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¥, 1260 Infinity Il /A1 1F—~ LC (&, pH T~ pH 13 Otz pH
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T~5mg/mL ® mAb #E8EH>FILDEBE. 1~5 UL OEARY
LTI Ve B2 TG H,0 S 3 BEHE A TERTEET, HSL4
1213 1 BOEAT. 8K 50 ul F/=@SA 400 ~ 500 mg ® mAb
EEATEET,

ME
SEDIBE. NTLIET1.0~3.0mL/min THEEELFT, 7=/ L.

1.0 mL/min @& E—Ih S v—FI27%8D S/N A REL T,

mE

5z

RIFLDBNESNZ—ROREIF 25 °C TY. RETEANSL
mEE.4~40°CTY,

&k

UV 280 nm TORHEHELEd, CORRIE. BEKRDOAIFHEY.
SOhEGIINIAIEEEOT7 I/ BORIUEETY,

EZ L

BEME A BEEBIVRENY T 7

B A IS\ T 7T 50mM USEEF RUDLAYT 7. pH 7.4
T

FEE/ANY T 7IERERICHERLTES V. T5I20 BATLRERD
Uy NCBET RN\ T 7 ORI EER T B7ceic. 022~ 0.45 um
XYTLUNCEBNYT 7D OBEHRL T 2BICEKDNFLDEEXD
ERCCEDTIES,

BEHE B, BHENY T 7

NAFE/VRTOATAY A BLY G AFLTIE. mAb BHICERS
N2Z<OEpH NI 72 FATIEd, FMIOVTUL K2 5258
BLTLIES W, VT VB J US> HC BEEED LRI NE T, L
ML, HCl DEIEIZ. BOBE L LR TEWMETY, D/, KB
oYY FLEFRALTVT N—R512/ 1 P RERBE— T DR
BN D ZIBEE HCl # AR LUERTE £,

FOEE. T ST ATLRAOAENY T I BITE RI) BMEE/%
BNV T 7 ERILEBRDET, DT, BEYHTRNBO - FIC,
R=RTAVI/AZRTRBRBE—IDELET, COE—VICLoT
ERETVTILOEENHITENZBEN DD ET, COFERR/NR
ICZZ oI, BREREFEREFERTICRHRELET, £
RERBE—UEIUETZ1DICT IV ITVEZOINELRHOET,
BEITHLT, IS5 050 ERALTR—RSA U EE LKA TE
ES I

R 2. FRRBERAHNYT 7

PN BENYTF RE pH
NAFEIIR
_ ZEYi ] 0.1 M 2.5~3.0
Za71>A
gy 01 M 2.5~3.0
[ 5~20 %
HCI 12 mM~0.1T M
NAAFE/IR
! _ ’ a3 0.1 M 2.6~3.0
071> G
gy 01 M 2.56~3.0
[ 5~20 %
HCI 12 mM~0.1T M
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BESBEE7ONIIL . 2.5 mL/min

Al
NAAEIURTOTAY A BEOTOTAY G A5 LIEERAEN ':":
BIEET Y, NTLDEERE . BAT3IML/MIn T, K2 1. N 100 19G3
1FE/URTOFAY G HSLEBVT, 1.0, 1.5, 2.0, 2.5 mL/ -
min & IEIFRHRETIGG; ZDLIFERTHD. mAb D EH = - T
a !
EUR AR DEENERLTVET, & 3 ITREBLEEIS VIV E il
RLTVET, ANy 77 (B8HE B) % pH 2.5 ~ 3.0 ICFEET S = @ 2.0 mL/min
T NAAE/URTOTAY A THLORMEFEBTIET, E 1963
§ III J‘L_
=3 o 05 1 15 2
€ o +1.5 mL/min
PALIE 343 2 m 1aG3
2 m 9
NoX—%  BEfE L ‘L
NS L NAAE/VRTOTA> G a 05 1 15 2 25 3
EIN# 1gG5 (2 mg/mL) ;:u
- 400
TEE A 5L 10 IgG3 1.0 mL/min
BEIE B: 50 MM U > EEF kU™ LNy T, pH 7.4 1
B 01M 4T " L— ‘ln"-{
B . “E. pH 2.0
0.5 1 5 4 15 3 15
HPLC: 25°C L ,
Retention time (min)
R Agilent 1260 N1 F 1+ —hrox—%31) LC

B2 ASL NAFAE/IRTOTA1> G

13 Return to Contents Section



NS LFRDRKIL

Hh3LBE

E/IATAZATDERADFZIE. RTTRBLFryRILHEETDIC
IC&oT MARES Y Y T ILIEABICAS LDOFEE D DEBEMAMET T3
SETT, CNICEDEBREEABEL. SU—ZYIDH NSRS NE
T30 ~50 > TINICTIVITIVIVNEATRTTHLT
NILFEREERTDEHTEET,

NILDOH (E— 0 DT — T READ) NREINISEE. KDY
U—ZYIFIBORTEHERELE T, hTLBENRPDATY I TY,
ITNTHEENTDTHVEGIE. EBHRFIBLERTIETA A
RERERTOT1> A DENEDLET,

hSLBE
~ 2mL(20 ASLEE (CV)) ® 100 MM USE Ny T7E
TMNaClk pH7 ~8 T, 0.5~ 1.0mL/min THHLFT,

- 2mL (20 CV) D& pH /A& (BRI 77 L) THALE T,
BENY 77 CEEELLET,

EExF
- 1~2mL(10~20CV) ® 0.1 M NaOH %M LT
0.2 ~ 0.5 mL/min TH#% (W AMA) LET,

1~2mL(10~20CV) @ g1 A>KEFERALT
0.5~ 1.0mL/min THFLET,

- 1~2mL(10~20CV) Dz n/\yT7 (01 ~0.5M) %
EALTHEL. E¥A pH (7.0 ~7.4) ICRLE T,

- 5mL (50 CV) OiEE/N\v T 7 THFEELLE T,

THH SBAKE EZ BT, LD ERBICHRETERVEBES
& 2-70/5 /=)L (BK 30 %), £/I3EBI 7= (BRA3IM) %
FRLTIERETIET, CNSORBIU—Z VI BROER
BIC.FIBE1 ~ 4 2=TLET,

ZTE OV IOBRRTHSLERTSETZHE. W LOBRKFRE
NEBRBBENRELBVESIC. DSLTORBERBFELT
kel

£ 3.19G3 DEERNBED FIRERREB BT T T b

1.0 mL/min

Eifd (42) % A % B
0 100 0
0.4 100 0
0.5 0 100
2.0 0 100
2.1 100 0
4.2 100 0
1.5 mL/min

iR (53) % A % B
0 100 0
0.3 100 0
0.4 0 100
17 0 100
18 100 0
3.2 100 0
2.0 mL/min

B3 (43) % A % B
0 100 0
0.2 100 0
0.3 0 100
12 0 100
13 100 0
2.2 100 0
2.5 mL/min

B5fd (93) % A % B
0 100 0
0.1 100 0
0.2 0 100
0.8 0 100
0.9 100 0
17 100 0
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—BpE 7 FHAOEHBREDSE. BENYIFEAVTHSLET
Zyal, HEEHSEOANL, 3 cELT, 4~8°C TRELEY. &
HREROBPDEADHICNTLEFHLL TSV,

RIARE

Hh5L% 2 BUEFERLABWVES. T mL (10 CV) U EDRB 4 >KT
FELIE. 2mL (20 CV) ULED 20 % T4/ —ILEKE 20 MM kU
ZNYTF pHT4  HE 0.2~05mL/min TIS5y>al TS,
D%, HILIVRTZITERL. 4~8°C (39 ~46°F) THREL
TLREL,

BE X

1. Richman, D. D., Cleveland, P. H., Oxman, M. N., and Johnson,
K. M. 1982.“The binding of 1.Staphylococci protein A by the sera of
different animal species.”

J. Immunol.128: 2300—-2305.

2. Frank, M. B. 1997."Antibody Binding to Protein A and Protein G
beads”.5.In: Frank, M. B., ed. Molecular Biology Protocols.
Oklahoma City.

RmfEHR
BRES B
5069-3639 NAFE/IVRTOATAY A495x 5.2 mm
5190-6900 NAFE/IRTOATAY G.4.95% 52 mm

SR T—BHOFVERS FORFETE -

Agilent AdvanceBio 15.L

Agilent AdvanceBio #SAlE. RTIFRPEVNNOEDDEHS LU
MEEICEVWT—BLIcmmBO R zRHLE T, N5 DRITIHS
TLICED. BECEERZRD. IMOBIF DG FHERET
TE BMLLWERNERIN. 7L hD 60 HEORIEHM VT
WE9,

I DL T www.agilent.com/chem/jp Z ZBEL 2T L,

BNERE2B3HDDN—FF—

BXGITRREICTNT B7-0DICIE. WBEREIANNETY, 7ILY
bDVUa—> 3 mERATEC T EFNARKMIT. BIEOMRE
b BESLUVREOEEER LA AREICADE T,
TIOLYSONAAERERY ) a—> 3 > OFM
www.agilent.com/chem/jp
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Abstract

Monoclonal antibodies (mAbs) are becoming increasingly important in thetreatment
of various diseases. During development of recombinant mAbs, proteintiter and
yield from various cell culture supernatants must be monitored. Thisapplication note
describes how the Agilent Bio-Monolith Protein A column was successfully applied
in the determination of mAb concentrations.

Introduction

Protein A from Staphylococcus aureus has a very strong affinity for the Fc domain of
immunoglobulins (IgG), allowing its capture from complex matrixes such as cell-culture
supernatants. Affinity chromatography making use of Protein A is the gold standard in
therapeutic monoclonal antibody (mAb) purification, and typically represents the first
chromatographic step in downstream processing. Protein A chromatography finds
applications beyond this large-scale purification. At the analytical scale, it is used early in the
development of mAbs for the high-throughput determination of mAb titer and yield directly
from cell culture supernatants, and to purify ug amounts of material for further measurements,
for example, by mass spectrometry (MS), ion-exchange (IEX), size exclusion chromatography
(SEC), or hydrophobic interaction chromatography (HIC).
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This application note describes the use of the Agilent
Bio-Monolith Protein A column in mAb titer analysis. This HPLC
column (Figure 1) has a 5.2 mm id, a column length of 4.95

mm, and is composed of a highly cross-linked poly(glycidyl
methacrylate-co-ethylene dimethacrylate) monolithic disk coated
with native Protein A from S. aureus. Its monolithic nature,
characterized by well-defined channels of 1,200 to 1,500 nm,

and by the absence of pores and voids, delivers fast and efficient
separations with negligible carryover and excellent robustness.
These are features typically expected from a column for mAb titer
analysis, to successfully guide clone selection and cell-culture
optimization. We present the best practice for use of the column
in the determination of absolute mAb concentrations in Chinese
hamster ovary (CHO) cell-culture supernatants. Data from a
trastuzumab biosimilar project are used for illustration purposes.
Trastuzumab, marketed as Herceptin since 1998, is used in the
treatment of HER?2 positive breast cancer, and comes out of
patent in 2014 in Europe, and 2018 in the United States.

Experimental

Materials

Water was obtained from Biosolve (Valkenswaard,

The Netherlands). Citric acid, acetic acid, NaH,PO, and Na,HPO,
were purchased from Sigma-Aldrich, Corp. (St. Louis, MO,

USA). Humanized monoclonal antibody trastuzumab, marketed
as Herceptin, was obtained from Roche (Basel, Switzerland).
Trastuzumab biosimilar CHO cell culture supernatants were
obtained from a local biotechnology company.

Sample preparation

Herceptin stock solution present at 21 mg/mL was diluted in
mobile phase A prior to injection. Cell supernatants were diluted
1:1in 50 mM Na,HPO,. Supernatants were centrifuged at 5,000 g
for 5 minutes prior to injection.

Instrumentation

Agilent Bio-Monolith Protein A measurements were performed on:
Agilent 1100 Series Quaternary Pump (G1311A)

Agilent 1100 Series Autosampler (G1313A)

Agilent 1100 Series Diode Array Detector (G1315A)

Software

— Agilent Technologies OpenLAB CDS ChemStation revision
C01.05 (35)

Conditions, Bio-Monolith column

Parameter Value

Column: Agilent Bio-Monolith Protein A (p/n5069-3639)

Mobile A) 50 mM phosphate, pH 7.4

phase: B) 100 mM citric acid, pH 2.8 mM acetic acid, pH 2.6
Gradient:  Time (min) % B

0t0 0.5 0 (binding)

0.6t01.7 100 (elution)

1.8t03.5 0 (regeneration)

Flow rate: 1 mL/min

Injection Variable
volume: (50 pL, optimized for CHO cell culture supernatants)

Detection: UV at 280 nm

Figure 1. UV 280 nm Agilent Bio-Monolith Protein A chromatogram of a trastuzumab-producing CHO clone, clone 9 (red), and of a Herceptin originator
diluted in 50 mM Na-phosphate pH 7.4 to 0.2 mg/mL (blue). Note that the supernatant was diluted 1:1 in phosphate buffer.
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Results and Discussion

Buffer selection

Figure 2 shows a typical chromatogram from the Protein A
column. The example chromatogram is one injection of the
supernatant of a specific trastuzumab-producing CHO clone. The
unbound material eluted in the flow-through while the mAb was
retained at neutral pH (binding) and was only released (elution)
after lowering the pH upon applying a step gradient. In this case,
50 mM Na-phosphate at pH 7.4 was used for binding/loading,
and 100 mM citric acid at pH 2.8 for elution. This represents a
good starting condition for any application.

When developing a new method for a Protein A column, both
binding and elution buffers should be optimized. For binding
buffers, 50 mM Na phosphate, pH 7.4, is a good starting point,
and can be optimized between pH 7 and 8. For elution buffers,
the 100 mM citric acid used here is a good starting point. Other
possible elution buffers are 500 mM acetic acid, pH 2.6, 100 mM
glycine HCI, pH 2.8, and 12 mM HCI, pH 1.9.

Figure 3 compares the elution of a Herceptin originator with
acetic acid and citric acid. Very similar peak shape and area
were observed, although peaks were slightly sharper using citric
acid. In the case of this Herceptin originator, no material was
seen in the flow-through, which was not surprising since this
represented the marketed product and was devoid of host-cell
proteins. In the chromatograms shown, the flow rate was set at

1 mL/min. The monolithic nature of the support, characterized
by convective instead of diffusive mass transfer, allowed for near
flow-rate independence and, hence, high-throughput separations.
This is highly desirable in mAb titer determination, which
typically requires the processing of a wide range of samples. The
maximum flow rate that can be applied on the columnis 2 mL/
min, which allows fast, sub-2-minute separations.

mAU 1
3,000
2,500
2,000

1,500

Binding Elution Regeneration

1,000

500
0 N

0 05 1 15 2 25 3 min

Figure 2. UV 280 nm Protein A chromatogram showing the supernatant
of a trastuzumab-producing CHO clone. Injection volume was 50 pL.
Peak width at half height was 0.10 minutes for the unbound material
and 0.06 minutes for the retained mAb.

mAUy A
1,0004
8004
600
4004
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mAU B
8001
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15 2 2.5 37 min

—d
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Figure 3. UV 280 nm Protein A chromatogram of Herceptin originator
diluted in 50 mM Na-phosphate, pH 7.4, to 0.5 mg/mL (50-pL injection,
25-pg column load). Elution was achieved using citric acid (A) and
acetic acid (B). Peak width at half height is 0.057 and 0.067 minutes for
citric acid and acetic acid, respectively.
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Precision, linearity, carryover, and injection size
Precision is critically important in the determination of the mAb
titer. Table 1 shows the peak area and retention time repeatability
that can typically be expected upon injecting a Herceptin
originator 10 times. Chromatograms are shown in Figure 4. More
than acceptable relative standard deviation (RSD) values were
obtained for both citric acid and acetic acid as elution buffers.
Carryover was simultaneously assessed by injecting a buffer
blank after the mAb injection sequence (Figure 5). At a 10-fold
column load of 5 ug, carryover appeared to be nonexistent,
which can again be attributed to the use of a monolithic support.
Carryover at 1% levels became apparent upon a single load of
500 pg of mAb onto the column. This represents the maximum
column load and is one typically not encountered in real-life
experiments. It is worth noting that carryover was eliminated
after the injection of a second buffer blank.

Table 1. Retention time and peak area RSD values obtained for the
10-fold analysis of a Herceptin originator at 0.5 mg/mL (5 pL injection
volume).

Acetic acid Citric acid

Peak RT Peak RT

area (min) area (min)
1 361 1.669 383 1.666
2 362 1.668 372 1.666
3 373 1.668 365 1.665
4 365 1.669 389 1.667
5 370 1.669 383 1.666
6 373 1.669 378 1.666
7 367 1.671 379 1.678
8 365 1.668 377 1.666
9 366 1.670 376 1.667
10 360 1.670 377 1.667
Mean 366 1.669 378 1.667
S 4.64 0.001 6.52 0.001
% RSD 1.27 0.06 1.73 0.06

mAU~
804
604

0]

201
ol

Figure 4. Replicate (n = 10) UV 280 nm Protein A chromatograms
of a Herceptin originator diluted in 50 mM Na phosphate, pH 7.4,
to 0.5 mg/mL (injection volume 5 pL). Elution was achieved using
acetic acid.
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The limit of detection (LOD) was around column loads of 0.5 ug.
This put some demands on injection volume. If samples have
low mAb levels, high volume injections are required. Figure 6
shows the linearity obtained when increasing the injection volume
from 5 to 50 pL for a 1 mg/mL Herceptin originator. With the
knowledge that 50 pL injections are perfectly feasible and that
the lowest detectable amount on-column is 0.5 pg, samples with
mADb concentrations at 10 ug/mL are within reach.

04-AC

0 0.5 1 1.5 2 2.5 3 min

Figure 5. UV 280 nm Protein A chromatograms of a Herceptin
originator diluted in 50 mM Na phosphate, pH 7.4, to 0.5 mg/mL, and
a blank buffer analyzed after a sequence of 10 Herceptin injections.
Elution was achieved using acetic acid, and injection volumes were
5pL.

5,000+
4,500
4,000
3,500+
3,000+
©
22,500
<
2,000+
1,500+
1,000
500

R%=0.9999

0 5 10 15 20 25 30 35 40 45 50
Injection volume (pL)

Figure 6. Linearity obtained by increasing the injection volume of a
Herceptin originator (0.5 mg/mL) from 5 to 50 pL.

In MAb titer determination, it is important to be able to assess
absolute mAb concentrations. These can be found by linking the
peak areas measured in cell-culture supernatants to an external
calibration curve constructed by diluting a mAb standard. For

the Herceptin biosimilar project, this standard was found in the
originator product, which was accurately formulated at

21 mg/mL. The calibration curves of a dilution series of Herceptin
originators using citric acid and acetic acid as elution buffers are
shown in Figure 7. The corresponding chromatograms are shown
in Figure 8. In both cases, linearity was excellent, between 0.02
mg/mL and 2 mg/mL, which is the typical mAb titer range in CHO
cells.

9,0007 A
8,000 R?=0.9999
7,000
6,000

g 50001

< 4,000
3,000
2,000
1,000

0 02 04 06 08 1 12 14 16 18 2
Concentration (mg/mL)

10000+
9000 R?=0.9996
8000
7000
6000

& 5000

<
4000
3000
2000

1000

T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8
Concentration (mg/mL)

N

Figure 7. Herceptin Protein A calibration curve (0.02 to 2 mg/mL) using
citric acid (A) and acetic acid (B) as elution buffer.
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Figure 8. Overlaid UV 280 nm Protein A chromatograms of Herceptin
calibration points using citric acid (A) and acetic acid (B) as elution
buffer.

Application in mAb titer determination

The method possesses all the characteristics for the determina-
tion of mADb titer in cell-culture supernatants. It is fast, precise,
and linear in the expected mAb concentration range and does not
suffer from carryover. To illustrate this, nine trastuzumab-produc-
ing clones, generated in the framework of a Herceptin biosimilar
development program, were analyzed using the Bio-Monolith
Protein A column to determine absolute mAb concentrations.
Chromatograms are displayed in Figure 9, and Table 2 reports
the obtained mAb titers using both citric acid and acetic acid as
elution buffer. Very consistent data were generated using both
elution buffers. These results allow clear decisions to be made
early in the development of mAbs. High-producing clones can be
readily selected and subjected to further development.

3
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[
P
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T
o <2 |

L e e e e o e e e e e e L A e e e e e e
min
Figure 9. Overlaid UV 280 nm Protein A chromatograms of nine

trastuzumab-producing CHO clones using citric acid (A) and acetic
acid (B) as elution buffer.
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Maximizing column lifetime

Column regeneration

A major benefit of using a monolithic disk is that the presence
of channels instead of pores decreases the likelihood of column
clogging when injecting cell-culture samples. This increases
robustness and reduces cleaning efforts. Column contamination
can be reduced by running a blank gradient injection after every
30 to 50 samples. If column deterioration is observed (tailing or
broad peaks), the following cleaning procedure is recommended.
Column regeneration is the first step. If performance is still
suboptimal, the clean-in-place procedure can be used, which will
reduce the amount of Protein A available.

Column regeneration
1. Wash with 2 mL (20 column volumes (CV)) of 100 mM
phosphate buffer + 1 M NaCl, pH 7 to 8, at 0.5 to 1.0 mL/min.

2. Wash with 2 mL (20 CV) of low-pH solution (such as elution
buffer).

3. Re-equilibrate with binding buffer.

Clean-in-place
1. 1.Wash with 1to 2 mL (10 to 20 CV) of 0.1 M NaOH (reverse
flow direction) at 0.2 to 0.5 mL/min.

2. Wash with 1to 2 mL (10 to 20 CV) of DI water at 0.5t0 1.0
mL/min.

3. Wash with Tto 2 mL (10 to 20 CV) of concentrated buffer (0.1
to 0.5 M) to restore normal pH (7.0 to 7.4).

4. Re-equilibrate with 5 mL (50 CV) of binding buffer.

Conclusions

The Agilent Bio-Monolith Protein A column was successfully
applied in the selection of trastuzumab-biosimilar-producing
clones based on both titer and structural similarity to the
originator. This clone selection process is of utmost importance
early in the development of innovator and biosimilar mAbs

For More Information

These data represent typical results.
For more information on our products and services,
visit our Web site at www.agilent.com/chem.
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Fast and High Resolution Analysis
of Intact and Reduced Therapeutic
Monoclonal Antibodies (mAbs)

The Agilent Bio-inert LC and AdvanceBio RP-mAb Columns

Abstract

Therapeutic monoclonal antibodies (mAbs) have become the most rapidly growing
class of therapeutics in development for many diseases. Novel mAbs are entering
clinical trials at a rate of 40 per year. There is also an urgent need for an analytical
method that can be used for high-throughput analysis of large number of samples
to support the growing biopharma development. This Application Note describes a
fast and high-resolution method for the analysis of intact and reduced therapeutic
Innovator and Biosimilar mAbs by reverse phase HPLC. Separation was achieved
using an Agilent 1260 Infinity Bio-inert LC system with Agilent AdvanceBio RP-mAb
C4 and Diphenyl columns. RP-mAb columns give the advantage of superficially
porous 3.5 pm particles with 450 A wide pores for improved accuracy and short
analysis time compared to fully porous particles of the same size. The bio-inertness
of the system, together with high resolution, and short and reproducible methods
makes it highly suitable for biopharma QA/QC analysis.
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Introduction

Evaluating the molecular similarity of a biosimilar to the
reference or the innovator molecule is crucial during biosimilar
development. A number of physicochemical methods are
required by regulatory agencies involving a wide range

of comparability programs. The authorities want to see
comparability data on platforms that the previous company

or the innovator submitted, primarily high-performance liquid
chromatography (HPLC), TOF, Q-TOF mass spectrometry, and
capillary electrophoresis. HPLC is a well-established technique
for the determination of intact protein by size exclusion or ion
exchange. However, technological developments in the fi eld of
reverse phase (RP) chromatographic stationary phases (a large
pore size of 300 A or fused core particles with short alkyl chains)
have made them promising tools for analyzing intact proteins1.

Historically, mAbs and their fragments are analyzed with limited
success using widepore, totally porous particle RP HPLC. Due
to their large size and limited diversity, analysis times are often
unacceptably long, and mAb peaks can elute as broad bands,
compromising resolution. In contrast, high effi ciency

superfi cially porous columns easily separate mAbs and their
fragments in minutes with high effi ciency.

In this work, we have demonstrated the suitability of the Agilent
1260 Bio-inert Quaternary LC system and Agilent AdvanceBio
RP-mAb columns to achieve high resolution and rapid separation
of intact and fragmented therapeutic innovator and biosimilar
rituximab. The unique design of the AdvanceBio RP-mAb

column offers unique selectivity due to its superfi cially porous
particles (3.5 um) with wide pores (450 A). The column delivers

a significant speed and resolution advantage while maintaining
compatibility with all instruments..

Experimental

Equipment

A completely biocompatible Agilent 1260 Infinity Bio-inert
Quaternary LC System with a maximum pressure of 600 bar
consisting of the following modules was used:

— Agilent 1260 Infinity Bio-inert Quaternary LC Pump (G5611A)

— Agilent 1260 Infinity Bio-inert High Performance Autosampler
(G5667A)

— Agilent 1200 Infinity Series Thermostat (G1330B)

— Agilent 1260 Infinity Thermostatted Column Compartment
containing bio-inert click-in heating elements
(G1316C, option 19)

— Agilent 1260 Infinity Diode Array Detector with 60 mm
Max-Light high sensitivity flow cell (G4212B option 33)

— Agilent AdvanceBio RP-mAb Diphenyl, 2.1 x 50 mm, 3.5 ym
(p/n 799775-944)

— Agilent AdvanceBio RP-mAb C4, 2.7 x 50 mm, 3.5 pm
(p/n 799775-904)

The complete sample flow path is free of any metal components,
therefore, the sample never contacts metal surfaces. Solvent
delivery is free of any stainless steel or iron components.

Software
Agilent ChemStation B.04.03 (or higher)

Reversed-phase HPLC parameters
Chromatographic parameters for intact and reduced mAb
analysis using AdvanceBio RP-mAb columns are shown in
Table 1.

Table 1. Chromatographic parameters used for intact and
reduced analysis.

Parameter HPLC (intact and reduced mAbs)

A) Water + 0.1 % TFA

Mobile phase o) o) ACN:Water (70:20:10) + 0.09 % TFA

Agilent AdvanceBio RP-mAb Diphenyl,
Columns 2.1 x50 mm, 3.5 pm
Agilent AdvanceBio RP-mAb C4, 2.1 x 50 mm, 3.5 pm

Time (min) % B

0 15

0.5 25
Gradient 1.5 35

1.51 35

3.0 60

4.0 60
Post time 2 minutes

Injection volume 1 pL

Flow rate 1.0 mL/min
TCC 80 °C
UV detection 220 and 280 nm
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Reagents, samples, and materials
Alnnovator and biosimilar rituximab were purchased from a local

pharmacy and stored according to the manufacturer's instruction.

PBS and tris(2-carboxyethyl) phosphine (TCEP) were purchased
from Sigma-Aldrich. All chemicals and solvents were HPLC
grade, and highly purified water from a Milli-Q water purification
system (Millipore Elix 10 model, USA) was used. Acetonitrile and
2-propanol were purchased from Lab-Scan (Bangkok, Thailand).
For intact and reduced analysis, rituximab samples were diluted
to 2 mg/mL using PBS.

