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1 | INTRODUCTION

Kouhei Tsumoto2

Abstract

Quality control of monoclonal antibodies is challenging due in part to the diversity of
post-translational modifications present. The regulation of the N-glycans of IgG-Fc
domain is one of the key factors to maintain the safety and efficacy of antibody drugs.
The FcyRllla affinity column is an attractive tool for the precise analysis of the N-glycans
in IgG-Fc domain. We used the mutant FcyRllla, which is produced in Escherichia coli and
is therefore not glycosylated, as an affinity reagent to analyze the N-glycans of monoclo-
nal antibodies expressed in Expi293 and ExpiCHO cells. The monoclonal antibodies
expressed in these cells showed very different chromatograms, because of differences in
terminal galactose residues on the IgG-Fc domains. We also carried out kinetic and ther-
modynamic analyses to understand the interaction between monoclonal antibodies and
the mutant FcyRllla. Expi293 cell-derived monoclonal antibodies had higher affinity for
the mutant FcyRllla than those derived from ExpiCHO cells, due to slower off rates and
lower binding entropy loss. Collectively, our results suggest that the FcyRllla column can

be used to analyze the glycosylation of antibodies rapidly and specifically.
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Antibodies have high specificity and efficacy.’™ More than
80 antibody drugs are currently approved by FDA,* most to treat can-

Numerous protein drugs are now developed and marketed for treat-
ment of various diseases.! Although protein drugs often have high
efficacy, it is currently difficult to produce protein drugs by chemical
synthesis; they are mainly produced in bacterial, yeast, insect, or
mammalian cells. The quality control of protein drugs is challenging
in large part due to the diversity of possible post-translational
modifications.

cer or autoimmune diseases. Quality control of monoclonal antibodies
(mAbs) is an important work to supply secure and reliable antibody
drugs to patients. Measures of the quality of monoclonal antibodies
include thermal stability, aggregation, degradation, and immunogenic-
ity.>® Post-translational modifications also regulate antibody activity.
In particular, the N-linked glycans of the IgG-Fc domain in the con-
stant region influence effector function of antibodies such as
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antibody-dependent cellular cytotoxicity (ADCC) and complement-
dependent cytotoxicity (CDC).” ! N-glycans affect ADCC activity
because this modification of the IgG-Fc domain is an important role in
the interaction between IgG and FcyRllla, an antibody receptor found
on the surface of certain immune cells. The absence of core fucose of
the N-glycans enhances the affinity of an antibody for FcyRllla and
greatly boosts ADCC activity.”** Three approved antibody drugs,
mogamulizumab, obinutuzumab, and benralizumab, have a high affin-
ity for FcyRllla due to the absence of fucose, resulting in high efficacy.
Also, the presence of terminal galactose residues in the IgG-Fc domain

9,14-17

frequently enhances the affinity for FcyRllla, and N-glycans of

the 1gG-Fc domain affect stability, conformation, and aggregation of
antibodies, as well as the effector function, 10111817

Effector function is critical for many antibody drugs used in the
treatment of cancer, including rituximab and trastuzumab.?® On the
other hand, for antibody drugs for the treatment of autoimmune dis-
eases, effector function is not desired in general. It is a difficult issue to
produce or separate antibody drugs with uniform carbohydrate modifica-
tions because the glycoforms of the IgG-Fc domain depend on cells used
in production, medium components, and temperature.?22> For example,
we showed that the N-glycan composition of trastuzumab was different
when the antibody was produced in CHO cells and insect cells.?*

Strict regulation of the glycosylation is necessary to improve and
control the quality of antibody drugs. The FcyRllla affinity column is an
attractive tool for the precise analysis of the N-glycans in IgG-Fc domain.
The FcyRllla used as an affinity ligand is a mutant produced in Escherichia
coli that is not glycosylated. Highly purified, medical-grade rituximab sep-
arates into three peaks when running over an FcyRllla column, and these
peaks were attributed to the different glycan compositions.'® Here, to
evaluate the utility of the FcyRIlla column, we used it to analyze the
diversity of N-glycans of IgG1 expressed in two different cell lines.

2 | MATERIALS AND METHODS
2.1 | Expression and purification of mAbs from
Expi293 and ExpiCHO cells

The DNA sequences of the heavy and light chain of rituximab and
trastuzumab were subcloned into the pcDNA3.4 vector (Thermo Fisher
Scientific). The vectors were transiently transfected into Expi293 cells
(Thermo Fisher Scientific) using ExpiFectamine 293 Transfection Kit
(Thermo Fisher Scientific) in accordance with the manufacturer's protocol.
The cells were cultured for 3 to 4 days at 37°C and 8% CO,. The cultures
were centrifuged at 400g for 15 min, and the supernatant was collected.

