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Low  levels  of alanine  to  serine  sequence  variants  were  identified  in  an  IgG4  monoclonal  antibody  by
ultra/high  performance  liquid  chromatography  and  tandem  mass spectrometry.  The  levels  of  the  identi-
fied sequence  variants  A183S  and  A152S,  both  in  the  light  chain,  have  been  determined  to  be  7.8–9.9%  and
0.5–0.6%,  by  extracted  ion currents  of  the  tryptic  peptides  L16 and  L14,  respectively.  The  A183S  variant
was  confirmed  through  tryptic  map  spiking  experiments  using  synthetic  peptide,  SDYEK,  which  incor-
porated  Ser  at the  position  of  native  Ala  in  the  tryptic  peptide  L16.  Both  mutations  were  also  observed  by
endoproteinase  Asp-N  peptide  mapping.  The  variant  level  of  A183S  was  also  quantified  by  LC–UV  with
detection  at  280 nm  and  fluorescence  detection  of  tyrosine  residues  on the  tryptic  peptides.  The  results
andem mass spectrometry
eptide mapping

from  LC–MS,  UV,  and  fluorescence  detection  are  in  close  agreement  with  each  other.  The levels  of the
sequence  variants  are comparable  among  the  antibody  samples  manufactured  at  different  scales  as  well
as  locations,  indicating  that the  variants’  levels  are  not  affected  by  manufacture  scale  or  locations.  DNA
sequencing  of the  master  cell  bank  revealed  the presence  of  mixed  bases  at position  183  encoding  both
wild  and  mutated  populations,  whereas  bases  encoding  the  minor  sequence  variant  at  position  152  were
not detected.  The  root  cause  for  A152S  mutation  is not  yet  clearly  understood  at  this  moment.
. Introduction

Sequence variants are protein molecules whose amino acid
esidues are replaced by other unintended ones due to various
easons. They are molecular variants of a desired product and
ave been identified and characterized in recombinant human
onoclonal antibodies and other recombinant proteins in recent

ears [1–8]. Known mechanisms for the introduction of sequence
ariants include mutations at the DNA level [9] and mistrans-
ation (through either tRNA misaminoacylation or misreading)

t the protein expression level [10]. The impact of sequence
ariants on protein therapeutics’ properties can be varied. Even
hough many of the variants do not affect target proteins’ overall

Abbreviations: CID, collision induced dissociation; DTT, dithiothreitol; EIC,
xtracted ion chromatogram; EPCB, end of production cell bank; FTMS, Fourier
ransform mass spectrometry; HPLC, high performance liquid chromatography;
AM, iodoactamide; LC/MS, liquid chromatography mass spectrometry; MCB, master
ell bank; MS/MS, tandem mass spectrometry; MWCB, manufacturer’s working cell
ank; RP, reversed phase; RT-PCR, reverse transcription polymerase chain reaction;
FA, trifluoroacetic acid; UPLC, ultra performance liquid chromatography.
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E-mail address: jinmei.fu@bms.com (J. Fu).
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properties, some of them may  alter proteins’ catalytic constants,
specificity, and stability [11–14].  For proteins produced for ther-
apeutic use, sequence variants can potentially induce immune
response or affect receptor–ligand interactions [15]. Therefore,
sequence variants of the desired product are generally considered
product-related impurities by regulatory authorities [16], unless
proved otherwise. These variant proteins with only one or a few
amino acid substitutions often retain overall chemical and physical
properties similar to that of the native proteins and are difficult to
remove from final product during downstream purification. There-
fore, detection and identification of sequence variants during early
phase clinical development is critical to ensure selection of an
appropriate expression clone and cell line suitable for late stage
development and commercial manufacture.

