-based disease biomarkers.

2. Materials and methods
2.1. Materials

Sephadex LH-20 and Asahi Shodex NH2P-50 4E column were
obtained from GE Healthcare UK Ltd. (Buckinghamshire, UK) and
Showa Denko (Minato-ku, Tokyo, Japan), respectively. Sodium
cyanoborohydride and 2-aminobenzoic acid (2AA) were from
Tokyo Kasei Kogyo (Chuo-Ku, Tokyo, Japan). TOYOPAK ODS-S for
solid phase extraction was from Tosoh (Minato-ku, Tokyo, Japan).
VIVASPIN 500 (3000 molecular weight cut off) for ultrafiltration
was from Sigma-Aldrich Japan (Shinagawa-ku, Tokyo, Japan). All
other reagents were of the highest grade commercially available.
All aqueous solutions were prepared using water purified with a
Milli-Q purification system (Millipore, Bedford, MA, USA).

2.2. Serum samples

Serum samples from healthy volunteers were obtained under
the permission of the Ethics Committee of Kinki University School
of Pharmacy, and used in accordance with the tenets of the Decla-
ration of Helsinki.

2.3. Sample preparation

2.3.1. Ultrafiltration and solid-phase extraction of the serum
sample

Because the serum sample contains a large amount of low-
molecular-weight materials such as monosaccharides (typically
glucose) and inorganic salts, and hydrophobic compounds, these
materials should be removed prior to the analysis.

A serum sample (25 pL) was centrifuged at 15,000 x g using an
ultramembrane filter (3000 molecular weight cut off) to remove
the low-molecular weight materials, and concentrated to the one
fourth volume. Water (150 L) was added to the concentrate on
the membrane, and centrifuged at 15,000 x gagain. The procedures
were repeated three times. The concentrated serum sample on the
membrane was transferred to a new tube, and the membrane was
washed with water (150 L) and combined with the concentrated
solution. The mixture was then passed through an ODS cartridge
(90 mg) which was previously washed with methanol (0.8 mL 3x)
and water (0.8 mL 3x). The clean-up procedures were performed
according to the method recommended by the manufacturer.

2.3.2. Total N-glycans in a serum sample

A serum sample (150 pL) was centrifuged at 15,000 x g using an
ultramembrane filter (3000 molecular weight cut off) to remove
the low-molecular weight materials, and concentrated to dryness.
The dried sample was suspended in water (200 L) and was mixed
with 10% SDS (24 L) and 2-mercaptoethanol (2.4 uL). The mixture
was kept in the boiling water bath for 5 min. After cooling, 10%
NP40 (nonylphenol poly(ethylene glycol ether),) solution (24 nL)
and 1 M sodium phosphate buffer (pH 7.5, 29 uL) were added. After
addition of N-glycoamidase F (2 units), the mixture was kept at
37°C overnight. After cooling, ethanol (695 uL) was added and the
mixture was centrifuged at 15,000 x g for 10 min. The supernatant
was collected and evaporated to dryness under reduced pressure.

2.3.3. Releasing reaction of O-glycans in mucin-type
glycoproteins in serum samples

Releasing reaction of O-glycans from mucin-type glycoproteins
present in serum samples was performed using the automated gly-
can releasing system according to the method reported previously
[10].

2.3.4. Fluorescent labeling of glycans with 2AA

The sample of glycan mixture was dissolved in water (20 pL)and
2AA solution (100 pL) which was freshly prepared by dissolution
of 2AA (15 mg) and sodium cyanoborohydride (15 mg) in methanol
(500 L) containing 4% sodium acetate and 2% boric acid. The mix-
ture was kept at 80°C for 1h, and water (20 uwL) and 50% (v/v)
methanol (200 ulL) were added to the mixture after cooling, and
centrifuged at 15,000 x g for 10 min. The supernatant solution was
applied to a column of Sephadex LH-20 (1.0 cm i.d., 30 cm length),
which was previously equilibrated with 50% methanol. The earlier
eluted fluorescent fractions were pooled and evaporated to dryness
under reduced pressure. The residue was further purified by solid
phase extraction as described above (Section 2.3.1), and evaporated
to dryness.

2.3.5. Digestion of the glycan mixture with neuraminidase

Neuraminidase (1 munit, 2 pL) was added to the mixture of 2AA-
labeled glycans in 20mM acetate buffer (pH 5.0, 20 L), and the
mixture was incubated at 37 "C overnight. After keeping the mix-
ture in the boiling water bath for 10 min followed by centrifugation,
the supernatant solution was used for MS analysis.

2.4. HPLC analysis of 2AA-labeled free glycans and N-glycans in
serum samples

Analysis of the 2AA-labeled glycans was performed with two
Shimadzu LC-10ADvp pumps, a Jasco FP-920 fluorescence detector
equipped with a polymer-based Asahi Shodex NH2P-50 4E column
(4.6 mm i.d. x 250 mm). Linear gradient method was employed by
2% acetic acid in acetonitrile (solvent A) and 5% acetic acid in water
containing 3% triethylamine (solvent B). The column was initially
equilibrated and eluted with 30% solvent B for 2 min. Then, solvent
B was increased to 95% over 80 min, and kept at this composition
for further 20min. The column effluent was monitored by a fluo-
rescence detector set at an excitation wavelength of 350 nm and
425 nm for emission.

2.5. Liquid chromatography-electrospray ionization ion-trap
time-of-flight mass spectrometry (LC-ESI-IT-TOF MS)

Negative electrospray ionization (ESI)-MS analyses were con-
ducted with an LC-IT-TOF MS instrument (Shimadzu) connected
with an HPLC system (LC-20AD pump and CBM-20A systemn con-
troller; Shimadzu). The 2AA-labeled glycans were analyzed by
infusion method. Isocratic elution was carried out at a flow rate
of 0.2 mL/min with 50% (v/v) acetonitrile in water. The MS appa-
ratus was operated at a probe voltage of 1.75 kV, CDL temperature
of 180°C, nebulizer gas flow of 1.5 L{min, ion accumulation time of
30ms. MS range was from m/z 200 to 2000. CID parameters were
as follows: energy, 50%; collision gas, 50%. MS data were processed
with LCMS solution ver. 3.6 software (Shimadzu).