Sample preparation
Reduction of mAbs

For the separation of the light and heavy chains, an aliquot of 0.5
MTCEP stock was added to the mAb samples to obtain a final
concentration of 10 mM. The mixture was held at 60 °C for 30
minutes.

Results and Discussion

The AdvanceBio RP-mAb column with superficially porous
particles and wide pores delivers higher resolution and faster run
times to provide accurate, reproducible results when analyzing
monoclonal antibodies for biopharma discovery, development,
and QA/QC applications. Combined with the Agilent

1260 Infinity Bio-inert Quaternary LC System with a power range
up to 600 bar, it can be used for mAb separation. The mobile
phase was a combination of isopropanol (IPA), acetonitrile
(ACN), water, and trifluoroacetic acid (TFA). Figures 1 and 2
depict the optimized RP HPLC elution profile of intact innovator
and biosimilar rituximab on an AdvanceBio RP-mAb Diphenyl,

2.1 x50 mm, 3.5 pm and AdvanceBio RP-mAb C4, 2.1 x 50

mm, 3.5 pm column, respectively, demonstrating excellent peak
shape and fast separation in 4 minutes. Comparing Figures 1
and 2 demonstrates that different selectivity can be obtained
through the use of different bonded phases using the same
chromatographic conditions, with the diphenyl phase resolving in
finer detail.

mAU Yo mAU 2517
500{ A : 400 B
400 20
300
200
200

100 ﬂ 100 JLV
] | | D— —

05 10 15 20 25 30 35 min 05 10 15 20 25 30 3.5 min
mAU mAU
1604 C 1401 D
1404 1204
1204 1004
1001 80-
gg . 604 {
m * 404 *
204 204

0.
22 24 26 min 24 26 min

Figure 1. RP-HPLC analysis of innovator rituximab (A) and biosimilar
rituximab (B) separated on an Agilent AdvanceBio RP-mAb Diphenyl
2.1 x 50 mm, 3.5 ym column. C and D show zooms.
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Figure 2. RP-HPLC profile of intact innovator rituximab (A) and
biosimilar rituximab (B) on an Agilent AdvanceBio RP-mAb C4,
2.1 x 50 mm, 3.5 ym column. C and D show zooms.
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Reduced mAb analysis In both cases, due to reduction of the disulfide bonds, mAbs

TCEP was used to separate free antibody light and heavy chains. eluted as distinct light chain (LC) and heavy chain (HC)
AdvanceBio RP-mAb columns are very effective in providing separations with high effi ciency. The same gradient used for the
fast and high-resolution separations of antibody fragments. intact analysis was able to resolve the LC and HC for the reduced
The profiles in Figures 3 and 4 show a rapid reversed-phase samples. As we have seen with intact mAb analysis, the LC and
analysis optimized for the separation of antibody fragments HC show different selectivities with diphenyl and C4 columns.

in approximately 4 minutes using C4 and diphenyl phases, RP HPLC analysis of intact and reduced innovator and biosimilar
respectively. using AdvanceBio RP-mAb diphenyl and C4 columns indicates

that the mAb pair are highly similar.

mAU mAU
P 2.037
A 2.600 A
504
501
404
401 30, 1.836
301 2.331
204
20- 10- L
107 L 04
0.5 1.0 1.5 2.0 2.5 3.0 3.5 min 1 2 3 min
mAU mAY 2.036
2.600 1B '
701 B 60
601 50
501 404 1.831
401 2.329 301
301 204
201 10
10 ; 0
01 T T T T = 5 T ? ) 1 2 3 i
05 1.0 15 20 25 30 35 min min
C C
Innovator Innovator _MK\
Biosimilar Biosimilar
Figure 3. RP-HPLC profiles of innovator rituximab (A) and biosimilar Figure 4. RP-HPLC profiles of innovator rituximab (A) and biosimilar
rituximab (B) separated on an Agilent AdvanceBio RP-mAb Diphenyl, rituximab (B) separated on an Agilent AdvanceBio RP-mAb C4,
2.1 x 50 mm, 3.5 ym column. Mirror plot image overlays (C). 2.1 x 50 mm, 3.5 ym column. Mirror plot image overlays (C).
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Precision of retention time and area

Tables 2 and 3 present the average retention times and area
RSDs from six replicates of intact and TCEP reduced innovator,
and biosimilar rituximab for the diphenyl and C4 phases. The
results show that both columns provide precision of RT and area
within the acceptable limit of £3 % and +5 %, respectively.

Conclusion

In this application note, we have demonstrated a simple LC-UV-
based approach to define the molecular similarity between a
biosimilar and its innovator reference. We first used the Agilent
1260 Bio-inert Quaternary LC system with Agilent

AdvanceBio RP-mAb Diphenyl and C4 columns to develop a
high-resolution and rapid separation of intact mAbs. Using the
same method, we were also able to show the separation of
light chain and heavy chain after TCEP reduction. Area and RT
precision of intact and reduced analysis using

AdvanceBio RP-mAb columns were excellent, and show the
reliability of the method. Such fast, simple, and reproducible
methods for intact and reduced analysis of mAbs, coupled with
bio-inertness of the system makes this solution suitable for the
comparability analysis of mAbs for the biopharma industry.

Reference
1. Navas, N; et al,, Anal. Bioanal. Chem. 2013, 405, pp 9351-9363.

Table 2. Retention time and peak area RSD (%), n = 6 for intact analysis

Retention time Peak area
Mean Mean
Samples (min) RSD (MAU/min) RSD

Agilent AdvanceBio RP-mAb, C4, 2.1 x 50 mm, 3.5 pm

Innovator rituximab 1.96 0 71.61 1.98

Biosimilar rituximab 1.95 0.26 77.3 0.47

Agilent AdvanceBio RP-mAb, Diphenyl, 2.1 x 50 mm, 3.5 pm

Innovator rituximab 2.51 0.20 66.7 0.458

Biosimilar rituximab 2.51 0 73.3 1.86

Table 3. Retention time and peak area RSD (%), n = 6 for reduced analysis

Retention time Peak area
Mean Mean
Samples (min) RSD (mAU/min)  RSD

Agilent AdvanceBio RP-mAb, Diphenyl, 2.1 x 50 mm, 3.5 pm

Innovator rituximab LC 2.32 0.60 19.71 4.24
Innovator rituximab HC 2.58 1.52 57.33 1.57
Biosimilar rituximab LC 2.32 0.07 23.56 3.25
Biosimilar rituximab HC 2.60 0.05 58.40 5.61

Agilent AdvanceBio RP-mAb, C4, 2.1 x 50 mm, 3.5 pm

Innovator rituximab LC 1.83 0 21.5 1.4

Innovator rituximab HC 2.03 0.04 51.2 2.25
Biosimilar rituximab LC 1.83 0.03 24.47 3.84
Biosimilar rituximab HC 2.03 0.06 52.66 0.84
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This Application Note describes a simple method for the analysis of disulfide
linkages in monoclonal antibodies (mAbs) by reversed-phase HPLC. Separation
was achieved using an Agilent 1260 Infinity Bio-inert LC System and an Agilent
ZORBAX RRHD 300 Diphenyl sub-2 um particle column. Diphenyl 1.8 um columns
deliver UHPLC performance for reversed-phase separations of intact proteins and
peptide digests. Together with UHPLC instruments, these versatile columns enable
higher order characterization with shorter analysis times. The 1260 Infinity Bio-inert
LC System has a power range up to 600 bar and is capable of handling the higher
pressures demanded by emerging column technologies with smaller particles down
to 1.7 um.
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Introduction

Although recombinant mAb therapeutics have advanced
enormously in recent years, little is known about their disulfide
bond patterns. Complete disulfide bond assignment of 1gG1
antibodies can be challenging due to their large size and
substantial number of disulfide linkages. Disulphide bonding

is critical to maintaining immunoglobulin (IgG) tertiary and
quaternary structure for therapeutic monoclonal antibodies
(mADb). Both inter- and intra-chain disulphide bonds are formed
intracellularly in the expression host prior to secretion and
purification during mAb production processes. Disulphide bond
shuffling has previously been reported for IgG2 and disulphide-
mediated arm-exchange for IgG4, reflecting innate behaviour of
these IgG classes1, 2. However, a typical and significant reduction
in the number of disulphide bonds has been observed in IgG13
that present significant issues for manufacturing of therapeutic
mADbs. This Application Note demonstrates the suitability of

the 1260 Bio-inert Quaternary LC System for separating and
analyzing the disulfide linkages of IgG1 by reversed-phase

HPLC on ZORBAX RRHD 300 Diphenyl, 2.1 x 700 mm, 1.8 pm
column. Ultrahigh performance liquid chromatography (UHPLC)
separation using sub-2 pm particles improves resolution per time
and sensitivity, shortens run times, and thus enables the analysis
of 1IgG1, reduced 1gG1, and the peptides resulting from digestion
of IgG1.

Equipment

Instrumentation

A completely biocompatible Agilent 1260 Infinity Bio-inert
Quaternary LC System with a maximum pressure of 600 bar
consisting of the following modules was used:

— Agilent 1260 Infinity Bio-inert Quaternary LC Pump (G5611A)

— Agilent 1260 Infinity Bio-inert High Performance Autosampler
(G5667A)

— Agilent 1200 Infinity Series Thermostat (G1330B)

— Agilent 1260 Infinity Thermostatted Column Compartment
containing bio-inert click-in heating elements
(G1316C, option 19)

— Agilent 1260 Infinity Diode Array Detector with 60 mm
Max-Light high sensitivity flow cell (G4212B option 33)

— Agilent ZORBAX RRHD 300 Diphenyl, 2.1 x 700 mm,
1.8 ym column (p/n858750-944).

The complete sample flow path is free of any metal components
such that the sample never gets in contact with metal surfaces.
Solvent delivery is free of any stainless steel or iron components.

Software

Agilent OpenLAB CDS ChemStation Edition for LC & LC MS
Systems, Rev. C.01.04

HPLC analysis

Table 1 Chromatographic parameters used for RP HPLC.

Parameter

Conditions

Mobile phase A

Water + 0.1% TFA

Mobile phase B

Acetonitrile + 0.09% TFA

Gradient Time (min) Mobile phase B (%)
0 minutes 25
3 minutes 35
4 minutes 40
5 minutes 40
15 minutes 90
16 minutes 25
Post time 5 minutes

Injection volume

3 pL (Needle with wash,
flush port active for 7
seconds)

Flow rate 0.3 mL/min
Data acquisition 214 and 280 nm
Acquisition rate 20 Hz

Flow cell 60 mm path
Column oven 50 °C

Sample thermostat 5°C
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Reagents, Samples and Materials

The human monoclonal antibody IgG1 was a proprietary
pharmaceutical molecule. DL-Dithiothreitol (DTT), iodoacetamide,
trizma base, and Endoproteinase Lys C were purchased from
Sigma Aldrich. All chemicals and solvents used were HPLC

grade and highly purifi ed water from Milli Q water purification
system (Millipore Elix 10 model, USA) was used. Acetonitrile

was of gradient grade and purchased from Lab-Scan (Bangkok,
Thailand).

Reduction and alkylation of Intact IgG1

IgG1 was diluted to 2 mg/mL using 100 mM Tris HCl and 4

M Gu HCI, pH 8.0. An aliquot of 10 pL of 0.5 M DTT stock was
added to obtain a final concentration of 5 mM. The mixture was
held at 37 °C for 30 minutes. The reaction mixture was cooled
briefly to room temperature (RT). An aliquot of 26 uL of 0.5 M
lodoacetamide stock was added for a fi nal concentration of

13 mM. It was allowed to stand for 45 minutes. Once removed,
the solution was quenched with 20 pL of DTT for a final
concentration of 10 mM.

Lys C digestion of IgG1 and reduction

IgG1 was diluted to 1 mg/mL using 100 mM Tris HCI, pH 8.0.
Endoproteinase Lys C in 100 mM Tris HCI, pH 8.0 was added

at an enzyme protein ratio of 1:100 (w/w). The mixture was
incubated overnight at 37 °C. The reaction was stopped by
lowering the pH to 6.0 by adding 10 % TFA. Later, the reduction of
Lys C digested IgG1 was carried out as described earlier in this
Application Note.

Results and Discussion

Separation and Detection

A ZORBAX RRHD 300 Diphenyl 1.8 um column has the advantage
of low pH and temperature stability, and, combined with the 1260
Infinity Bio-inert Quaternary LC System with a power range up

to 600 bar and capabilities of handling the higher pressures, can
be used for protein separation. Figure 1 A depicts the optimized
RP HPLC elution profile of intact IgG1 on a ZORBAX RRHD 300
Diphenyl, 2.1 x 100 mm, 1.8 um column demonstrating excellent
retention of IgG1 in 15 minutes. The reproducibility of analysis
was tested with six replicates. Figure 1 B shows the overlay of six
replicates.

mAU mAU

250

200 ——> Intact IgG1
200

150 150

100 100

50 50
DAD1 D, Sig=280

S S |

25 5 75 10 125 15 min 2‘.5 il": 7‘.5 1‘0 1‘2.5 1‘5 min

—+

Figure 1. RP HPLC profile of intact IgG1 on an Agilent ZORBAX RRHD
300 Diphenyl, 2.1 x 100 mm, 1.8 um column (A), and an overlay of six
replicates (B).

Table 2 Retention time and area RSD (%), n = 6 for intact IgG1

Retention time Peak area

Mean (min)  RSD (limit: £3.0 %) Mean (mAU/min)  RSD (limit: 5.0 %)

8.838 0.086 1,170 0.461
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The effect of reduction and alkylation of the disulfide bonds
inintact IgG1 was tested. Figure 2 shows the reversed-phase
chromatogram of A reduced and alkylated IgG1 B overlay with
reduction/alkylation buffer blank and C overlay of six replicates
showing separation reproducibility. Due to the reduction of the
disulfide bonds, the IgG1 is separated into its light and heavy
chains. The IgG1 eluted as distinct light chain (LC) and heavy
chain (HC) as indicated in Figure 2; however, this was not
confirmed by mass spectral analysis.

A ) c
™ _ mAY DAD1 Sig=280, Reduction bufferblank ™"
205] DADTD:S0°260 DAD1 Sig=280, Reduced IgG1 200

300
Heavy chain<———

Buffer peaks 200

150 100

W

25 5 75 10 min

\ | “
\ L N L

- o 2 |
2 4 6 8 10 12 min 2 4 6 8 10 min

50 \‘

Light chain?J

Figure 2. RP HPLC profile of (A) Reduced and alkylated IgG1, (B)
overlaid with buffer blank, (C) overlay of six replicates.

Table 3. Retention time and area RSD (%), n = 6 for Light chain

Retention time Peak area

Mean (min)  RSD (limit: £3.0 %) Mean (mAU/min)  RSD (limit: +5.0 %)

8.638 0.091 504.33 2.780

Table 4. Retention time and area RSD (%), n = 6 for Heavy chain

Retention time Peak area

Mean (min)  RSD (limit: £3.0 %) Mean (mAU/min)  RSD (limit: +5.0 %)

9.084 0.152 1,520 0.390

Peptide maps resulting from Lys C digestion of intact IgG1 under
nonreducing conditions resulted in a less intricate RP HPLC
profile. A representative chromatogram of the IgG1 digest
(Figure 3 A) displays the two (baseline separated) peaks that
were selected for area and RT precision. The overlay results

in sharp peaks with good resolution and excellent separation
reproducibility (Figure 3 B).

Further, we wanted to compare the reversed-phase profile of

IgG1 under nonreduced and reducing conditions to determine the
peptides bound through disulfide linkages. The overlay of Lys C
peptide maps of nonreduced IgG1 (red trace) and reduced IgG1
(blue trace) is depicted in Figure 4. The appearance of additional
peaks (indicated by an asterix) after reduction of Lys C digested
IgG1 confirms they are bound through disulfide linkages.

Precision of retention time and area

The precision of the retention time and area for intact IgGT,
reduced IgG1 and endoproteinase Lys C digested IgG1 under
nonreduced conditions are given in Tables 2, 3, and 4. The
results show that the ZORBAX diphenyl sub-2 pm column shows
precision of RT and area to be within 3% and 5 % respectively.
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Disulfide linkage analysis of IgG1 Diphenyl, 2.1 x 100 mm, 1.8 pm
A B
DAD1 D, Sig=280

4
40 0

30

‘° . _

2 4 6 8 10 min 2 4 6 8 10 min

30

mAU
Al
N
o

Figure 3. RP HPLC profile of (A) Lys C digested IgG1 and (B) overlay of
six replicates. Peaks selected for RT and area RSDs are indicated by an
asterix.

Table 5 Retention time and area RSD (%), n=6 for Lys C digested IgG1

Retention time Peak area

Mean RSD Mean RSD

(min) (limit: 3.0 %)  (MAU/min) (limit: +5.0 %)
Peak 1 5.525 0.307 60 0.544
Peak 2 7.444 0.140 132.45 1.113

*
DAD1 D, Sig=280, Lys C digested IgG1 (nonreduced)
DAD1 D, Sig=280, Lys C digested IgG1 (reduced)

301

201

107

2 4 6 8 10 min

Figure 4. Comparison of peptide maps of Lys C digested IgG1 under
nonreducing condition (red trace) followed by reduction (blue trace).
Peptides bound through disulfide linkages are indicated by an asterix.

Conclusion

Disulfide linkage analysis is important to study some of the
post-transitional modifications of proteins for biopharma process
development and monitoring. We have shown the combination
of an Agilent 1260 Infinity Bio-inert Quarternary LC System and
an Agilent ZORBAX RRHD 300 Diphenyl, 2.1 x 100 mm, 1.8 pm
column to perform reproducible and high resolution analysis of
disulfide linkage analysis of monoclonal antibodies for biopharma
process development and monitoring. Area and RT precision

of the method were excellent and proved reliability. Further, the
1260 Infinity Bio-inert LC has a power range up to 600 bar and is
capable of handling the higher pressures demanded by emerging
column technologies with smaller particles down to 1.7 um. The
bio-inertness and corrosion resistance of the instrument coupled
with a simple and reproducible method make this solution
particularly suitable for the QA/QC analysis of monoclonal
antibody for the biopharmaceutical industry.
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Introduction

Antibody-drug conjugates (ADCs) represent a growing class

of anticancer therapeutics that combine the specificity of

an antibody with the potency of chemotherapeutic agents
using covalent and chemically stable linkages. The ADC

field is expanding with an increasing number of conjugation
technologies being developed. One dominant class of ADCs
includes conjugation to cysteine residues that are involved in
the formation of interchain disulfide bonds through maleimide
linkages. One of the principal critical quality attributes for ADCs
that directly correlates with potency is the drug-to-antibody ratio
(DAR). Up to eight or 12 drug-linkers may be conjugated per
antibody, depending on the IgG antibody subclass.

Hydrophobic interaction chromatography (HIC) is a common
approach for determining conjugate distribution, and

calculating DAR for ADCs manufactured from IgG1 mAbs.
However, monitoring conjugate distribution and DAR for ADCs
manufactured from IgG2 mAbs by HIC is challenging, due to
incomplete resolution between positional isomers and variably
conjugated species. Reversed-phase (RP) chromatography

can be used as an alternative or orthogonal technique for
determining the DAR of ADCs following reduction of interchain
disulfide bonds. Using this technique, the DAR may be calculated
experimentally from the distribution of unconjugated and
conjugated light and heavy chains. For ADCs manufactured from
IgG2 antibodies, RP is a more suitable method. This is because
elution between unconjugated and variably conjugated light and
heavy chains is dictated by the number of conjugated drug-
linkers, regardless of the site of conjugation.

A limited variety of suitable HIC and RP columns are available for
these applications. This Application Note describes the use of
the Agilent ZORBAX RRHD SB300-C8 column for characterizing
the distribution of unconjugated and variably conjugated light
and heavy chains, and for determining the average DAR. Here, we
describe RP UHPLC methods suitable for ADCs manufactured
from both IgG1 and IgG2 antibodies. Compared to methods using
common HPLC columns, the ZORBAX RRHD SB300-C8 column
offers improved peak resolution, and yields similar distributions
of unconjugated and conjugated light and heavy chains and
DARs.

Materials and Methods

Reagents, samples, and materials

ADCs manufactured from fully human IgG1 and IgG2 antibody
intermediates are proprietary. DL-dithiothreitol (DTT) was
purchased from Thermo Scientific (Pierce NoWeigh DTT). All
solvents used were HPLC grade, and were purchased from either
VWR or Fisher Scientific.

Samples in their respective formulation buffers (pH 5—6) were
diluted to 5 mg/mL, and the pH was adjusted to approximately
pH 8 with 1 M tris pH 9. Partial reduction of the interchain
disulfide bonds was achieved by incubation in 40 mM DTT at

37 °C for 15 minutes. After cooling to room temperature, reduced
samples were diluted 1:1 with 2 % formic acid in 50 % acetonitrile
to quench the reduction reaction.

UHPLC method
Parameter Value
Column Agilent ZORBAX RRHD SB300-C8,

50 mm x 2.1, 1.8 pm

Other columns Vydac 214MS, C4, 2.1 x 50 mm, 5 pm, 300 A

Agilent PLRP-S, 2.1 x 50 mm, 5 pm, 1,000 A

A) 0.1 % TFA in H20
B) 0.08 % TFA in 90 % ACN

Mobile phases

Column temperature 80 °C (IgG1)

70 °C (IgG2)
Post-column cooler 35°C
Injection volume 2 uL (1gG1)

3L (1gG2)
Flow rate 1 mL/min (IgG1)

0.8 mL/min (IgG2)
Detection UV at 214 and 280 nm

Autosampler temperature 10 °C

1gG1 Gradient Time (min) %B
0 34.5
3 38.0
5.5 38.5
25 55.0
25.1 75.0
26 75.0
26.1 34.5

Post time: 4 minutes

1gG2 Gradient Time (min) %B
0 30.0
8 30.0
21 45.0
21.1 75.0
22 75.0
22.1 30.0

Post time: 2 minutes
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Instruments
UHPLC with DAD detection system from an external vendor.

The equivalent Agilent instrument for UHPLC analysis is the
Agilent 1290 Infinity Il LC system, which is expected to delivery
comparable, or better performance

Peak assignments

Peak identities were confirmed by coupling the UHPLC with
in-line mass spectrometry (data not shown). The major peaks
corresponded to unconjugated and variably conjugated light and
heavy chains. Peaks eluting as trailing shoulders from the major
peaks were identified as having one or more intrachain disulfide
bonds reduced. Multiple peaks corresponding to conjugated
heavy chains were observed having the same mass, and were
identified as being positional isomers, where the drug-linker was
conjugated at different cysteine residues.

DAR calculation

The DAR value was calculated from the analysis of the UV
chromatogram, using Equation 1.

g ; HC peak areax Ny

’ Total LC peak area

LC peak areaxn
DAR=2 ().

"“° Total HC peak area

Figure 1.
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Figure 1. Comparison of reduced RP profiles obtained using a C4 HPLC
column (A) and an Agilent ZORBAX RRHD SB300-C8 (B) for a cysteine-
conjugated 1IgG2 ADC.

Results and Discussion

Figure 1 compares the reversed-phase chromatographic profiles
of an ADC manufactured from an 1gG2 mAb intermediate using a
conventional C4 HPLC column and the ZORBAX RRHD SB300-C8
column. The peaks observed in the chromatogram corresponding
to the UHPLC method using the ZORBAX RRHD SB300-C8
column are sharper, and show better resolution compared to the
C4 HPLC column. Peak separation and resolution achieved using
the ZORBAX RRHD SB300-C8 column enabled improved peak
integration accuracy, and the DAR value was calculated to be

0.1 higher as a result. resolution achieved using the

ZORBAX RRHD SB300-C8 column enabled improved peak
integration accuracy, and the DAR value was calculated to be

0.1 higher as a result.

Figure 2 shows RP chromatograms of a reduced ADC
manufactured from an IgG1 mAb resulting from analyses

using both the Agilent PLRP-S column and the

ZORBAX RRHD SB300-C8 column. Separation of the
unconjugated and conjugated light and heavy chains on the
ZORBAX RRHD 300SB-C8 column resulted in sharper peaks and
improved resolution of the minor species in comparison to the
PLRP-S HPLC column. The DAR value calculated from the results
using the ZORBAX RRHD column was 0.1 higher than the result
from the PLRP-S column. This difference can be attributed to
more accurate peak integration.

mAU
250+

WVL:214 nm

-50 T T T T T T T 1
9.5 12.0 14.0 16.0 18.0 20.0 220 234

mAU™" ’ )
378 Time (min)
B
WVL:214 nm
250+ H1
HO L1
Lo
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Figure 2. Comparison of PLRP-S HPLC (A) and Agilent ZORBAX RRHD
SB300-C8. 1.8 um (bottom) profiles for a cysteine-conjugated 1gG2
ADC.
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Distributions and DAR value

Table 2 shows the distribution of unconjugated and conjugated
light and heavy chains, and the calculated average DAR for the
ZORBAX RRHD column and the two different HPLC columns.
Relative peak areas and concomitant DAR values calculated
using results obtained with the ZORBAX RRHD column are
similar to those determined using the HPLC columns. The major
advantage of using a sub-2 um column is the improved peak
resolution. This improved resolution results in better separation
of minor species that were coeluting with the main peaks using
the HPLC columns. The gradients presented in this Application
Note can also be used to detect minor changes in sample
stability and characterization of minor peaks by LC/MS. Also, the
increased peak resolution and the higher pressure compatibility
of the ZORBAX RRHD columns allow for development of shorter
gradients for high-throughput testing.

Conclusion

Reversed-phase methods can determine the distribution

of unconjugated and conjugated light and heavy chains

and for calculation of the DAR for ADCs.

The Agilent ZORBAX RRHD SB300-C8 column has been shown
to be suitable for these purposes to support characterization of
ADCs derived from both IgG1 and IgG2 antibody intermediates.
Peaks eluting from the ZORBAX RRHD SB300-C8 column were
observed to be sharper and better resolved in comparison to the
HPLC columns included in the comparison. This improvement
enabled more accurate peak integrations and concomitant
DAR values. The improvement in peak resolution from the
ZORBAX RRHD SB300-C8 column also allowed detection of
conjugation site positional isomers. RP methods using the
ZORBAX RRHD SB300-C8 column have been shown to be
suitable for characterizing the conjugate distribution of partially
reduced ADCs in place of, or orthogonal to, hydrophobic
interaction chromatography.

Reference

1. Wiggins, B.; et al. Characterization of Cysteine-Linked
Conjugation Profiles of Immunoglobulin G1 and
Immunoglobulin G2 Antibody—Drug Conjugates. J. Pharm. Sci.
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Table 2. Relative peak areas of each species and average DAR value
using an Agilent ZORBAX RRHD SB300-C8 compared with
HPLC columns.