The same vectors were transiently transfected into ExpiCHO cells
(Thermo Fisher Scientific) using ExpiFectamine CHO Transfection Kit
(Thermo Fisher Scientific) in accordance with the manufacturer's stan-
dard protocol. The cells were cultured for 8 days at 37°C and 8%
CO,. The cultures were centrifuged at 400g for 15 min, and the
supernatant was collected.

Each supernatant was applied onto an rProtein A Sepharose Fast
Flow column (GE Healthcare) equilibrated with PBS at pH 7.4. The

fraction bound to the column was washed with the PBS and subse-
quently eluted with Pierce IgG Elution Buffer (Thermo Fisher Scien-
tific). The eluted fraction was neutralized by addition of 2 M Tris-HCI
(pH 8.0) and further purified by size exclusion chromatography using a
HiLoad 16/600 Superdex 200 pg column (GE Healthcare) equilibrated
with PBS at pH 7.4.

2.2 | Expression and purification of Mut FcyRllla
Mut FeyRllla has nine mutated amino acids as described previously.*®
The Mut FcyRllla in vector pTrc99a (GE Healthcare) has a hexa-
histidine tag at the C-terminus. E. coli strain BL21 (DE3) was trans-
formed with the Mut FcyRIlla expression vector and was grown over-
night at 37°C in 3 ml of Luria-Bertani medium. The cells were diluted
into 1 L of 2 x YT medium and cultured at 37°C and until the ODggo
reached a value of 0.5-0.6. At that point, 0.2 mM of isopropyl p-D-
1-thiogalactopyranoside was added, and the cells were cultured over-
night at 20°C. The cells were harvested by centrifugation at 8,000g for
10 min at 4°C. The cell pellet was resuspended in binding buffer
(20 mM Tris-HCI, 500 mM NaCl, 5 mM imidazole at pH 8.0), and the
cells were lysed with an ultrasonic cell-disrupting UD-201 instrument
(TOMY). The cell lysate was centrifuged at 40,0009 for 30 min at 4°C.
The soluble fraction was collected and applied onto a Ni-NTA agarose
affinity column (Qiagen) equilibrated with the binding buffer. The frac-
tion bound to the column was first washed with binding buffer, and
subsequently fractions eluted with the same buffer containing 100 and
500 mM imidazole were collected. The eluted fractions containing Mut
FcyRllla were further purified by size exclusion chromatography using a
HiLoad 16/600 Superdex 75 pg column (GE Healthcare) equilibrated
with 50 mM Tris—-HCI, 500 mM NaCl, 1 mM EDTA at pH 8.0.

2.3 | HPLC analysis using FcyRllla column

An affinity column (4.6 mm 1.D. x 75 mm) packed with Mut FcyRllla-
immobilized resin from TOSOH (Tokyo, Japan) described previously'®
were used in HPLC analyses of mAbs. HPLC analyses were conducted
using an AZURA Analytical HPLC instrument (KNAUER). Mobile phase A
was 20 mM sodium acetate, 50 mM NaCl at pH 5.0, and mobile phase B
was 10 mM glycine-HCI at pH 3.0. For analysis, 10 pl of each sample of
Expi293-Rituximab, ExpiCHO-Rituximab,
ExpiCHO-Trastuzumab concentrated to 14 pM was loaded onto the

Expi293-Trastuzumab, or

FcyRllla column equilibrated with mobile phase A. A linear gradient (O to
100% B) for 28 min and 100% mobile phase B for 10 min at a flow rate of
0.6 ml/min was used to elute the antibodies. The total run time to measure

one sample including the re-equilibration process after elution is 60 min.