3. Results and discussion
3.1. Free glycans in serum samples

Fig. 1a shows the results on the analysis of O-glycans in
a serum sample. In this analysis, O-glycans were previously
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Fig. 1. HPLC Analysis of (a) mucin-type glycans from human serum released from the glycoproteins. (b) Intact serum sample after easy removal of low molecular weight
materials. MS and MS/MS data of (c) peak C and (d) the product after neuraminidase digestion of peak C. {(e) MS and MS/MS data of peak E. HPLC conditions: column, Asahi
Shodex NH2P-50 4E(4.6 mm x 250 mm). Eluent solvent A, 2% acetic acid in acetonitrile, solvent B, 5% acetic acid, 3% triethylamine in water. Gradient condition: a linear
gradient (30-95% solvent B) from 2 to 82 min, maintained for 20 min. Symbols: squares, N-acetylglucosamine; gray circles, mannose; white circles, galactose; diamonds,

N-acetylneuraminic acid.

chemically released from the glycoproteins in a serum sam-
ple by an automatic manner developed by the authors [10-13],
and analyzed by HPLC after labeling with a fluorescent reagent,
2AA. Four peaks (A-D) were detected at 30 (A), 46 (B), 53
(C) and 70min (D), respectively. Peaks A, B and D were due
to mucin-type O-glycans, and identified as sialyl T (NeuAco2-
3GalB1-3GalNAc-2AA), degradation product (NeuAcai2-3 Gal) and
disialyl T(NeuAca2-3Galf31-3[NeuACa2-6]GalNAc-2AA), respec-
tively. A distinct peak (peak C) other than those of mucin-derived
glycans was observed at 53 min. The MS and MS/MS spectra of the
peak C are shown in Fig. 1c. The molecular ion of the peak was
observed at mfz 1171 as a doubly charged ion, which was con-
firmed as disialo-biantennary glycan. And the ion due to monosialo
biantennary glycan was observed in MS/MS spectra. The peak at
53 min was collected, and digested with neuraminidase. MS of the
obtained asialoglycan showed the molecular ion at m/z 880 as a
doubly charged ion (Fig. 1d). MS/MS spectra showed an ion due to
chitobiosyl-2AA at m/z 544. These data clearly mean that peak C is
due to disialobiantennary glycan. As indicated previously, the auto-
matic apparatus employed for releasing O-glycans does not cleave
Asn-GIcNAc linkage, and free N-glycans are not released from the
protein core containing Asn-type glycoproteins [10]. This means

that glycan (due to peak C) was endogenously present in serum
samples.

To demonstrate if the glycans are due to free glycans in sera, the
glycans in sera were directly analyzed after labeling with 2AA. After
removing the small-molecular weight materials including glucose
and inorganic salts in sera by ultrafiltration and also removing
hydrophobic materials using an ODS-cartridge, the eluate (equiva-
lent to 2 uL of sera) was analyzed by HPLC after labeling with 2-AA
(Fig. 1b). A big peak (peak E) was observed at 53 min, which showed
the same elution time with that of peak C observed in Fig. 1a. In
addition, the peak showed the same MS and MS/MS profiles with
those of peak C (Fig. 1e). In addition, the data also showed well
matched results with those of biantennary glycan obtained from
transferrin (data not shown). These results indicate that the peak
at 53 min was clearly due to the glycan present in sera in free form.
It should be noticed that some minor peaks were also observed
from 25 min to 65 min.

3.2. Detailed analysis of free glycans in a serum sample

As described abave, we found that free glycans are present in
human serum samples. Fig. 2a shows the results on the detailed
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Summary of free glycans in human serum. (A) before neuraminidase digestion. (B) after neuraminidase digestion.

K. Iwatsuka et al. / J. Chromatogr. B 928 (2013) 16-21

19

Peak no. mfz Monosaccharides composition Content of free oligosaccharide (p mol/mL serum)

1 (A)872(2) HexydHex;HexNAcy-2AA 175
(B) 872(2) Hex4dHex, HexNAc,-2AA

2 (A)953(2) HexsdHex, HexNAcy-2AA 256
(B)953(2) HexsdHex, HexNAc,-2AA

3,4 (A)794(1) NeuAc;Hex; HexNAc; -2AA 264(peak3)
(B)503(1) HexyHexNAc, -2AA 224(peak4)

5 (A) 1099 (2) NeuAc; HexsdHex; HexNAcs-2AA 235
(B)953(2) HexsdHex; HexNAcs-2AA

6 (A) 1025 (2) NeuAc;Hexs HexNAcs-2AA 844
(B)880(2) HexsHexNAC,-2AA

7 (A)1171(2) NeuAc;HexsHexNAcs-2AA 572
(B)880(2) HexsHexNAcs-2AA

8 (A) 1244 (2) NeuAc; HexsdHex; HexNAc4-2AA 642
(B)953(2) HexsdHex; HexNAc4-2AA

9 (A) 1171 (2) NeuAc; Hexs HexNAcs-2AA 7620
(B) 880 (2) HexsHexNAcs-2AA

10 (A)1070(2) NeuAc; Hexs HexNAcs -2AA 235
(B)778(2) HexsHexNAcz-2AA

11-O (A) 1048 (3) NeuAcsHexsdHex; HexNAcs-2AA 1206
(B)1136(2) HexsdHex; HexNAcs-2AA (Total contents
11-®@ (A) 999 (3) NeuAcs HexgHexNACs-2AA for 11-®and 11-@)

(B) 1062 (2)

HexgHexNAcs-2AA

dHex, deoxyhexose; Hex, hexose; HexNAc, N-acetyl hexose; NeuAc, N-acetylneuraminic acid.

profile of free glycans present in a serum sample (equivalent to
100 pL serum as the injected volume). Each peak was collected
and their structures were confirmed by MS technique (Fig. 3 and
Table 1). Most of the peaks are commonly found in transferrin
and other commercially available samples, and their structures
are easily confirmed. Disialylated biantennary glycan showing the
molecular ion at m/z 1171 (peak 9) as the doubly charged ion
was the most abundant glycan as already shown in Fig. 1. The
amount was determined to be 7620 pmol/mL of serum as calculated
from the fluorescent intensity based on 2-AA residue. Structures
of the minor peaks were also determined by MS techniques and
comparison of the elution times with those reported previously
[9]. At the earlier elution times (ca. 25 min), neutral mono- and
di-galactosylated biantennary glycans (1 and 2) were observed.
Mono-sialylated biantennary glycans with or without a fucose
residue were observed at ca. 39 min (5 and 6). In addition, trisialo-
triantennary glycans with or without a fucose residue were also
observed at 63 min (11). Interestingly, we found a glycan having
a structure of NeuAc-Gal-GalNAc-2AA which is probably due to
mucin-type glycoproteins, although the amount of these glycans
were only ca. 250 pmol/mL of serum (3 and 4). These peaks (3
and 4) were also assigned by comparison of the elution times with

(a)
9 Freeglycans
z (equivalentto 100 pL serum)
: [
@ 25mv
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° 6 11
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g | ® N-glycans+free gl
3 -glycans+free glycans
g (equivalentto 0.75 uL serum)
o [ZOOmV
10 20 30 40 50 60 70 80 90
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Fig. 2. HPLC analysis of (a) free glycans, and (b) total N~glycans in a human serum
sample as examined after digestion with N-glycoamidase F. Analytical conditions
are the same as those in Fig. 1.

those reported previously [10]. A characteristic glycan (10), disialo-
biantennary glycan having one GlcNAc residue at the reducing end
was also present in sera. We previously reported that this glycan
was characteristically accumulated in cytosols of stomach tumor
cells. The presence of this glycan may indicate that this character-
istic glycan is leaked from some organs, although further studies
are required [9]. According to the MS observations, peak 7 was
assigned as disialo biantennary glycan by MS measurement. This
indicates that peak 7 has different linkages of NeuAc to Gal with
those of peak 9. Because NeuAc mainly binds to Gal through 02-6
linkage in human [20], the glycan (9) is a typical disialo biantennary
glycan which has NeuAco2-6 linkages. And peak 7 is probably due
to disialoglycan which has NeuAca2-3 linkages. We also analyzed
total N-glycans in a serum sample in order to consider the origin
of free glycans in serum in detail. Fig. 2b shows the results on the
profile of total N-glycans present in a serum sample (equivalent
to 0.75 pL serum as the injected volume). As shown in Fig. 2b, the
results are quite similar to those in Fig. 2a. It should be emphasized
that high mannose-type glycans were not detected at all. This also
indicates that these glycans are not due to cells from some organs
but from sera, because high mannose-type glycans are major ones
found in cytosol fractions through endoplasmic-reticulum associ-
ated protein degradation pathway [3].