Detection and identification of amino acid sequence variants
remains challenging. Although analytical methodologies at both
DNA and protein levels can be used to assess sequence variants,
DNA sequencing methods have sensitivity limits of 10–15% and do
not necessarily reflect the changes in the final product [17]. Histor-
ically, protein N-terminal sequencing by Edman degradation has

been used on either electrophoretic gel bands or isolated chromato-
graphic fractions to determine the sites and types of the variants
[18–21]. More recently, mass spectrometry (MS) has become the
predominant method for variant analysis [22,23], due to its high

dx.doi.org/10.1016/j.jchromb.2012.09.023
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:jinmei.fu@bms.com
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ensitivity, resolving power, and efficiency. A typical enzyme digest
f monoclonal antibody can be analyzed within 2–3 h by liquid
hromatography mass spectrometry (LC–MS) and tandem mass
pectrometry (MS/MS). Sequence variants with levels as low as
.01% have been detected using ion trap mass spectrometers, such
s LTQ-Orbitrap [5].  However, an inherent shortcoming of MS  anal-
sis is that it cannot detect variants with no change in mass, e.g.,
ariation of Leu/Ile. In addition, only high resolution Fourier trans-
orm mass spectrometry (FTMS) can detect a variation of Lys/Gln
�m = 0.0364 Da) [24]. To improve efficiency, analytical approaches
ombining LC/MS/MS peptide mapping with automatic Mascot or
EQUEST database search have been developed to detect and iden-
ify protein sequence variants [25,26]. These database searches
enerally focus on single amino acid variations resulting from sin-
le nucleotide mutations, for which there are potentially 75 pairs
a total of 150 types) of possible amino acid substitution derived
rom single nucleotide base mutation with absolute mass shifts
anging from 0 to 129 Da [27]. Although single base variations are
ost probable, sequence variants involving two-base substitutions

ave also been reported [2].  It is worth noting that multiple amino
cid substitutions can cause same mass shift, e.g., a mass shift of
4 Da could be caused by mutations of Gly/Ala, Ser/Thr, Val/Leu,
al/Ile, Asp/Glu and Asn/Gln, etc. Furthermore, post-translational
odifications (e.g., oxidation, deamidation, methylation, etc.) can

lso cause similar mass change as sequence variants, adding more
omplexity to the identification process. Therefore, manual assess-
ent of the search results, which can be very time consuming, is

sually required to confirm the automated assignment of sequence
ariants.

Here, we report the observation of Ala to Ser sequence variants
t two locations in the light chain of an IgG4 monoclonal antibody
y intact mass measurement of the reduced antibody molecule
nd peptide mapping with tandem mass spectrometry. Subsequent
NA sequencing of the master cell bank revealed one variant was
aused by mutation at the DNA level. Regarding Ala to Ser variants,
ultiple mechanisms have been identified for this mutation which

ccur in nature through either tRNA ribosomal frameshift [28,29]
r misaminoacylation [30,31],  as well as mutation at the DNA lev-
ls [32,33].  However, no report has been published to date on Ala
o Ser sequence variants in proteins produced by mammalian cell
ines.

. Materials and methods

.1. Materials and reagents

The monoclonal antibody was expressed in recombinant CHO
1SV cells and produced using standard mammalian cell cultiva-

ion followed by chromatographic purification.
Guanidine hydrochloride (HCl), dithiothreitol (DTT) and iodoac-

tamide (IAM) were purchased from Sigma–Aldrich (St. Louis,
O). All solvents were HPLC grade and were purchased from Bur-

ick and Jackson (Muskegon, MI). Formic acid and trifluoroacetic
cid (TFA) were purchased from Pierce (Rockford, IL). Sequencing
rade modified trypsin was purchased from Promega (Madison,
I). Sequencing grade endoproteinase Asp-N was purchased from

oche (Indianapolis, IN). Synthetic peptides were ordered from
naSpec (Fremont, CA).

