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Abstract The effect of Sodium Butyrate (NaBu) on the N-
linked oligosaccharide structure of Erythropoietin (EPO) was
investigated. Recombinant human EPO was produced by
CHO cells grown in an MEM¢, medium with or without 5 mM
NaBu, and purified from the culture supernatants using a
heparin-sepharose affinity column and immunoaffinity column.
The N-linked oligosaccharides were released enzymatically and
isolated by paper chromatography. The isolated oligosaccharides
were then labeled with a fluorescent dye, 2-aminobenzamide,
and analyzed with MonoQ anion exchange chromatography
and GlycosepN amide chromatography for the assignment
of a GU (glucose unit) value. A glycan analysis by HPLC
showed that the most significant characteristic effect of
NaBu was a reduction in the proportion of glycans with tri-
and tetrasialylated oligodaccharides from 21.30% (iri-) and
14.86% (tetra~) in the control cultures (without NaBu) to
8.72% (tri-) and 1.25% (tetra-) in the NaBu-treated cultures,
respectively. It was also found that the proportion of asialo-
glycan increased from 12.54% to 23.69% when treated with
NaBu.
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EPO is a glycoprotein produced by the kidney to control
the production of erythrocytes in mammals. Human EPO
has four glycosylation sites: a single O-linked and three N-
linked sites, and carbohydrates comprise of 40% molecular
weight [1,2]. Tt has been previously shown that the
N-linked sugar chains of EPO play important roles in
solubility, cellular processing and secretion, and in vivo
bioactivity [3]. Incomplete glycosylation of N-linked
oligosaccharides leads to decrease in activity in vive [3, 4,
5]. Consequently, the well-branched structure of the N-
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linked chain is suggested to play a role in maintaining a

higher plasnila level, which provide an effective transfer to
a target organ and stimulates in erythroid progenitor cells.

The importance of terminal sialic acid residues in the

expression of biological activity has also been reported

using a cruhe EPO preparation [6]. By the enzymatic

removal of terminal sialic acids from the oligosaccharides

of uhEPO or rhEPO, galactose residues becoine exposed

and bind to s‘peciﬁc hepatocyte lectins, which in turn led to
the prompt removal of the EPO molecules from the plasma
[6,7, 8]. Therefore, the removal of terminal ‘sialic acids

from EPO déstroys its in vivo activity and desialylated EPO

is cleared fro“m the circulation faster than unmodified EPO.

Sodium biutyrate (NaBu) is known to enhance gene
expression in mammalian cells and has been used in the
mass production of recombinant proteins in recombinant
CHO cells [9} 10, 11, 12]. However, since the oligosaccharide
structure of | EPO is crucial for its in vivo biological
activity, the|influence of butyrate on the glycosylated
recombinant| EPO needs to be evaluated. The current
authors recently established a highly sensitive, accurate, and
quantitative method for analysing oligosaccharide structures
[13). The present work therefore, analyzed the effect of
butyrate on t11l1e recombinant EPO N-linked oligosaccharide

structure.

i
i
\
i

MATERIALSi AND METHODS
|

Cell Line and Culture Conditions

The recombir’ilant erythropoietin (EPO)-producing Chinese
hamster ovary (CHO) cell line (EC-1) was kindly provided
by Dr. H. J| Hong from the KRIBB (Korea Research
Institute of Bioscience and Biotechnology). The cell line
was constructed by the introduction of cDNA encoding
human EPO! under the control of a Cytomegalovirus

(CMV) prorﬁoter. The cells were cultured in MEMo
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supplemented with 10% dFBS, and 3.5 g/l glucose containing
the antibiotic- antimycotic solution in T-185 flasks under
an atmosphere of humidified 5% CO, at 37°C. After being
cultured under the 10% dFBS conditions for 3 days, in the
case of the control (without NaBu), the culture medium
was replaced with MEMo. containing 1% dFBS and the
cells were cultured for one more day. Whereas in the case of
the NaBu treated culture, the culture medium was replaced
with MEMo. containing 1% dFBS and 5 mM NaBu, then
the cells were cultured for another 12 h.