24 | Glycan analysis

The analytical method to determine the composition of the N-glycan

comprised three steps: Release of N-linked oligosaccharides, labeling
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with 2-aminobenzamide (2-AB), and UPLC. The N-linked oligosaccha-
rides were released enzymatically using PNGase F (Roche). 20 pg of
antibodies were mixed with 1 U of PNGase F. The mixture was incu-
bated at 37°C for 16 hr, and the resulting digested compounds were
loaded onto an Envi-Carb graphitized carbon column (Spelco) pre-
treated with 1.0 ml acetonitrile. After a washing step with 3.0 ml
water, the N-glycan was eluted with 1.0 ml of 5 mM ammonium ace-
tate in 50% acetonitrile. The eluted fractions were collected and dried
with a centrifugal evaporator (Speedvac, Thermofisher). The labeling
solution (10 pl of 0.37 M 2-AB and 1 M NaCNBH3; in 70:30 [v:v]
DMSO:acetic acid) was added to dried samples of N-glycan. The reac-
tion mixtures were incubated at 65°C for 3 hr. Acetonitrile (1 ml) was
gently added to the labeled glycan sample solution, followed by cen-
trifugation at 15,000g for 10 min. The supernatant was discarded, and
the pellet containing the labeled glycan was dissolved in 20 pl of dis-
tilled water. A total of 1 ul of glycan solution was subjected to a
Waters ACQUITY UPLC BEH amide column (2.1 x 150 mm, 1.7 pum)
in a Waters ACQUITY UPLC H-class system. Mobile phase A was
0.1 M ammonium formate at pH 4.6, and mobile phase B was 100%
(v/v) acetonitrile. A linear gradient (A; 25% B; 75% to A; 50% B; 50%)
for 50 min was applied and fluorescence signals were detected at
420 nm (Excited at 330 nm).

2.5 | Surface plasmon resonance

The interaction between each mAb and Mut FcyRllla was analyzed using
SPR in a Biacore T200 instrument (GE Healthcare). A CM5 Biacore sen-
sor chip (GE Healthcare) was activated by treatment with N-
hydroxysuccinimide/N-ethyl-N'-(3-dimethylaminopropyl)  carbodiimide
hydrochloride, followed by immobilization of Penta-His Antibody, BSA-
free (Qiagen) at 10,000-13,000 RU. After the immobilization, the acti-
vated surface of the sensor chip was blocked with 1 M ethanolamine
hydrochloride at pH 8.5. 10 nM Mut FcyRllla was injected and captured
by the Penta-His Antibody for 18 s at a flow rate of 10 pl/min targeting
for about 20-70 RU of capture level. The interaction between each mAb
and Mut FcyRIlla was measured by injecting each mAb into the sensor
chip at a flow rate of 30 pl/min; a range of concentrations were tested.
The association time was 90 s, and the dissociation time was 180 s. The
assay was carried out in PBS (pH 7.4) containing 0.005% (v/v) Tween-20
at 10, 15, 20, 25, and 30°C. The capture of Mut FcyRllla was carried out
at the beginning of each cycle, and the regeneration procedure was car-
ried out with 1 M Arg-HCl at pH 4.4 at the end of each cycle. Data analy-
sis was performed with the BlAevaluation software (GE Healthcare).
Association rate constants (k) and dissociation rate constants (k.¢) were
determined by a global fitting analysis assuming a 1:1 Langmuir binding
model. The dissociation constant (Kp) was calculated as follows:

Kp = koff/kon

The changes in enthalpy (AH°) and entropy (AS°) were calculated
from the slope and intercept of the temperature dependence of the

dissociation constant determined using the van't Hoff formula:

PROGRESS

InKp = AH°/RT—AS°/R

where R is the gas constant and T is the absolute temperature.

2.6 | Differential scanning calorimetry

Differential scanning calorimetry (DSC) measurements of each mAb
were performed using an automated VP-DSC microcalorimeter
(MicroCal VP-Capillary DSC, Malvern). Sample concentrations were
adjusted to 10 pM in PBS (pH 7.4). Each sample was heated from
10 to 100°C at a rate of 60°C/hr. Analysis of the collected data was
carried out using a non-two-state model with ORIGIN 7 software.

2.7 | Differential scanning fluorimetry

Differential scanning fluorimetry (DSF) measurements of each mAb
were performed using a Real-Time PCR instrument (CFX Connect
Real-Time PCR Detection System, Bio-Rad). Samples were prepared
at 1 uM concentration in PBS (pH 7.4) and mixed with one-twentieth
volume of SYPRO Orange (Invitrogen) that had been 50-fold diluted
in water (v/v). Samples were heated from 20 to 100°C in 0.2°C incre-
ments with an equilibration time of 5 s at each temperature. The melt-
ing temperatures were determined using CFX Manager software
(Bio-Rad).