Sturiale et al. studied glycosylation of transferrin in galac-
tosemia patients in order to figure out hypoglycosylation with
increased fucosylation and branching [21]. In the manuscript,
they showed N-glycan profiles in a human serum sample
(healthy volunteer) examined by MS technique after releas-
ing N-glycans with N-glycoamidase F. The data showed quite
similar profiles with those observed in the present study.
Namely, Sturiale et al. reported that the ratios of triantennary
glycan ((Fuc)Gal;GlcNAcsMansNeuAcs), monosialo-biantennary
glycan (Gal,GlcNAcsMansNeuAc) and disialo-fucosylated bianten-
nary glycan (FucGal,GIcNAcsMansNeuAc;) to the main glycan
(Gal,GlcNAcsMansNeuAc; ) were 13.5,9.4 and 6.5%, respectively. In
the present study, the ratios of these glycans to the major glycan (9)
were 15.8, 11.1 and 8.4%, respectively. These data clearly indicate
that these glycans are possibly derived from serum glycoproteins
containing transferrin during its circulation in bodies.

Free glycans found in the cytosol have only a single GlcNAc
at their reducing termini [2], and this is due to the action of
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Fig. 3. ESI-IT-TOF mass spectra of peak 1-8, 10, 11 in Fig. 2. Symbols: triangles, fucose; others are the same as those in Fig. 1, Upper panels show the MS spectra of collected
peaks. The collected peaks were digested with neuraminidase, and also analyzed by MS (lower panels).

the cytosolic ENGase (endo-B-N-acetylglucosaminidase) [22,23] or
chitobiase {24]. It should be noted that most free glycans found
in the present study bear N-acetylchitobiose structure other than
peak 10. Kimura et al. reported that free glycans were accumulated
not only inside cells but also secreted to the extracellular space in
rice cell culture [25,26]. In addition, they suggested that the extra-
cellular acidic peptide N-glycanase was involved in accumulation
of such glycans. We have to also consider the presence of free O-
glycans (3 and 4), although the amounts of these glycans are quite
small.

The mechanism of the presence/formation of free glycans in
sera and the source of these glycans are not clear in the present
study. However, it is quite interesting if these glycans are varied
with physiological changes.

4. Conclusions
The present study demonstrates that free glycans existin human

serum. Most of the glycans were sialic acid-containing complex-
type glycans. Of the glycans, disialo-biantennary glycan which does
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not carry fucose residue is present most abundantly. And high
mannose-type glycans were not detected at all. From these results,
we suppose that these free glycans were due to glycoproteins in
sera, although further studies are required.
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A novel condition for capillary
electrophoretic analysis of reductively
aminated saccharides without removal
of excess reagents

We have identified novel CE conditions for the separation of 7-amino-4-methylcoumarin-
labeled monosaccharides and oligosaccharides from glycoproteins. Using a neutrally
coated capillary and alkaline borate buffer containing hydroxypropylcellulose and ACN,
saccharide derivatives form anionic borate complexes, which move from the cathode to the
anode in an electric field and are detected near the anodic end. Excess labeling reagents
and other fluorescent products remain at the cathodic end. Fluorimetric detection using
an LED as a light source enables determination of monosaccharide derivatives with good
linearity between at least 0.4 and 400 wM, may correspond to 140 amol to 140 fmol. The
lower LOD (S/N = 5) is only 80 nM in the sample solution (ca. 28 amol). The results
were comparable to reported values using fluorometric detection LC. The method was also
applied to the analysis of oligosaccharides that were enzymatically released from glycopro-
teins. Fine resolution enables profiling of glycans in glycoproteins. The applicability of the
method was examined by applying it to other derivatives labeled with nonacidic tags such

as ethyl p-aminobenzoate- and 2-aminoacridone-labeled saccharides.

Keywords:

7-Amino-4-methylcoumarin / Borate complex / Glycoprotein glycans / Monosac-

charide analysis / Reductive amination

1 Introduction

Most saccharides are neutral, highly hydrophilic, and do not
possess chromophoric or fluorometric functions. Various la-
beling reagents have therefore been developed to improve
sensitivity and enhance resolution in LC and CE. Numer-
ous fluorescent amines have been reported for the derivati-
zation of saccharides based on reductive amination. In this
labeling reaction, a saccharide is converted to a Schiff’s base
in the presence of a large excess of an aromatic amine and
the resultant imide derivative is converted immediately to a
chemically stable 1-amino-1-alditol by reduction with sodium
cyanoborohydride. These reactions are well summarized in
a number of reviews [1-3]. 8-Aminopyrene-1,3,6-trisulfonic
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acid (APTS) is often used for sensitive detection of glycopro-
tein glycans in CE analysis because APTS derivatives show
intense fluorescence signals under irradiation by an argon ion
laser. The negative charge attributable to the three sulfonate
groups of APTS moves derivatized saccharides to the anode at
high velocity, which enables the rapid analysis of glycoprotein
glycans [4-8]. 2-Aminopyridine is often used for identifica-
tion of glycoprotein-derived oligosaccharides because reten-
tion indices for more than several hundred glycans have been
accumulated in RP and normal phase LC, as well as anion-
exchange LC for sialylated oligosaccharides [9-13]. However,
the high hydrophilicity of APTS and 2-aminopyridine ham-
pers solvent extraction of excess reagents. Therefore, tedious
steps are required to remove excess reagents from the reac-
tion mixture. Moreover this process may cause partial loss of
derivatives, which impairs quantitative analysis.

We previously described a labeling method using
7-amino-4-methylcoumarin (AMC) as a fluorescent probe
[14]. AMC-labeled oligosaccharides displayed one- to two-
order higher intensities in ESI-MS than derivatives labeled
with other reagents. However the method requires two-step
SPE for the removal of excess AMC and by-products gener-
ated in the course of reaction, which requires tedious proce-
dures and may partially impair quantitative determination.

Colour Online: See the article online to view Fig. 5 in colour.
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This work presents selective and sensitive separation con-
ditions for profiling monosaccharides and oligosaccharides
found in glycoproteins, without requiring the two-step ex-
tractive removal of excess labeling reagent. AMC-labeled sac-
charides have no charge in alkaline buffer. However in the
presence of boric acid, the adjacent hydroxyl groups on sac-
charides form acidic complexes with borate, which provide
a strong negative charge to AMC-labeled saccharides and in-
duces their movement toward the anode. This method allows
selective quantification of all of component monosaccharides
found in glycoprotein hydrolysates; N-acetylglucosamine
(GlcNAc), N-acetylgalactosamine (GalNAc), galactose (Gal),
mannose (Man), fucose (Fuc), N-acetylneuraminic acid
{NeuAc), and N-glycolylneuraminic acid (NeuGc). Applica-
tion of LED-based fluorescent detection enables subattomole
level detection of monosaccharides. This borate-based sep-
aration mode was also applied to the selective detection of
glycoprotein-derived oligosaccharides.