.2. Reduced intact mass analysis
Antibody samples were incubated in the presence of 5 mM
TT at 37 ◦C for 20 min. The reduction was stopped by the addi-

ion of formic acid to a final concentration of 0.2% (v:v). The
C–MS system (Waters, Milford, MA)  used was an Alliance HPLC
Fig. 1. Total ion chromatograms of reduced antibody by RPLC–MS.

with dual wavelength UV detection at 215 nm and 280 nm,  cou-
pled with a quadrupole time-of-flight (Q-ToF) mass spectrometer.
Each reduced antibody sample (0.5 �g) was  injected onto a 10 �m,
2.1 × 100 mm Poros® reversed phase (RP) column (Applied Biosys-
tems, Foster City, CA) equilibrated with 20% acetonitrile containing
0.1% formic acid, followed by gradient elution from 20% to 50% ace-
tonitrile in 25 min, at a flow rate of 0.25 mL/min. The column was
washed with 80% acetonitrile and re-equilibrated to initial condi-
tions prior to the next injection. The capillary voltage for the Q-ToF
was set at 2300 V and the sample cone voltage at 45 V. The Q-ToF
analyzer was set to scan from m/z 800 to 4000. The mass spec-
tra were combined and deconvoluted using MaxEnt1 algorithm
(Waters, Milford, MA).

2.3. Fractionation of antibody light chains and tryptic digestion

Two reversed phase separated fractions from peak 1 and peak
2, as shown in Fig. 1, were collected and pooled off a 10 �m,
4.6 × 100 mm Poros® reversed phase column from two 500 �g
preparative runs of reduced/carboxyamidomethylated antibody.
The fractions were evaporated to dryness under vacuum using a
Savant SpeedVac centrifugal-evaporator with no heating. Sample
residues were dissolved in buffer consisting of 0.1% RapiGestTM SF
(Waters, Milford, MA), 50 mM Tris/HCl, 1.0 mM CaCl2, pH 7.6 and
digested with sequencing grade trypsin at 37 ◦C for 18 h.

2.4. LC–MS peptide mapping

Antibody samples were denatured with guanidine HCl followed
by reduction with DTT and alkylation with IAM. The reduced and
alkylated antibody was  loaded onto a Zeba gel desalting 96-well
spin-plate (Thermo Fisher Scientific, Rockford, IL) and eluted with
a buffer containing 50 mM Tris/HCl, 1.0 M urea, 1.0 mM CaCl2, pH
7.6. Sequencing grade trypsin (3%, w/w,  enzyme to protein) or Asp-
N (1%, w/w,  enzyme to protein) was  added to the sample prior
to incubation at 37 ◦C for 1 h or 18 h, respectively. The digestion
was stopped by adding 1.0 M HCl to ∼pH 2–3. The tryptic digests
were separated on an Acquity UPLC BEH300 C18 column (1.7 �m,
2.1 × 150 mm,  Waters, Milford, MA)  at a flow rate of 0.2 mL/min
using a Waters Acquity UPLC instrument (Waters, Milford, MA).
The column was  equilibrated with 1% acetonitrile containing 0.02%

TFA in water, and peptides were eluted with an increasing gradient
of acetonitrile from 1 to 45% over 80 min.

The UPLC column was  connected sequentially to a PDA UV
detector, a fluorescence detector and a LTQ XL ion trap mass
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Fig. 2. Deconvoluted mass spectra of reduc

pectrometer (Thermo Fisher Scientific, San Jose, CA) equipped
ith an electrospray ionization (ESI) interface for LC–MS and
S/MS  analyses. The LC–MS data were acquired in positive ion
ode in a mass to charge ratio (m/z) range of 200–2000 and a

ource voltage of 5000 V. Tandem mass spectra (MS/MS) data were
cquired using 35% normalized collision energy, 0.25 activation Q
nd 30 ms  activation time.