1gG2 ADC 1gG1 ADC

r;eak :/‘é':;’ HPLC (/;zi):el::;(LJ%BAx Z/;t‘é;'_Ps')‘c (/Z\Z%II;T';;%BAX
RRHD) RRHD)

Lo 226 237 143 133

L1 2.3 3.4 15.6 17.7

Ho 17.3 156 16.8 15.4

H1 12.5 13.1 26.2 27.8

H2 324 30.9 16.8 15.8

H3 7.4 8.1 105 10.0

H4 2.1 32 - -

H5 33 2.2 - -

DAR 35 36 36 3.7
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CORTFRIVEVIOEBETIF HHEIOAXNI T T —ICEBRTF
Ry FERICBIT2EBR . RTFRIVEVIFIBICBLSNZE
RNRT IO BN L. DEORBEEIT>T BNIERZE 57
HOHERFALET,
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RYINVED R

RTIFREIVEV TR ER LI EZ 2 NI BORINIE
PIITHRILDZVINTERBRORTY TR ICEBFRETNIL. 2B
RAEBRICBEC AV, DTOBEMEZEHZ LA TIET, D
B, BEBEREEBLILELL LCIABY Y TILEBSDICIE. IR
HOBMETONILZRBRDBRFENROOENE T, DRORBLIC
BIH>TEEBINTBIRFIIBZHBOETH. OINI—RN LT
O—Fh®BOET, ZVNIBDRTIE R 1 ITRTLIIS ) o> T
JUATALER. (2) IR 53R, (3) BTt/ 7ILF L. (4) PR 7Ot 2. (5)
BRI WS 5 DR Ty THBLSNET,

R EZNIERRD 5 RTVT

FIE BR —HRE B FiE

1YY TR PRT B YT ILOFINIE PR IR BT, BUiE
2 I D3EIR REOYEH L

MR ELUTILSIAL DR T RfEEERTL BT DTT. 459.60°C

TILEIAEICED SH & ICF vy T

TILFIAL: 1AM, 1 BSRE. BERRT

ADRTOER 22 NI B DY

fF pH 8. 37°C. —B
JT>F TFA

5./ AR LC &7ci& LC/MS DI D7 D > 7 ILFTALER

C18 Fy 7. B B TI1=T1HZ L
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ATw 71!

B 7 ILEisig

AYNTEDT A XPEBRICE>T Y FILHNEOT 7O—FIE 8
BOET BEDRUTTIE. TV T ORBIRBERDET, HH
FERRICAW O ESRZERICOVWTH, 5 LImENTYE Y
FIEDIHFICRBBEICIE RNV EEDHTINBLAHDET, £
SLEFIERERETZFESHRELLHB1EN. TNBNDEV/NTEIC
BLAEBEFECTOCRDHDET, LH L. DERICKIDOT T
BIEBICRDABULWSNTWE Y 70— Fld. BRE/BiE. B 7L
ABICLBHIE T,

BRESLVERIT.SBREDZVNNIBDORER T TILBEDZ—47"y
FDEYNTBODHEBINE LTWET, BREIF—RIC. 7OFA4Z2
A7 FVr—=2avIilEVT BREOTILITI Ve REs/a7 ) s
SENBMBEREDEYMZE Y TILOERSEIERTBOICALSN
T POLYRDVILF TIINT 74 =571 BESZXTL (MARS) HPLC
ATLBLUVREY A=y DEFEZ S MBEPIREGCOERRH
ICRBICTHFETBEEER VY NIBYNAAI—N—DRELF v IV
2S54HF—2a > AIEETE, MARS ZBUV\ - 14 BEDSEEZ /N
TEDREICEDBREZVNIEEDRAK 94 % ZRETTFY, BRE
TOCRIBENDOEMNET. BHELLEZ T

MARS &, TETFER LC AFZLTESLVREYA—R) P T4 —T v NTiE
HINTVET, BRETNZZNVEIE. TILTI20 196l k) 7Tl IgAL
NOYRTTUNTNTOAE AN DT )/ = TILT 7 2-xo0sa71) .
TILT 7 1-BREREZ VNV E. IgM. TRURZYNOE AL TRURZYNOE
Al #{K C3. SV RHALF> T,

BRETIE AL T 71 =71 5l (RBILkE ERBEILE AL/ T T
ZFVOX NI T TR0 VS NE T, F BT Zv U T
I3 EMEICEBOE L EE N BIERERER (PTM). #iaR 0z~
EBExHCIC MRSV VBEOHY TV S AN DS NE T, BIFREBE
B (U>Be ) ASIUERE) IF AT VERET 71 =7/ 0OX
75 71— (IMAC) REEILL IF Y REDT T4 =71 UH Y RERL
TEMBTACNTEET, BBEOE YN IBETI AN EEATE
DEDMDT =y I LTS BT I/ BP PTM oSN B LT
BEENEABRCHHDET,

SUTINBY Y TINTHEMRY Y TILTH. DRICHISTESZ L3I
=BT B7eDIC BMEIIBEENRBEADET, I BED
i (MS) TIERHEA A > HRETE DB BHADTH = RRIC
R BTDITIE DTSRI BIR (FFICH MU DLEY) VERIR) ZiRE
TEMEDNBHDET, BNELUBIBOERY TIE Ny T 73 B
B FRIFEDFREICLD. ATV N —LT O ROFHEBALE
THICHABETT,

FETIE YT OIRBEE NS 3F AL LT INTUVET, iE
MORRIZIE BEIE (—EDOILREEZF ORI —X) Zimlc L. B=HE
ATEDB IKETF N T 7 DASTKIBICLE 7 AN ILBUC LK DIER
EEZFELIELET, KEBBLTHERTIRVKRIAD FIE ZOH
I25ED &9 KIERDREDIKDIZE. BROEDFDREHIRAIC
BETFL PO TEROACHDRBEDRCICHRDET, FEMNKLIILIZS.
REWD . BAEEINERSFITET £9, BMIEH) v MLETORREIC
HWIETEETH BERETZETICHAZET 370, ABREDY Y
TLTOFERIFIRENTIEHD FEA.

PDERICHEII DY TFILDRRIEICDOWTIE. T IL 2BH R HIFEN LT E
T COFERIF DPTFORSSICESVWTOM T IIFEMBE IO
ST4—TUZvITT, BRiEIE. > FILBDIEREDIED FEMS
EEEICREFIIHDIERDICALSNET, ZNISRHLT Ny
TPRBEY Y TIN T 7= DNy T 7ICBIETEH DT,
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TILAMBIE. FAVIZTTA v IBHRICED Y Y TN ENIBT B0, &
HREOPBRBRIOAINI T4 —FETY, 7ILAB (T XHroO
I T—eBPENET) ZAVNE. DTFEDED 2 BFRED
DF BONTBRY) BN TEIENTIET, RIFRIVEVY
TTVr—23a>TE DHTIMEBOT A IDEVEIOOTKRE
WOHBBETYT (ZVNVBELERY). TILABATAT7IZDVWTE K
FODFAERLICHRETZLABIC. NSVWDFEILR (R7) ~NEH
LB CE2H0EBIRLES, N7 7Z2BAVWTHI LT FELL &
o CONYI7IE Y2 TILONY T 7EELHDTHESHDTHE
ATEET, ATLAOY Y TIVEBAK S5ICHTLNYT 7 (BHNY
77) MR YO TNDFEATLIRANRLET XTT7DOFLEE
BRETIHRVKEVDFONIRINICHTLDSBEL. TNITHEVTES
WHRFIBRHLET NIV FIFFLRRICILEN T 57cH. KEVLWD T &
DEHAHMECEDE T, BHN\VIT 7V TV IFBRRZIHEE. AT
WD FIETTRDIENSEENTHLWNY T 7ISAR L T > FILNY
TrERBIIDBINET,

Captiva (B2 VINIRET1ILE
EDELSB TV TIEINIBZTOHETH, B2\ EBRERMEZ F
RIeTANRIZEB YO TILDABIFHREDNHD £ T,

TIULYR®D PES Tl AlE. ANV EICEETZABICEVWT. —
BMOH2BNIBERYNVBREERFEEFRIBLET, PES 7r/L4X
SITLUE IFLALD LC BT PVDF XY T L&D Bi@aA~7
2aAYEBDET, TILY RO PES IE. —#&H7%A LC BT PVDF &
BHROBEURIFE. VN JEOEGE I —>TIZOVWTEFERIY
FICBENTVED,

& L <&, https://www.chem-agilent.com/contents.php?id=18908
BT,

-

AdvanceBio SEC h T L& ERIE RTFRIVES T T T /r—>aIlkiL
B AN EREENROICHEE (T XIED) BLUBRIET SN T
SES

Captiva PES 71JL%

uE (’::;’ 2 e NIy BRES

4 0.45 LC R)ZFOEL > 5190-5095
4 0.2 LC/MS RuZOoELy> 5190-5094
15 0.2 LC/MS RyZ7OEL> 5190-5096
15 0.45 LC R)FOELY> 5190-5097
25 0.2 LC/MS AR)Z7OELY> 5190-5098
25 0.45 LC RyZOoELy> 5190-5099

G
' 4020_3

oy
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AT T 2:

kR E D:ER

RIFRIEEOUIMTICIE. (L EMTIETE BRI WS 2 DOFE

MH0FET, (LRI TIE. 21> 7> (CNBr) X OIEBE R
HEEAVWT REBHORTFREGEFMICTIML £9, BRI
BICld. MU TIOREDE VNV BDRER T SBOBAREN A

P 1TVE T, YT ES LOUIMANIE. DI RZVNTER 9

MICBVWTFRINZBERICE>TEAD E T, ol BIROBRICIE. <
TFRIvEYI TOCRLBZEEICKREL. BEY 2R M eER T
DRRBNHDFT, RTIFRIVEVIICHVWSNZRH—IRERTIRT
Bllg. BTV TE, ThidE. RTINS HO TRREICES
TNTWBRDTY, R T IE TILEZY (Arg) 7eidUs> (Lys)
C RIGRIDOAMKDERL 9 —RHARTIMBIC T OREEER 2 12

FEHTWVET,

R 2. RTFREGOUMTHE

il S e HERY BRI
[EESlmllin NITSY Arg KU Lys OC-KisE]
L 2% T EY
FERUTDY BRKMFERED C-Rimfl
- ii’i/“ Glu B4 UASp © G-
k(a2 pal % Met @ C-FRimfl
iz Asp LU Pro
BNPS-ZAR—JL Trp

RATw T 3

Z. &y, TILFILLE

BN BDRERICK ORI T F REEYIBT370ICIE 1F
CALDTYTILVT, SESELAFEEBAVLEM B, TILFILEE
BIROIVBEINBDETEHERBTIE 4V FF LA =)L (DTT).
ANATRIE/ =)L BUR (2-HIIVRFZIFIL) KRR T4 >R D,
HEEMADHEAEDLEIZED. LIELIEERICE b ET, 2L T
WE DTT AMERASNET, CORHREIFBRNDAETHI T P2 TaR
BEEUML. 2>NNTEOVRTA VBICH T2 FEH LU TR
DIZNT1 REREFTET, B RITzHAEDEZILT &
MIEARC LTNADOAERAVSHBEICELD. PRIILT1 RIEEDE
TICRRAT2BECVWSBEEZRITZ A TI Y, BEOHENER
ISR T B7DICIFE 2NV BOEMOETICRS. S XT71>D
TINFIES CHBSBRELBHD £, DRICKILDZVINIBF VT
LOTILFIULICREBLERIN TV AEEIZ. I—R7ELT7IR
(IAM) £ 3—REFEE (IAA) T,

M1 iE DERICHIIDE/VO—FIILTEDETS LU TILFILED
STEMFMICAVWSNZEE IO Z T —DBEXY v RO—4
T,

mAU 0.534
3.399

350

- BER/TILFIEI IV IR BiH2

300

250

2009 - 1
150 —

j00-] 0464

0.406
500333 SHBRE

0.229 4.462 4.855

B 1. Agilent ZORBAX Rapid Resolution High Definition (RRHD) 300SB-
C8.21x50mm A 5L (BBMmES 857750-906) ZAHWT. 7O RIILIC
EBETS IO TILFIUELIEE /2 O—FHILHERDFEE D B

Agilent 1290 Infinity LC T2 (0.1 % TFA)/ACN (0.08 %) dILF 4 X > +
ZHEZBAVT. 05mML/mMin LV T75°C THBEL £L 7,
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TV T 4

TTIDBRARIZESIT. MU TSV ISERENBRICEZE SN TV S0,
PDRICEDAEBVWSNE LY NNIBDRBEZRETT, NI TIUIdLY
NOBTHZH. BEEILEENIBRTHTNSEDRTEZL
DHOET, LD LUFLALDY Y TILICKRTEIET BAILS T LD
FUFLrHRd Ca’ EAIL—TTREL. BEEERT £, BEIE
CACDIRTRVSENTWAEM N TS R ERIE BSHELES
SICBICIENTES . BEIFASLRBEICIEBROEE Ao

MUTFU VB bIE. —ARICIE 37 °C T pH 7.5~ 85 OFREA pH &
FTERITThE . BENUNICRBBE L pH 218370I1C0 U
SYORMICTILE. Ny T 7 (BEIF 50 MM ERENTFILTVE
Z/ (tABC) F£7cid 125 mM EREE T > EZ VL (ABC)) ML £
o COEMICIF2-7 I /-2-EROFIAFILIO/NV-1,3-DF =)L (b
D) N7 r7bBUuenEdh. MURNYT7iE MALDI % ESI-MS
BRED MS DIFICIEES €9 B8Rt (SPE) % ZipTip IC&DBREL
BTN BRSRBRVREERTI2HNENHDET. DRICHD%A (/2L
Z29FRV) BOBREMRZ0ICIE. B REBER/ 2NN VELER
DIEHARAIRT,

MPDETILZYNNVEE DRI ZIHBEICIE. BRICHETIBE!
HERT DEOMEINMELRZEBHLHDF T, DEHED 1 DIF. £
KDEAVNIBEERBBICHBRTZIFE. M) TS USRI ORRE DY
L<BBIETY, Flow TOMUICHZLDERD/INTA—ZEHENEZ Y
NOBRROFREMCHRICFELFSZ. FTRINIERICEHEE
LEIEFET, 25LEEREZLDEERICIBES LUHIETIIE. DFEOD
MRAKRBICELELET KGO pH. DREBELCEE. FHTS
PIRBIDEIZ. WFNBDBOMRICKIRFELZEZ 7,

- SO pH: —KIC. DRESYO pH & EEOUIEHEIOMEE
ABRBILTERLDIC. BRIDMICEDREINET, FIZIE. TIKT
BNCRILS T ZBWVWSIBEG. SBERIRE (pH 2. FBAY) &L
BOET, L. YIEICNU TS V2 ERT 25815 58700
I8 (pH 8) A RE T, REJE LTUE. DFEFPUTH L RIS D&
T RISEED pH IC&D 22 80BN LI B LAWK
SICLEY,

- SREBESIUEBE: BRECEREIR. REGAOBERIETZILHD
BELRERTI, LFHRIGZR/NRICINZZTDIC IFEALD
BUNNTBERRTIF 25°C~37 °C I NET (MUTSVHE
{EIEEE 37 °C TRITINET). LH L. RIGEREN B AL
YINUBBEMEBRIARZIH. RIEMICIFZY NN OBEOBEE 1
RUCEDRBENRESNE T, RIGHES. 97O ILOR
BLICBWTEBINIBRTY, TVTILENTDICHIBE. T
TERDEEBITTEREOSVWI Y T EBZHIC. BRIDITIC
SORBELRETRAET D ZHRLET, 2EEEIE. Y7L
DA ZPBRICEST, 2 BifE ~ 30 BCASERDET. &
ISIFBDANIIPRIEICEDBIELETH. TNUICEDTY TICEEN
H23Z B0 EE Ao

- YIEREERDBRE: TR DBE X, v T INE— AN DEER BT D
eIz RNRICHZZHNENHDET, TIFIDEXZ<T B L.
BEIIHBOEVER (6~ 20 BRIAY) THRPETLET. L
Hl. BEIEPTHEICIE. BEICEEBIZINENHDET, Z2/%
JBrEEOLRE, BRI 101 ~ 2001 1BETY, Uiz &iE
bg37Ic. TIlFElIE 2 B EICHIT TRBEMICRINT 5 N
WEINET, TLWTLDIZENAR N TS VEEFIETIE. 250
TeAETRITSUDRIMENE T, LA L. RIEHNEBRIGEIF. X
DRIFRIYVEVIFIETH 2 DENMBESNIREDEICEED
BZMEBLRBDET, DITWREZV/INTBEHRVNT, IRTDEETH
RABEBWE I IV RAEZRETNIE. COBRODINICEE %R
SX208EMDHZ2NRT7T—F 77 EBBOHZ A TTET,
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B2 - NUTSVECFIR

2> 1\98 0.5 mg IAM [ 4.0 uL %350 DTT [ 1.0 pL %Z3m
EREBET7TEZYLERK 25 uL
TFE 25 pL
DTT Fi& 1.0 pL ﬂ ﬂ
1. 2VNIBOBEE. T, Ex 2. 7IL¥)Lt 3. 884 IAM DI UF
(RILTwvo2.60°C T 1EBFERIZO0°C T 20 9ME) BEPTCEM BEPT TN
(2T 1 B5R) (5T 1 B5R)
7k 300 L + ERE TV EZVLERR r) TSV RBORM FEEFT-13 TFA 1 L &R0
100 pL %m0
4. FRMELU pH AE 5. 1% 6.pH % <4 AETF
(pH7~9) (87°C T 4~ 18 BFfE)
3 - DERFIROMER 2 BLV 3 TIE. 2>/80E (0.5 mg) DETT. TILEILE. SBRA

PR FEEUC—RICBLVSNTUVWB NI TS VB FIEE £ HTLE

COFI .
DFROFERMEAR S5 I To COFIEIF 22NIBOENDBRVBEICHIETIET,

BEE. FZILFEILE IIVF SR
i N 60 % 60 % | 4~ 18 B5R9
BT HR
60 9 pH A%
10 %
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BIT. PILFILL. BERARROFLIE: FEoH

100 MM OERET7VE= VL
K100 ML ICEREE 7 >~ E=2.407906 g #MIARLET, 4°C D
AEETRELF . REFMIIRR2PATT.

rITOVER:

BEIL) 7oV, Agilent POFAI ORI L—RE) TSy (BRE
5 204310, B0 M~ 72 2E7aN Lo Tl #58) L
TEBATEEzT, COMNTIUVIIFERBRIEINTVWET, COREDFE
F-20°C TREITNIE 1T EULICOIE-2T EEEART<IELDLT
ICRETHENTER T BEBIGLTORBRBEIN N T V%
50 mM BEEZ 100 uL ISARL TR oV RBREZRARL. RIKEED
1 ug/mL &2 &51CLET, FGERBET ULz RICINZ. RE
DEEMESOZT-DHICIE. BRLIZN) TSV EZENZN 10 UL 12E
Fa—7I2 10 DEILTANTLEES Ve ZAX MU —TIERVSEE
ICAN, 20°C TEFa—T2HRELTLIET V. D 1 ug/ul ORRK
TAVTHEIGC TN TSV HRBRARZER L ET U TEER),
Agilent 7OFAI ORI L—RENJTIVICIE. MU TSV DRBRORE
TORINZEBN T 2RMXDMTBLET UTOXV Y RIZED, 7
ORI OBESCEEEDERINTUVED,

200 mM DTT:

1.5mL Ty_YRILIFa—TKRT A 1TmL Iz DTT 0.031 g Mm%
BRLET, RILTFvoRLET, DTT BikEEY A8 (100 ul BY)
Kb ELDBEIANE S, JORXRTU—TRBVABRET. HE
Li&aRE 20°C TRELE Y, REPRBEEE 1 /BT BE
LESEARLANT TV,

200 mm IAM
(ERAEMICAR): 15 mL Ty_RYRILTFa—TJRHT K1mLiZ
IAM 0.037 g =N R AL EJo
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rIFOVERETORIL

AYNIEOBRE. T OETT ey
1 #2> /X E8 05mg % 0.5 mL TyRYRILIFa—TICANET, 1 RUT S ARERBRF T FLON TS VRBEERLET,
15 HBOT. BERBEET ILET,
2 REY TS E = LER 25 UL ZMZ F T
ERET R 25 WL ZIA S SIRTBIA N OBERA 20 jg RHOHSIS. BHIK 45 UL &
3 TFE Z5M3 25 ul #ME £ MATERE 10 BICHERL. M) TS VAR EIERLET,
Z0 100 ng/uL DA 20° C TRETAIE. 2 HBIChToT
4 DTT B 1.0 ul #MR £7 2 EM AT RO TICROC LA TEET,
5 FLFvIZTRELET, SR IAM AU TV FSNTUALE, US S AR AICTILFILE
INET,
UFROWTNADRETIIL. TS ET,
6 L 60°C T 45 53~ 1 B SRR 1:20 ~ 1:50 BB TR TSV EREMZ £, HIZIE &
/907 C T 20 4 (BAMES> /X IH) ~ 1 B (BRAIES> /50 H) 8 »/VIH 500 g OBE, BT 10~ 25 g (VT ER 10~
25 L) ZMZ T
7 ERETAPLET, o
4 BRLTYIZRLES
TIEIE : Fa—TJxE—S2—RICES. 37°C T4~ 18K
A %an—avLET,
] IAM B 4.0 uL ZMZ £ 7 R
6 EREAPLET,
2 HCRLTFYIZALET,
- 1)=FS,5 )5 o
. EROER (5L TEVE LISy o5 Y) T 1 B, SRS R I
BITNEAYFaR—Sa Y LET,
FEEET1E TFA 1 UL ZIZT pH 2 TFIF RUTS E MR ELE
RA%IAM OITF 1 SEET, BHET2IBA 14 BEBR TR IFRIMIIRICRET 50%
o e
1 DTT BU& 1.0 uL £MZ. 5% IAM £HBLET, I, TR S R b
2 EEDRF (KL TEVELESY oY) T 1 BREIRELET. 2 BORLTYOALET.
HR pH % 3 FOHLTILD pH ICHEN BB HEA. pH ZREL TR S
| 300 UL e Lt (&2 3.0 ~ 3.3), pH ' 4 U EDBAIF. I5ICHEMRET .
7 u A CE] b o
2 BRE T EI LR 100 L ZMZT pH ZB<LET, DM DR
] FUTILDERICEoTIE MS HIFICEIIE, BHET BRELBDE T,
MBI LT, pH HBREIC 0.5~ 1 uL £75 L. pH ZBRLET,
3 — B3N pH fB1E 7.5 ~ 8.0 TF . BIAY > 7IL0 pH HRBIDEAIE. B RTINS0, 5T R EEEREO AL
=50 P\t | — <
PH DR IER T i MS SRIC 5T > FILE BBL T, Agilent 2> T0ILA.
HREE 51855090 ZHEAL TR T, 25 LI RBEFARER.
. PH 17 ~ 9 DRENDEEE. 35 ICEREIEYE FL LD DB B A RE L 4o TSI A B E T
(BREE7EZYL) EMZET.
BEEBLT MFAOY TN ERRLET,
; 2 ROBDHFEN 50 kDa T HEHET LTNBEAIE.

SARDEREIFH 20 pmol/uL I8 D £, ZNIFCEMTIER L
YO TILDFE. HRLT 50 fmol/ul OEREIERL£7,
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ATw7T b

DEMOBRREIER

—RRICIE RTF Ry IORERIN S EBIHICE RTFRIYEY
DS, BREGBBESCLSINENBOET, Y T ORE
B|POROENICISL T BELOBRELVERBFEDHD &I, F
ZIEBED PTM (U BERIS. 1EFF b ZUaVIERY)
DRFEICIE. PTM REBFURE/IZU A Y RICEZIRMIEERA AL
BNETRARRT T ROBFEICIZ TR NERIFURICES IP 0.
UVBEE Y. FOVY, LAV CRRBICEA TS Ti02 IC£3
TLEIUARBVENET,

rIFLVERETORIL

RIFREMRRICIE. 5770 0FIE CI8 FyTEIENSLER
WG BNV T 7RBRETZIENTEET, £z REEERICOV
T TIA 2T DL REEERLBEHEICLDBRETIET,
FERTVFILICOVWTE, SETEBDFEN Y 4T (MWCO) $8FD
VUL —2EBUVWTCEBET RN TEET, RN T T LS.
MS D7 DREHIBEINIBEZ BT AVET, COFMLIEIE. D
DREFICE->TERDET, LC/MS F721k LC/MS/MS DFE. BEF
7 LC DBEES L UDIIER B 270IC1E. BUABRIHBS LU
FUHRABNURETT, MALDI-MS DBE. RTFRYVTFILEHEE
DRIy (ERMETRILF—RINERDT) ZEE L. MALDI 7
L—bhLETHIRSETHEDNITIRENHD £,

BEBTATL #l

BRET7VEZUL HEIL—R

Sigma #1207 #A-6141

DFAALA =)L (DTT). 99 % LU E

Sigma #4207 #D-5545

I—R7EETIR (AM). 97 %

Sigma-Aldrich 1207 #1-670-9

RUZILABTZ/—IL (TFE). 99 % Bt

Sigma-Aldrich 72074 #T763002-100G

(S

Agilent FOF A3 225 L— R Z Y (SB@EES 204310)

K18 AFF—LAEY

ERmES 8500-2236

FE. DT — R FRFNITILAOERE, >—7>2> T —R

BBmES G2453-85060

Eppendorf Safe-Lock mODBEE . 7 F2F)L. FES U VAUIE

Eppendorf #&@&FS 022363611 (0.5 mL. 500 fBARv I R). F7I$E@mEFS 022363204 (1.5 mL. 500 BERv 2 R)

RAUOERYEZELVFy T 8EH 1~ 1000 pL

Fa—TJb—4—/>x—F—

Eppendorf 4 —E3F4—

pH ESERHE. pH #EE 2.5~ 4.5 &0 7.0~ 9.0

EM Science ColorpHast Z~Uw > #4004 #700181-2

(L35

Bond Elut OMIX Fw = 10 L (AH=ZE 2 ~ 10 pL)

1x96 Fv 7 (EB&ES A5700310). 6x96 Fv 7 (EB&ES A5700310K)

Bond Elut OMIX 7. 100 plL (A& 10 ~ 100 L)

1x96 Fv 7 (HB&@FES A57003100). 6x96 Fv 7 (FBHES A57003100K)
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DEORTFFRER:
Bond Elut OMIX Fv 7
RTF RS RMBEB DT D Bond Elut OMIX (F£ 10 pL) XV v F

BERTATL L]

I 2.6 % TFASBRER VT, Y FILRO N7 A OEES (TFA) JREN 0.5 % ~ 1.0 % 085 &5 CBELET,
ER el 50 % 74z b= UL (ACN)ZK 10 pL 093 | L. A A8 TE T, FILFIBRR0ELET,

qVFraz e 1.0 % TFA 5% 10 pl 20R3| L. SAARTES, FALFIETROELET,

BISLIEL 78 > 7 LA 10 UL = OMIX Fy ARSI L ET o RADINEREFBDICIE YT %E 3~ EHAVILICD > TR BLEALET,

HUTIEA
- BRRI0YILZBALT Ba%ER L3I uN TEET,
i 01 %TFANYT7 10 uL ZR5| L. BEZRTET, FLFIEZERDELET,
- LC/MS &7c1& LC/MS/MS 24 0.1 % ¥E & 7cid 0.1 % Hilez 2 ¢ 50 ~ 75 % 7 b= UJLEFiE 50 ~ 75 % X/ — LA 2 ~ 10 L ZI%5 1 L.