2 Materials and methods
2.1 Materials

We obtained AMC from Tokyo Kasei Kogyo Co. (Tokyo,
Japan). Pyridine-borane, DMF, ethyl p-aminobenzoate
(ABEE), ACN, methanol, TFA, and glacial acetic acid were ob-
tained from Wako Pure Chemical Industries (Doshomachi,
Osaka, Japan). B-N-Acetylhexosaminidase (jack bean, EC
3.2.1.52) and PB-galactosidase (jack bean, EC 3.2.1.23)
were obtained from Seikagaku Kogyo K.K. (Tokyo, Japan).
Dimethylamine-borane complex, 2-aminoacridone (AMAC),
N-acetylneuraminate pyruvate-lyase from Escherichia coli
K-12, human transferrin, fetal calf serum fetuin, bovine
pancreas ribonuclease B, human oj-acid glycoprotein,
bovine submaxillary mucin (BSM), and ovalbumin were
obtained from Sigma-Aldrich Japan K.K. (Tokyo, Japan).
Neuraminidase from Arthrobacter ureafaciens and saccha-
ride specimens were obtained from Nacalai Tesque (Kyoto,
Japan). Peptide-N*-(acetyl-B-glucosaminyl)-asparagine ami-
dase F (EC 3.5.1.52) was purchased from F. Hoffmann-
La Roche (Mannheim, Germany). Isomaltooligosaccharides
were obtained through partial hydrolysis of dextran (100 mg)
with 1 mL of 0.1 M hydrochloric acid for 4 h at 100°C;
the lyophilized powder was used as a glucose ladder. Wa-
ter was purified using a Milli-Q device (Millipore, Milford,
MA, USA). Other reagents and solvents were of the highest
commercially available grade. In addition, SCX-type SPE car-
tridges (100 mg) and OASIS HLB cartridges (10 mg) were
obtained from Silicycle (Quebec, Canada) and Nihon Wa-
ters K.K. (Tokyo, Japan), respectively. Graphitized carbon was
from Alltech Japan (Tokyo, Japan). AMC-labeled maltose was
prepared as described in a previous report, and AMC-labeled
oligosaccharides derived from glycoprotein specimens were
fractionated by HPLC and used for peak identifications
[14].
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2.2 Hydrolysis of glycoprotein specimens

Hydrolysis of glycoprotein specimens was carried out as
previously described [15]. Two portions of a solution of
glycoprotein specimen (0.1 mg each) were lyophilized in
glass tubes (4 mm id, 12 cm long). For the analysis of
component neutral aldoses, one of the sample residues was
dissolved in 100 pL of 2 M TFA and the tube was sealed after
exchanging air in the tube with nitrogen three times using a
vacuum desiccator connected to nitrogen and vacuum lines,
and the tube was then sealed and heated for 6 h at 100°C. The

‘resultant solution was mixed with 20 p.L of 0.1 mM rhamnose

(Rha, 2 nmol) as internal standard (IS), and the residue was
Iyopilized to dryness for derivatization with AMC. For the
analysis of hexosamines, a sample was dissolved in 100 pL of
4 M HCI and the solution was heated for 6 h at 100°C under
a nitrogen atmosphere. The solution was then evaporated to
dryness, followed by addition of 2 nmol IS. Acetamide groups
were hydrolyzed in this process. Therefore the residue was
dissolved in 250 pL of a saturated solution of sodium
bicarbonate and the solution mixed with 50 pL of acetic
anhydride under vigorous shaking for 30 min and stored
in a refrigerator overnight. The reaction mixture was mixed
with 500 wL of water and DI by passing through a column
containing 1 mL of Amberlite CG120 (H* form) resin, and
the column was then washed with 5 mL of water. The com-
bined eluate and washing fluids were evaporated to dryness
and derivatized with AMC. For the analysis of sialic acids, a
glycoprotein sample was dissolved in 100 L of 60 mM phos-
phate buffer (pH 7.0) containing neuraminidase (0.1 U) and
N-acetylneuraminate pyruvate-lyase (0.1 U}, and the mixture
was incubated for 5 h at 37°C. After the mixture was heated
for 1 min at 100°C, the solution was DI with a column con-
taining 1 mL each of Amberlite CG120 (H* form) and CG400
(acetate form) resins, followed by addition of 2 nmol IS.

2.3 Preparation of oligosaccharides from
glycoproteins

N-Linked oligosaccharides were prepared from 50 pg of each
lyophilized glycoprotein. Each sample was dissolved in 50 pL
of 50 mM phosphate buffer (pH 7.9) containing 0.1% SDS
and 2% 2-mercaptoethanol. The solution was heated at 100°C
for 5 min. After cooling, the solution was mixed with 5 wL of
7.5% NP-40 and 5 mU of peptide-N*-(acetyl-B-glucosaminyl)-
asparagine amidase F, and the reaction mixture incubated
for 2 h at 37°C. Deglycosylated proteins were precipitated by
the addition of 180 wL of ice-cold ethanol and removed by
centrifugation at 10 000 rpm for 5 min. The supernatant was
dried using a centrifugal evaporator (Tomy, Tokyo, Japan)
and stored in a refrigerator until use.

2.4 Derivatization of saccharides with AMC

Scheme 1 shows the reductive amination reaction of saccha-
rides with AMC. The procedure was described previously [14].
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Briefly, a lyophilized sample containing saccharides
(~10 nmol) in a screw-capped polypropylene tube (0.5 mL
volume) was mixed with 20 wL of AMC solution (60 mM in
DMF) and then mixed with 20 wL of pyridine-borane solution
(0.2 M in acetic acid). The solution was then heated at 70°C
for 60 min and the reaction terminated by addition of 60 wL
of water and chilling of the reaction mixture in an ice bath,
followed by evaporation to dryness. The resultant residues
were dissolved in 500 L of 0.5 M acetic acid in aqueous 30%
ACN for CE analysis.

2.5 Derivatization of saccharides with AMAC and
ABEE

A monosaccharide mixture or isomaltooligosaccharides was
labeled according to previously reported methods [16, 17]
with slight modification. Each 2.5 pL of 0.3 M AMAC in
DMSO0/30% acetic acid (7:3, v/v), and 1 M NaBH;CN in
DMSO was added to dry saccharide samples (~10 nmol).
The solution was incubated at 37°C overnight and the
reaction terminated by adding 50 wL of water-methanol
(1:1, v/v).

A 20 plL portion of ABEE solution (1 mmol of ABEE
and 35 mg of NaBH;CN, and 41 pL of acetic acid dissolved
in 350 wL of methanol) was added to a saccharide sample
(~100 nmole), and the solution was heated at 80°C for 1 h.
The resultant solution was dried and dissolved in 100 pL of
water-methanol (9:1, v/v). Excess ABEE, immiscible in the
solvent, was removed by centrifugation, and the supernatant
was used for the CE analysis.