.5. cDNA sequencing analysis of cell line

Frozen vials from the MCB  (Master Cell Bank), MWCB (Manufac-
urer’s Working Cell Bank), and EPCB (End of Production Cell Bank)
ere analyzed by cDNA sequencing in Beckman Coulter Genomics

Morrisville, NC). mRNA was isolated from cell pellets and a reverse
ranscription reaction and a reaction lacking reverse transcrip-
ase (“No RT” negative control) were performed using the isolated

RNA. The resulting cDNA was used as template in PCR amplifi-
ation reactions using primer pairs designed against the expected
equence. The purified PCR products were used as templates and
equenced using the BigDye® Terminator Cycle Sequencing Kit
nd analyzed by standard florescence detection automated DNA
equencing technology. Research grade quality (2-fold coverage)
utomated DNA sequencing was performed for each sample. The
uorescence data were analyzed using standard analysis software.
he resulting consensus sequences were compared to the expected
eference sequences for the heavy and light chains.

. Results and discussion

.1. Reduced intact mass analysis reveals light chain species with
16 Da mass increase

Under the reduction conditions used in this analysis, no denat-

rant was used and the IgG4 monoclonal antibody was partially
educed into its component light chains and heavy chains by reduc-
ion of the inter-chain disulfide linkages between the two heavy
hains and the two heavy-light chain pairs while the intra-chain
ibody (peak numbers as assigned in Fig. 1).

disulfide linkages were kept intact [34]. If successful, only two
peaks (light chain and heavy chain) would be observed in the
reversed phase profile of a monoclonal antibody. Fig. 1 shows the
reversed phase liquid chromatography (RPLC) profile of reduced
antibody, with three peaks observed. The deconvoluted mass spec-
tra of each peak are shown in Fig. 2. The predominant observed mass
of the peak eluted at 11.39 min  is 23,282 Da, which within experi-
mental error, is consistent with the theoretical mass of 23,283 Da
corresponding to one light chain with two  pairs of internal disul-
fide bonds. The predominant observed mass of the peak eluting at
14.21 min  is 50,494 Da, which within experimental error, is con-
sistent with the theoretical mass of 50,495 Da corresponding to
the heavy chain with four internal disulfide bonds, N-terminal
pyroglutamate modification, C-terminal lysine removal, and the
G0F glycoform.

Two  predominant observed masses, 23,282 Da and 23,298 Da,
are observed in the peak eluting at 12.08 min. Because peak 1 and
peak 2 are not completely resolved, the species with a mass of
23,282 Da is likely to be light chain co-eluted from peak1. The
species with a mass of 23,298 Da is likely a modified light chain with
+16 Da mass increase. Intact mass measurement of non-reduced
antibody was also performed (data not shown). However, the 16 Da
mass increase was not observed at the native protein level. With
a mass resolution of ∼8000–10,000 of the Q-ToF instrument used,
an antibody of 150 KDa would have a theoretical peak width of
∼25 Da [35] at half height, which precludes a variant species with
mass change of 16 Da to be detected.

3.2. Analysis of two light chain fractions by tryptic peptide
mapping

The fractions from peak 1 and peak 2 were collected and digested
with trypsin in order to identify the nature and localization of this

modification. Fig. 3 shows the tryptic peptide maps of the two RPLC
light chain fractions. Visual comparison of the profiles shows a new
peak at retention time 7.1 min  in fraction 2 which is not seen in
the fraction 1. The extracted mass spectrum shows that this peak
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ig. 3. Tryptic peptide mapping profiles of light chain fractions 1 and 2. A new pe
raction 1.
ontains a peptide with m/z 641.2 (1+). This mass is +16 Da heavier
han the 16th tryptic peptide of light chain (ADYEK, m/z  625.2, 1+).