A= bV TINATINERLRF TN TL—MIEALET,

EROBEREF/ZOICIETFEHE T TIVEAGRRTY TOBRIC ERYEEFYTARE (10 pL) ICEDE TR TV,
B OBRICIZ ERAEDBRRZERNDOBRICHIT ERvEEFYTEED 10 UL ILEDE RABEICRO T T L,

N ZAN=TYSRTFRT7 TV r—>3 200
RTIFEIVEYIOI-HDOEE Y TILEINEY ) a—aY
EHoTC—BRHosVaEE. AssayMAP IC&%
BERER A HAS DBl T. TNETIE
EZSNBD DA T—ILE R =TV D
JZRL—2 a3 ARAAIRRIC R0 & Ly

Jacob D. Jaffe &=+

TV
TALOHA—
TOFFIUR
ToybTHr— L

RIFRIYEVIBOBEY > FILEHLIEBEDOERIC OVWTIE T3 R=S% TBE T,
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RO EI 571 —:
RIFRIvEVTICEBLETIZY Y
RIFRIVTEAERL T BIeHDATLE AV wRIF. RROICIETVE
VITEENTBEDHDBREICK>TREDE T, NAHT7—< 9
FTRBLCBLWONTVWEIRTFRIVE YT ATLXY v RIFE 1
oax IS5 74— (RPC) T, COT Vv odDEEN <. (BE
DMCEBREOH Z) BEREBIHAEZFERATIZO. IFLAZDRT
FRDBED HPLC XV wRELTELAHWSNTWET, RPC IFRE—
REZHIRE WS AT, fthd HPLC DBET Vv I LD BB TVET,
4 TlE. OVMBETILT IV EBVWEREFARRTF ROEERZRLTL
£9. CORN S RTFRIVEVTIZRPC ZBULWNIE. Z<DRT
FRE—VIZIAV N ZRHTIZCHDDDET,

mAU

70—
60—
50—

40

UV

30—

20—

I I I I I I I I
0 2.5 5 7.5 10 12.5 15 17.5 20 min

[ 4. Agilent Polaris C18-A. 2.0 x 150 mm #1154 (Bi@#&E S A2001150X020) Z ALz BSA DriEn B
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RTIFREIVEVTRBERINSERT-HDEH

—fRIC. RTFRIVE Y TDORBHIZ RPC XV Y REBRHET S0
ICIE HERTFRICBIZ2EMNANILEGBLIVO7OXNIT S
T =XV Y RORRERDICERIBZIBEDN DD E . RTF DB
ICIE. ZLORTEDFOBCEL/OVN 27 —RENMERAIN
FIH RTFRXAV Y RERBEL. BREOBVEEADBEZEIR
TEHICIE ZLOEEDXUEEZERIINELNHDET, HTLE
R ASLREE BEERIR BHACOBHIE WThERTFRIY
EYINBICRSBREEREZZBRT. BYISRET L RTFR
RYTORBEARSALIEZENTEERD,

AdvanceBio
Peptide Mapping Column
Advanced bioseparations technology

HSLDER
DNEEOENEBEOBVRTFRIYE Y IDEEZERTE52T
EHLEELRAE. EYRNSLERIRT B T HILORTHA
A KMFOEATELUVTA R FEEEROTI NI BEM (bFEH%
EMBLUORERYROREN) IF. WFNBRIFRIYE T8
DHORE. BLUDKDINERETZS52T. BEELREER:L
TVEY RTFRPBICEL AT LDORETHRIE 100 A~120 A
T, —RICREAEIE C18 TY, —BOHRASLTIE. RTFRY
BAIC60 A FTORTHAZIPEHRINTOETH. TAIBER. )
TUVRTF RETA O BERRZES RIDITICAVSNE T, BRI, 8L
BAEREMEPBVSNEILDHDETH. CHIFEEDAVYRT
FRAINZHOT. BICHENENMBLAWESICIERTF ROREFICH
P HET,

RIFRODEEIG. LERED RSV, BEDVNS<RDET, &
7o BB E. BREONEVEEZAMASLMEVWRETHV LN E
To TDeH. FOMEDRVWARTFRIVEY TR B7HIC Y
T 2um HFHABVSNEEN LB O>TVET, LhHL. RIATI
EMEBDFEDOIC. EMFRDBEICKREZAENSLIEDNS
CEHEBATVET, Chid. REZILMEASLTIE. RNTBEPRT
FROBEEWBUM SEICHE TS 27O T REZSAMENSLT
13 HEUR R DE< BB Tc D NEVWHFDASLTELH BRI IT LA
BEOLERZ5ITRITTIC. ATBDFeaiRRETHRBTIET,
512 RAZAMATLZBVWIARTF R v T OER &7 BERE D B
DRl RLE T,
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mAU I

704
60
504 |
40

30

20

104

01"

0 25 5 75 10

T T T
125 15 175 20 min

B 5. Agilent AdvanceBio R7F R v >4 21 x 150 mm A5 L (FEES 6563750-902) = H Lz BSA OMiiE5 B
7K (0.1 % TFA)/ACN (0.08 %) B34S T > FEEWT, 0.3 mL/min, 40° C TRTFF Rw o9 8 & £

HNZLRE (DFTEBRES LOREN) &, EETIHREBIINSC
EDZVWERTYT, BREOBVEBERRTIFRIVEY DB R
TEEOICIE. DILRBISERICEETY, —RIC. RTFROWHE
DEEIE. & pH (pH<3) BLUER (340 °C) TRITINF T,

mAU
5347 2

550—
ol A4
7 a6
400—

17 8
350—

110
300

FRERIYEY T I A=V e BIREOGVWN)TF—>3>70Ok
IV EKRTZDICIE BREOBWASLNEELRDES, XTTF
RIVEVTRDONSLEERT ZMEICIE. WS LREERBEICERT
BZRENBHDET, K6 IZIF. BEREDBWRTFRIYTOEIZRLT
WEd, COBITIE B pH SLUBEREZE T E/27O—FILIED
FUTS VB EDBELTWETD,

T T T T T
2 4 6 8 10

|
12min

B 6. E/7O—FILHEDN) IV iE Y% b Bl DR LFEAICED D8, 6520 Q-TOF ICE#E L7z Agilent 1200 LC > X7 4T 3.0 x 150 mm Agilent
AdvanceBio X7 FRYvEY T HT L (BBMmES 653950-302) Z . 7K (0.1 % FA)/ACN (0.1 % FA) 5T > &AW T. 0.3 mL/min. 40 ° C THBE% R,
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8 EntHDEIR

RTIFRIYYEVIT TROD—MOIERINZAEIF. 01 % DrUZ
LA OEES (TFA) . 8 (FA) ZAMILIEK. TERZRUILTY, &
FEORRTTIE. TACLZILA=)LEEr Y 7OEILTILO—ILE
AT DY AHIEE D TEET, 7L AMICKDBEED
MEDNELLEF LAV EHRBERDET, UVEBZECN\vT 7
ADBENEEMEZIE. pH ZEOFREMNESNET, 3.0 ~ 5.0 O
FTpH 2Z#FHI 0. BURE UL VBT ANTEVEBR
E) BECRTFRODENBELELE S, pH2~7 (RUT—R—2F
BRIOBEIFENUL) OUVEF UL, UVEEH I L, BT >
EZULUVEED. PERNZ NN STV RTHERINET, R
IWAOEBZECT7ERZ UG, ShoOTREICERINE T,
BYNTBELURTFRODIFICEVNT RPC THUWSNZEERIC
i AR EL LTREETIRNMEINEEN TV ET, TORDIC
£D. RIFROWEBE DB T A VIHMER I N, RTF ROBRK
MHE<HEDET,

mAU

ZORR. RTF REBOKEBEHROBEERN ISR D R
BB R>THBNE ELET, MU TILAOEE (TFA). $8 (FA).
Be®% (ACOH) 7 & O— IR R TRIIFIE pH DS b TES, /0 E
DT YT+ —INTFa 2 BEWR(REL £ T, DT, RTFRABLD
BED. KD v—FTEARMMABNAY RTEHELET, TFA BHEA
FFRADEMMERBI TN ENB. RTFRELVZVVED
BEO 1A VHREEL LTRHEAVSNTOETD,

it

RTZFROBEIF —A%IC 210 nm ~ 220 nm F7zi% 280 nm T
FENFEST (7)o RIFRIYEL I TIEELDBE. 280 M TD
BHE 210 nm TOREAWITLTHECBbNES, U TRT 70 F
OS> 7275013280 nm TREHAE<ADET, LWoIFS.
210 nm Tld. 55N EVRIFIBERBIC Y2 TILT Vv I ZHFD
ZLDEMYENEHINE T, LHNL. 210 nm KLU 220 nm TD
R 280nm D 2 ~ 8 BFICADFET, Floes RTIFRIYYvTDEH
TOTA4—ILTELHTEBCRDZDH. 0.1 % TFAK (BE A) ¢ 0.08
% TFA Z& 1 ACN (B B) DIEATY. CHICED. AR IV Ty
MBFETOWMMNEDZILISKERTEZR—X T4 > R 7 i/ \RICHD
ZBZENTTET, K7 TlE 220 nm ~ 280 nm OFERICEITE R
TFRIVvEVIDBELR L. WHEEORES LV UV E—o 70O
TA4—ILDEVWERLTVETD,

220 nm

280 nm

T T T T
0 10 20 30 40

T
50 min

B 7.220 nm (k) H&0TF 280 nm () I£H51F3 e.coli MO TO7 711>, Agilent 1290 Infinity LC T AdvanceBio RF7FRIwEY TN T L

(BBRES 651750-902). 2.1 x 250 mm %= fF M.
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PhENBRTIFREIVEITAY Y FORR
RIFRIVEVITDEED RPC XV v REBHET 310 D—RIART
TO—FE BED RP XV YRR CEILTIN RIFRIvEYY
XYy ROBRICEBORBBEHREHDFT, COtEr>a>TiE H
BEEDBWRTFRIY YT HIER T DIOICHREINZEART TO0—F
BN LE T, EERNICIE. (1) DKM ERITT27c00IT 52T
VhERHFORBEL. (2) BIREEZBLLIESOHOREER. (3) D
BRI D BEEE S ERMICHER TR 0DI 5B BN S LEEDREL.
D3 BITOVWTCEHBELET, COXYVYRBHEIOEADERT v SIC
HVTUE BICH YT OBBPRTIFRIVEY I DIROBRN RS %
RPICERTIVEN DD XTI,

(1) I3 b REDREL
RTFROBICIE. BITE pH BE R 7= UL (ACN) £DIS
STV MMHEINET, ZOBHEE. UTOLENTY,

- BEVEESSUEEDORTFRODEIMEESNET

- YT/ OAFACAIBITNE T ST/ —Ih A AT B
DFROBEEMT S /AIBHEOBTELLBVEEERAEL,
E—OTRDBACICDBAD £

- RIFRETROEMMEESh. R DB B ED &Y

- & UV &H (<210 nm) ISHBTE 578 RARDOEERENS
SNEY

- BBHHOMEMEVD, BORVWNYRIMGoNET

- BEETSRBELEEN TS B0 T URERICED. R
NOENVNESWRTFROFRIFANBELLET (N T7IC TFA %
ALIESR)

ACN O DIZT O/ —ILETcldrY T/ =)L (IPA) 2B AR
ELTRWUE. BRKERTFRORIRENE<BDET, LHL. I
SOARBIFHENBVD. AZLOBENEAD. BEICE>TE
NV ROBHEL BB ehHD E T, oo BBICHVIER (5220 nm)
MUET REREMETLEY,

IFEAEDRTFRIEZCACN A 60 % K TAHLETH. HBHICE
TIEEDBVEENUBE BB HHDET, JIEIRTFRIYE Y
AV RBEREDOBEIBRELTIE. 45 9T 0~60 % (2 %/min) TS5
PIVEELTWET, LHLELDBE. EHDODBEEREZ7-0IC
IF. BRI ABXYVYRTEDECNRTTIIUNMITHEZHRENELE
To ISV IV NEE (%B/min) 1&. Y2 TN NS LERE T B
YO TNV ROFHIRFEN (K ) ZRETEZIEHRTY, K EIE ATL
TR Y TIVEB, ISV IV RIRICED B LET,
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2 RTFETYTDEREZZE(LIEI-HDOATEER
—fRIC. EFRERN OO ST =D TId. W LEHEEEET
BEIIC. FINVRERAZALIEEFT, BEYXIIOIY NRIFE
BHABRZHDOT (BEMEPHILDEBEHNARE). RTIFRIvEY IS
HERETARICIE. FTNYRREBOAELERAZANETTT,
BEOEBIL. BIRMZZIEE2-00BNBFRT. FEDRTF
REEDRIFNEZHIEEZ N TEET, RTIFRIVEV I8
TIE REZB<ITB L. NYRORIIRAD ST LOEEHMEL
BBIFN BIRENELLE T, HEINBYEEEIL. 30~50°C
TYe IefEL. BEORYEVIDBICRDELICEE L. DBRYOE
ECOHERARCDZLOBRICEAINET BKEDOThHTEVART
FROBE, RELREINKRZEZ7-0I1C. 60 ~80°C DEBENKNEL
BBEIEDBDET, LWolED. ZLOY Y FILTIE. 30~ 60°C DE
FAROREDRE CREAERRENZENES,

s/ 30°C
334 bar

8 Tld. A/ OEYDORI TS VEIEYIDR—7 2Ty MEIFIC
BWTBE% 30°C (ER) 75 60°C (TH) ICEZBED 2 DD
BIELEELTWEY, BEX 60°CICEIfdr. E=0 1~7 TRdh
TWB LIS PEETOT74—ILDONY RIERBL VO E—JAIENZE1L
LEd, COUVOXNT SLBIRICHITRIBERZL LT . E—2 1.2
3ONEENBEL. P—2 4 BLU 5 DNV RUE (RIRK) HZELL
TWBZEHBESHICHHNDET,

6,7

8. 2.1 x 160 mm AdvanceBio RT7FRTvE> T A5 L (BmES 653950-302) 2L 20 nI 5

TURDE0~80DICHEIFEIALOLY RN TLVEILMDT TSI TY M, WTFNODBICE LT,
Agilent 1260 Infinity N1 1+ — k25 —4251 LC 27 LT, 7K (1.0 % TFA)/ACN (0.08 % TFA) DE#RY
SUTY R, FUE 0.3 mL/min. 215 nm ZBALEL. EOI/AOTRYSAIREE30°C. FTOo/OTRSS

LITRE60°C THBRELF LT,

inert
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FSOTYNEAERODEBICED. RTIFRIVEVITDBED/N Y REER
ERBICALEL. BIRMAEZ(LIBECHARETI, /U I My
e Z LI EZEEICIE. RRE—TEICFR > CARREAEL (AkEx

2ICT3) FrldR< (QREEECNCTE) §2HE0. DFEEEE— i o
EIROTRREENMT LB EOVT NN EEALET, ' i -

9 TlE I IV IV MAROEBICEDEL ZEIREDE(LH RN
TWET, SATOEYDORIT Ve ERWT 16 D O2AE S
SUTIVE (EX) CAEROEV 40 DTS5 T U~ (TH) ZHEL
Flice EESDNBETH. 7K 0.6 mL/min Z#EH L. SBEIL 50 °
CrLFELT 220 7OX NI SLELEL. TNENODBEICE TS
FA—0E—2 () 2B THdE. NYREB. E—2hY> b E—oF
IRAARELE LTV B b D £,

mAU
40 158959Tk
35 | * 22—y
30 |
25 |
20 |
15 - *
10 -
5
[0 S—

[
0 2 4 6 8 10 12 14 min

mAU
40 —

35
30
25
20
15
10

5

0~
5

0 5 10 15 20 25 30 35 min

B 9.Agilent 1260 Infinity N1 # 1+ —r 2 x—%4731) LC > ZFLT 2.1 x 150 mm AdvanceBio X7 FRI v > H T L (BimES 653950-302) AL
SHATOALY ORI TV VEEMD T SO Ty b B 7K (1.0 %TFA)/ACN (0.08 % TFA) B#RS 5 T b &E A, /iR 0.6 mL/min. J&FE 50 ° Co
EDO/ATNISLIE IS TOIARN I SLIZ 40 DTHRELELTce BVANMI LD * IE A—DOE—IZRLTVED,
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(3) A LFRHFDIARICEIREL
JISVIUREHEOREN (K ) ORRYE () #RE(LLIES. HFL
DRIVCRDEEICED. DEEETSICALIEEZ N AETT,
JSOIVNAREZLSERODNTLEGEDRRGEIG. B
WRTIVIS Ty IRBDBAELEL T, ¥ 5507 —ATH, 3P
£ (N) oEEASTNUE. ZORDDICHOMBBDELARDE T, 75
WREEANR G >THETNIFCBEOAWVWEEIE. MEREECT S
FERICHBELA LSEEZIENTIET, LH L. DEEREZ KIBICH
EEEBIMENDHDIFEICIE. —BNICIFHTLERITZIHENEL
TLEY, BREORBELE. DREEDNVEMN LICE<B>TVSHE
IF. TREERLT 2. FRIFBWATLOFERICKDDITEEZIEMET
BIENTETET, B 10 THE AZLDOESZE 150 mm A5 250 mm
ICLT SA7 0> T VB OR v EY IR BtReE R LT €
TeBlERLTVWET, COFITIE. £HFCIT VI MRERE—EICR
B, ASLOESEIFE 150 mm 75 250 mm EE<LE LT &9
OB LEEE R CTEHATWET, COBIENS. 250 mm AT AICEK
ZOEREDE LY. BABEHIODE—IF v/ T DE LMD,
DFEd,

mAU
704

(M. 2). Q) THEARTZVIY MNAH. BIREORBLICETZHE
BR. BLUNTLEGEORBILIZ. RTFRIVEVITEELHLD
AZNMEBLEIEET TO-FLLUTBIIINTUVET, FIRDXY wi
EUUTORT T THONMDRTLELDTVETD,

RTFREIYEI IRV FRERTYTS

PERT ST ARBEOFER, hZ LRSS BEEEM. RE. BE. &,
1 COPBHBRMFE FRIFA (K ) ICEDhETERBLIhET, ZDRHIC
3 ISV IUrERARICLITBVIEDROENET,

ISV T NEEOHEE. COFIBICED. VO S LDMHED L&D DIC
HBEABEEEEHRL. DITEERZRLET,

BIREDEE, NYRHIF—N—Sv T LIeh. DREEHET ELDTS
BEIE B LIOBEIRM O 25 L TH TSV,

IIVTUMERDRE . DBEREZ TOICHE LT EBFEIRKRE LT,
4 FEMRI SO T MEREBLNIE NYRBRZISICAFS N3
BENBDET,

NZ LR DREE, N> NIBEEEREZ REL T 2 & Dk &l

704

60

504

40

30

20 I L
bl L*L/

[0 P

B AZLORIDEBICED DHREECIIAMALC—REE LEIEZ e
AIRETY,
2.1 x150 mm
2'5 — min

2.1 x250 mm

10 15 20

(=}
o

25 min

B 10. DBEEEICH IR NSLORIOEE, 470> DRI T2V E b (B&RES 651750-902) # AW TFRIYvE Y T DL,
DEEELE— VR DBVWERFTI7OIC. DO LBHE R THATWET, DBEICH->TE Agilent 1260 Infinity N1 71 F—k
U #—%2F1) LC ¥ RFLT Agilent AdvanceBio RT7FRIwE YT N T 2.1 x 150 mm (EB&@ES 651750-902) # AL F L7,

7K (1.0 % TFA)/ACN (0.08 % TFA) B#4 5T > k. 30 £T 10 ~ 60 % B. 0.3 mL/min. 45° C.
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HERRICEBIRTFRIVEYTD
*vI9271E—>3>

WHEIOY NI ST —CBENMEMRAIEDE LTIy IIid. T
FRELURTFRIVIDF VT I2TA4E—>a VIRKAVWSNT
WBXYYRTY, FlRIE. EMERDEFTIE. 2—7 Y behdaRA
RIFROEFORES LUV EZRZI Y TIEETHOHOTEETY, F/oo ¥
YINOBEFIORERIE. B, Eio. 7)Y b, YR DR
ZEZAVVITEORTEERBERCBDET, MS IF. HFEIOZ17
AN LR ZBLIOECHLTESZHERTZOX T MERRELT
BATIET,

RIFRIIDHERTFROBEEA (BEETOBEIEF>Z1> LC/
MS ZE/H) ICEDEENHEBVTOMIN. TOERNE/I0E
DT /BT CEENITONET, TDB. BESNIRTFRICH
W RTFRIVTOAN—TDRHEDT I /BEETID R I, 2>
NOBHRESNE T, BEDICEBZRTFRIVEVTIE. UTFIC
BRAINET,

- BEOFVINIEBORE DS

- AVNTEOFERRFvIIITAE =3, NRiab LU C-Kim
RIFROBER. [RWEHEOES % HhN—FZRTFRIVT, 73
VBB

- BRBEHOR IV —Z>IBLOREZ)AVIE. PRILTAR
EAEN-RIBEOVILZI V. XFAZU MU T7 VBB YY)

TIVr—=2arTREDIATLEEERE
EIRFBICIE. Agilent RTFRIvEVTIEERE %
CERLESWL,

10 Peptide Standard Lyophilized

Lot No:

o
711 o ol e
Part No: 5190-0583 () D 7
1234567891% et =3
ires: 14 Jun 20 0 ° =
sope: <00 © ST, ©

— A7 MS DA LTld. TL2 hOXFL—. MALDI-TOF-MS. &
RREFEHE (FAB) mENBHD £, B Z > /N BDORSIRAER. BE
L7 S /BEMOBBOREICIE. 2>TLMS BEHRINET, T
LoraRFL =141 (ESI) £/l MALDI-MS ZBULNIE. 2>
INOBRBRRTIFREA VI NREOEFF A LLTRIESE &
EBEERICAETACN TEET, FLACDRTFROBIZ. TLY
FOXTFL =141t (ESI) LC/MS TERESNE T, Thid. LC OF)
BHEICMA T BREDEYTLEEART MUZELD, EBEDSL
BZYNIERIENCTREICARD DT, WEMMRITIEBE (QTOF) MS
A TIZ. DEECEEBEENMEN TV, FICKIBRTIFRT
EmEOBEERIEONET,

MSIERZHEICT NI ZVNVBERZICEAET DA AIET T,
ZOBRICIF A VRO NTOATA VA BRETZEFRINZEYZ /N
VBT —ER-BS LT AlELILEEzHR L. BEHELUERT]
BRZEIHLES XTFRIVEVTILLDZZVNTBEDF w5042
SAtE—>a>OBMIE. BiRLoa >/ OBREERMD 95 % UL LD
g%l e —EI e, RIS CICHDFET, K 11 (20 ESI-MS ZFHWT
BEICRBIELIEIUIRORIFY 2V NVE (EPO) DEYIORTF
Ry 7B RLTWEY, &RBILLIEVO NI T 71— MS /X
FIA=FIZED 100 % DEEHEHN—TETHLTco CORIE. RTFR
RYEYIRBARFICE vy S U251E—>a >y ENclezmlTu
EN

v
[ 4
W
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mAU

300 ~

250

200 —

150 —

100 -

50 -

-I T T T T AA‘ | T T “ - | | | T = | T T T T T T T
145 15 155 16 165 17 175 18 185 19 19.5 20 20.5 21 215 22 225 23 235 24 245 25 255

Ho > b vs. BRDAHBER (9)

B 11. forax bI IS4 ReICRBL LI EPO DBYIORTFRIVE VI DB RLTWET,
SBEICIE 2.1 x 1560 mm AdvanceBio R 7 FRIwE Y I AT LEFERLE LT

ToraOx T T A& Agilent Q-TOF TESNCEHEEFE DOE D ITER

(Molecular Feature Extractor #{EMH) #RLTVWET,

AdvanceBio
Pepiide Mapping Column
A

ncad csaparatons tecnoiogy

B miEHk

TOLYRTR RTFRIVEY I RRICUATOR R %
HWEHTELTWET,

AdvanceBio RTFRIvETHSL -

IFEAEDT TVr—oaicstin

R4 naEs ;;;:;:’d
4.6 x 150 mm.2.7 ym 653950-902 850750-911
3.0 x 150 mm.2.7 ym 653950-302 853750-911
2.1 x 250 mm.2.7 pm 651750-902 851725-911
2.1 x 150 mm.2.7 pm 653750-902
2.1 x 100 mm<2.7 ym 655750-902

*Fast Guard A5 LZ BRI DB — P DBERREERADTICNTLEFDERTS
ZEHTEET,

R7FFREEEBARERY

mH BaES

RTF R RIRER.

. 85190-0583
71 pg2 mL A1 7)LHR

HSA RTFRFEREY) (G2455-85001
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RT7FEH 7RO BEE

FEZICLZRTIFRY Y TIL ORI ICIZEFRED DD D £T, MS T
RIFRIYEV I T FUr—o 30 %ETTEBE. BEMLICEDR
W=y EALTZENTEET, BREMEOEVLVT—o70O0—-IC&
D, DITERO—BMEREFRT 2N ABETY, AssayMAP I 2.
B MR Wo7cT—2o70—ICEE 250, hDOTARVEE
2Ty ERIBLET,

- AWISZOED (<5 % CV) IC&3FREDE L

- Z2—TvbtoELE -1 BHEDREK 384 B> FILICHT

- BREREOANIBRIEME — 9ICEYE BRI AMEM

- XVyYRRBEOREL - BETIvh T3 —LAICED. dREXY YR AssayMAP Peptide Sample Prep YV Ua—2 3213, /NEIDFEA Y
DEELH EIRE KOO NI ST — &I O Bravo Liquid Handling Platform. 7

TUTr =23 R—ZDI Y IR A—H—A VA=D1 —R&EHED
BTVET, T FILENBEOEE b ZEEICEIRTEEY,

AssayMAP X7 FRH V7L Ja—>3>
BESHA

3%

531 B #ihk:

- A—Y—ORETIRAEEBVCARN - HHEA— NSRBI ERR B - AT A (SCX) H—RUvDIcED
R FyME 8467553 w5, pH £1-13
— 96T TL— MK 4 KR TR — 0BT TL— 1 MELTAIE BICLSRMEIBHERNTY TV

Bt

- DERYyT4>IFEIE 1 B &
FEROER T TR 1 E C 9B-mTTL— 1 R ITE

M M M
- AP ILEBRES O EEN — 10 UL IS SDRIRBRI TN, — AV THIA LT BT EICED LO/MS
— RL—TyCERIENEL Frecld TBREAS XV RIS 2L =T AEEL LC FFU T
- JOURER - 5505YVTE Sl
CEESIE — BBV —VITED, P TILE R
fEL. HHFICFITBS— YR TFEE
Pal-i
7—270-2F0f A

- =700 —A>EZ—TT—ADBENICEID FEVRTINELEL. UV IICEBRT—0 70— HENER
- HYTILBAHOXRBEMET L. BOWICKRERY > TILENED
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Agilent AssayMAP /) a—23>ic&b.
HO7IIFNEOT—-o70-BREP L

AssayMAP Peptide Sample Prep Va—>3>ZBWT, 2 EEoH
VI (RESIVITZOVIEREH BSA) = 64 B0 THMLEL
Too T FIVEBRICIE AssayMAP W8 — MUy 0 FYFILDrIciE
Agilent AdvanceBio R7FRTwE> I B L Agilent 1290 Infinity
LC. Agilent 6550 iFunnel Q-TOF B89t &R LE LT, 2 HRIC
EREBRORL. BIRUEEZFHELE L. R 1IDRT LIS FH T
D 25 DRTFRIZDVT, %CV ZREL FLTco & %CV EHEZRR L.
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High-Resolution Mapping of Drug
Conjugated Peptides in an ADC
Digest

Peptide map comparison of mAb and drug conjugated mAb

Introduction

Currently, antibody drug conjugates (ADCs) are prime protein drugs for
biotherapeutic use. When a cytotoxic drug is conjugated to a biotherapeutic
monoclonal antibody (mAb), there are several options for the conjugation site. As
part of the characterization of ADCs, it is important to be able to identify these
conjugation sites. This can be done using peptide mapping. The specificity of the
enzyme to cleave the mAb into peptide fragments results in different cleavage
patterns, and, hence, peptide fragments, around the conjugation site. High-resolution
peptide mapping can be used to identify peptides that are produced as a result of
conjugation of the cytotoxic drug. This Application Note demonstrates the use of the
Agilent AdvanceBio Peptide Mapping Column and an Agilent 1290 Infinity LC system
for ADC peptide mapping analysis. For analysis using UV, it is important to have high
resolution to identify the individual peptides, therefore, the method was developed
with an optimized flow rate and gradient time for increased peak capacity.
Comparison of a peptide map of Trastuzumab biotherapeutic mAb and its cytotoxic
drug conjugate, ADC, revealed the peptide map differences corresponded to drug-
conjugated peptides. These hydrophobic peptides were resolved on the AdvanceBio
Peptide Mapping Column.
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Materials and Methods

Therapeutic proteins, ADC, and Trastuzumab were purchased
from a local pharmacy. All chemicals and solvents were HPLC
grade. Tryptic digestion of mAbs was carried out as described
elsewherel. Before the digestion of the mAbs with trypsin,
the disulfides were reduced and alkylated under denaturing
conditions.