2.6 Instrumentation for CE analysis

Apart from a reference experiment using a bare fused silica
capillary (50 pm id) for Fig. 1A, PDMS-coated capillaries (In-
ertCap I1®; GL Sciences, Tokyo, Japan) of 50 wm id with an
effective length of 40 cm (50 cm in total) were used, with a
1:9, v/v, mixture of ACN and borate buffer containing 0.05%
hydroxypropylcellulose as a BGE; 200 mM sodium borate (pH
9.5) for monosaccharide analysis and 250 mM potassium bo-
rate (pH 9.0), and 100 mM Tris borate (pH 8.5) for neutral
and acidic oligosaccharide separation, respectively. A P/ACE
MDQ CE system (Beckman Coulter, Brea, CA, USA) was
used. An LED light (LLS-365, Ocean Photonics) as a source
of 365 nm light was connected with an optical fiber (P600-2-
UV/Vis, Ocean Photonics), and the fluorescence due to AMC
derivatives was detected by passing through a 420 nm band
path filter. The capillary was thermostated at 25°C. Sample
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Scheme 1. Reductive animation of a
saccharide with AMC as a fluorescent
NHAc M tag.

solution was injected for 5 s by application of pressure of
3.45 kPa. Separation was conducted by application of ~15 kV.
After each run, the capillary was washed by introducing a
buffer solution from the outlet of the capillary using pressure
(34.5kPa, 2 min). AMAC derivatives were detected fluoromet-
rically using an argon laser (488 nm) and the optical system
for the fluorescein detection. ABEE derivatives were detected
based on absorbance at 312 nm. Other conditions were the
same as those for AMC derivatives.

The volume of sample solution injected into the capillary
was not certain. Here we chose the following calculation to
estimate injected amount of sample in sample solution:

_ APd*mt
T 128nL

where V is the volume in m® delivered across the capillary,
AP denotes the pressure drop across the capillary (Pa), d
signifies the internal diameter of the capillary (m), ¢ is the
duration of pressure application (s), n represents the buffer
viscosity (Pa-s), and L is the total capillary length (m).

3 Results and discussion
3.1 Optimization of separation conditions

Alkaline borate buffer has often been used in CE sepa-
ration of mixtures of monosaccharide derivatives [18]. Bo-
rate forms complexes with polyalcohols, including saccharide
derivatives in solution, and the borate-polyalcohol complexes
possess negative charges, which are forced to move toward
the anode in an electric field. Stability and negativity of the
saccharide-borate complex depend on the configuration of
adjacent hydroxyl groups (i.e., the type of monosaccharide).
Moreover, the pH and concentration of borate buffer influ-
ence the formation of polyoxy acid with borate ions as well
as the complex formation, and therefore also affect the mo-
bility of borate—polyol complexes [19]. Most reports on CE of
monosaccharide derivatives using alkaline borate buffer were
performed using a bare fused silica capillary. Under such
conditions, monosaccharide derivatives travel from anode to
cathode because of strong EOF, and separate as anions, based
on the molecular size and stability of the borate complexes.
Moreover, a large amount of excess fluorescent reagents also
travels to the cathode, which may cause deviations in migra-
tion times and heavy drift of baselines.

Here, we used a PDMS-coated capillary instead of a bare
fused silica capillary to suppress EOF and to specifically move
acidic borate-saccharide complexes toward the anode. Reduc-
tive amination of carbohydrates with primary amines gener-
ates secondary amine derivatives of linear polyalcohols (i.e.,
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Figure 1. Fluorescent CE analysis of selected monosaccharides
in borate complexation mode using a bare fused silica cap-
illary (A} and a PDMS-coated capillary {B). Analytical condi-
tions: BGE, ACN and 200 mM sodium borate (pH 9.5) contain-
ing 0.05% hydroxypropylcellulose (1:9, v/v); capillary size, 50 pm
id x 50 cm (40 cm for detector); capillary temperature, 25°C; ap-
plied voltage +15 kV (A} and —15 kV (B); detection, fluorescence
with 365 nm LED.

aminoalditols). Excess aromatic amines and their decompo-
sition products residing in the reaction mixture cannot be
charged in alkaline borate buffer. In contrast, monosaccha-
ride derivatives having linear polyalcohol structures easily
generate negative charges as borate complexes, which move
toward the anode in an electric field. Therefore, the excess
reagents in the reaction mixture can be removed from electro-
pherograms without requiring purification before analysis.
Figure 1A shows the separation of AMC derivatives of
monosaccharides obtained by reaction on positive mode sep-
aration using a bare capillary and alkaline borate buffer as
BGE. Reaction products of AMC-labeled derivatives show an
intense, tailing signal of excess AMC at 11 min and baseline
drift, which could not be removed by addition of surfactants
to the BGEs. In contrast, a combination of negative sepa-
ration mode using 200 mM borate buffer containing 0.05%
hydroxypropylcellulose and PDMS-coated capillary, as shown
in Fig. 1B, suppressed the generation of EOF and therefore
induced the movement of anionic borate complexes to the
anode. This enables specific detection of saccharide deriva-
tives. Addition of ACN prevents the precipitation of excess
reagent. Therefore, the electropherogram comprised peaks
corresponding to monosaccharide derivatives, with no peaks
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because of excess reagent. This result indicates the usefulness
of the separation conditions.

3.2 Monosaccharide analysis

We previously reported that the use of pyridine-borane rather
than the sodium cyanoborohydride normally used enables
quantitative derivatization of all component monosaccha-
rides in glycoproteins [14]. Here, we optimized the separa-
tion conditions of AMC-labeled monosaccharides containing
excess reagents using CE with fluorometric detection by LED.

The resolution between AMC monosaccharide deriva-
tives depends strongly on the pH of the borate buffer and
also the species and concentration of organic solvent. Reso-
lution of Man-Gle-GlcNAc and ManNAc-Xyl is invariant with
pH but the separation window (i.e., time window for sep-
aration of monosaccharides) is broadened with increasing
electrophoresis buffer pH. The concentration of the borate
buffer mainly affects the peak shape of AMC derivatives.
With increasing buffer concentration, the sharpness of AMC
monosaccharide peaks increased, reaching a maximum of
over 200 mM. The higher concentration causes Joule heat-
ing because of the increase in electric current. Addition of
a water-miscible solvent such as methanol, ethanol, or ACN
is essential to prepare a clear solution from the AMC reac-
tion mixture because of the low solubility of AMC in water.
Among these three solvents, we found that the addition of
ACN enhanced the resolution of fucose from other monosac-
charide derivatives. Baseline resolution was obtained using a
1:9 v/v mixture of ACN and borate buffer containing 0.05%
hydroxypropylcellulose. However, the anions residing in the
reaction mixture partly diminished the sharpness of specific
peaks. To enhance the sharpness of saccharide peaks, acetic
acid was added to AMC-labeled sample at a concentration of
0.5 M. Good resolution between the nine monosaccharide
derivatives was obtained under the optimized conditions, as
shown in Fig. 1B.