S/MS  analysis by collision induced dissociation (CID) of the native
eptide and the variant peptide are shown in Fig. 4(a) and (b),

ig. 4. CID MS/MS  spectra of (a) m/z 625.2 (1+) for native peptide of ADYEK; (b) m/z 641.
e arrow) at retention time 7.1 min  was  observed in fraction 2 but not seen in the
respectively. The MS/MS  spectrum of the variant shows no mass
shift in the y2 to y4 ions and a mass shift of +16 Da  in b3 and b4
ions compared to the fragment ions of the native peptide, indi-
cating a modification at the N-terminal Ala residue of the native

2 (1+) for variant peptide; and (c) m/z 641.2 (1+) for synthetic peptide of SDYEK.



J. Fu et al. / J. Chromatogr. B 908 (2012) 1– 8 5

F d varia
(

p
o
p
t
S
s
o
t
s
e
T
c
S
t
a

3

d
c
Q
p
s
s
y
t
t
l
l
a

ig. 5. Extracted ion chromatogram of native peptide, ADYEK, at m/z 625.2 (1+) an
b)  spiked in SDYEK synthetic peptide.

eptide. The mass increase of 16 Da is consistent with addition of
ne oxygen atom and is often found as a result of oxidized protein
roducts [36]. However, Ala residues are unlikely to be oxidized due
o their relatively inert nature. As a result, replacement of the Ala by
er was proposed. Consequently, a synthetic peptide SDYEK, was
piked into the antibody tryptic digest to confirm the identification
f Ala to Ser variant. Fig. 5 shows that the synthetic peptide elutes at
he same retention time as the variant peptide observed in the non-
piked sample digest. The variant peptide and synthetic peptide
lute at ∼7.4–7.5 min  and the native peptide elutes at ∼8.7–8.8 min.
he variant peptide elutes earlier than the native peptide, which is
onsistent with decreased hydrophobicity when Ala is replaced by a
er residue. The variant peptide showed the same MS/MS  fragmen-
ation pattern as those seen in the corresponding synthetic peptide
s illustrated in Fig. 4(b) and (c).

.3. Observation of Ala to Ser sequence variants at second site

Further analysis of LC–MS/MS data from the antibody tryptic
igest revealed another possible Ala to Ser variant site in the light
hain: Ala 152 in the 14th tryptic peptide VDNALQSGNSQESVTE-
DSK. Fig. 6(a) and (b) shows the CID MS/MS  spectra of the native
eptide L14 and its corresponding variant peptide. The MS/MS
pectrum of the variant peptide of m/z 1076.5 (2+) showed no mass
hift in the y3 to y16 ions and a mass shift of +16 Da in y17 to
18 ions and b5 to b18 ions compared to the fragment ions of
he native peptide of m/z  1068.5 (2+), also indicating a modifica-

ion at the 17th amino acid residue, Ser, from the C-terminus. The
ight chain containing A152S was not enriched in the fraction 2 col-
ected off RPLC column. Instead, A152S modification was observed
t relatively similar levels in fraction 1 and fraction 2.
nt peptide, SDYEK, at m/z 641.2 (1+) in (a) non-spiked antibody tryptic digest and

3.4. Relative quantitation of Ala to Ser variants by LC–MS, UV and
fluorescence detection

The amounts of Ala to Ser variants in five lots of antibody sam-
ples were calculated by dividing the peak area of the variant peptide
peak by the sum of the peak area for the native and variant pep-
tide peaks based on their extracted ion chromatograms (EIC) and
are listed in Table 1. The results showed that the Ala to Ser variant
level is comparable among all the samples tested, with 7.8–9.9% for
A183S and 0.5–0.6% for A152S. Within the precision of the applied
methods, the levels of these variants are consistent among the five
lots of samples which were produced at different scales and sites,
indicating no change as a result of scale or site of manufacture.