2.8 | Circular dichroism

The secondary structure of each mAb was analyzed by the measure-
ment of the circular dichroism (CD) spectrum using a J-820 spectro-
polarimeter (Jasco). Samples were prepared at 0.7 uM in PBS (pH 7.4)
in a 1 mm path-length quartz cell. The CD measurements were carried
out at 25°C by continuous scanning from 200 to 260 nm at a scanning
speed of 20 nm/min. Five scans of each sample were accumulated.
Analysis of the collected data was carried out using Spectra Analysis

software (Jasco).

3 | RESULTS AND DISCUSSION
3.1 | HPLC analysis of IgG1 derived from Expi293
and ExpiCHO cells using the FcyRllla column

We analyzed glycosylation patterns of rituximab and trastuzumab iso-
lated from Expi293 and ExpiCHO cells using an FcyRllla affinity col-
umn. The FcyRllla has nine mutations relative to the wild-type protein
and is not glycosylated as it is produced in E. coli. The mAbs were
loaded onto the column and eluted using a linear pH gradient. The elu-
tion profiles of the four mAbs are shown in Figure 1. Each HPLC chro-
matogram consisted of several peaks. In Expi293-Rituximab and

Expi293-Trastuzumab chromatograms, three large peaks were
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FIGURE 2 Percentage distributions of the major glycoforms on
mADbs expressed in Expi293 and ExpiCHO cells. Blue squares, green
circles, yellow circles, and red triangles correspond to

N-acetylglucosamine, mannose, galactose, and fucose, respectively

observed at 13.0, 15.4-15.6, and 16.4-16.5 ml elution volumes,
whereas chromatograms of ExpiCHO-Rituximab and ExpiCHO-
Trastuzumab each had major one peak at 12.3-12.5 ml and two small
peaks at 15.7-15.8 and 16.5-16.7 ml. Thus, in general, the retention
times of Expi293-Rituximab and Expi293-Trastuzumab were longer
than those of ExpiCHO-Rituximab and ExpiCHO-Trastuzumab. Based
on our previous report,'® these peaks are due to populations with dif-
ferent glycosylation patterns, and the differences in profiles between
Expi293 and ExpiCHO cell-derived mAbs suggest that the glycosyla-
tion patterns are dependent on the cell line in which the mAb was
expressed. The reproducibility of the FcyRllla column was also
succeeded in using the same lot of sample and running buffer
(Figure S1).

3.2 | Glycan analysis

The glycosylation patterns of each mAb were determined. We
observed different glycosylation patterns between Expi293 and
ExpiCHO cell-derived mAbs, whereas there were almost no differ-
ences in glycoforms present on the mAbs derived from the same cells
(Figure 2). This result explains the similarities in HPLC profiles of

mADbs derived from the same cells (Figure 1). The most significant

KOSUGE ET AL.
Expi293-Rituximab FIGURE 1 HPLC analysis of
ExpiCHO-Rituximab mAbs using FcyRllla column.
HPLC chromatograms of

Expi293-Rituximab (blue),
ExpiCHO-Rituximab (red),
Expi293-Trastuzumab (green),
and ExpiCHO-Trastuzumab
(yellow) monitored at 230 nm.
128 The gradient used for the HPLC
60 analysis is shown on the right
40
20
0 - T T |
0 10 20 30

% Gradient

Elution volume (ml)

difference between Expi293 and ExpiCHO cell-derived mAbs is in the
proportions of galactose residues. Expi293 cell-derived mAbs had
more N-glycans with terminal galactose residues (G2F, G1F(al, 6),
G1F(a1, 3)) than ExpiCHO cell-derived mAbs. In agreement with this
finding, it was reported that antibodies expressed in HEK293 cells
had N-glycans with more galactose residues than those expressed in
CHO cells.?® Although the values of T,,1 (generally corresponds to the
denature of CH2 domain®%)

trastuzumab and rituximab because of the difficulty to obtain exact

were slightly different among
values of T,,1 caused by the overlap of adjacent melting peaks in DSC
measurements, we did not observe significant differences of thermal
stabilities (as measured by DSC and DSF) or in secondary structures
(as monitored by CD) in mAbs produced in different cell lines
(Figure S2, Tables S1 and S2).