3.3 Analysis of component monosaccharides in
glycoproteins

The optimized conditions were applied to the analysis of
component monosaccharides in a number of glycoproteins.
Saccharide chains in glycoproteins comprise Man, Gal, Fuc,
GlcNAc, GalNAc, NeuAc, and NeuGce. Before the analysis,
the linearity range and lower LOD were examined. As shown
in Fig. 2, linear quantitation ranges were obtained over the
concentration range between at least 0.4 and 400 uM (cal-
culated to be 140 amol to 140 fmol). Figure 3 shows the
separation of 4, 0.4, and 0.04 uM mixture. Apparently, 4 and
0.4 .M are within the quantitation range, but the concentra-
tion of 0.04 wM were apparently below the detection limit,
for example, peak height of Rha is only 2.5 times of noise.
Therefore we determined 80 nM (ca. 28 amol) as the LOD
(S/N = 5). The hydrolytic conditions required for quantitative
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Scheme 2. Enzymatic conversion of sialic acids in glycoproteins to mannosamine derivatives.
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Figure 2. Calibration plots for quantitation of nine saccharides as
AMC derivatives.

recovery of monosaccharides vary depending on the type of
monosaccharides [20]. Therefore, we used different condi-
tions for neutral aldoses, hexosamines, and sialic acids. Two
molar TFA was chosen for hydrolysis of neutral aldoses, in-
cluding Fuc, Gal, and Man, while 4 M hydrochloric acid was
used for the release of hexosamines. Hydrolysis was per-
formed at 100°C for 6 h. In contrast sialic acids are easily
decomposed in strong acids so we chose enzymatic release
and the generated neuraminic acids were further converted to
N-acetyl- or N-glycolylmannosamine derivatives by the action
of aldolase (N-acetylneuraminate pyruvate-lyase, EC 4.1.3.3),
as shown in Scheme 2 [15]. Therefore, the contents of both
types of neuraminic acid could be estimated from the peak
areas of corresponding mannosamine derivatives, appearing
at 17.5 and 18.5 min, respectively.

Figure 4 indicates the results of monosaccharide analysis
of several glycoprotein samples. Rha was chosen as a com-
mon IS for the analysis. Acid glycoprotein, fetuin, ovalbumin,

ribonuclease B, and transferrin were chosen as common gly-
coproteins, and BSM was used for sialic acid analysis because
mucin containg high concentrations of NeuAc and NeuGc.
Carbohydrate chains of acid glycoprotein and transferrin are
composed of complex oligosaccharides, whose chains con-
sist of GIcNAc, Man, Gal, Fuc, and NeuAc [21, 22]. Electro-
pherograms clearly indicated the presence of these monosac-
charides. The fucose content of transferrin is low but the
electropherogram clearly indicated the presence of Fuc in
the hydrolysates of transferrin. Fetuin contains both N- and
O-linked glycans [23-25]. Therefore, the oligosaccharide
chains are composed of GlcNAc, GalNAc, Man, Gal,
and neuraminic acids. These monosaccharides appeared
in the electropherograms. Moreover, a small peak of N-
glycolylmannosamine indicates the presence of NeuGc in this
glycoprotein, at a level one order lower than that of NeuAc.
Ovalbumin comprises high-mannose type and a series of
hybrid-type glycans, which implies the presence of GIcNAc,
Man, and a small quantity of Gal [26-28]. RNB comprises a
series of high-mannose type oligosaccharides [29]. Therefore,
hydrolysates include only Man and GlcNAc. These monosac-
charides appeared in electropherograms.

Based on the peak area of each sample relative to IS,
the monosaccharide contents were estimated and are sum-
marized in Table 1. The results were compared to those of
previously reported data [15, 30]. The accuracy of the present
method involving the hydrolysis process could not be fully
evaluated by comparison with previous data as contents of
fucose in acid glycoprotein, Man in fetuin, and GlcNAc and
neuraminic acids in transferrin were apparently lower than
the reported values. In contrast, Man in ribonuclease and
hexosamines in fetuin were at higher levels than previously
reported. The sialic acid contents of BSM were three times
higher than those of reported values, which should be due to
difference in commercial preparation. We believe the removal
of the purification step for derivatives could enhance the
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Table 1. Estimated content {%) of monosaccharides in various glycoprotein specimens

Glycoprotein Man?! Gal? GlcNAc?! GalNAc? NeuAch NeuGc?! Fuc?

ay-Acid glycoprotein (human) 5.80 8.99 13.88 N.D. 10.02 N.D. 047
5.50 7.60 13.20 N.D. 10.90 N.D. 0.70

Fetuin (bovine) 1.60 3.15 4.26 1.30 6.28 0.68 0.04
245 349 2.62 0.54 4.62 - 0.03

Transferrin (human) 1.15 0.76 1.27 N.D. 0.91 N.D. 0.07
1.08 1.00 1.79 0.05 1.40 N.D.

Submaxillary mucin {bovine) - - - - 5.80 459 -
- - - - 1.69 1.25

QOvalbumin (hen) 2.47 0.1 1.63 N.D. N.D. N.D. N.D.
2.80 0.12 0.28 N.D. N.D. N.D. N.D.

Ribonuclease B (bovine) 463 N.D. 1.09 N.D. N.D. N.D. N.D.
2.20 N.D. 0.91 N.D. N.D. N.D. N.D.

Values appearing on the lower line for each glycoprotein indicate reference values. N.D.: not detected; —: not determined.

a) Ref. [30].

b) Ref. [15].

reliability of quantitation for saccharides in glycoconjugate
samples. Our data may therefore be more reliable than that
from previously reported methods and, moreover, the sensi-
tivity is far superior to previous methods.

3.4 Analysis of oligosaccharides in glycoproteins

The resolution of AMC-labeled oligosaccharides was evalu-
ated using a series of al,6-linked glucose oligomers called
isomaltooligosaccharides, which had DPs distributed from 1
to 20 or more. Boric acid forms a stable complex with the lin-
ear polyalcohol structure at linear monosaccharide residues
linked to AMC and the binding ability of borate to ring-formed
monosaccharide residues is not high. They migrated in the

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

order of increasing DP because of the low mobility of oligosac-
charides due to the low binding capability to borate ions. To
enhance the apparent mobility of AMC-oligosaccharides, we
chose 250 mM potassium borate buffer (pH 9.0). As shown in
Fig. 54, they were completely resolved and oligosaccharides
corresponding to DPs of more than 20 were detected within
60 min. Most N-linked oligosaccharides in glycoproteins are
distributed between DPs of 7 and 20, which indicate that it
is possible to separate a neutral oligosaccharide mixture of
glycoproteins by this mode.

The separation conditions were applied to the analysis
of AMC-labeled N-linked oligosaccharides from transferrin,
fetuin, and ribonuclease B. However, the separation of acidic
oligosaccharides derived from transferrin and fetuin indi-
cates finer resolution using a somewhat lower pH of borate
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Figure 5. Separation of a mixture of isomaltooligosaccharides
(A}, ribonuclease B (B), transferrin (C), and fetuin (D). BGE, 1.9,
v/v, mixture of ACN and borate buffer containing 0.5% hydroxy-
propylcellulose; 250 mM potassium borate (pH 9.0) for (A) and
(B), and 100 mM Tris borate (pH 8.5) for (C) and (D), respectively.

buffer. Therefore, we applied 100 mM Tris borate (pH 8.5) for
acidic oligosaccharide separation and 250 mM potassium bo-
rate buffer (pH 9.0) for neutral oligosaccharides. Results are
shown in Fig. 5B-D. Oligosaccharide structures in each peak
indicate there was identification based on co-migration of an
AMC-oligosaccharide pool prepared by HPLC fractionation
[14].