An Agilent 1290 Infinity LC system with the following
confi guration was used for the study:

— Agilent 1290 Infinity Binary Pump with integrated vacuum
degasser (G4220A)

— Agilent 1290 Infinity Autosampler (G4226A)

— Agilent 1290 Infinity Thermostatted Column Compartment
(G1316C)

— Agilent 1290 Infinity Diode Array Detector (DAD) (G4212A)with
10 mm Max-Light flow cell (G4212-60008)

— AdvanceBio Peptide Mapping Column (p/n 651750-902)

Conditions
Parameter Value
Column Agilent AdvanceBio Peptide Mapping,
2.1 x 250 mm, 2.7 um (p/n 651750-902)
Mobile phase A) 0.1 % TFA in water
B) 0.08 % TFAin 90 % ACN
Gradient Time (min) %B
0 3
60 50
65 90
66 90
70 3
Injection volume 5L (10 pg/pL)
Flow rate 0.5 mL/min

Data acquisition 210 nm/4 nm, 252 nm/4 nm

Thermostatted column 60 °C
compartment

Sample thermostat 5°C

Postrun time 10 minutes

Results and Discussion

Peak capacity is often used as an evaluation criterion to measure
the performance of a column under given chromatographic
conditions. mAb digestion produces many peptides for analysis.
Therefore, it is necessary to develop a method that can increase
peak capacity. Also, peak capacity is essential in a peptide
mapping study so small impurity peaks or sample heterogeneity
can be addressed. Due to the heterogeneous nature of ADC with
glycosylation and cytotoxic drug conjugates, tryptic-digested ADC
will generate more complex peptides than unconjugated mAb. To
monitor the tryptic-digested ADC peptide mixture, optimization
of gradient time and flow rates is critical to achieve high peak
capacity.

The peak capacity values were calculated by dividing the gradient
time by the average peak width of fi ve peptide peaks at baseline
(50). Figure 1 depicts the effect of gradient time and flow rate

on peak capacity. The results suggested that a 0.5 mL/min flow
rate and 60 minutes gradient time gave the highest peak capacity
values for the 2.1 x 250 mm, 2.7 pm column. These would,
therefore, be the optimum conditions for identifying the peptides
that have cytotoxic drug conjugation with high resolution.
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Figure 1. Effect of flow rate and gradient time on peak capacity.
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Figure 2 shows the peptide map of the tryptic digested ADC.
The peptide map shows excellent performance with baseline
separation and resolution across the entire gradient profile.
There was a significant improvement in separation time with the
250 mm column (60 minutes) compared to a 150 mm column
(220 minutes) as previously reported in the literature for peptide
mapping of ADC2. A peak capacity value of 354 was obtained
and the RSD values demonstrate the excellent reproducibility

of retention time and peak area and, thus, the precision of the
system (TableT).

To identify peptides that have the cytotoxic drug attached, the
peptide digests of the mAb and its conjugate, ADC, were analyzed
by monitoring the UV trace at 252 nm (Figure 3). Peptide maps
of ADC are different from those of Trastuzumab. It is clearly
evident that the more hydrophobic drug-bonded peptides in

ADC are eluted later (~ 40 to 60 minutes). Comparing the two
peptide maps shows a group of later-eluting peptides identified
in the ADC digest that are not present in the digest of the mAb.
These hydrophobic peptides are the ones with the cytotoxic drug
conjugation.

Table 1. RSD of retention time and area (n = 5) of peaks shown in Figure 2.

Mean RT RSD RT Mean area RSD Area
(min) (%) (mAU/min) (%)
Peak 1 5.37 0.13 369.2 0.76
Peak 2 14.27 0.06 106.1 1.66
Peak 3 28.84 0.02 202.61 0.09
Peak 4 35.86 0.02 193.83 0.58

mAU
DAD A, Sig =214
120 ADC
100
*
80
60
40 . % *
20
0 L‘wk\\
-20
T T T T T T
10 20 30 40 50 60 min

Figure 2. Peptide map of tryptic-digested ADC separated on an Agilent
AdvancedBio Peptide Mapping column (*peaks selected for RSD
calculations).

mAU DAD A,Sig =252 nm

— Trastuzumab
— ADC

Drug-conjugated peptides

10 20 30 40 50 60 min

Figure 3. Overlay of peptide map of tryptic-digested ADC and
Trastuzumab separated on an Agilent AdvancedBio Peptide Mapping
Column.
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Conclusions

High-resolution peptide maps are obtained when the 2560 mm
Agilent AdvanceBio Peptide Mapping Column is used with an
Agilent 1290 Infinity LC System. By comparing the peptide maps
of the mAb and its conjugate, ADC, it is possible to identify the
peptides conjugated with a cytotoxic drug in the ADC digest.
Additionally, we demonstrated that the

AdvanceBio Peptide Mapping Column provided resolution
across the range of peptide types. Good peak shapes and
reproducibility were obtained for the analysis of the more
hydrophobic conjugated peptides, enabling identifi cation and
quantitation.
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Abstract

An Agilent 1290 Infinity Il LC in combination with an Agilent

AdvanceBio Peptide Maping column was used to analyze tryptic digests of the
monoclonal antibody (mAb) trastuzumab, or trade name Herceptin, and the
antibody-drug conjugate (ADC) ado-trastuzumab emtansine, or trade name Kadcyla.
The use of the highly efficient Agilent V380 Jet Weaver mobile phase mixer reduced
the baseline noise caused by the trifluoroacetic acid (TFA) modifier significantly,
enabling detection of low abundant peptides by UV at 214 nm. By modifying the
gradient steepness, peak capacities of approximately 300, 450, and 900 could be
obtained for total analysis times of 25, 45, and 205 minutes, respectively.
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Introduction

Monoclonal antibodies (mAbs) have emerged as important
therapeutics for the treatment of cancer and autoimmune
diseases, among others1,2. The successes of mAbs have
triggered the development of various next-generation formats
including antibody-drug conjugates (ADCs), which combine a
specific mAb and a cytotoxic drug by a stable linker1,2. The
promise of ADCs is that highly toxic drugs can selectively be
delivered to tumor cells, thereby substantially lowering side
effects typically experienced with classical chemotherapy.
Peptide mapping is an important methodology in the analysis
and characterization of these molecules. Hundreds of peptides
with varying physicochemical properties present in a wide
dynamic concentration range exist in mAb and ADC tryptic
digests, demanding the best in terms of separating power. This
Application Note describes how an Agilent 1290 Infinity Il LC in
combination with an Agilent AdvanceBio Peptide Map column is
successfully applied to tackle these challenging separations.

Experimental

Instumentation

An Agilent 1290 Infinity Il LC was used, comprising:

— Agilent 1290 Infinity Il High Speed Pump (G7120A)

— Agilent 1290 Infinity | Multisampler (G7167B)

— Agilent 1290 Infinity Il Multicolumn Thermostat (G7116B)

— Agilent 1290 Infinity Il Diode Array Detector (G7117B)
equipped with a 10 mm flow cell

An Agilent 1290 Infinity Il LC was used, comprising:

— Agilent Jet Weaver mixer, both 35 and 100 pL configurations
were tested (G4220-60006)

— Agilent High-Performance Jet Weaver mixer, 380 pL
(G4220-60012)

Samples and sample preparation

Trastuzumab (Herceptin) and ado-trastuzumab emtansine
(Kadcyla) were obtained from Roche (Basel, Switzerland).

A 100 pg amount of protein, diluted in 0.05 % Rapigest/100

mM Tris-HCI, pH 8, was reduced at 60 °C for 30 minutes by the
addition of 5 mM dithiothreitol, and alkylated at 37 °C for 1 hour
by adding 10 mM iodoacetamide. Trypsin was subsequently
added at an enzyme-to-substrate ratio of 1:25 (w:w). Digestion
proceeded for 16 hours at 37 °C. The final concentration was 0.5

pg/ulL.

Method parameters

Parameter Value

Column Agilent AdvanceBio Peptide Mapping column,
2.1 x 250 mm, 2.7 pm (p/n 651750-902)

A) 0.05 % TFA in water/acetonitrile 99:1 (v:v)
B) 0.045 % TFA in acetonitrile

Mobile phase

Flow rate 0.35 mL/min

Gradient 0to 60 %B in various gradient slopes (see peak capacity)
60 to 90 %B in 0.5 minutes and hold for 4.5 minutes
7 minutes post time at 0 %B

Example for 40 minutes gradient:
0 to 40 minutes — 0 to 60 %B

40 to 40.5 minutes — 60 to 90 %B
40.5 to 45 minutes - 90 %B

Temperature 60 °C

Injection 5pL
Needle wash flush port, 5 seconds, 0.05 % TFA in
water/acetonitrile 20:80 (v:v)

Detection Signal 214/4 nm, Reference 360/60 nm
Signal 252/4 nm, Reference 360/60 nm (for ADC)
>0.025 minutes (0.5 seconds response time) (10 Hz)
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Results and Discussion

Agilent AdvanceBio Peptide Mapping column

The Agilent AdvanceBio Peptide Mapping column is packed with
2.7 um superficially porous C18 particles with 120 A pore size. It
is a state-of-the-art column for peptide mapping, enabling high-
resolution separations in short analysis times. Figure 1 shows
the results for a fast analysis (25 minutes total analysis time) of a
tryptic digest of Herceptin.

Agilent Jet Weaver mixers

For comprehensive peptide mapping, the system should be able
to detect high as well as low abundant peptides. Peptide mapping
is generally carried out with UV detection at 214 nm and a water/
acetonitrile mobile phase containing trifluoroacetic acid (TFA)
because of its beneficial effects on peptide retention and peak
shape. It is known that these conditions contribute to increased
baseline noise due to the UV absorption of the TFA modifier3. The
noise will depend on column dimensions and flow, gradient slope,
and system gradient formation.

When mobile phase mixing is inadequate, small variations
present in the mobile phase composition may persist after
passage through the column, and reach the detector. In the case
of TFA, which has significant UV absorbance at low wavelengths
(for example, 214 nm), small fluctuations in TFA concentration
and water/acetonitrile ratio will be visible with UV or DAD.
Excessive noise can be tackled by increasing the mobile phase
mixing performance to stabilize solvent composition as much as
possible.

The impact of mixing has been tested with the selected column
and samples by comparison of three state-of-the-art Jet Weaver
mobile phase mixers.

mAU
250
200{
1501
1001
50 L}

AL W

o 1 —

2 4 6 8 10 12 14 16 18 min

Figure 1. Analysis of a Herceptin tryptic digest, 20-minute gradient, UV
detection at 214 nm.

— Agilent V35 Jet Weaver: internal volume of 35 pL, most
commonly used because of the small impact on delay volume

— Agilent V100 Jet Weaver: internal volume of 100 L, used for
applications that require higher mixing performance and low
delay volume

— Agilent V380 High-Performance Jet Weaver: internal volume
of 380 pL, used for applications that need best mixing

Figure 2 shows the results of a blank (mobile phase A) injection
with a 40-minute gradient carried out with the various Jet Weaver
mixers. It is clear that despite the excellent behavior of the V35
Jet Weaver for most analyses, its performance for the detection
of low-level compounds under these particular conditions is poor.
Increasing the mixing volume to 100 L significantly improves
baseline stability, and by installing the 380 pL mixer, the noise
caused by TFA is nearly eliminated. It is striking how the small
system peaks present in the blank analysis (retention time 23 to
27 minutes) are not detectable with the V35 Jet Weaver whereas
they are easily visible with the V380 mixer. Therefore, the V380
High-Performance Jet Weaver was selected for further analyses.

mAU
60

551
50 Agilent V35 Jet Weaver

454

40- Agilent V100 Jet Weaver
351
30 Agilent V380 Jet Weaver
25 I
20

5 10 15 20 25 30 35 40 min

Figure 2. Analysis of a blank solution with an Agilent V35 (green),
Agilent V100 (red), and Agilent V380 (blue) Jet Weaver mixer,
40-minute gradient, UV detection at 214 nm.
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Switching between a low-volume and high-volume mixer will
change the delay volume of the setup, and will affect retention
times and potentially selectivity. To maintain the separation,
some delay time should be added to the gradient to correct for
this. This time shift for the gradient enabled nearly identical
retention times and selectivity to be obtained with all three mixers
(Figure 3).

Considerations on peak capacity

As shown in Figure 3, the tryptic digests are complex
samples, and high peak capacity is mandatory for adequately
characterizing mAbs and ADCs. With the current system and
column configuration, the peak capacity can be adjusted
according to the desired performance by changing only the
gradient steepness and gradient time4.

As illustrated, the Kadcyla tryptic digest was analyzed with

12 different gradient times between 5 and 200 minutes. Four
peptides were selected to calculate the peak capacity at 4 sigma
(= 13.4 %) peak height. Figure 4 and Table 1 show the results.
Short gradients with peak capacity below 250 can be used for
fast (high productivity) analyses, whereas long gradients will
result in peak capacities close to 900. The Herceptin tryptic digest
was injected with some selected gradient conditions as a control,
and peak capacities were in accordance to expectations. Figure
5 shows the results for these analyses. Note that the slope of
the curve flattens strongly from 120 minutes onward, and that, in
fact, working at slower slopes is pointless.

Agilent V35 Jet Weaver

1 minute delay time
(corresponds to 350uL

of additional delay volume)

5 10 15 20 25 30 35min

Agilent V100 Jet Weaver
0.8 minutes delay time
(corresponds to 280uL

of additional delay volume)

15 20 25 30 35min

Agilent V380 Jet Weaver

5 10 15 20 25 30 35min

Figure 3. Analysis of Kadcyla tryptic digest with an Agilent V35
(green), Agilent V100 (red), and Agilent V380 (blue) Jet Weaver mixer,
40-minute gradient, UV detection at 214 nm.
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Figure 4. Peak capacity as a function of gradient time. UV detection at

214 nm (detector set at 40 Hz to ensure sufficient data points in fast

analyses).

Table 1. Peak capacity according to gradient for Kadcyla and Herceptin.

Peak capacity

E:::i(?:itn) Kadcyla Herceptin
5] 95 134
10 177

15 238

20 280 342
30 359

40 438 475
50 506

60 596

80 635 646
120 822

160 836

200 893 891
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Further comments on the analysis of the Herceptin
and Kadcyla digests

A 40-minute gradient resulted in a peak capacity of approximately
450, and these conditions, a good compromise between analysis
time and separation performance, were used to highlight

the difference between the mAb and the ADC. The protein
sequence of Kadcyla is identical to Herceptin; the difference is

in the conjugation of the cytotoxic agent emtansine to lysine
residues. Figure 6 shows an overlay of both samples, with
detection at 214 nm and 252 nm. Overall, the chromatograms
are similar except for the cluster of peaks eluting late in the
gradient (between 25 and 35 minutes). These are peptide-drug
conjugates all containing emtansine. The complexity stems
from the fact that a high number of lysine residues are available
for conjugation. Figure 7 shows a detail of the chromatograms
recorded at 252 nm. The addition of the drug to the peptide
increases hydrophobicity and, therefore, retention. Since this
cytotoxic agent has a UV absorbance at 252 nm, the conjugates
are better observed with the detector set at this wavelength.

The repeatability of the developed method was evaluated by five
replicate injections of the Kadcyla tryptic digest. The overlay in
Figure 8 shows that the injection and retention time precision are
excellent.
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Figure 5. Analysis of a Herceptin tryptic digest with a 20, 40, 80, and
120-minute gradient, UV detection at 214 nm. Note, for comparison,
that the y-scale was increased with the A-gradient factor.

mAU| A
200
214 nm
150 — Herceptin
— Kadcyla

100

50

Wb

0 5 10 15 20 25 30 min
mAU
12{ B
10
8 252 nm
— Herceptin
— Kadcyla

LU

0 5 10 15 20 25 30 min

Figure 6. Comparison of analysis of a Herceptin (blue) and Kadcyla
(red) tryptic digest with a 40-minute gradient, UV detection 214 nm and
252 nm.
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Conclusions

High peak capacities can be achieved for the analysis of tryptic
digests of mAbs and ADCs with an Agilent 1290 Infinity I1 LC in
combination with an Agilent AdvanceBio Peptide Map column.
The Agilent V380 Jet Weaver mobile phase mixer is effective

in reducing the noise caused by the TFA modifier. This opens
opportunities to quantify low abundant species in complex
mixtures. The excellent precision obtained with the current setup
suggests that this is a valuable tool for detailed analysis of
protein biopharmaceuticals such as mAbs and ADCs. A next level
of detail can be obtained when analyzing these digests on an
LCxLC setup as described recently5,6.
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Figure 7. Detail of the comparison of an analysis of a Herceptin and
Kadcyla tryptic digest with a 40-minute gradient, UV detection at
252 nm.
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Figure 8. Overlay of five replicate injections of a Kadcyla tryptic digest
with a 40-minute gradient, UV detection at 214 nm.
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pH BEMRICH L TIAMED H B H T LZFENET,

91 Return to Contents Section



& TS/BBSU
T MEEHIO DT

EQFo/OT I S571— (<150 A)

BB 0B B

AdvanceBio 7 = /451 (AAA)
LC/UV %7=i& LC/FLD (4> 7L EE LB D)

¥R =
JERICH WO BERE LOEBEOEVER
pHMEOE W C18 EEHR KRWATLER

HPLC & UHPLC IZxdfis FEMEOE L

AdvanceBio MS ARV M XF17
LC/MS (V> 7L 8kt A L)

BR F=

HILIC LC &/ BEORHREIC
MS & T D2DXV YR
YT ILFHERL H5p3 LC/MS
NRE SR T IMERBIRE

ATV RBPEEK S Bhict—oRe
SONSLN—RITT EJYES

BiE

AdvanceBio 7 /EEDF Y MEL DITICHRERDH S D BEFECIRE
BRE 1 DOEGEES (5190-9426) TRMHML T, KLBRIIHEICIG
CTERISEN TEXT, COBD OO F5S) Tld. BEMEDH
WIB, A=~V TSTOEA STV T7I/BFERLORE. H&
U LC XYy ROFMFIEZHAL £,

AdvanceBio 7S /ENMATLICIE. & pH BEMEIST L TR Z
B 37O BERNIBEELIZ C18 Y UAKRIFH. FHEINTLE
o TI/BIEE pH U TRODENICOBINE T CORD U
DT /BRI a—23a>rholqEINTUVSOH. TS DOBENIE
ZETIENTLEDHNARBICECRDET, COFRERARICENT
Ted. DTLIEEEE A ZFEBLIEFERELABAVTIZSW, 5285
OFREICIIBEEB 7. REBEOREICIF 0% OT7EZFZNIILEE
ALKETW, CONTLIFIZIITUNRITIEERM pH IC5ERRERE
INADIEEEHDFLAN. B pH ICRKEREINI NI LED
WD F T,

Return to Contents Section 9
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B0 A DIEHE

t
=/
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Agilent AdvanceBio 77

FENRZEOHDIS—FI)IYV ) a—23>

= VB (AAA) 1E. Agilent InfinityLab LC > —X DB L O H T LFEMDO X Uw ~

CEBHDI T NS LFEMREREAHARDOE. T 7O0—0OMERERARICEDHDZI—2)LY)a—3Y

T9, F5FdH 3 AdvanceBio 773

U—DHE@mE LT 22 /N\08

< TUE BEE FTREEDE. NTAERRD

BER 2R HEEITIC O E R —BE e ST E R L &7,

AdvanceBio AAA 3. EE/MEEERR. NTL. BLUOTTUTr—
SIvHR—bEEOHREMN QY1) 1—3> T, InfinityLab LC
SU—XORFEB/ENTLEMEZETAL. Bk - 5REOEH
TEBARERBLET, 7S /BOFEKIE. Agilent 1260
Infinity Il A=t >TFIICE0DF > TEBLINE T, FMH
OO BFEENFBICHD. RIGEROBREDBEDET,
AdvanceBio AAA AZLlE. H7 2 um A5 L (RE 2 um LUTFD
ATL) BT 2D RAE—REDBREZRIBL£d, LHDEE
BERITINZENZTH. ATLDBEEED LICKKARDET,

7 —,—;*

Pl A5 =7 4

IHERN—RCEB uﬂ*J BHD LC D DEEEHDD
7T r—=3> AdvanceBio AAA TIOLYrDLC S RTL
BLUT VALY R—K HAESSUVIREER

AdvanceBio AAA Yz —avid, EEHZTILVNOFILE
TEINTILTER/Q-TILALZIL-XF)LoOOFETRTIL (OPA/
FMOC) HEICL 27 /BFER b ER—RLTWET, Thb
DFRE%E AdvanceBio AAA IS LB L VZEARRIEAEHES
ZCT. AE—REREZFRRERACRBRAEESJVOEET/
BONRIBLET, COHARTIE. AdvanceBio AAA V12—
2V EBR LAY INTE R TF RIMKDBRY) R O—iRH 747 =
JEBEODBETON L ETBALET,

TE/MBERBEONM

AdvanceBio AAA 15 L
SR CHERL T I /BB

EEros\T—2%
BRI



AdvanceBio AAA H 5 L:

RESFLERF (SPP) i

AdvanceBio AAA HSLICIE. PILYDOEFHNA 2.7 ym REZTL
B HT (SPP) Poroshell Hilih A SN TWET, KT 1.7 ym OFF
BOA705um OZFLEBTHERINTLETD,

D 2.7um @ SPP i 7 2 um £ZFBRFD 50 ~ 60 % OEE
T80~90 % ODNEEMNEZRIELET, 2LALBNFTLIDBHED
WD DT LRYROE—ENEL HTLATODEIMERL
Fo Foo ZILEEDISEV . MERBIETIIEEDET, TSI
HSLITHAAENT 2 um DT7UvRCED. BEEEOH 3.5 um B&
U 5um ASLLEREICHZSNET,

BLET. IRTDOUIARN—=D SPP #lE. & pH ON\wI7IcH
WTIFFEMH RSN TUVE L FmzEIFToHIId REEE®
BRI ER BRI L TR —R R BT HRETINENHDFT,
AdvanceBio AAA HS LIk, 7LV NREDO Ot RICLDHFRE
MEFEESN. B pH XETTOVUADBRHEF<SERBNER S
NTVWET,

Part of the
InfinityLab

~ family

AdvanceBio
Family of BioHPLC Columns

FAa':’nY;a"""aio
ly of BioHpy ¢ o
ns




AdvanceBio AAA hS5L: TOLYFDOEEEE - 2HRBZ—XICERICHT IS

KRESFLERF (SPP) £l 2 HERT S
AdvanceBio AAA DT LIE. TI/BEANICEBEREREZHI TV THOLVERE TS EERERE
SR
LA —FT7LA1&HEE - ARV MLT—2% 5EIFE:
RETHRGTS /R BRIEBOBHET Ny IXAREIHIL. ERARE L C— b
- T72um ASLLEEDAE—REDBREZ ¥ D DERETER S EEIR
- 2um ZUYRIKDBENIY Y FILICH IS
- BpHICBIBREM NS LEHEDS D BIRE DL IEL HLR S
- NSLEMEISICEIELCERIRNEEIET 3 —RHS L4 TLFIFLE—RTRREEER

EEELS 5TV E VM ERE

- &K 60MPa. 5mL/min ®/XT—L>IICkBRE—RE
DEEREDE £

- AVPIUFTOUIIVINLBBEA YT VBRI

- AAF—RTLAEMICE I EZEERFGHORER I

- TIURRIMUEHICEZEIES KO E— VHE DT

- H583 HPLC KU UHPLC 77 —a12 100 % it




EAIR LS X T
Agilent AdvanceBio 7= /E£531 (AAA)
BNIRECBRETERY Y TINROT7I /B aRNM CIET, r} r
1
AAA FtRDRTv TS = 4

1.HPLC BEiEniE

2.7 3 BB AR TR DA

3 RBRIELE (ISTD) RK DR
AF 254 VG DENE
S5BHE/NTX—2DHRE

6.\1 2RI =Ty bDIL—F D DET
7 BMNEEF A (EP) ICEML 7S X7 LB E M ORIE
8 MHFRIBH B K U2 > /N BINK D BRADISEE AR DEA




ATy 7 1:

HPLC % DA

f2Eh48 A:
10 mM Na,HPO, & & T 10 mM Na,B,0, pH 8.2

1L OBBIEEENTSICIE. 1.4 g OEK Na,HPO, L0389 @
Na,B,0,10H,0 ZEtEL. 28% 1L ICLET, 1.2 mL OEEHETHY
PH 8.4 (TR THS. BIGEE 35 ICHIBMA TR pH % 8.2 IC5%
LE7. pH ORI, AYBF U LEERISARLET, 0.45 pm
DE4E )L O—2BE (p/n 3150-0576) THBLET,

#5846 B:
TERZRVIL: A2 /—)L:5K (45:45:10. viviv)
IRTOBERBEICIE HPLC L —REFALET,

BEE A IIBEE B L0LEESEHZ V. BEEB 1 LICHLT
BEHEAZ2LFARTZ eI IHLET,

FEAFRRR
FEAFREIE. 100 ML OBEEA £ 0.4 mL OEVVEBODEER T,
CDARIE4°C THRELTETI L,

0.1 N i5E

IBET S /BH SURESHEEERIE. 0.1 N ERERTHELET, 01N
SRR IR B 7= 01, D Lk AN 500 ML X2 75231 4.2 mL
15 (36 %) BINZ ET. BAELTARTYFLET, 4°C TRELET.