As shown in Fig. 5, the variant peptide and native peptide
for A183S are well separated. Although the variant peptide co-
eluted with another peptide, the variant peptide contains a tyrosine
residue which absorbs at 280 nm and the co-eluting peptide does
not have absorption at 280 nm.  Peak area percent values were
also obtained for the A183S variants by 280 nm UV detection
and tyrosine-specific native fluorescence traces (229 nm excitation
and 305 nm emission) for the ADYEK and SDYEK tryptic peptides
(Table 1). The A183S variant levels obtained from the three detec-
tion methods are in close agreement with each other. The peak
resolution in the fluorescence trace (data not shown) was slightly
less only because the UV and fluorescence detectors were con-
nected in series, in that order, and there was a small amount of
diffusional band-broadening that occurred in the tubing connect-

ing the two detectors and in the fluorescence detector flow-cell.
Unlike A183S, the A152S variant level could only be obtained
from the LC–MS data of the tryptic peptide map  due to co-elution
of the A152S variant peptide with another peptide. This variant
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ig. 6. CID MS/MS  spectra of (a) m/z 1068.5 (2+) for native peptide of VDNALQSGN

eptide does not contain tyrosine or tryptophan for either 280 nm
V detection or fluorescence detection.

In this work, tryptic peptide mapping achieved 98% of over-
ll sequence coverage. Several small peptides generated by tryptic
igest are highly hydrophilic and did not retain on the C18 column,
hus were not detected by MS.  In order to detect potential sequence
ariants over the full amino acid sequence, endoproteinase Asp-N
as used for the secondary map. As a result, full sequence coverage
as obtained by combination of tryptic and Asp-N peptide map-
ing. Both A183S and A152S sequence variants observed in tryptic
eptide mapping were confirmed by LC–MS endoproteinase Asp-

 peptide mapping. The A183S variant was observed in the Asp-N
eptide LD8 (native LD8 peptide: DSTYSLSSTLTLSKA, variant LD8
eptide: DSTYSLSSTLTLSKS) at a relative percentage of approxi-
ately 10% calculated by LC–MS peak area. This is consistent with

he results obtained from the tryptic peptide mapping. The A152S
ariant was observed in the Asp-N peptide LD6 (native LD6 peptide:
NALQSGNSQESVTEQ, variant LD6 peptide: DNSLQSGNSQESVTEQ)
t relative percentage of approximately 0.5% by LC–MS peak area.

oth the variant peptide and native peptide LD6 were well sep-
rated from each other and from other peptides. The expanded
V trace at 215 nm displaying peaks from the variant peptide and
ative peptide LD6 is shown in Fig. 7. The A152S variant level was

able 1
stimated amounts of alanine to serine sequence variants detected in tryptic digests o
etection.

Samples AlaL183-to-Ser L16 peptide 

LC–MS area % LC–UV 280 nm area % Ty

Lot A 8.8 8.7 7.
Lot  B 9.9 8.3 7.
Lot  C 7.8 7.9 7.
Lot  D 9.0 9.0 8.
Lot  E 9.5 10.0 9.
TEQDSK and (b) m/z 1076.5 (2+) for variant peptide of VDNSLQSGNSQESVTEQDSK.

also obtained by 215 nm UV detection and the percentage was cal-
culated to be approximately 0.5%.

3.5. cDNA sequencing

One-step reverse transcription polymerase chain reaction (RT-
PCR) amplification of the sample RNAs resulted in the generation
of PCR amplicons of the expected sizes. Sequencing of the PCR
products generated 1404 base pairs (bp) of sequence data with 2×
coverage for the heavy chain and 693 bp with 2× coverage data for
the light chain. No differences were observed in the heavy chain
sequences generated from the three samples MCB, MWCB, and
EPCB when compared with the reference sequence. Two instances
of mixed bases (T and G nucleotides together designated by the
IUPAC code “K”) were observed at positions 598 and 671 and one
mixed base (A and G) at position 677 of the open reading frame
in the light chain sequences generated from all 3 samples when
compared with the reference sequence. Nucleotide position 598
corresponds to a wild-type alanine at position 183 (GCA) of the

amino acid sequence. The presence of a mixed base results in a
mutation to serine (TCA) and a potential mixed population at the
peptide level. The presence of this amino acid sequence variant was
confirmed by tryptic peptide map  analysis described above. Two