RNB contains a series of high-mannose type oligosac-
charides. Their separation profile (Fig. 5B) indicates they mi-
grated in order of their size, Mans to Many. However the
separation mode could not separate linkage isomers of Man;,
and Mang high-mannose type oligosaccharides.

Oligosaccharides of transferrin (Fig. 5C) are mainly com-
posed from disialylated biantennary oligosaccharides, which
appeared as a large peak at 20.5 min. The subsequent small
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peaks should be assigned to fucosylated biantennary oligosac-
charides.

Fetuin mainly contains a series of di-, tri-, and tetra-
sialylated triantennary glycans with variation in the linkage
isomers of neuraminic acids and the presence of the Lewis X-
type branch in the a1,4-linked Gal-GlcNAc branch. As shown
in Fig. 5D, AMC oligosaccharides from fetuin were mainly
separated according to the number of sialic acids and were
further resolved by the linkage type and position as well as
differences in the lactosamine linkage. The peaks detected
at 14, 17, and 20-22 min correspond to tetra-, tri-, and di-
sialylated oligosaccharides. Furthermore, four peaks appear-
ing at 20~22 min correspond to biantennary and trianten-
nary di-sialylated oligosaccharides. Di-sialylated triantennary
oligosaccharides may be generated from partial loss of a sialic
acid from triantennary oligosaccharides, which causes nu-
merous linkage isomers and appeared as a broad peak at
22 min. Unfortunately, this separation mode is not suitable
for the resolution of these oligosaccharide isomers.

3.5 Application to the separation of saccharides
using other labels

Finally, as a practical test, monosaccharide mixtures and iso-
maltooligosaccharides were labeled with AMAC and ABEE,
and the derivatives were subjected to separation with borate
complex mode CE, as shown in Figs. 5A and 1B, respectively.
As shown in Fig. 6, AMAC- and ABEE-labeled saccharides
showed an essentially identical pattern to AMC saccharides
and were also free from interference by excess reagents. ABEE
derivatives migrated faster than those of AMAC derivatives
so the resolution of AMAC-oligosaccharides was high. The
resolution of the Glc and GlcNAc pair was achieved using
ABEE derivatives. We also evaluated these separation condi-
tions for other labels, such as p-aminobenzoniirile (ABN) and
5-amino-1-naphthol (AN). However, the reaction products of
isomaltooligosaccharides and ABN showed an intense, un-
known signal at ca. 5 min, and that of AN showed an un-
known peak at 15 min (data not shown). We speculate that
these peaks may be due to the products of degradation of
reagents, generated during derivatization reactions.

4 Concluding remarks

A combination of alkaline borate buffer and a neutrally
coated capillary enables specific determination of AMC-
labeled oligosaccharides, and an LED-based fluorimetric de-
tection was applied to sub-amol level detection of saccha-
rides. This method enables analysis without removal of
excess reagents from the reaction mixture, enabling reliable
quantitative analysis of monosaccharides in hydrolysates of
several glycoproteins. This separation mode is also applica-
ble to oligosaccharides that are released from glycoproteins.
The separation conditions are also applicable to other labeled
saccharides. Therefore, our methods are applicable to most
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reductively aminated saccharides, using neutral or basic la-
beling dyes without interference by excess reagents.
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~ ABSTRACT: Recently, we reported comparatwe analysis of Profiles of N-glcans  Profiles of CS chains
on CSPG4 o 2 CSPG4 :

glycoproteins which. express cancer-specific N-glycans on
various cancer cells and identified 24 glycoproteins having cxSSas -,
polylactosamine (polyLacNAc)-type N-glycans that are
_ abundantly present in malignant cells [Mitsui et al,, J. Pharm. Primary melanoma
:Biomed Anal. 2012 70, 718—726]. In the preséht study, we (WM-115)
glycoprotems present in the matched patient primary and - =
metastatic melanoma cell lines. Metastatic melanoma cells ==
 (WM266-4) contained a large amount of polyLacNAc-type N- =, 8
glycans in comparison with' primary melanoma cells Metas[at(anoma b
 (WM113). To identify the glycoproteins expressing these. N- (WMZGB 4)
glycans, glycopeptldes having polyLacNAc type N~g1ycans

analyzed by LC/MS dfter removing N-glycans, and some glycoprotems such as basigin, lysosome-assoqated membrane protein-1
(LAMP-1), and chondroitin sulfate proteoglycan 4 (CSPG4) were identified in both WM115 and WM266-4 cells. The
expression level of polyLacNAc of CSPG4 in WM266-4 cells was significantly higher than that in WMI115 cells. In addition,
sulfation patterns of chondroitin sulfate (CS) chains in CSPG4 showed dramatic changes between these cell lines. These data
show that characteristic glycans attached to common proteins observed in dﬂferent stages of cancer cells will be useful markers
for determining degree of malignancies of tumor cells.

,KEYWORDS polylactosamine, chondroitin sulfate, melanoma, malzgnant transformatzon

INTRODUCTION Serological assays detect carbohydrate antigens such as sialyl-
Le%, sialyl-Le* (CA19-9) and MUC16 (CA125). Sialyl-Le" is a
weak marker for some small-cell lung cancers (24% for all
stages), however, sialyl-Le* increases with tumor progression
(71% for late-stage).13 Unfortunately, elevation of these
carbohydrate antigens is only suggestive of a cancer. a-
Fetoprotein (AFP) is a well-known biomarker for liver diseases

Glycosylation is one of the frequently observed post-transla-
tional modifications of proteins and plays various important
roles such as protein folding, cellular communications, and
signal transductions."” It is also well-known that embryonic
development and cellular activation in mammalian cells are
often accompanied by alterations in glycosylation. In addition,
aberrant glycosylation has been known to be associated with (e, cirrhosis, hepatitis, and hepatocellular carcinoma (HCC)),
various human diseases.>” Expression of GIcNAc transferase V but its specificity for diagnosis of HCC is low (less than 50%).
(GICNACT-V), which is the ratelimiting enzyme for the In contrast, fucosylated AFP (AFP-L3) is particularly useful in
synthesis of polylactosamine (tandem repeating units of Galf1- early detection of aggressivel tumors associated with HCC with
4GIcNAc at the nonreduing terminal ends), is increased in high specificity (>95%)."* Alteration of serum al-acid
numerous cancer cells to cause increases of polylacNAc- glycoprotein (AGP) has been reported to be associated with
carrying N-glycans.*"* Colon cancer cells highly express sialyl- a risk of developing HCC during cirrhosis in chronic hepatitis.
Lewis* (NeuAca2-3Galf1-4[Fucal-3] GlcNAc-R), while they Kuno et al. statistically evaluated the relationship between the

show markedly decreased level of sialyl 6-sulfo Lewis” progression of liver fibrosis during cirrhosis and the decreased
compared with normal colonic cells."> Thus, alterations in

glycosylation are a universal hallmark and prominent Received: October 8, 2013

biomarkers for cancer. Published: December 19, 2013
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a2-3 sialylation/the increased core al-6fucosylation of N-
glycans in AGP."®