3.3 | Kinetic analysis of the interaction between
mAbs and Mut FcyRllla using SPR

To understand the interaction between mAbs and Mut FcyRllla used
in the affinity column analysis, SPR analysis was carried out
(Figure 3a). Based on curve fitting, kinetic parameters were deter-
mined (Table 1). The curve fitting profiles and Chi-squared values are
shown in Figure S3. Expi293-Rituximab had higher affinity for Mut
FcyRllla than did ExpiCHO-Rituximab, due to a slower dissociation
rate. Trastuzumab derived from Expi293 cells also had higher affinity
than the mAb derived from ExpiCHO cells. Our data suggest that the
higher affinity of Expi293 cell-derived mAbs is due to the higher pro-
portion of galactose residues of their N-glycans. These results of SPR
analysis reflect the difference in the retention times of mAbs derived
from Expi293 and ExpiCHO cells in the affinity column analysis. When
rituximab and trastuzumab expressed by the same cells were com-
pared, rituximab had a higher affinity for Mut FcyRllla. There are no
differences in amino acid sequences in the Fc and hinge regions of
these two mAbs we used (Figure S4). This result indicates that the
Fab domain, as well as the IgG-Fc domain, of mAbs influences the

interaction with FcyRllla.
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FIGURE 3 Analyses of the
interactions between Mut
FcyRllla and mAbs. (a) Binding
assay between Mut FcyRllla and

~
o
~

Expi293-Rituximab
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5
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(b) Van't Hoff plots of the Time (s) Time (s)
interaction between Mut FcyRllla
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independent SPR measurements 2 | ]
at each temperature were carried et 100 1
out. The average values of Kp at g 50 1
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(c) Thermodynamic parameters of Time (s) Time (s)
the interactions between Mut b
FcyRllla and rituximab expressed (b) 1/T (K1) © Expi293-Rituximab  ExpiCHO-Rituximab
in Expi293 and ExpiCHO cells. & Py o ®
Each parameter was determined Q$ é? &e Qs &8 10 1 6.52 7.49
from van't Hoff plots. Standard -12 T T T ! = 54
errors of linear fitting of van't g B
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error bars X £ -5 1
T-14 .10 4
@191 800 7.76
5 ,_E -15 4 = x
@ Expi293-Rituximab 220 -14.5 -15.3
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TABLE 1 Kinetic parameters of the Kop (x10% M~ s7%) Koge (x1072 s~ Kp (x10~5 M)
interaction between Mut FcyRllla and n °
mAb at 25°C Expi293-Rituximab 3.96 £0.11 544 +0.11 1.38 + 0.04
ExpiCHO-Rituximab 3.99 £0.20 8.03+£0.14 2.03 £ 0.07
Expi293-Trastuzumab 3.00 +0.10 5.83+0.16 1.95 + 0.05
ExpiCHO-Trastuzumab 3.62 £ 0.31 8.93+0.34 2.52£0.15

Notes: More than three independent measurements were carried out. The average values with standard errors are shown.

3.4 | Thermodynamic analysis of the interaction
between mAbs and Mut FcyRllla using SPR

We next evaluated the interaction between the mAbs and Mut
FcyRllla, determining the thermodynamic parameters of the interac-
tion between rituximab and Mut FcyRllla. SPR analysis was carried
out at several temperatures from 10°C to 30°C (Table S3). Based on
measured binding affinities, thermodynamic parameters were calcu-
lated from van't Hoff plots (Figure 3b,c). Since each R-squared value
of van't Hoff plot was greater than 0.99, we did not consider heat
capacity changes between free and bound states. The binding entropy
of the interaction between Mut FcyRllla and Expi293-Rituximab was
more favorable than that with ExpiCHO-Rituximab. The higher pro-
portion of galactose residues of N-glycans of Expi293-Rituximab likely

contributed to the more favorable binding entropy. This result is in
good agreement with a previous analysis of the impacts of galactose
residues.’® In contrast, the binding enthalpy of Expi293-Rituximab
was unfavorable compared with that of ExpiCHO-Rituximab. Similarly,
for the interaction with Mut FcyRllla the entropy was more favorable
and the enthalpy less favorable for Expi293-Trastuzumab compared
with ExpiCHO-Trastuzumab (Figure S5).

4 | CONCLUSIONS
We analyzed the glycosylation patterns of monoclonal antibody drugs
rituximab and trastuzumab expressed in Expi293 and ExpiCHO cells.