f different lots of antibody samples by LC–MS, LC–UV and tyrosine fluorescence

AlaL152-to-Ser L14 peptide

r fluorescence ex/em 229/305 nm area % LC–MS area %

8 0.6
8 0.6
3 0.5
7 0.5
6 0.5
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Fig. 7. Expanded UV trace of Asp-

dditional mixed base sequence were detected at position 671 and
77 of the light chain resulting in potential amino acid substitution
t residue 207 (Ser to Ile) and substitution at residue 209 (Asn to
er). However, these amino acid substitutions were not detected
n the tryptic peptide map  analysis. It is likely that the sequence
ontaining Ser to Ile and Asn to Ser variants were not expressed.
ven though theoretically possible, the possibility of the expressed
opulation being cleared out during purification process should be
ery low.

Conversely, an Ala to Ser variant at position 152 of the light
hain that was detected by tryptic peptide map  analysis at a level
f <1.0%, was not identified in the cDNA sequencing of the light
hain. DNA sequencing only confirmed the expected codon (GCC)
or Ala at position 152. Although a variation in DNA corresponding
o position 152 was not detected, its existence at a level below 1%, as
etermined in expressed protein population, cannot be completely
uled out due to the sensitivity of cDNA sequencing. In addition,
lthough the replication of DNA is much more accurate than mRNA
ranscription and tRNA translation in protein biosynthesis, with a
pontaneous error rate of only 10−6–10−10, increased DNA muta-
ion rate during transfection of DNA into mammalian cells has been
eported [9].  Furthermore, translational errors are often found to
andomly distribute in the proteins, for both codon-specific [5]
likely caused by misreading) and non codon-specific [6,37] (likely
aused by mischarging of tRNA) mistranslations in recombinant
roteins expressed in Chinese hamster ovary (CHO) cells. Among
0 Ala residues coded by the GCC codon in the light chain, only
la152 was found to be replaced by Ser at a low level. Therefore,
152S variant is unlikely caused by mistranslation. To determine

he root cause of this sequence variant, further investigation is
equired.

There were two possible sources of the mixed bases in the cur-
ent cell line. One possibility was that the current MCB  used to
roduce the antibody did not come from a pure single clone; the
ixed populations had a higher chance to contain the mixed bases

sequence variants). Sub-cloning of the current MCB  may  not only
onfirm this possibility, but also provide an opportunity to gener-

te a new cell line that does not have sequence variants. Another
ossibility was that the current cell line underwent spontaneous
utation in one or more copies, giving rise to microheterogeneity

n the product; similar phenomena were reported in the other cell
tide map  of the antibody sample.

lines. The cell lines with higher copy numbers have been shown to
have a higher probability of possessing mutated genes [3].

4. Conclusion

In summary, alanine to serine sequence variants were first
observed in a reduced IgG4 monoclonal antibody as species with
+16 Da mass difference from the expected mass of the light chain.
Two variant sites were identified using LC–MS peptide mapping
with tandem mass spectrometry sequencing. The A183S variation
was determined to result from genetic mutation and confirmed by
subsequence cDNA sequencing analysis. Minimization of sequence
variants, particularly those resulting from mutation at the DNA
level, is beneficial to lessen the possibility of negative impact to
product development timelines from the standpoint of reduced
concerns in process robustness as well as reduced risk in obtaining
health authority approval. In the case reported here, identifying a
significant sequence variant in the early stage of clinical develop-
ment allowed for corrective actions to be taken in order to avoid
costly corrective measures down the road. This work highlights the
importance of comprehensive characterization of protein thera-
peutics during early stage of development. It also demonstrates the
effectiveness of applying orthogonal analytical technologies (e.g.,
LC–MS intact mass measurement, LC–MS peptide mapping and tan-
dem mass spectrometry were used in this study) in identification
and characterization of protein variants.
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