Purification of Recombmant EPO

An EC-1 conditioned medium was applied to a 1x12 cm,

Heparin-Sepharose CL-6B column (Amersham Pharmacia
Biotech, Uppsala, Sweden), which had been previously
equilibrated with the buffer (10 mM sodium phosphate, pH
6.0, 50 mM NaCl). The proteins were eluted applying a salt
gradient at a flow rate of 1 ml/min, using an FPLC system.
The ¢lution of EPO was analyzed using the ELISA method.
The EPO-containing fractions recovered from the Heparin-
sepharose column were pooled and equilibrated with PBS.
This preparation was applied to an immunoaftinity (CNBr-
activated sepharose 4B coupled with monoclonal anti
human EPO) column and eluted. The purlﬁed EPO was
further evaluated by SDS-PAGE.
Preparation of N-linked Oligosaccharides from
RecombinantEPO
The purified EPO was dialyzed in distilled water and
freeze-dfied in a microtube. About 100 ug of EPO was
then dissolved in 50ul of a reaction buffer (50 mM
sodium phosphate, pH 7.0, 12.5 mM EDTA, 0.1% SDS)
and boiled for 10 min for the denaturation of the protein.
Thereafter, 2 ul of Triton X-100 and 2 ufiits of N-
glycosidase F were treated and incubated for 24 h at 37°C.
The oligosaccharides were recovered by a Sep-Pak Cg,
cartridge (Waters, Milford, MA, U.S.A.). The samples
were eluted in 5% of acetonitrile, pooled, and freeze-dried.

2-Aminobenzamide(2-AB) Labeling

The 2-AB labeling of the oligosaccharides was performed
according to the method of Brigge et al. [14]. To an
aspirated oligosaccharide sample, Sml of 025M 2-
aminobenzamide in acetic acid-DMSO (3:7 v/v) containing
1.0 M sodium cyanoborohydride was added and the mixture
was incubated for 2 h at 65°C. After the incubation, the
mixture was applied to a paper chromatography eluted
with a buffer (n-butanol : ethanol : distilled water=4:1:1),
extracted, and finally aspirated for an HPLC analysis.

HPLC Analysis of Oligosaccharides

A strong anion-exchange column was used to separate
the neutral oligosaccharides from the acidic oligosaccharides.
The oligoaccharide samples were dissolved in distilled water

and applied to a MonoQ HR 5/5 column (Amersham
Pharmacia Biotech, Uppsala, Sweden). After eluting the
neutral oligosaccharides with 10 ml of water, the acidic
oligosaccharides were eluted with a 1M gradient of
ammonium acetate, pH 4.0, at a flow rate of 1 ml/min at
room temperature. Lk

The peaks from the MonoQ were collected, aspirated,
and freeze-dried to analyze in a Glycosep-N column
(Oxford GlycoScience, Oxford, U.K.) according to the
glucose unit (GU). The acetonitrile and 5S0mM ammonium
acetate (pH 4.0) ratio was changed linearly from 80:20 to
47:53 (v/v) over 160 min after injection at a flow rate of
1.0 ml/min at 30°C.

RESULTS AND DISCUSSION

Purification of Recombinant EPO

The culture supernatant from each culture was withdrawn,
filtered, and the pH equilibrated to" 6.0. Supernatant was
primarily eluted through a Heparin-sepharose column. The
fractions containing EPO collected from the Heparin-
sepharose were then applied to an immunoaffinity column.
The SDS-PAGE profile in Fig. 1 shows that the recombinant
EPO had a high purity. The amount of protein was adjusted
to 30 ug in each lane to compare the purity of the eluants.

Fig. 1. SDS-PAGE of fractions from each step in purification of
Recombinant EPO.

Lane 1, size marker; lane 2, cell supernatant; lane 3, heparin sepharose
pool; lane 4, Immunoaffinity pool (NaBu-treated); lane 5, Immunoaffinity
pool (control).
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Since the volume and content of protein in the cultured
medium were too large to load to the immunoaffinity
chromatography, an and additional step was needed prior
to the immunoaftinity chromatography to reduce the total
protein contents by removing the contaminated proteins.

Heparin affinity chromatography greatly facilitates the
purification of various growth factors and cytokines, including
bFGF (basic fibroblast growth factor), PDGF (platelet-
derived growth factor), EGF (epidermal growth factor),
IL-2 (interleukin-2), IFN-y (interferon-gamma), and many
others [15, 16, 17, 18]. Although heparin is a polysaccharide
with long, linear, and highly sulfated chains, based on an
N-acetylglucosamine-uronic acid disaccharide repeat, these
chains are extremely heterogeneous in structure. It has
already been established that proteins bind with heparin
through a heparinoid-protein interaction involving the basic
amino acid sequence of the protein [19]. Since EPO is
a growth factor of hematopoietic cells, similar to other
heparin-binding growth factors containing a basic portion
of protein (deglycosylated EPO’s p/=9.2), heparin affinity
column was used as the first step of purification.