FE(E(aE

FEMRHAE (KUY T 7. OPA. LU FMOC) &, 7LV EH5

RIEINTVWBAREHDRRTT. BBENETOEENTITILICHEL

THEATIET, UTORICTERIE IV,

— OPA [3B1b&BG T, AL A RE TV FILICEHA L THES
NTLET, OPA 1. IO 7 ~ 10 BREEMRAIAETT . OPA
& 100 L $OX1oONT 71 > —rMIBL. ARETHFREYT
BIrEBITHLET, OPA DX oONA 7ILIFERATHELTL
230

- FMOC W e SR TIFRE LISRETT AN KD IChn 2
LILLET,
FMOC ® 100 UL 2o 2ana 7ILA > —RIB L. AEET
RELTE IV, OPA LERRIC. FMOC 7> 7L OfEREARIL 7
~10 HTY,

- RUBNYIFIE 1 5mMLA— Y TSN TILICEER L TERT
FET NATIAVT—MMIRETT, 3 BICITSHRLTIE T,



AT 2

7S/ BIRERROAR

DLUTIE. BREBROERBIC. 73 /8 (AA) 17 BOAR% 5 1&
BD %F (10 pmol/uL ~ 1 nmol/uL) TTRELTWET, ZEAR
F4°CTRELTCIZTVL

JERT S /B (EAA) AFART 51013 UMTOT7I/EBAFTELE T,
- F2RINTF>59.45mg

?**\]

- EROF>70OU> 59.00 mg

- JILEZ> 6577 mg

- ~JZFRT7291.95mg

FTELET7IV/EBE 25 ML XX T7ZR3IC ¥§i'@01 N B %=
MR BRI BETIRCE ST BDNEB /EZ&&EEL&?O I, BRETKE
MR ET7I/BOKEEZ 18 nmol/uL icLE T,

BEE EAA BREZARTIHEIE. COZERERR 5 mL £k
45 mL THRLET (1.8 nmol/uL). #E5ET I /EBEEOARIF. =
BTIITAREDRETY ., COBRRITARREFELTEE. RENMET
FTRIHMEARSNICEREEL TV

ATvT 3

MIERIZEE (ISTD) RR DRSS

—ikT7 = /B ISTD ERZAMT 25 5F. /LN 58.58 mg =5t
ELTS50 ML XRTIRIAICANE T, Zf 7 /B ISTD RiAR%HAE
IRFEIE. YILOSY 4454 mg ZETELTEL 50 mL XX 7523
ICANE T, FE2FT 01 NIEBRBEMZ. AFTZETIREDST2HEB
ERAMIELF9, IZRETKENMR. ET7I/BORKEER 10 nmol/
HLICLEY (IBERE), SRE ISTD RRZHANT 31584815, JJME
REARKRSML 2K 45 mL THERLET, SRXE ISTD OF 7 /BED
RIEEEIL T nmol/uL TF, 4°C THRIFELET,

REBFDOIERICIZ. RBROZ—XITIGLT 2 ~ 5 BEDEEDIZHER
BERFERLET, MEEKE) DA 3 SBEREENT 56 E

100 pmol/uL. 250 pmol/uL. & 1 nmol/uL DIZEARRZERT
BDH—HHNTY,

WEIZEEEEOMDO T I /B (HEET7 I /B Y) ZIIZ2BE1E

MUTFORICHSTE IV & 113 UV D T—MRIICERINS M
ERE) ORETY, £ 2 3. TBRE] ORXDTICERINS MK
HABETY,

R 1. RERERFERR

RIEE% AA SBROEE (pmol/pL)

900 225 20
5mL 5mL 5mL
5mL @ 18 nmol EAA ZKTHR 15 mL 45mL
FHREH EAAEEH 5mL 20 mL 50 mL
5mL OFEFREH EAA REREDE 5mL 5mL 5mL
10 nmol ISTD A& %38/ 5mL 5mL 5mL
EAA-ISTD B& 10 mL 10 mL 10 mL
100 pL @ EAA-ISTD BA %S 100 pL 100 pL 100 pL
1 nmol AA (2380 900 pL
250 pmol AA (3B 900 pL
100 pmol AA (S3E11 - - 900 pL
EAA ¥ 500 pmol/uL ISTD = —y 1L 1 mL

SUORENG AABR




R 2. sRERRERR

BAREI%R AA SBRODIEE (pmol/pL)

20 22.5 9
5mL 5mL 5mL
5mL @ 1.8 nmol EAA 7K THIR 15 mL. 45mL
FREH EAARER 5mL 20 mL 50 mL
5mL OFEREH EAA BERZDEL 5mL 5mL 5mL
1 nmol ISTD A& =3B/ 5mL 5mL 5mL
BRE EAAISTD JBE 10 mL 10 mL 10 mL
100 pL & EAA-ISTD B&TRESDE 100 pL 100 pL 100 pL
100 nmol AA {2380 900 pL
25 pmol AA IZ3E/ 900 pL
10 pmol AA IZ3E/0 900 pL
EAA ¥ 50 pmol/pL ISTD % — — -

SURKES AABR

X774

#2751 VEEIF L DEE

FYoAVFEBHRCOBEML T OIS LG A=Y TSOETILICIN
CTEDELEDET, Agilent G7120A NATINY > TSTA> Pz oH
TOUSLEAY 35613 U TOFIBICRHNET,

1. RYEE/NY 7781 7L (p/n 5061-3339) H5 2.5 pL B3| L £ 5,
2. 9V FILNALTILHS 1.0 pL B3I LET

3.35uL 2T 7—T5EEALET,

4.02 HBEEET.

5. OPA /A1 77JL (p/n 5061-3335) 75 0.5 uL 13| L £ 7
6.4.0 UL ZT7—T 10 BL FIALFRE—RTEELET,
7.FMOC A< 7JL (p/n 5061-3337) 15 0.4 uL B3| L £ 7
8.44pL £#T7—T10E. FIALFAE—RTREELET,
9. EABRBNATILHS 32 pL B3I LEF

10.20 L T 7—T 8 ERALET,

11.53A

MEMOF - IUTSETILDFEIF FETNTWE T Y TIILIL—TOEEN
RE3uReMD BB D. BEDRABIVETY,



FEMMARC T VT DUBIE. FHTSALS FLTERICEDEE
T, G7129A ¥ 2 X 66 NATILbLAZEATIEEOMEIZ. UT
DEHEDTT,

INATILPT-AT ROB/N\w T 7

NA7)L P1-A2: OPA
NA7)L P1-A3: FMOC

= NATILPT-AL FABIRE
P1-B1: 5> 7L

SBYBNAATIL Frev T BEUORYTINSA—22FRLTETV

_qu’

FRAEDD 73V OPA XU FMOC SHEIENA 7IL1 > —RZANT
TYNTBIUELRHDET, COT>H—hE [RART)a—NATILE
ToAE OV TNA TILICHISLTWE T, FMOC (FBR 4N S OPA
IFEEEDTFE FCTOoDONRTE 0. COFIETIE. E¥ES5DEEIC
HREY—IDUBETT RFYINATILFFERLANTE TV, &
foo =MV TSOWBER T, MOMSSAICHAAINIZNTTIL
PErY AIFEALBRVTTES W

F—rHUTIICEBEER L

—MT /BRI T B AL TZILTILTER (OPA)

ZRTI/BBICNT B O-TILF L ZILXFILoOOFEXFIL (FMOC) M

O s~
CO g —— CD)
O I'NRr
C%_CI or
& LNHR

B 2. OPA 8& TV FMOC IC& 274> T VEFEE( L AT LTOMET </
BoNEE: UV SLUENICELSRE

B 1. Agilent O >4 =~ NAT I BLUF vy T
A) A=A > — b (p/n 5181-1270). B) RO/ 7L
€ (p/n 5182-0716). C) 2 Ja—F vy (p/n 5182-0721)

D BEAN

fBEH M L
FEEICLBFEROTE




ATw T b

BRENSA—2DEE

HSLAVIK—k Ak (TCC)
EREDREY —>% 40°CICRELET. 2. BEZ £ 08°CIc
I TEET,

HA1F— 7 L1Hitigs (DAD)
Sl s BER T AN ] V77V RE N RIE
10 nm 390 nm 20 nm

UI7LY R NURIE

<)L B: 262 NVRIE 16
o nm > RiE 16 nm 3241 8 nm

UI7LY R AN

>4JF )L C* 338 nm /N> RiE 10 nm
390 nm 20 nm

*UATROFIBICRESHE >V FIL CRUEHDEE A

OPA &b 73 /B r FMOC BEH L7 /BEomA% 1 2000
ThISLTRET3ICIE. BBO OPA FBEMRLT7I /B (VD 1%
BROE—2 20) HEHLTH 5SRO FMOC FEME‘ T /B (R
OF> 7Oy, ZBERROE -0 21) HNAH TS ETOMIC. &HSS
DREEYIOEZ VBN HDET,

DRI DAD THRE#YIDEZ 2BEHRT > M. BYIC2 DOF v
KL (2FFI)L A338 nm T OPA &M b7 /BEezigtiL. >0 F)L
B 262 nm T FMOC FERb7 S /EEBRE) TF — 2%l 5
ICEDRETEF T, UEDODITIE. BENEYI A4S0 T 338 nm
N5 262 nm ICHIDE DB LS ISR DX LT —T Ik 70
FLTBILICED. 1 DOFvRILTITRET, 97005, OPA-UI VL
FMOC-E ROF>7OUYHAHTZETOMICHEEETIDERZ L
T. OPA FE {7 /B FMOC FEMtBOmS% 1 DDI/OX
NISLTREHTIEY,




HYCHRL2E (FLD)

FLD 349\ S RTLDE MMICHERIC L& 9. CHUSME 2 MPa @7
O— /L ORIEZET 572D T,

E—218 0.01 9. Ay TE1L 185 (BEICK L THE)
b2 340 nm. BEH 450 nm. 74L& 390 nm (F 74T IL )

SUFNEALLT—TIL:

0.00 93 k2 340 nm. &L 450 nm. 71 Y (REBRIEE)

5.53 431 B2 260 nm. EFE 325 nm.

PMT 71> 10 (RBRIFEG, U e ROFS 7OV VOB TYNE X)

HYRHES (FLD) TREZRYTIDEZ 2RIV NEFETBICIE Dz 2
EIEITITI2VENHDFT, £ BIELKEE 340 nm. RHEE 450 nm
T OPA BB L 7S /B ARH L E T, RIS, BH2KE 260 nm. &Y
HE 325 nm T FMOC S8t 7S VBERHLE T, DT —%%H
CICRBBR DR LT —TILHEEZRET 2T OPA FERLT/
B FMOC SBEML 7S /BOmA% 1 DOIOXNISLTHRETS
9, COBEETIZ. B 0D OPA FEMXITI /B (VYY) iAHLT
MEEMD FMOC FiEkt 73 /B (EROF>FOUY) HAE TS %
TOBYEARA VN TEENMIDEDL 2 L5170 LLET,

7S /BOEES 100 pmol RBOBAIE. BIURISREERATEI EST
THLET,

s A
HSUTIVRTIOYSL
B (%) % B
0 2
035 2
13.4 57
13.5 100
15.7 100
15.8 2
18 w7
M

RE 4.6 mm A5 LDEEE 1.5 mL/min.
AE 3 mm B3 LDEHFEIE 0.62 mL/min

1L



RRBL I EEG

AdvanceBio AAA NTLICKZ—ihT = /B 20 BODBERZK 3 12
~LET,

UTOBICTEFELL T,

- BE}RICT ST NITLERMLTHERMITD, 7S /BOAH
FO77CILCIERELEE A

- NaN; (. R/ EROEIEZNFEIT 27c 0 OREAI LTEA
L&Y,

- BEME%Z 045 um J1ILETABTE e E@BCHITITHOLET,
A TI/BOEED 100 pmol KEDIFE L. HAEHEEE
FRTZCcxHBIITHLET,

*DADT A. Sig=338,10. Ref=390,20
*DADT A\ Sig=338,10. Ref=390,20

mAU - s
A A
_Q_ 1 oy a
N A E X A N
<A \jrlk N QDA = » A i
R iy A 5 NN
400 X Sz AN PN A A NRA
R PR xS 1 N 1l NN
N N o=2faa n O AR N Ndo A
Dy |+ M kN :/\Hx\ o> o HN %
N < L DNy o
2
300 N
200____J\_J LJLULLL\_J
. L}L J
O_Q_JLA e #MJ
I I I I I I I I I
1 2 3 4 5 6 7 8 9 min

B 3. Agilent AdvanceBio AAA 4.6 x 100 mm A5 ALICKZ TS/ 20 BOIZEARRODHER: BEHEIC 5 mMM 72T MIDLETILISBE L
BANDIBE DL

EBEEAADS5mMM 72 RUD L (NaN,) OFRINIE HMEY O EIBIME CEEROEERARER B LLBATIEH D EE Ao



ATvT 06!

7

m

JEEDONAZRI =Ty 53R

4 DoAY TLIE. NAZIL—=TY bO—RRBRIL—F > DIFICE
LT Agilent AdvanceBio AAA A5 LICEDIESNZIZENLRE R
RLTWET, INSODBERIF. NEOEAS AdvanceBio AAA,
100 mm. 2.7 ym A5 L%%EE LT Agilent 1260 Infinity [| HPLC /X
AF 2T DAD BHEBICEDBSNIZHDTY, 1 BIODHINE
FHEEHEDOT 20 DERBTRT Ly +OBDBAEENESNTVET,
—% 7= /B (OPA S5i&{A(L) 13 338 nm T, H7=—H 7= /B (FMOC
FEAAL) 13 262 nm TE=2UVILELR,

4T, BMISAHELTWS 20 BEOT7 I /EBIE—Hk 7 /BT, OPA
ICEDFEMR N INTVET, BRISCAHLTVWS 3 BEDT7I /B (&
ROF>7OU> HLO> >, 7OUY) I FMOC THER LI TL
F9, UV UNBREHLTHABEROFSFOUVHAET R ETICRIIC. 7
OJSLICEDEEN 338 nm 55 262 nm ICYIDEZSNTVET,

- XVYRREERBRBZATLTEICBRICAT—I VI TIET,

- OO TIE ATLRIGLTAVYRDREDAHEZEL £ LT
- HSLNBBESIMET B BREBRHE Y RE 0.12 mm

FyeEo)—BBEZFERBLEL S

a [ ]
T {Q WA 1% 4.6 mm
,’\ A ll'\ AP ﬂ ;i} /F\ |||'1 A A
i x RAWANN A | KN DRY AR
mAU < 2 na bl =) N R Il\h:\\;— ’\:\T\ Q
m] <& paEIhr o3 aRAREE QR 2 B
N Y2 N g SR2THS o N
601 <73 Dy o N
u
204 N
S0 I | 0 O O 0 T S L
T T T T T T
2 4 6 8 10 12 min
A% 3.0 mm
mAU
1204
1004
80_
28:_._.,:\%, S | PN |V | S AM - JLJL ‘J ] /\ ,,,,,,,,,,,,,,,,,,,,,,,, .J\JNJ\ ,,,,,,,,,,,,
T T T T T T
2 4 6 8 10 12 min

B 4. 7 /BXV Y RERVWTHREDE A % AdvanceBio AAA 15 LTHM LTz AA IZEEAR DD BEIER




100 pmol & & T 1000 pmol DR HRICH TS
DF7>ar2ALLEEDRE (n=6)

& 3. AdvanceBio AAA 4.6 x 100 mm HSLTHEEL =7 = /8 (100 pmol) DT> o3> 20 L EREDIEE (6 B0 DR L)

TS IE T RT RT RSD (%) D RSD (%) FIIE F9RT RT RSD (%) EH® RSD (%)
1.7 2INZF 0.851 1.270 1.066 13. 180> 7.201 0.084 247
20NEZ U 1.428 0.973 1.850 14 XFAZY 7.363 0.073 1.82
3TRINTEY 2,639 0.605 1.790 15. /LR 7.602 0.073 172
441)> 2.835 0.629 1.820 16.8UT R T 8055 0.054 1.57
57LE5> 3285 0.470 1.560 17.72=AT75=> 8341 0.051 1.66
6.EXRFIY 3.465 0.430 1.220 18rvors> 8.503 0.047 1.72
700>y 3.681 0.477 1.920 19.41>> 9.000 0.030 1.70
8rLA=Y 3837 0.440 1.950 20,09 9.428 0.028 1.66
9.7ILE=> 4.458 0.251 2.150 21.EROFS7OUY 9.747 0.021 413
10.75=> 4764 0.280 3.060 22 9)Lavy 10.980 0.026 1.15
MnFosy 5.762 0.128 1.650 23.7aU> 11.620 0.021 4.36
12.2271> 6.870 0.067 1.900

& 4. AdvanceBio AAA 4.6 x 100 mm HSLTHEEL =7 = /8 (1000 pmol) DUF>>a> i+ LEEROIEE (6 [Eni0iR L)
TR T4y RT RT RSD (%) EH®D RSD (%) TR Ty RT RTRSD (%)  E® RSD (%)
1.7 2NZF 0.837 0.151 2.60 13. 80> 7.118 0.025 2.40
2UNEZ 1.400 0.512 219 TAXFHZ> 7.281 0.025 1.78
3 FRINTHY 2583 0.124 2.13 15. /L8> 7.573 0.019 177
441> 2772 0.114 174 16.8UT T 7.970 0.024 2.03
5745 3.220 0.092 1.80 17.72=A75=> 8238 0.027 1.98
6.EXFUY 3.405 0.077 139 181VO1o> 8413 0.025 217
700> 3.598 0.068 1.48 19.01>> 8.925 0.020 1.81
8. hLAZY 3.766 0.059 2.26 20002y 9.357 0.022 2.00
9.TILE=> 4422 0.027 1.66 21.EROFS7OUY 9.718 0.014 3.14
10.75=y 4685 0.031 187 22413 10.961 0.015 591
nFory 5695 0.034 2.04 23700y 11.911 0.011 2.58
122271 6.794 0.030 222




ATV T 7

BRMZERF (EP) ICERL =2 R T LES M DIREE

FNZEB T (EP) Tld. 7S /B LUT7I /EEESYIDOEMR - EEM
HEOBHENMEESNTVET, /ol FBRSNA NP OBEHELED
SBNTWET, PI/BEX—H—I2IF. BUNEBEAORBERIC. &
HOTI/BEHAINSOARISHEE L TWS I EHFEY 3 2 EhYVARIIC
EFMITONTVED,

a1 (Leu) F PIEEE a- 7S /B0 1 BT EETOEICKDE
BEINET, COTOERTIE AVAT VA BIERYE LTERSN
BIENBDET, UINERAORETIE. OS> eaVOars o
BEMN 15U ETHZ M KROENET [1]o

CH, 0 0
HSC\/'\/U\ CH,
~ OH >15 HO
= >
NH, NH, CH,
VAT [m e 7

< 5. Agilent AdvanceBio AAA hS5 LY AAEEER R Z W e 2T LB EE
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Determination of Amino Acid
Composition of Cell Culture Media
and Protein Hydrosylate Standard

The Agilent AdvanceBio Amino Acid Solution

Abstract

This study presents a method for analyzing primary amino acids in cell culture
media using the Agilent AdvanceBio Amino Acid Analysis (AAA) solution with
absorbance detection. Derivitization using an online injector program with OPA

and FMOC decreases sample preparation time, and increases reproducibility over
traditional offline methods. The effectiveness of this solution for routine analysis
was confirmed using a system suitability test and retention time and area precision
studies. The AdvanceBio AAA solution provides sensitive and high-resolution
separation of all amino acids in cell culture media. The limit of detection (LOD), limit
of quantification (LOQ), and linearity for selected amino acids for qualitative assays
are also reported.
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Introduction

Amino acids are the basic building blocks of proteins. They
constitute all proteinaceous material of the cell including the
cytoskeleton and the protein component of enzymes, receptors,
and signaling molecules. In addition, amino acids are used for
the growth and maintenance of cells. Cell culture media plays
a key role in the biopharma industry. A large proportion of the
amino acids supplied from cell culture media are diverted to
pathways that could influence the fate of the cells in a culture.
The identification of the optimal concentration of amino acids
is important in fed batch and perfusion culture. Therefore, the
design of an amino acid supplementation strategy might be
streamlined by identifying the amino acid demands of a cell
culture due to host cell growth and product production.

HPLC with precolumn derivatization is commonly used for the
analysis of amino acids. Precolumn derivatization of free amino
acids in solution for HPLC separations with UV or fluorescence
detection is sometimes done manually, offline. Some immediate
drawbacks to offline derivatization are sources of error due to
operator skill, competence, and laboratory technique. Other
drawbacks include extra sample manipulation, extra time
required, and increased risk of contamination. Automated online
derivatization minimizes these error sources, immediately
improves precision, and saves time. Thus, a rugged high-
resolution HPLC method including online derivatization, can
increase productivity compared to offline methods. Consistent
automated OPA derivatization, using the injector programming
of the HPLC's autosampler and highly efficient Agilent
AdvanceBio AAA columns, generate a rapid-reproducible

amino acid method ideal for cell culture media. This method

is convenient because the cell media samples are simply
transferred to autosampler vials and analyzed. The selectivity
of the AdvanceBio AAA column and the mobile phase gradient
provides high resolution of 23 amino acids.

Materials and Methods

Instrumentation

Analyses were performed using an Agilent 1290 Infinity LC, which
was equipped with an Agilent 1290 Infinity binary pump delivery
system (G4220A), Agilent 1290 Infinity autosampler (G4226A),
Agilent 1290 Infinity thermostatted column compartment
(G1316C), and Agilent 1290 Infinity DAD (G4212A).

Reagents, samples, and materials

Cell culture media for compositional analysis, Minimum Essential
Medium Eagle (M4655), Non-Essential Amino Acid (M7145),
RPMI 1640 (R0O083), Na2HP04, and Na2B407+10H20, were
bought from Sigma-Aldrich. Protein hydrolysate was obtained
from Fisher Scientific. Acetonitrile and methanol used were
bought from Lab-Scan (Bangkok, Thailand). HPLC grade and
highly purified water from a Milli-Q water purification system
(Millipore Elix 10 model, USA) was used.

Column

Agilent AdvanceBio AAA, C18,4.6 x 100 mm, 2.7 um
(p/n 655950-802)

Preparation of HPLC mobile phase
Mobile phase A contained 10 mM Na,HPO,, and 10 mM Na,B,0

27477
pH 8.2. Mobile phase B contained acetonitrile, methanol, and
water (45:45:10, viv:v). Since mobile phase A is consumed at a
faster rate than B, it is convenient to make 2 L of A for every 1 L of

B produced.

Injection diluent

The injection diluent was 100 mL mobile phase A, plus 0.4 mL
concentrated H,PO, ina 100 mL bottle, stored at 4 °C. To prepare
0.1 N HCI, 4.2 mL concentrated HCI (36%) was added to a 500
mL volumetric flask that was partially filled with water, mixed,
then filled to the mark with water. This solution was then used
for making extended amino acid and internal standard stock
solutions. It was stored at 4 °C.

Agilent AdvanceBio AAA standards and reagents kit,
p/n 5190-9426, includes:

Part number Component

5061-3339 Borate buffer: 0.4 M in water, pH 10.2, 100 mL

5061-3337 FMOC reagent, 2.5 mg/mL in ACN, 10 x T mL ampules

5061-3335 OPA reagent, 10 mg/mL in 0.4 M borate buffer and
3-mercaptoproprionic acid, 6 x 1 mL ampules

5062-2479 Dithiodipropionic acid (DTDPA) reagent, 5 g

5061-3330 AA standard, 1 nmol/pL, 10 x 1 mL

5061-3331 AA standard 250 pmol, 10/pk

5061-3332 AA standard, 100 pmol/pL, 10 x 1T mL

5061-3333 AA standard, 25 pmol/pL, 10 x T mL

5061-3334 AA standard, 10 pmol/pL, 10 x 1 mL

5062-2478  Amino acids supplement kit, 1 g each
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Derivatization reagents

Derivatization reagents (borate buffers, OPA, and FMOC) are
ready-made solutions supplied by Agilent, and were transferred
from their containers to autosampler vials. Precautions included:

— OPA is shipped in ampules under inert gas to prevent
oxidation. Once opened, the OPA is potent for approximately 7
to 10 days. Therefore, 100 L aliquots of OPA were transferred
in microvial inserts and refrigerated. The OPA autosampler
microvial was then replaced daily. Each ampule lasted 10
days (one vial/day).

— FMOC is stable in dry air, but deteriorates in moisture.
Therefore, FMOC was transferred in 100 pL aliquots to
microvial inserts and refrigerated. An open FMOC ampule
transferred to 10 microvial inserts should last 10 days.

— Borate buffer was transferred to a 1.5 mL autosampler vial
without a vial insert, and replaced every 3 days.

Preparation of amino acid standards

— Solutions of 17 amino acids in five concentrations are
available from Agilent (10 pmol/uL to T nmol/uL) for
calibration curves. Each T mL ampule of standards was
divided into 100 pL portions in conical vial inserts, and stored
at4°C.

— The extended amino acid (EAA) stock solution was produced
by weighing 59.45 mg asparagine, 59.00 mg hydroxyproline,
65.77 mg glutamine, and 91.95 mg tryptophan into a 25 mL
volumetric flask. This flask was filled halfway with 0.1 N HCL,
and shaken or sonicated until the amino acids were dissolved.
It was then filled to mark with water to produce a total
concentration of 18 nmol/pL of each amino acid.

— For the high-sensitivity EAA stock solution, 5 mL of this
standard-sensitivity solution was diluted with 45 mL water
(1.8 nmol/uL). Solutions containing extended standards were
unstable at room temperature, and were kept frozen, and
discarded at the first signs of reduced intensity.

Internal Standard (ISTD) stock solution

For primary amino acid ISTD stock solutions, 58.58 mg norvaline
was weighed into a 50 mL volumetric flask. For secondary amino
acids, 44.54 mg sarcosine was weighed into the same 50 mL
flask. This flask was filled halfway with 0.1 N HCI, and shaken

or sonicated until dissolved, then filled to mark with water for

a final concentration of 10 nmol each amino acid/uL (standard
sensitivity). For high-sensitivity ISTD stock solution, 5 mL of
standard-sensitivity solution was diluted with 45 mL of water, and
stored at 4 °C.

Calibration curves may be made using two to five standards,
depending on experimental need. Typically, 100 pmol/uL, 250
pmol/pL, and 1 nmol/pL are used in a three-point calibration
curve for standard analytical sensitivity analysis. The following
tables should be followed if an internal standard or other amino
acids (for example, the extended amino acids) are added. Table 1
describes standard analytical sensitivity concentrations typically
used in UV analysis.

Table 1. Chromatographic parameters used for intact and
reduced analysis.

Concentration of Final AA solution

(pmol/pL)

900 225 90
Take 5 mL of 18 nmol EAA 5mL 5mL 5mL
Dilute with water - 15mL 45 mL
Diluted EAA mix 5mL 20 mL 50 mL
Take 5 mL of diluted EAA mix 5mL 5mL 5mL
Add 10 nmol ISTD solution 5mL 5mL 5mL
EAA-ISTD mix 10 mL 10 mL 10 mL
Take 100 pL of EAA-ISTD mix 100 pL 100 pL 100 pL
For 1 nmol AA, add: 900 pL - -
For 250 pmol AA, add: 900 pL -
For 100 pmol AA, add: - - 900 pL
Final AA solution with EAA 1mL 1mL 1mL

and 500 pmol/pL ISTD
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Online derivatization

Depending on the autosampler model, the automated online
derivatization program differs slightly. For the Agilent G4226A
well plate automatic liquid sampler (WPALS), the injection
program was:

1. Draw 2.5 pL from borate vial (p/n 5061-3339).

. Draw 1.0 pL from sample vial.

. Mix 3.5 yL in wash port five times.

. Wait 0.2 minutes.

. Draw 0.5 pL from OPA vial (p/n 5061-3335).
Mix 4.0 pL in wash port 10 times default speed.
. Draw 0.4 pL from FMOC vial (p/n 5061-3337).

. Mix 4.4 pL in wash port 10 times default speed.

© O N o oA W N

. Draw 32 pL from injection diluent vial.
10. Mix 20 pL in wash port eight times.
11. Inject.