There were large differences in chromatograms when Expi293 and
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ExpiCHO cell-derived mAbs were analyzed using an FcyRllla affinity
column. Although the FcyRllla expressed on human cells has five N-
glycosylation sites, the Mut FcyRllla used in affinity separation
described here was not glycosylated because it was expressed in
E. coli. Glycan analysis revealed that mAbs expressed in Expi293 cells
have more N-glycans with terminal galactose residues than do
ExpiCHO cell-derived mAbs. This difference in the proportion of
galactose residues led to different HPLC profiles. The aglycosylated
FcyRllla ligand may result in the good separation observed. Previously,
it was reported that commercially available rituximab is separated into
three peaks by the FcyRllla affinity column and that the proportion of
galactose was highest in the peak that eluted last.'> We demonstrated
here that the FcyRllla affinity column profile of Expi293-Rituximab
was more similar to that of commercially available rituximab than the
rituximab produced in the CHO cell expression system.

We observed no differences in thermal stabilities or in secondary
structures in mAbs produced in different cell lines. However, differ-
ences in kinetic and thermodynamic parameters of the interaction for
between Mut FcyRllla and the mAbs that depended on the cell line
used for expression were observed. The terminal galactose residues
of the N-glycans of the mAbs enhance affinity for FcyRllla due to the
favorable binding entropy.!®> Both a crystallographic analysis and
molecular dynamics simulations revealed that the terminal galactose
residues form intramolecular glycan-polypeptide hydrogen bonds,**?”
and hydrogen-deuterium exchange mass spectrometry analysis indi-
cated that the galactose residues influence the dynamic and confor-
mational ensemble of the IgG-Fc domain.***® Suppression of
dynamics of the IgG-Fc domain, particularly the stabilization of C'E
loop conformation, enhances affinity for FcyRIIIa.M'28 Engineering of
antibodies to stabilize this glycan-polypeptide interaction can modu-
late the binding to FcyRllla.?? Because of this mechanism, small differ-
ences in the proportion of galactose residues present on mAbs
produced in Expi293 and ExpiCHO cells seem to result in different
affinities for FcyRllla. Interestingly, the binding affinities of Mut
FcyRllla for rituximab were higher than those of trastuzumab inde-
pendently of whether the mAbs were expressed in Expi293 or
ExpiCHO cells (Table 1). This leads us to hypothesize that the Fab
region is an attractive site for IgG engineering to control the binding
activity to FcyRllla. Actually, there have been several reports showing
that the Fab region of IgG influences some binding properties of Fc
domain.**3%-33 Neonatal Fc receptor (FcRn) is known to interact with
human IgG1 by different binding affinities depending on varieties of
Fab region, though FcRn binds to CH2-CH3 regions of Fc domain.03?
The contributions of Fab region to the interaction between IgG and
FcyRllla were also shown by several researchers.'#233 Especially,
high-speed atomic force microscopy and hydrogen-deuterium
exchange mass spectrometry demonstrated the direct involvement of
Fab region in the interaction between IgG1 and FcyRllla, as well as
the canonical Fc-mediated interaction.®® Nevertheless, it should be
noted that we did not observe significant differences in the HPLC
profiles between rituximab and trastuzumab (Figure 1). This is proba-
bly due to the difference in the buffer conditions between SPR and

HPLC analyses, suggesting the usefulness of the FcyRllla affinity

column specialized in the observation of glycosylation patterns. Our
data demonstrate that the FcyRllla column can be used for rapid
and sensitive analysis of glycosylation of mAbs expressed in differ-
ent cell lines and under different cultivation conditions without need
for complicated and time-consuming glycan analysis. An FcyRllla col-
umn is commercially available from TOSOH (Tokyo, Japan) as
TSKgel FcR-1IIA-NPR. Traditionally, LC-MS/MS, and fluorescence
UPLC analysis have been used to evaluate the N-glycosylation of
antibody drugs of each production lot. These methods are, however,
time-consuming and expensive and are not suitable for high-
throughput, real-time monitoring of the production process.
Whereas the reproducibility of the FcyRllla column was succeeded
when using the same lot of samples and running buffer, shapes of
observed peaks are likely to be subject to subtle differences of
buffer condition (Figure 1; Figure S1). However, the significant
changes in percentages of peak areas were not observed when
comparing the measurements using a different lot of samples and
running buffer, in spite of the different shapes of peaks (Table S4).
Our work indicates that the FcyRllla affinity column is easy in han-
dling and sensitive monitoring of the glycosylation of mAbs during

the optimization of expression condition.
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NOTATION

CD circular dichroism

CHO Chinese hamster ovary

DSC differential scanning calorimetry
DSF differential scanning fluorimetry
FcyR Fcy receptor

HEK human embryonic kidney

HPLC

1gG immunoglobulin G

high-performance liquid chromatography

mAb monoclonal antibody

RU resonance units
SPR surface plasmon resonance
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