The immunoaffinty chromatography had an attached
ligand which was an antibody specific to EPO. As such,
the column only retained the EPO that bound to the ligand
attached to the beads, while the remaining proteins just
passed through the column. Consequently, the EPO was
purified from the other contaminating proteins.

Release of Oligosaccharides of EPO and 2-
Aminobenzamide Labeling

We have previously reported that the hydrazinolysis
method allows for the rapid and complete cleavage of
glycans [13]. However, since a hydrazinolysis reaction
react on the glycan linkage that results in a partial loss of
sialic acid, it was not appropriate for a highly sialylated
glycoprotein, such as EPO. Therefore, a simple enzymatic
method and free from any hazardous reaction conditions
was used to cleave the oligosaccharides of EPO.

There are two types of fluorescence labeling methods in
the analysis of an oligosaccharide structure; the pyridylamine
(PA) labeling method and the 2-aminobenzamide labeling
method. Kanazawa et al. reported that sialic acid is partially
lost when using the PA labeling method, as compared with
the 2-AB labeling method [20]. Furthermore, when using
the PA labeling method, the reagent peak obtained with
anion-exchange (DEAE) column chromatography overlaps
with the asialo oligosaccharide peak around the void volume.
Consequently, the 2-AB labeling method was used for the
fluorescence labeling.

Comparative Study of Oligosaccharide Structure from
EPO Produced in Culture with or without NaBu

The labeled oligosaccharide samples were subjected to
MonoQ column chromatography at pH 4.0. Since MonoQ

5e+5 \

Contnﬂ

4e+5 4 | Neutral

-

|
3e+5 - |
2e+5 A
1e+5

0

6e+5 L =

NaBu
Se+h
4e+5

3e+5

FUFS (Fluorescence Unit in Full Scale)

2e+5

1e+5 4

0 10 20 30 40 50
Retention time (min)

Fig. 2. MonoQ‘ chromatogram of oligosaccharide from control
and NaBu-treated sample.
The arrows and ranges indicate the distribution of sialylated oligosaccharides.

is a strong anionic-exchange column, the oligosacharides
were eluted accordlng to the negative charge due to their
sialic acid content. Asialo neutral oligosaccharides were eluted
at the beglnnnllg of the elution, and then as the gradient
formed with } M ammonium ‘acetate, more sialylated
ohgosacoharldes were eluted. The degree of sialylation of
the ohgosaccharldes from the EPO in the control and the
NaBu-supplemented culture was analyzed and compared
(Fig. 2). The cﬂromatogram showed a significant degree of
variation in the Pligosacchaﬁde pattemns. The relative amount
of sialylated oligosaccharides was quantified by the peak areas
(Table 1). The %tmounts of neutral(asialo) oligosaccharides
was higher in the NaBu sample compared to the control.
The most significant characteristic of the sample containing
NaBu was that the relative amounts of tri- and tetrasialylated

oligosaccharides were reduced from 21.30% (tri-) and 14.86%

Table 1. Relatlve amount of sialylated oligosaccharides in
control and NaBu-treated sample.

Sialylated Control Sample treated
oligosaccharides (Relat}ve .Wlth NaBu .
| amount in %)  (Relative amount in %)
Neutral (asialo) 12.54 23.69
Monosialylated 28.80 44.57
Disialylated | 22.50 21.77
Trisialylated 21.30 8.72
Tetrasialylated‘ 14.86 1.25.
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Fig. 3-1. GlycosepN chromatogram of control sample collected from Mono(Q profile (Fig. 2) and determination of GU (Glucose Unit)

value of peaks.

(tetra-) to 8.72% (tri-) and 1.25% (tetra-), respectively. The
relative amount of disialylated glycan was hardly changed,
yet-the level of monosialylated glycan increased.