12. Wait 0.1 minutes.

13. Valve bypass.

The location of the derivatization reagents and samples is up to
the analyst and the ALS tray configuration. Using the G1367C
with a 2 x 56-well plate tray (p/n G2258-44502), the locations
were:

— Vial 1: Borate buffer

— Vial 2: OPA

— Vial 3: FMOC

— Vial 4: Injection diluent
— P1-A-1: Sample

Thermostatted column compartment (TCC)

Left and right temperatures were set to 40 °C. Analysis was
enabled when the temperature was within 0.8 °C.

Diode array detector (DAD)

Signal A: 338 nm, 10 nm bandwidth, reference wavelength
390 nm, 20 nm bandwidth.

Signal B: 262 nm, 16 nm bandwidth, reference wavelength
324 nm, 8 nm bandwidth.

Signal C: 338 nm, 10 nm bandwidth, reference wavelength
390 nm, 20 nm bandwidth.

To detect both OPA and FMOC derivatized amino acids in a single
chromatogram, it was necessary to switch detector wavelengths.
This switch took place between the last eluting OPA derivatized
amino acid, lysine (peak 20 in the standard), and the first eluting
FMOC derivatized amino acid, hydroxyproline (peak 21 in the
standard).

With the DAD, determining the appropriate transition point was
possible by initially collecting two channels. Signal A, 338 nm,
detected OPA derivatized amino acids, and signal B, 262 nm,
detected FMOC derivatized amino acids. From this analysis, the
ideal point at which to switch wavelength during the run was
determined. Subsequent runs were then made using a single
channel, with the detector timetable function used to program a
wavelength switch from 338 to 262 nm at the appropriate time
between the elution of OPA-lysine and FMOC-hydroxyproline. This
switch allowed both OPA and FMOC-derivatized amino acids to
be detected in a single chromatogram. Peak width settings of
>0.01 minutes were used for all columns.:

Linearity, limit of detection (LOD), and limit of
quantification (LOQ) determination

As an example extended amino acid (EAA) stock solution,
asparagine (59.45 mq), glutamine (65.77 mg), and tryptophan
(91.95 mg) were used for linearity, LOD, and LOQ determination.
These standards were weighed into a 25 mL volumetric flask,
which was filled halfway with 0.1 N HCI, and mixed or sonicated
until they dissolved. The flask was then filled to mark with water
for a total concentration of 18 nmol/uL of each amino acid.

Linearity was studied in the range of 0.9-1,000 pmol/pL of these
standard amino acids. Appropriate AA standard solutions were
prepared in triplicate and injected into the chromatograph. The
LOD and LOQ were estimated from the calibration function.

LOD and LOQ were calculated as 3 (SD(a)/b) and 10 (SD(a)/b),
respectively, where SD(a) is the standard deviation of the
intercept, and b is the slope of the calibration function.

Gradient program

Time (min) %B
0 2
0.35 2
13.4 57
13.5 100
15.7 100
15.8 2
18 end

Flow rate: 1.5 mL/min for 4.6 mm id
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Table 3. Retention time and area RSD precision for amino acids (1,000 pmol) separated on an Agilent AdvanceBio AAA, 4.6 x 100 mm, column (n = 6).

Amino acid RT RSD (%) Area RSD (%) Amino acid RT RSD (%) Area RSD (%)
1. Aspartic acid 0.151 2.60 13. Valine 0.025 2.4
2. Glutamic acid 0.512 2.19 14. Methionine 0.025 1.78
3. Asparagine 0.124 2.13 15. Norvaline 0.019 1.77
4. Serine 0.114 1.74 16. Tryptophan 0.024 2.03
5. Glutamine 0.092 1.8 17. Phenylalanine 0.027 1.98
6. Histidine 0.077 1.39 18. Isoleucine 0.025 217
7. Glycine 0.068 1.48 19. Leucine 0.020 1.81
8. Threonine 0.059 2.26 20. Lysine 0.022 2

9. Arginine 0.027 1.66 21. Hydroxyproline 0.014 3.14
10. Alanine 0.031 1.87 22. Sarcosine 0.015 5.01
11. Tyrosine 0.034 2.04 23. Proline 0.011 2.58
12. Cysteine 0.030 222

System suitability as per the European CH, o
Pharmacopoeia (Ph. Eur.) Hac\)\:)KOH PRI HO)K/\(CHs

The European Pharmacacopoeia (Ph. Eur.) defines requirements ﬁHz 'é”"z CH,

for the qualitative and quantitative composition of amino acids Isoleucine Leucine

and mixtures of amino acids. The requirements for allowed
impurities are also defined. Manufacturers of amino acids

are legally bound to prove that their amino acids meet these
specifications before they can distribute their products in Europe.
Leucine (Leu) is a branched-chain a-amino acid that is produced
by a fermentation process (Figure 2). During this process,
isoleucine can be produced as a by-product. The Ph. Eur. states
that leucine and isoleucine should have a resolution of not less
than 1.5 [1].

Ten concentration points for three amino acids were assayed

in triplicate. The three standard amino acids showed good
linearity in the tested range. The area response obeyed the
equation y = mx + C, where the intercept C was zero within 95 %
confidence limits, and the square correlation coefficient (R2) was
always greater than 0.99. Figure 3 shows the linearity curve for
asparagine, glutamine, and tryptophan in the concentration range
evaluated.

The LOD and LOQ were approximately 0.9 pmol and 3.8 pmol,
respectively, using UV detection, indicating that the method was
sensitive. Table 5 shows the observed LOD and LOQ values of
asparagine, glutamine, and tryptophan.

Return to Contents Section

Figure 2. Isoleucine and leucine chemical relationship.

Table 4. System suitability testing using AdvanceBio AAA columns
and AA standards.

Agilent AdvanceBio  Agilent AdvanceBio

AAA, C18, AAA, C18,

4.6 x 100 mm, 3 x 100 mm,
System suitability 2.7 ym 2.7 ym
Resolution between 4.5 4.6
leucine and isoleucine
(=1.5)

Table 5. LODs and LOQs for three amino acids.

Asparagine Glutamine Tryptophan
Concentration S/N Concentration S/N Concentration S/N
(pmol) ratio (pmol) ratio (pmol) ratio
0.9 (LOD) 5.3 0.9 (LOD) 3.0 0.9 (LOD) 45
1.9 (LOQ) 10.8  3.8(LOQ) 13.8  3.8(LOQ) 20.5
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Results and Discussion MAU | DAD1 A, Sig=338,10 Ref=390,20,

400 3
High-throughput routine analysis 3501 §
The chromatogram in Figure 1 illustrates the standard analytical s00f |2 o Y
sensitivity achieved in high-throughput separations of amino 250 % @ ?,:)
acids. This chromatogram was obtained using an Agilent 2001 ? 2’; %%.E N g
1290 Infinity LC with an Agilent AdvanceBio AAA, 4.6 x 100 mm, 1501 £ i ;?é g 2
2.7 um column using the amino acid method with DAD detection. 1004 e i g %
A single run was completed in 18 minutes (including re- 501 JU\ T
equilibration) with adequate resolution. The primary amino acids ol M,
(1-20, OPA-derivatized), shown in Figure 1, were monitored at 338 2 2 6 8 10 12 min

nm, while the secondary amino acids (21-23, FMOC-derivatized)

) Figure 1. Separation of amino acid standard (1 nmol) on an Agilent
were monitored at 262 nm. 9 P ( ) 9

AdvanceBio AAA 4.6 x 100 mm, 2.7 pm column, using the amino acid

.. . . method.
Precision of retention time and area (n = 6)

Tables 2 and 3 summarize the average retention times and area
RSDs for all the amino acids for the 100 and 1,000 pmol from
six replicates of an amino acid method. The retention time RSDs
for all amino acid peaks, including the early eluting peak 1 were
less than 1.2%, demonstrating excellent gradient reproducibility.
Peak area RSDs were less than 5 %, indicating precise sample
injection. The RSD values demonstrate the robustness and
precision of the amino acid method.

Table 2. Retention time and area RSD precision for amino acids (100 pmol) separated on an Agilent AdvanceBio AAA, 4.6 x 100 mm, column (n = 6).

Amino acid RT RSD (%) Area RSD (%) Amino acid RT RSD (%) Area RSD (%)
1. Aspartic acid 1.270 1.066 13. Valine 0.084 2.47
2. Glutamic acid 0.973 1.85 14. Methionine 0.073 1.82
3. Asparagine 0.605 1.79 15. Norvaline 0.073 1.72
4. Serine 0.629 1.82 16. Tryptophan 0.054 1.57
5. Glutamine 0.470 1.56 17. Phenylalanine 0.051 1.66
6. Histidine 0.430 1.22 18. Isoleucine 0.047 1.72
7. Glycine 0.477 1.92 19. Leucine 0.03 1.7
8. Threonine 0.440 1.95 20. Lysine 0.028 1.66
9. Arginine 0.251 2.15 21. Hydroxyproline 0.021 413
10. Alanine 0.280 3.06 22. Sarcosine 0.026 1.15
11. Tyrosine 0.128 1.65 23. Proline 0.021 4.36
12. Cysteine 0.067 1.9
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Amino acid analysis of cell culture media and protein
hydrolysate standard

We analyzed the amino acid composition of commonly used
cell culture supplements. These standards included: Minimum
Essential Medium Eagle (MEM), Non-Essential Amino Acid
(NEAA), RPMI 1640 R0083, and protein hydrolysate standard.
The results were then compared with the amino acid standards.
Figures 4 to 7 show the overlays of amino acid composition of
the media and the amino acid standards.

It is evident that the amino acid composition of cell culture
supplements, as determined by this method, matches accurately
with their theoretical composition. In addition, baseline resolution
of isoleucine and leucine was observed with a resolution factor of
4.35 for the protein hydrolysate standard, meeting the regulatory
requirements for these components significantly better than
competitive columns. Such applications are useful in monitoring
and adjusting amino acid composition, which is an essential part
of optimizing the manufacturing process to ensure high quality
and optimum yield of the final biopharmaceutical product.
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Figure 3. Linearity curve with 10 standard concentrations of

1,200

asparagine, glutamine, and tryptophan ranging from 0.9 to 1,000 pmol,

showing excellent coefficient values.
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mAU | MEM Eagle, Sig = 338.10 Ref = 390.20 Peak ID
1. Glutamic acid
2. Asparagine
3. Serine
150 19 4. Glutamine
5. Histidine
6. Glycine
100 7. Threonine
18 8. Argir_\ine
9. Alanine
10. Tyrosine
50 11. Cystine
12. Valine
13. Methionine
0 14. Norvaline
15. Tryptophan
[\ 16. Phenylalanine
17. Isoleucine
50 1 18. Leucine
19. Lysine
100+
250 pmol AA std, Sig = 338.10 Ref = 390.20
2 3 4 5 6 7 8 9 min
Figure 4. Amino acid analysis of MEM media (blue trace) mirrored with AA standards (red trace).
mAU NEAA cell culture supplement, Sig = 338.10 Ref = 390.20 Peak ID
R 1. Aspartic acid
’ 2. Glutamic acid
] 3. Asparagine
60 1 4. Serine
] 5. Glutamine
40 6. Histidine
i 7. Glycine
4 8. Threonine
20 ] 9. Arginine
1 L 10. Alanine
04 11. Tyrosine

12. Cystine

13. Valine

14. Methionine
15. Norvaline

16. Tryptophan
17. Phenylalanine
18. Isoleucine
19. Leucine

20. Lysine

80 1 250 pmol AA std, Sig = 338.10 Ref = 390.20 21.Hydrox¥proline
] 22. Sarcosine

2 4 6 8 10 12 min 23. Proline

T

40

] 0 1 1314
60

Figure 5. Amino acid analysis of NEAA media (blue trace) and comparison with AA standards (red trace).
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mAU o Peak ID
RPMI 1640 Media, Sig = 338.10 Ref = 390.20 .

Aspartic acid
. Glutamic acid
Asparagine
Serine
Glutamine
Histidine
Glycine
Threonine
Arginine

10. Alanine

11. Tyrosine

12. Cystine

13. Valine

14. Methionine
15. Norvaline

16. Tryptophan
17. Phenylalanine
18. Isoleucine
19. Leucine

20. Lysine

250 pmol AA std, Sig = 338.10 Ref = 390.20 g;gﬁgﬁﬂ?me
1501 ‘ ‘

. 23. Proline
2 4 6 8 10 12 min

2001

1501

100

CENOORON S

50 1

50

100

Figure 6. Amino acid analysis of RPMI 1650 media (blue trace) and comparison with AA standards (red trace).

mAU . DAD1 A, Sig = 338.10 Ref = 390.20 Peak ID
Aspartic acid
500 ! Glutamic acid
Serine
Histidine
Glycine
Threonine
Arginine
Alanine
3 Tyrosine
5 - 10. Cysteine
R34f 11. Valine

400

~
WONOOTAWN =

300

12. Methionine

200 6 101112 15 13. Phenylalanine
14 14. Isoleucine

15. Leucine

. Lysine

100 17.Proline

0L M

2 4 6 8 10 12 min

Figure 7. Amino acid analysis of protein hydrolysate standard. The resolution between leucine and isoleucine with the Agilent AdvanceBio AAA,

4.6 x 100 mm, 2.7 um column is much higher than the reported value for system suitability requirement for this pair.
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Conclusion

Amino acid analysis is an important approach for the
characterization of protein and peptide-based products. Studying
the roles of amino acids during bioprocesses leads to better
understanding the feeding strategy, and to improving the yield
and quality of the product. In addition, the determined amino acid
composition can confirm sample identity, and give a measure

of sample purity. This Application Note demonstrates several
Agilent tools for the analysis of amino acids. We first used the
Agilent 1290 Infinity LC and the Agilent AdvanceBio AAA kit

for the automated online derivatization of amino acids using
OPA/FMOC chemistries. The derivitized amino acids were then
separated on an AdvanceBio AAA LC column to achieve a fast,
sensitive, and reproducible separation of amino acids. Area

and RT precision of the method were excellent, and met the
system suitability requirement. Linearity curves with 10 standard
concentrations of three amino acids, ranging from 0.9 pmol to 1
nmol, had excellent coefficient of linearity values, indicating that
the method was quantitative and accurate. The LOD and LOQ

for the amino acids were 0.9 pmol and 3.8 pmol, respectively,
indicating that the method was sensitive. In addition, this
method was able to separate and detect amino acids from cell
culture media and protein hydrolysate standard. The amino acid
composition determined using this method correlated well with
their theoretical compositions..

Reference
1. European Pharmacopoeia 9.0 (2.2.56) Amino Acid Analysis

For More Information

These data represent typical results. For more information on our
products and services, visit www.agilent.com/chem.
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AdvanceBio VA vEVS
FIRHILIC A5 L4

BER =

2.7um @ EEBETHIBERE
KEZILERF

1.8 um Q&S EHF RARDBERE
HHAB LU MS IZXHIG B XV R

e

BKEARBIERBRE IO NS 71— (HILIC) Tk, W& TR
Hikz., BAESERBOEVI STV SERLET, COMSD
CEEHOHEBEEBRXAAZILICES>T. SE#AH KD SEERD
REICEETZKBICHEINET, KEBRORAEAETT, 20D
T, BTN EIYORIIFEETZKOEER/NRISHES L. &Y
SUIVROREBICNTLOBFELRELORBEE+DICERZ L
MNEBTT, YO TILENIEFYMNIEENZ TORIILICREDS T ET.
2AB ZXRILE N-BLTU 7> DD ZERHA TE £, AdvanceBio ')
HovEY T NTLIE §RTOD HPLC #23 CHEAREER 2.7 um D
KEZFAEHT L. 713 UHPLC #88AICRE(LI N 1.8 um @
2EZABENILTHERATEET, BEICEELIZIVNVIBETREBER
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SIUEEBYBPTE DEE TRMMBITE LUEET 2MRENBD T,
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SVERMEZFL. REBELINT—770—%RMHL. EEARESSUVEEETFRLET,
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A>Do)=>T v ITOFIEEERTIDHD 4 DO - JHIER THE
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RESHHD. BERTOEXHEMETY, 7—o 70Tk REIOT
ST — (BEIEFKMEEEERREIOY NI ZT1— (HILIC)) I
SO THINISELI TV TILEER N TEET,

HhSLDER

Agilent AdvanceBio ZUAYYvEY I NI LIE. BER. B9 HD
BIREMOEWVWHILIC 7O 274—IC&2 0 VNV EIEZEMBTES
SOOI B LURE TN TV E T, AdvanceBio U h><wvE> S 7h
LTI MS S&LUEAREOREERERBENT B/ DRI
AINTWET, XD 2 BEONTLHDSEIRTETET, mWLWDHEEL
BVWEEEZRRTS 2.7 ym REZILEATLN REDDHAEZRIRT
2 MFE I8 UM HTLD 2 FBEHSEIRTEET,
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JUAIIVEVT TIFEAHEICED. TV AV RBICEEHEINERED AL

1.8um 2EABRFEHEALTED. BRIBESLUBRIL—TYRT T
Ur—2a Il BLTVET, Agilent 1290 Infinity 1| LC TERY
2 LA 1200 bar THMMTTHT,

2.7 pm Poroshell &l REZ AL B F = FEH T 5 & THLEERREDE
KD EBEETOBDMEDHNFIETT. FLRVATLERS
TS50, DEEMENEELET,
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AdvanceBio ZUAYYYEYSTD 1.8 um AT LTIE. NATZIL—Fv i
D N-BEITUAVDIHARETT o CDTdD TV TILEHDZRRE T —
SEEHARDENBENHETOEBICELTVET, ChH5DNT L%
FEATZ . BNIAMERZE/ON. MHEODTLLEARTHE
Bz 40 % FEfETIT £,

NSRA—=2 § E
7 i | B %A %B mUmin
NS A AdvanceBio 71 A>wE> I 05
2.1 X 150 mm. 1.8 um 0'5
BN HAES T 2 um TNV HT L w 05
1.2
Heas Agilent 1290 Infinity LC & 1260 Infinity " AdvanceBio FUHSTyESY 05
HYIRIHEE L8 h5..1.8um
LE
NI LBE 55°C 4
n:
TR 10°C ES =
i85 ] 18 x5 %
e A 100 MMFEET7>E=D L pH 45
B: ACN w
1.2
FLD B2k = 260 1 {487 2 um
HYGEE = 430 Y sunonsn
e
AR 2 uLin ACN/100 mM £E 7> E=Y L pH 4.5 (7:3) LS
0z
H27IL Agilent 2-AB SAJLTE NS E R 1gG FUH>S51T5Y WA R T T = T

(p/n 5190-6996)

[ 2. Agilent AdvanceBio 7 UHh >y EY T ATLTIE 2.1 x 150 mm D
wHJ E B BERE. RO/ K,
s
AdvanceBio ZUAYTYES T D 2.7 pm X717 ZEWL 250 mm 7
SLTHEAT . AN BieRIRTIE T, DEEEIN LTS L.
B=y TR ERICEETE FIRPICKEETSEEN H 5
YINVEDZ)ATIMETOT 7V EZEZ D ENTEET,
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HaEsBRE T2 aYIvEYTRD

TUANEEAFHUIED ., BIERO—EHZHER

BIRDIERRFETIHEMER LI e, BTASBRIBFERBZIEND

DET, IHIC. EETOVRIC—EMN RV, FUaVIEICZED

H L. BERECHEICEZENHIAEENHDET, 7L VLD

EEFNHE, BEERT—4HPEDIAEFN. TRTOT—o7O—/K7
TBEICHEEL TWBEZENDZDICRIIBET, 2 E*ﬁﬁ\bETRj

BETY,

- FERNSUSH—1ZHERN TR LR MERNERIC
NSE:

— IgG N-#EEB T N ABEERR,, T— 0 7O —MRARER TI £ T

N5 2 BEOZES RS, 2AB INILSE LU 2AB L (> 7L
AALESRYE L LUER) TRETh &Y,

2-AB SRNIULTHRR RS 54— D53t

NSRA=4 REfE
AN AdvanceBio 7 h>vwE> S 859700-913
2.1 X 1560 mm. 1.8 um
#ehig A 100 MM¥EET7>EZU L pH 4.5
B: ACN
FLD BIfK & = 260
HYLRE = 430
EIN- 2 uL (K88 10 pmol ®Z1)#>/1 pL 75:25 ACN:7K)
I Agilent 2-AB SNJUETHFI NS SH—

(p/n 5190-6998)

RETHERES LC k3

BRETENTIRENE

100 % EAERFEED Agilent 1260 Infinity I /X1 ZF 1+ —k LC (& 1€
WERESEMSE. BN, 70707 — L% MRESRIIZED. Bh
TeIiERERELE T,
RO FI—

Agilent 1290 Infinity Il LC I&Xxt#X UHPLC T9,
FEHr&S 5mbL/min OREICED.
ICmELET,

&= 1300 bar d
DT 28, ZROPERHIRALR

BMETEBREOBVDITHESR: Agilent N7+ —k LCEHERICEK
D&Y —TRE—TEFBVBRENRREL. 7OV ST7r—0DfE
BEEImELET,

B %A %EB RE mL/min
a /07810
12 40 60 10
1215 60 40 05
125 &0 40 05
129 25 15 05
t 105 28 15 14

15 25 15 10
mjw

0 2 L] § L} 1] 1z w2

B 3.209th Tld Agilent TR bT Y T4 —1Z#EE K% AdvanceBio ZUH Y
RV ITNILEEDBICAVWTG RAOT VDYDY T3> 24 LD
BEE(T I Z1TVWE 9, 5990-9384EN DiBE T — 4TI,
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AdvanceBio VAV vEY T AT LIE. AFZLRBRHTEZRZRUIL:
Ke%m>THD, F<ICHILIC DBEICERATEI2RETHRIINE T,
HILIC #1541, RO RANRIVAVDTBOEERE 7ENZNIIL
ICHIGLTWET . VAV DEO—MRB7BBEIEIEZ D HEDTY,

N7 7 A 100 MM FEE 7> EZ DU LNKAR. pH 4.5
NwI7 B 72 hZRUJL (BEDHTA)

AdvanceBio U H >y E I HT LADBAEIEE pH E8FEIE pH2 ~ 7
T9, AdvanceBio U AH>~<vE>THTAIE HILIC 7S RIESGHED >
UAR=ZASLTT, TNTDUHIE pH>6 DKABEBTART
Bt pHT7 ZBR5BIBZER T 2L AT LEFMIIEEDET,

HUOTIEAE

DHEARAETBICIE. T ~2uL OV FILEFALF T, BT
I £9 H,0 TAMRL. 7EFZRUILIK =T70:30 BB LDICARLF
o A=Y ITIITIFBHABPNRETY,, Fiew YU TIENTLITE
ATBRNCABLTE SV, BT LFEAATY Y MEIE AdvanceBio 7
DAYy EYID 1.8 um A7 LT 0.5 um. AdvanceBio 717>y
EY5D 2.7 pm ASLT 2 Jm T COTs. H2FILIE 0.2 pm D
TN ETHBITZRELNHDET,

w 2 i.ll.
it P ——— )
[y 1 a - s [ wa - R
e 5 ul-
] i [ [] [ [] wa = = -

B 4.AdvanceBio ZUAY v E>ID 1.8 um. 2.1 x 150 mm OAHSLT
SUL(ForaOX NI SL) ZFALLFERTS, 2 UL ZEALKISBE
(EovOx I SL) CERTE=JBHNLL DEEEENEDNTVET,
5991-6183EN D& T — XTI,

s

RE

SOBEREDBEDIZE. 0.5 mL/min OREZEAL T IV, mERD
BDIFEIE &K 1.0mL/min ZEATIF T, KOEIEH SV EENIE
THRATDHE. REIFIA TR,

ot

RABEEIE 1.8 um 754 7T 1200 bar. 2.7 um A >4 600 bar T
To RABNEE®D 80 % U T THEATIE. KOEFEMBTHILEMESC
EHTEET,
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AdvanceBio JUAhYIvEXTD 2.7 pm ASLD AdvanceBio VA>T vEYID 1.8 ym HS LD

WRISOIUR WEISOIT Uk
SREREEROWRI ST b SREREEROWRI ST F
BRFFE BEEA #EiEB piia—4 5] BEMEA #EiE B P
0 20 % 80 % 0.5 mL/min 0 20 % 80 % 0.5 mL/min
32 40 % 60 % 0.5 mL/min 32 40 % 60 % 0.5 mL/min
33 80 % 20 % 0.5 mL/min 33 80 % 20 % 0.5 mL/min
35 80 % 20 % 0.5 mL/min 35 80 % 20 % 0.5 mL/min
36 20 % 80 % 0.5 mL/min 36 20 % 80 % 0.5 mL/min
45 20 % 80 % 0.5 mL/min 45 20 % 80 % 0.5 mL/min
SEEEROMEI STV SEEEHROHEI STV
B BEIE A $ENEB e Eifd ENE A #EhiE B wE
0 20 % 80 % 0.7 mL/min 0 25% 75 % 1.0 mL/min
12 40 % 60 % 0.7 mL/min 12 40 % 60 % 1.0 mL/min
12.5 80 % 20 % 0.5 mL/min 12.5 80 % 20 % 0.5 mL/min
135 80 % 20 % 0.5 mL/min 135 80 % 20 % 0.5 mL/min
16 20 % 80 % 0.5 mL/min 14 25 % 75% 0.5 mL/min
17 20 % 80 % 0.7 mL/min 15 25% 75 % 1.0 mL/min
18 20 % 80 % 0.7 mL/min 20 25% 75 % 1.0 mL/min

SETERBEOI VNV ESTCY U IILTEREDDHEZRITTSIC
I3 FRRCRTRORAENRERIZENHD T, FlZIET )N
BEHAARTVIGE. BEAEREZHTICIE. 75 ~55% D7~k
IOV MDRRBRIBEDBHD ET,

mE

TR DR B D—RIBIERIEREIZ 60 °C TY, C
NEODBVWEREDFATIHIN DILFMNERDET, ASLE
IR TICIE. 40 °C ZHRL 7. BN COBEEIZ. REICLS
TELTBRBEENHDET,

B

N-ZLSUA>OBREICIE. BEDIETHEATI £, /72l Agilent
1260 Infinity B{HBHERT 2AB SAJLE N-ELISU DY ERET 5 IC
l&. 8L JLT 260 nm DRELEE L 430 nm ORICKREEERY S
CCEHERELED,
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AdvanceBio U AV vEY T AT LG BEVINVBEERTFR
hetrsn NHEEE I DAY OnBHCE LIRSt E B> TWET,
HILIC XAZX LD EMICHERET BIC1E. EARBNICHT LE DI F il
LT 2NBLBHDET,
- HILBED 10 EUE.100% D7 hZNJILTHZ L%
7oy alEY
- HASLBED10EB.16% D7 NIILEEZTKTISV 2
LET

- RIS DIEREICER IS ASLBED 20 BOBEET

ASLETZyralLET
AZLOIHDICFE SN e 2R Y 31013 DifrE 2~3 BT
LTBRMZERLET,

ASLDI)—=2F

BEIO-NEIEINTVELSICRAS (WSLENEEICSV) 5
G ASLFEAOETORETIO—ICEEZON BV EEFTHERLTL
IV HSLDAITEEDMELTVREEIF. BEERLIZTAILEZD
EEOTVBERERMLET, WS LNEE-oTVWBHEEIE. Ny
Sy aldBEIc. ASLETHRLTIE S,

HSLDRE

EHRERAEICIE. 7EhZRUJLIK (955) #HERBLET, RERA
FICTIDEZBEIC. 60 % DT7ERZRUIL 40 % DK THSLETSY
Tal. BERERETZCHBRERBENHDET. HTLDRED
BIIC. TRIBERIDFIRERT 7D, TURTq4v T VI RIG S50 %
LoD CIEDAEHENHD FT,

BHETHNIE. ATLEBBETRELTOELZZADHDEEA. &
EL. BBz RETID. BEREZGEFAVEALBIHETHSLZ
N=2 LT, HEBBLATLDBIBERETZces#o LETHIRIL
90:10 @7t ~=kUJL:0.01 M FEEEBRADBBIEZIRET S ICIE
90:10 @ ACN:H,0 ZfEAHAL &,

REHEOREDZE. NT7L% 80 % OF7EF-FJJL20% ® 5 mM
FET7VEZVLTRETZ CRRICBFELTI XY, D5 LTFELz
FRIBICIE BB (3~ 6[E) FALTIRE L,
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IR NEERE
AdvanceBio V) h>IvEYThS L S
E”HH anng’i
AdvanceBio N-o/U >4 FILEHLES vk (24 4> 7)) 5190-8000
1.8 um. 1200 bar ¥ THEE
AdvanceBio N-7U A~ IUEF v (24 3 F)L) 5190-8001
BB BRES
a0 Se070097 AdvanceBio N-J U B UASIUE U —> Ty T h—kyS  5190-8002
A umm 24437
2.1 x 150 mm* 859700913 AdvanceBio 2AB ZU A SRS TFwh (245> FIL) 5190-8003
Fast Guard.2.1 mm.1.8 pm 651750913 AdvanceBio 2AB ZU NV SAUS T =Ty T A— Ry 5190-8004
> Q4+4>7)L)
* NS LOREIIET X
AdvanceBio N-/U 1134 F)LEHLES vk (96 4> 7)) 5190-8005
*l"'|
2.7 pym ORESFLE.600 bar FTRE AdvanceBio N-27U B4 S LEE vk (96 4> 7)) 5190-8006
SifA BRES AdvanceBio N-7UAYEEZU AL U—> Ty FA—RUwS  5190-8007
21100 mm 685775-913 (96 #>7IL)
2.1 x 150 mm* 683775-913 AdvanceBio 2AB ZUAY SR> T F vk (96 B2 7)) 5190-8008
P p— SETEE AdvanceBio 2AB ZUNY SRS G S =S TwT H— Ry 5190-8009
(96 #>7IL)
Fast Guard.2.1 mm. 2.7 ym 821725906 BB EUS AU 96 L FL—F 51908010
46 %100 mm 685975913
46 %150 mm 683975913
46 % 250 mm 680975913

* PN LOHRGAT X

TV hAZEER R
B nRES
FERNSSH—FBAEHRL 10 ug. 0.5 mL 5190-6997
2AB SAJULFF RS>S54 —iEERL 200 pmol 5190-6998
19G N-EAE 51 1>51 751,20 jg. 0.5 mL 5190-6995
2AB SAULLE 196 N-EEEL 417251751, 200 pmol 5190-6996
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Fast and Efficient HILIC Methods for
Improved Analysis of Complex Glycan
Structures

Introduction

N-linked glycosylation is a critically important and very complex post-translational
modification. It therefore needs to be controlled and monitored throughout
development, processing, and manufacture of drug glycoproteins. Therapeutic
protein characteristics, including safety, efficacy, and serum half-life, can be affected
by differences in their glycosylation pattern, and so the analysis of these patterns is
an important part of the characterization of therapeutic glycoproteins, particularly
mADbs. Separation using HILIC with fluorescence detection is a robust method for
glycan analysis, whereas HILIC/LC can also be coupled to mass spectrometry to
obtain important mass and structure information.