Although time-consuming and laborious analysis is required
for finding a candidate for cancer-specific biomarkers, detailed
analysis of glycans in glycoconjugates provides us useful
information for the development of novel biomarkers. In our
previous reports, we proposed a series of methods for the
analysis of glycans of glycoproteins in cancer cells.'®"” Total
glycan pool obtained from the cells was fluorescently labeled
with 2-aminobenzoic acid (2-AA) and separated based on the
number of sialic acid residues attached to the glycans using
affinity chromatography on a serotonin-immobilized stationary
phase. Total amounts of glycans as well as those of each
category of glycans (asialo/high-mannose, mono-, di-, tri-, and
tetra-sialoglycans) were determined based on their fluorescent
intensities. This is very important information for determi-
nation of the expressed level of each category of the glycans.
Then, the collected glycan groups were extensively analyzed by
MS" technique. On the basis of the studies using these
techniques, we found that histiocytic lymphoma cells (U937),
kidney glandular cells (ACHN), gastric cancer cells (MKN4S),
and lung cancer cells (AS49) express a large amount of N-
glycans having polyLacNAc residues.'®'” To confirm glyco-
proteins which express these characteristic polyLacNAc-type N-
glycans in cancer cells, tryptic-digested glycopeptides carrying
multiple LacNAc units were captured using a Datura
stramonium agglutinin (DSA)-immobilized column. The
positions of peptides and glycans of the captured glycopeptides
were analyzed by LC/MS"-based technique after digestion with
N-glycoamidase F, and we found that some glycoproteins such
as CD107a and CD107b commonly contained polyLacNAc-
type N-glycans in all the examined cancer cells. But integrin-a$
(CD49e) and carcinoembryonic antigen-related cell adhesion
molecule 5 (CD66e) having these glycans were specifically
found in U937 and MKN4S cells, respectively. These data
indicate that specific glycans attached to specific proteins will be
promising markers for specific tumors with high accuracy.*®

Melanoma consists of an invasive tumors that are resistant to
conventional therapy.'® Therefore, monitoring of high-risk
patients at early stage is highly recommended, but biomarkers
for melanoma identification, prediction of progression, and
prognosis are lacking. Although measurement of serum lactate
dehydrogenase (LDH) is used for staging of melanoma, it is
not specific for melanoma and cannot be used to predict
progression or prognosis.'” Melanoma inhibitory activity
(MIA), a 11 kDa soluble protein, is present in the supernatant
of the human melanoma cell line (HTZ-19). However,
increased MIA levels are also observed in a subset of the
patients with ovarian, pancreatic, breast, and colon cancer.® 5-
S-Cysteinyldopa (5-S-CD) is produced in melanocytes and
melanoma cells and has been reported to be raised particularly
in late-stage (stage III and IV).”® Thus, these biomarkers are
detected frequently in the advanced stages of melanomas but
are not useful for monitoring of stages or early detection of
melanoma progression.

In the present study, we performed comparative studies on
common glycoproteins present in the matched patient primary
and metastatic melanoma cell lines, WM11S and WM266-4. At
the initial step, total N-glycans expressed in both melanoma
cells were comprehensively analyzed. Subsequently, glycopro-
teins having characteristic N-glycans that were observed in both
cell lines were identified by combination of lectin-affinity
capturing and bottom-up proteomics approaches. Among
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identified glycoproteins, chondroitin sulfate proteoglycan 4
(CSPG4) having both N-glycans and glycosaminoglycans
(GAGs) was confirmed as a convincing marker for the
melanoma-specific glycoproteins, and the structures of N-
glycans and glycosaminoglycans of CSPG4 from each cell line
were studied in deatil.

B MATERIALS AND METHODS

Materials

Peptide N-glycoamidase F (EC 3.5.1.52) was obtained from
Roche Diagnostics (Mannheim, Germany). Neuraminidase
(Arthrobacter ureafaciens) was kindly donated by Dr. Ohta
(Marukin-Bio, Uji, Kyoto, Japan). Benzonase was obtained
from Novagen (Darmstadt, Germany). TPCK-treated trypsin
was from Worthington (Lakewood, NJ). Anti-LAMP-1 (H4B3)
mouse IgG1 monoclonal, and anti-CSPG4 (LHM2) mouse IgG
monoclonal were from Santa Cruz Biotechnology (Santa Cruz,
CA). Anti-Basigin (MEM-M6/1) mouse IgG1 monoclonal was
from Abcam (Cambridge, UK.). Iodoacetamide was from
Tokyo Kasei Kogyo (Chuo-ku, Tokyo, Japan). Dithiothreitol
(DTT) was obtained from Nacalai Tesque (Nakagyo-ku,
Kyoto, Japan). 3,3'-Diaminobenzidine tetrahydrochloride
(DAB) was obtained from DOJINDO (Kamimashiki-gun,
Kumamoto, Japan). 2-Aminobenzoic acid (2-AA) and sodium
cyanoborohydride for fluorescent labeling of oligosaccharides
were from Tokyo Kasei. Coomassie brilliant blue G-250 was
purchased from BIO-RAD (Hercules, CA). Sephadex LH-20
was from Amerscham Bioscience (Upsala, Sweden). Vivaspin
500 was obtained from Sartorius (Goettingen, Germany).
Datura stramonium agglutinin (DSA)-agarose, chondroitinase
ABC, and standard samples of unsaturated disaccharides
derived from glycosaminoglycans were obtained from Seikaga-
ku Kogyo (Chuoku, Tokyo, Japan). VECTA Elite ABC mouse
IgG kit for Western blotting was obtained from Vector
Laboratories (Burlingame, CA). Immobilon-P transfer mem-
brane (PVDF) was from Millipore (Bedford, MA). Protein
inhibitor cocktail for animal cells was obtained from Nacalai
Tesque. Protein G Sepharose 4 Fast Flow was obtained from
GE Healthcare (Upsala, Sweden). All other reagents and
solvents were of the highest grade commercially available or of
HPLC grade. All aqueous solutions were prepared using water
purified with a Milli-Q purification system (Millipore, Bedford,
Cell Culture

WM266-4 (human metastatic melanoma cells) and WM115
cells (human primary melanoma cells) derived from a same
patient were employed as the materials. Both cells were
cultured at 37 °C under 5% CO, atm in EMEM medium
supplemented with 10% (v/v) fetal bovine serum, 2 mM
glutamine, 1% nonessential amino acids (NEAA), and 1%
sodium pyruvate. The cells were harvested at 80% confluent
state, washed with phosphate buffered saline (PBS), and
collected by centrifugation at 1000 rpm for 20 min.

Whole Proteins from Melanoma Cell Lines

Melanoma cells (1.0 X 107 cells) were suspended in PBS (50
UL) containing | mM EDTA and kept at room temperature for
1S min. Extraction reagent (7 M urea, 2 M thiourea, 4%
CHAPS, 30 mM Tris-HCI (pH 8.5, 268 L)), 1 M DTT (17
uL), and benzonase (125 units, S pL) were added to the
suspended cells and kept at 37 °C for 30 min. The mixture was
centrifuged at 8000g for 15 min. After addition of acetone
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