2045 4

Te+$

A251L2F Mono
A251L3F
A3S1L3F
A481L4F
A4S1L5F
A4S1LE6F
A4SILTF

S S L L I

2ets

1e+5

FUFS (Fluorescence Unit in Full Scale)

40

A2S2LoF Di
ABS2L3F
A4S2LAF
A4S2L5F -
A4S2LEF &
A4S2LTF =

60 80 100 120 140

Retention time (min)

FUFS (Fluorescence Unit in Full Scale)

The fractions of sialylated oligosaccharides from the

MonoQ were collected, aspirated, and freeze-dried. A
glucose-homopolymer standard was injected into the
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Fig. 3-2. GlycosepN chromatogram of NaBu-treated sample collected from MonoQ profile (Fig. 2) and determination of GU (Glucose

Unit) value of peaks.
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Glycosep-N column to set the standard GU (glucose unit)
value before injecting the samples (Fig. 3-1). Based on the
corresponding relationship between the GU wvalue and
the retention time of the glucose-homopolymer standard
chromatogram, a multiparameter function was deduced,
which was then used to calculate the GU value of the
sample peaks by applying their retention time. Next, the
fractions collected from the MonoQ were injected to
Glycosep-N column and the GU values were calculated
relative to the retention time. (Fig. 3) The structure of each
oligosaccharide was predicted according to its GU value
and the data previously reported by Guile ef al. [21]. The
oligosaccharide structures and relative amounts of each
structure are summarized in Table 2. The nomenclature
used to describe oligosaccharide structures was a modified
version of the method used by Guile et al.: A(1-4)
indicates the number of antennae linked to the trimannosyl
core; S(1-4), sialic acid; L(1-7), the number of N-
acetyllactosamine repeats; F, the core fucose (Fig. 4).

In the present work, it was found that the relative
amounts of sialylated oligosaccharides were lower in the
NaBu-treated sample than in the control. This result
ithplies that the NaBu supplemented in the culture may
have adversely affect the sialylation of EPO. According to

Table 2. Quantative amount of sialylated oligosaccharides
according to their structure.

Oligosaccharide Control NaBu—Tneated

structure GU value  (Relative (Relative
amount, %)  amount, %)

© A2S1L2F 7.36+0.03 0.86 1.15
A2S1L3F 8.46:+0.03 5.34 3.26
A3S1L3F 8.84+0.02 10.12 13.24

' A4S1LAF 9.69+0.06 4.68 3.90
A4S1LSF 10.77+0.07 2.06 7.91
A4S1L6F 11.85+0.08 0.31 4.78
A4S1LTF 12.89 ND* 1.56
A28212F 8.01+0.04 1.14 0.29
A3S2L3F 9.05+0.06 4.73 3.10
A4S2L4F 10.16+0.07 5.56 5.77
A4S2[ 5F 11.20+0.07 491 11.17
AAS2L6F 12.2340.05 0.85 7.61
A4S2L7F 13.17+0.06 0.09 2.14
A3S3L3F 9.76+0.12 2.44 0.48
A4S3LA4F 10.71+0.07 6.17 1.42
AAS3LSF 11.68+0.05 5.47 2.88
A4S3L6F 12.62+0.03 1.18 1.64
A4S3L7F 13.48+0.03 0.15 0.37
A4S414F 10.85+0.01 1.82 0.11
AASALSF 11.23+0.02 2.77 0.28
AA4S4AL6F 12.1740.04 311 0.46
A4S4LTF 13.10+0.06 0.59 0.28

*ND: Not Detected.

|
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Fig. 4. Nomenclature for the description of oligosaccharide
structures: A(1, \2 3, 4) indicates the number of antennae linked
to the trimannosyl core; L(1-7) indicates the number of N-
acetyllactosamine repeats; F, core fucose.

the oligosaccharide structure anticipated by the Glycosep-
N chromatogram the core glycosylation did not appear to
be affected by NaBu. However, the terminal silylation was
the critical point. Sialytransferase transfers sialic acid into
a terminal galactose residue. This reaction is known to
occur in distal Golgi shortly before secretion, which is a
very sensitive step. It can be completely and rapidly
inhibited under a variety of conditions without a change in
the secretion r‘ate [22]. Accordingly, it would appear that
the s1alytransferase activity did not support the secretion
rate of EPO when NaBu was supplemented. Consequently,
under—smlylate‘d EPO was released into the medium. This
observation was similar to a previous report by Santell et
al. [23]. They found that in 48 h after the addition of
butyrate, the metabolically incorporated sialic a01d rapidly
and dramatlcally decreased.

This reductulm in the contents of sialic acid under highly
productlve condmons can be overcome by amplifying the
expression of the sialyltransferase gene. Weikertet al. [24]
reported that human 2,3-sialyltransferase overexpression
results in the sialylation of more than 90% of available
branches. ‘

Accordmgly,‘ to use NaBu for enhancing the productlon
rate of glycoprotems such as EPO, the overexpression of
smlyltransferase is required, in which case, the production

of high quality élycoproteins can be achieved.
\

i
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