One of the growing challenges in HILIC/LC, however, is achieving high-resolution
separations with fast analysis times. With ever-increasing demands placed on
biocharacterization for higher throughput, researchers are looking for improved
separation (HILIC) methods, but not at the cost of lost separation performance.
Since glycans include many closely related structures, it is critical to achieve the
highest resolution possible, and preferably during a fast analysis time.

In this work, we used a sub-2 um UHPLC HILIC column with amide chemistry for
high-throughput glycosylation profiling. Specifically, we profiled 2-AB labeled human
IgG and bovine fetuin N-linked glycans using a 1.8 pm, 2.1 x 1560 mm column with
fluorescence detection. Rapid, sensitive and selective separations were achieved

to provide ultra-high resolution of these complex glycans in run times as short as 9
minutes. In a run time comparison to a currently available UHPLC glycan column,
we observed a 40 % reduction in analysis speed for human IgG N-linked glycans
under identical conditions.
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Materials and Methods

Conditions, recombinant human IgG1

Conditions, mass spectrometry,
recombinant human IgG1

Parameter Value Parameter Value
Sample: Agilent 2-AB labelled IgG N-linked glycan library, 200 pmol Instrument: Agilent 6550 iFunnel Q-TOF LC/MS
[t Source: Agilent Dual JetStream
Column: Agilent AdvanceBio Glycan Mapping, Drying gas temp: 200 °C
2.1 x 150 mm, 1.8 pm (p/n859700-913)
Drying gas flow: 12 L/min
Mobile A, 100 mM NH, formate, pH 4.5; B, ACN
phase: Sheath gas temp: 250 °C
Inj vol: 2 uL in 70/30 ACN:water Sheath gas flow: 12 L/min
Column 55°C Nebulizer 25 psi
temp: pressure:
Sample 10°C Capillary voltage: 3,500 V
thermostat: Nozzle voltage: 500V
Detection:  Fluorescence, excitation 260 nm, emission 430 nm Fragmentor 250V
voltage:

Instrument: Agilent 1290 Infinity LC with 1260 Fluorescence Detector

Conditions, bovine fetuin

Skimmer voltage: 45V

Octupole RF Vpp: 550V

MS range: 100to 1,700 m/z
Parameter Value MS scan rate: 2 spectra/s
Sample: ProZyme Glyko 2-AB bovine fetuinN-linked library
Column: Agilent AdvanceBio Glycan Mapping, . o
2.1 x 150 mm, 1.8 um (p/n859700-913) The workflow is shown in Figure 1.
Mobile A, 100 mM NH, formate, pH 4.5; B, ACN I
phase: Deglycosylation sample
I prep kit:

Inj vol: 5 pL (20 pmol) in 70/30 ACN:water 1. Protein denature

2. Enzymatic cleavage glycan
Column 55RE I 3. Clean-up cartridge/plates
temp: q

2-AB labeling kit:

Other conditions as above

Conditions, dextran ladder

Parameter

Value

Sample:

Agilent 2-AB labelled dextran ladder standard
(p/n5190-6998)

HILIC column
LC/FLD(-MS) I

Majority process

Figure 1. Amino acid analysis of protein hydrolysate.
The resolution between leucine and Isoleucine with the

AdvanceBio AAA, 4.6 x 100 mm, 2.7 pm column is much higher
than the reported value for system suitability requirement.

Column: Agilent AdvanceBio Glycan Mapping,

2.1 x 150 mm, 1.8 pm (p/n859700-913)
Mobile A, 100 mM NH, formate, pH 4.5; B, ACN
phase:
Inj vol: 2 L 75:25 ACN:water (10 pmol total glycan)

Other conditions as above

Return to Contents Section
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Results and Discussion

Dextran ladder

Figure 2 shows the separation of a 2-AB labeled dextran ladder. In
this separation, a homopolymeric series of 20 glucose oligomers
were efficiently baseline resolved in less than 15 minutes.

w 2 Time %A %B Flow rate
3 (mL/min)
5
. 0 25 75 1.0
12 40 60 1.0
4 4
12.15 60 40 0.5
12.5 60 40 0.5
3 5
12.9 25 75 0.5
6 13.05 25 75 1.0
2
15 25 75 1.0
;
16 17
Jhu 15 1819 o
04— T T . . T ;

0‘.2“‘4‘ ‘6|"8I|‘10I“1‘2|I‘1‘4r‘nin

Figure 2. The Agilent AdvanceBio Glycan Mapping column separates a
2-AB labeled dextran ladder to baseline in less than 15 minutes

Human IgG glycans

Figure 3 demonstrates an ultra-high resolution separation of 2-AB
labeled N-linked human IgG glycans.

Time %A %B Flow rate
(mL/min)

0 20 80 0.5
25 40 60 0.5
26 100 0 0.5
27 20 80 0.5

12| 30 20 80 0.5 *
¥
10 -
08
0.6 LI}
a2
-
04b.AB labeling 1
eagent :
N _AL \A_J m
1234775 6
0 25 5 75 10 125 15 17

Avg RS RS RS RS Avg PW Bp (bar) Peak

RT 2,1 3,2 4,3 6,5 (min) at 30 capacity
(min) % B
12.7 2.60 2.90 5.43 2.81 0.0741 298 221

Figure 3. Very high resolution of 2-AB labeled N-linked human IgG
glycans on the Agilent AdvanceBio Glycan Mapping column.

Fast separation in less than 10 minutes was also achieved, as
shown in Figure 4.

Time %A %B Flow rate
(mL/min)

0 25 75 1.0

12 40 60 1.0

1215 60 40 05

=2 12.5 60 40 05

) 12.9 25 75 0.5

13.05 25 75 1.0

15 25 75 1.0

2-AB labeling
041 reagent

Separation
<10 min

0 2 2 3 4 5 6 7 8 o @i

AvgRT RS RS RS RS Avg Bp (bar)  Peak
(min) 2,1 32 4,3 6,5 PW at30 % B capacity
(min)

3.93 163 170 3.05 200 0.059 298 135

Figure 4. The Agilent AdvanceBio Glycan Mapping column separates
2-AB labeled N-linked human IgG glycans in less than 10 minutes.

MS N-linked glycans

Figure 5 shows eight representative mass spectra from the
ultra-high resolution separation of human IgG glycans. The
spectra were generated by Q-TOF analysis (experimental). All
spectra matched theoretical masses to within 6 ppm.

s = FA2G2 12 {7 FA2BG2

25 “le93.e50 08 085 EFA2GT1S]
- FA2B N

i TN, ;

2 . w0 -

15 0 FA2 25 FA2G2S1

10499160

05
e gL DU TonTs it I8 o /\.—r\,ﬂ\,-j Ub\/\»m
0s o ph W7 1 1 0 0T b2 1103 170s
Counts v, Mass-to-Charge (z)
b 3 02
35 7157 FA2BG1
3 & x
23 7 673.336 FA2G1
2 5
15 5
1 P
05 3
e 1

OGS
Counts vs. Mass-to-Charge (miz)

Figure 5. Eight representative mass spectra from the ultra-high
resolution separation of human IgG glycans (fluorescence detector
separations are displayed on the panel to the left).
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Sub-2 pm HILIC comparison

Figure 6 shows the results of a comparison of glycan amide
columns. Using the same chromatographic conditions, the
AdvanceBio Glycan Mapping column delivered better resolution
and narrower bands, with higher peak capacity, at a 40 % faster
separation time than another brand of sub-2 um HILIC column in
a 2.1 x 150 mm configuration.

LU AdvanceBio Glycan Mapping 2 o Time %A  %B  Flow ra’te
o a (mL/min)
121 column o =
1 0 20 80 05
1.0 ! o
] = 25 40 60 05
0.8 -2 T 26 100 0 05
0.6 1 i3 27 20 80 05
041 30 20 80 05
0.24
__)V\ P
0 T E=T o ] = L T
0 2.5 5 20 22.5 min
LU Other brand column =
1.2 o 3
1.0 1 [
0.8 4
0.6 4
0.4 1
0.2 1 I
0 LB L B o T T T | T T T I R
0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 min
Column Avg RT (min) RS 2,1 RS 3,2 RS 4,3 RS 6,5 Avg PW (min)  Bp (bar) at 30  Peak capacity
% B
Agilent 12.7 2.60 2.90 5.43 2.81 0.0741 298 221
AdvanceBio
Glycan Mapping
Other brand 20.2 1.77 1.94 3.39 2.10 0.1085 349 214

Figure 6. The AdvanceBio Glycan Mapping column delivers better resolution and narrower bands, with higher peak capacity at a 40 % faster

separation time.

Return to Contents Section

144



Fetuin glycans

Finally, we revealed the fast and highly efficient performance of
the AdvanceBio Glycan Mapping column in a separation of 2-AB
labeled bovine fetuin N-linked glycans (Figure 7).

. 4
Norm. “] Expanded view o EEH R o
| § Time b7 wn :FES:-:_I
3.57 g o 75 P 10
25 50 5 1a
2510 A & Q.5
3.0+ 2551 .
: 5 26 75 Pl 14
2.55 h ! S o
ol | e
2.0 . . : - - -. 2 5
L]
1.54
1 7
1.0 Free 2-AB
(reagent peak) o 2
o 5 o 3
0.54 ™ e Separation
= = & <12 min
o b=
[ [un}
o
0 A ~d
N
L B N LN e I N P | d -
0 2 4 6 10 12 14 min

Figure 7. Fast and highly efficient separation of 2-AB labeled bovine fetuin N-linked glycans, 2.1 x 150 mm 1.8 um AdvanceBio Glycan Mapping column.

Table 1. Glycan nomenclature and structure assignments for the
optimized rapid separation of bovine fetuin 2-AB labeled N-linked glycans
displayed in top chromatogram of Figure 7.

Peak Retention GU Glycan structure Structures
value
1 6.70 9.4 A2G2S2 o
2 7.27 9.8 A2G2S2 som
*oR o

3 8.73 108 A3G3S3,A3G3S2 - .
(trace) :g.:?ll + ﬂ;:)lu

4 9.22 112 A3G3S3,A3G3S2 coxa L oma
(trace) :E} ::}

5 9.70 11.6 A3G3S3, A3G3S4 jot-ie TR w::/'"
(trace) *

6 10.20 12 A3G3S4, A3G3S3 PRidoe 2

7 10.63 12.4 A3G3s4 - :3;;..

Galactose N-acetylglucosamine
A o @ u L 4
Fucose Mannose N-acetylneuramic acid

Conclusions

The Agilent 1.8 um HILIC amide AdvanceBio Glycan Mapping
column provided separation of N-linked glycans with high speed,
excellent resolution and increased efficiency. Ina 2.1 x 150 mm
configuration and under identical chromatographic conditions, the
column enabled a well-resolved separation of 2-AB labeled IgG
N-linked glycans, with a 40 % reduction in elution time compared
to another brand of sub-2 pm HILIC column. A separation of 2-AB
labeled bovine fetuin N-linked glycans demonstrated the column’s
excellent analytical selectivity and resolving power for separating
these complex biantennary and triantennary glycans.
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Abstract

This Application Note describes the analysis of N-linked glycans with hydrophilic
interaction chromatography (HILIC) using the Agilent 1290 Infinity Binary LC
together with the Agilent 1260 Infinity Fluorescence Detector and the Agilent 6530
Accurate-Mass Q-TOF LC/MS. Enzymatic glycan release with PNGase F followed
by derivatization with 2-aminobenzamide (2-AB) was conducted on monoclonal
antibodies (mAbs) and two other glycoproteins, fetuin and ovalbumin. The excellent
resolution provided by the Agilent AdvanceBio Glycan Mapping column allowed
detection and identification of all major N-glycans in the mAb sample. Furthermore,
the highly complex N-glycans released from fetuin and ovalbumin were well
resolved.
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Introduction

Glycosylation is one of the most frequently observed post
translational modifications. Mammalian glycoproteins

contain three major types of glycans: N-linked, O-linked, and
glycosylphosphatidylinositol (GPI) lipid anchors, which consist
of one or more monosaccharide units. A single glycosylation site
can generate considerable heterogeneity of the mass and charge
of glycoproteins. These oligosaccharides are involved in many
biological regulation and recognition processes, for example,
protein sorting, immune and receptor recognition, inflammation,
pathogenicity, metastasis, and other cellular processes'?.

In addition, properties such as safety, efficacy, and the serum
half-life of therapeutic proteins can be affected by their
glycosylation pattern.

Recombinant monoclonal antibody therapeutics (mAbs)
represent the largest group of therapeutic proteins. The

efficacy of these therapeutics is highly dependent on the correct
glycosylation pattern of the mAbs and, so far, all licensed
therapeutic mAbs are immunoglobulins G (IgGs)®. Human IgG
has a single conserved N-linked glycosylation site located on the
Fc region of each heavy chain at Asn2974 (Figure 1), resulting in
the presence of two N-glycans per IgG. This typically consists of
a handful of major structures and numerous minor structures®.
The combination of glycans at each of the two glycosylation sites
on the Fc region leads to large numbers of different glycoforms in
each batch of mAb production.

The glycan structure plays a critical role in complement activation
and receptor affinity®, which affect the efficacy of therapeutic
mAbs. Moreover, non-human glycans are a safety issue due to
induced immune responses. Therefore, analysis of the glycan
pattern is an important part of the characterization of therapeutic
glycoproteins, especially mAbs.

This Application Note uses symbolic glycan structures according
to the Consortium for Functional Glycomics (CFG), as shown

in Figure 2. Assigned glycans are also described by the Oxford
glycan nomenclature and by another style of nomenclature,
which is popular for mAb glycans, shown here in italics.

Figure 2A shows the general nomenclature used to describe
sugar residues of different glycan structures on proteins. Figure
2B shows some predominant glycan structures present on the
Asn-297 site in human IgG. In general, N-glycans have a core
structure, containing two b-D-N-acetylglucosamine (GlcNac) and
three mannose (Man) units. IgG Fc N-glycans are predominantly
biantennary complex-type structures, partially core-fucosylated
(for example, FA2 or GOF).

Heavy chain

Fab
Light chain

Asn-297--

Fc

Figure 1. 1gG antibody structure.

A B

Monosaccharides :}.—I—I A2. GO
A Fucose

© Mannose

B N-acetylglucosamine O—{:}.—I—I A2G1,G1

’ N-acetylneuramic acid

<> N-glycolylneuraminic acid %{m—.—l FA2G2S1, ATF

Figure 2. Glycan structure and isoforms. A) Monosaccharide
description after the Consortium for Functional Glycomics, B)
predominant glycan structures of human IgGs.
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Different strategies for the analysis of N-glycans have been
described. Many methods are based on enzymatic release of
N-glycans from the protein by PNGase F. Due to the lack of
intrinsic chromophores, it is also common to derivatize the
glycans with a fluorescent label prior to analysis’. Each N-glycan
contains a single reducing end site that can be reacted with

an excess of fluorescent label, such that each N-glycan will be
attached to one fluorophore. The processed sample is, therefore,
appropriate for relative quantification by separation with
fluorescence detection without the need for any quantitation
standards or calibration. 2-AB is a stable, neutral label that is
popular for N-glycan analysis’#®. Figure 3 illustrates 2-AB labeling
by reductive amination (Schiff's base intermediate not shown).

Subsequent purification using hydrophilic interaction
chromatography/solid phase extraction (HILIC/SPE) is performed
to remove the large excess of 2-AB so that it does not interfere
with the HILIC/FLD analysis.

Here, we show enzymatic release of N-glycans using PNGase F
with subsequent derivatization with 2-AB prior to separation by
HILIC UHPLC, with fluorescence detection and identification by
on-line quadrupole time-of-flight mass spectrometry
(Q-TOF/MS).

2-Aminobenzamide Glycan
136 Da -H0

et
HO _R
N\/&o

OH
NHAc

2-AB labeled glycan
+120 Da

Figure 3. Labeling of a glycan with 2-aminobenzamide (2-AB).

Experimental

Reagents, samples, and materials

The Agilent 1290 Infinity Binary LC System consisted of the
following modules:

— Agilent 1290 Infinity Binary Pump (G4220A) with
35 pl Jet Weaver

— Agilent 1290 Infinity Autosampler (G4226A)
— Agilent 1290 Infinity Thermostat (G1330B)

— Agilent 1290 Infinity Thermostatted Column Compartment
(G1316C)

— Adgilent 1260 Infinity Fluorescence Detector (G1321B) with
standard flow cell

Reagents, samples, and materials
Agilent 6530 Accurate-Mass Q-TOF LC/MS

Column

Agilent AdvanceBio Glycan Mapping, 2.7 x 150 mm, 1.8 um
(p/n 859700-913)

Software

Agilent OpenLAB CDS ChemStation Edition for LC & LC/MS
Systems Rev. C.01.05 [38] and Agilent MassHunter Workstation
Software, Version B.05.01, Build 4.0.479.0. Glycan structures were
created with GlycoWorkbench, Version 2.1, stable (146).

Sample preparations
Deglycosylation procedure:

N-glycans were released from a monoclonal antibody,

fetuin, and ovalbumin using PNGase F. This enzyme cleaves
asparagine-linked high mannose as well as hybrid and complex
oligosaccharides from the glycoproteins and leaves the glycans
intact. Fetuin has three N-glycosylation sites (Asn-81, Asn-138,
and Asn-158) and four O-linked sites (Ser-253, Thr-262, Ser-264,
and Ser-323)11. Ovalbumin has only one glycosylation site,
whereas the mAb contains two glycosylation sites. The amount
of PNGase F was adjusted to the amount of N-glycosylation sites.
The proteins were deglycosylated according to instructions for 3
hours at 37 °C. The reaction was then stopped, and the sample
was vacuum-dried for further processing.

2-AB-labeling for fluorescence detection and sample
cleanup

The dried glycan samples were labeled with 2-aminobenzamide
according to the protocol for 3 hours at 65 °C. After the labeling
procedure, the samples were purified using the HILIC cleanup
cartridges according to the instruction manual. After the cleanup
procedure, the samples were vacuum-dried and reconstituted in
ultrapure water:acetonitrile 30:70 (v/v) for analysis.

Solvents and samples

Buffer A was 100 mM ammonium formate in water, pH 4.5
and buffer B was acetonitrile. All solvents were LC grade. Fresh
ultrapure water was obtained from a Milli-Q Integral system
equipped with a 0.22 pm membrane point-of-use cartridge
(Millipak). The monoclonal antibody was RAT Anti-DYKDDDDK
Tag Antibody. Ammonium formate, fetuin and ovalbumin,
PNGase F from Elizabethkingia miricola, GlycoProfil 2-AB
Labeling Kit, and GlycoProfil Glycan Cleanup Cartridges were
purchased from Sigma-Aldrich Corp., St. Louis, USA.
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Instrumental conditions

Fetuin Ovalbumin
Antibody standard gradient gradient gradient
Starting flow rate 0.5 mL/min 0.5 mL/min 0.5 mL/min

Gradient 0 minutes 85 % B 0 minutes 75 % B 0 to 6 minutes 85% B
5 minutes 75 % B 45 minutes 50 % B 10 minutes 80 % B
35 minutes 64 % B 47 minutes 40 % B, flow 0.5 mL/min 60 minutes 70 % B
40 minutes 50 % B 47.01 minutes, flow 0.25 mL/min 65 minutes 50 % B, flow 0.5 mL/min
42 minutes, flow 0.5 mL/min 49 minutes 0 % B 65.01 minutes, flow 0.25 mL/min
42.01 minutes, flow 0.25 mL/min
43 minutes 0 % B 51 minutes 0 % B 68 minutes 0 % B
48 minutes 0 % B 51.01 minutes 75 % B, flow 0.25 mL/min 73 minutes 0 % B
50 minutes 85 % B 52.00 minutes, flow 0.5 mL/min 74 minutes 85 % B, flow 0.25 mL/min
50.01 minutes, flow 0.25 mL/min
51 minutes, flow 0.5 mL/min 75.00 minutes, flow 0.5 mL/min
Stop time 51 minutes 52 minutes 75 minutes
Post time 20 minutes 20 minutes 20 minutes
Injection volume 5pL 1L 1L
Thermostat autosampler 5°C
Column temperature 60 °C

FLD

Ex. 260 nm, em. 430 nm

Peak width

>0.013 minutes (0.25 seconds resp. time) (37.04 Hz)

MS parameters

Results and Discussion

Analysis of N-glycans from monoclonal antibodies
Figure 4 shows the separation of the mAb N-glycans. The mAb

glycan pattern was optimally resolved, allowing separation and

integration of all major N-glycans. Relative quantification was

made based on the calculation of the peak area percentage.

Gas temperature 250 °C
Sheath gas temperature 250 °C
Gas flow 8 L/min
Sheath gas flow 8 L/min
Nebulizer 25 psi
Vcap 3,500V
Nozzle 1,000 V
Fragmentor 200V
Skimmer 45V
Oct 1 RF Vpp 550
Collision energies 15and 30V

High intensity of the labeled glycans was achieved by setting
the optimal wavelengths for glycan detection on the Agilent
1260 Infinity Fluorescence Detector, using 260 nm as excitation
wavelength and 430 nm as emission wavelength'®.

The resulting HILIC glycan profile was assigned to the
corresponding glycan structures based on the parent ion mass
observed and the related MS/MS spectra. The parent masses

Mode MS and targeted MS/MS were entered into the GlycoMod tool from Expasy to find related
glycan structures.
x10" 2 Peak Area %
12 1 22
2 54.8
<10 3 1.2
“;, 4 47
208 5 8.4
> 6 6.2
306 7 16
g 8 15.1
gOA s 5 29
0.2 T 45 6 10 10 29
WU | N | S
3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Acquisition time (min)
Figure 4. Separation of mAb N-glycans with fluorescence detection
with 260 nm as the excitation wavelength.
Return to Contents Section



GlycoMod predicts possible glycan structures (labeled or
unlabeled) from the experimentally determined masses
(http://web.expasy.org/glycomod/). Another helpful tool

for glycan assignment and glycan structure design is
GlycoWorkbench15, which was used in this work to prepare
glycan structure cartoons.

As an example of the workflow, the N-glycan FA2G1Sg1 with a
parent mass of 1026.88 [z = 2] (peak 7 and 8) was chosen. The
glycan databases revealed the two most likely glycan structures
for this mass (Figure 5).

MS/MS data was then used to distinguish between these two
potential structures. Figure 6 shows the collision-induced
dissociation (CID) MS/MS spectrum of the N-glycan FA2G1Sg1.
The MS/MS data confirm the presence of a type of sialic acid,
N-glycolylneuraminic acid (NeuGc), which results in strong
signals for fragment ions at m/z 308 (NeuGc) and m/z 673
(NeuGc attached to galactose and N-acetylglucosamine).
Meanwhile, there are no signals at m/z 292 or m/z 657, which
would have indicated the presence of N-acetylneuraminic acid
(NeuAc). Therefore, these results provided strong evidence

that the structure was FA2G1Sg1 (containing NeuGc) rather
than A2G2S1 (which contains NeuAc). The decision to assign a
structure with a core fucose was also supported by the MS/MS
data, based on the lack of strong fragment ion signals at m/z
512 or m/z 350, which would have been present if the fucose had
instead been attached in the outer arm region.

<>—O—{ :}.—I—I FA2G1Sg1
0—{&::}0—.—- A2G2S1

Figure 5. Two most likely glycan structures for the parent mass of
1,026.88 [z = 2], FA2G1Sg1 and A2G2S1.

All other peaks were similarly assigned using their MS and MS/
MS spectra. The assigned structures are given in Table 1. The
results show that the mAb mainly contains core fucosylated
complex glycans, including several structures with NeuGc. These
findings are typical for an IgG antibody produced by rat cells.
NeuGc does not normally occur in human glycoproteins and is
undesirable in therapeutic proteins'? The sialic acids occurring in
human glycoproteins are typically N-acetylneuramic acids.
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Figure 6. MS/MS spectra of FA2G1Sg1 - 1026.88 [z = 2] - 1931.6876 Da.

Table 1. Overview of masses and assigned 2AB- glycan structures of rat
monoclonal antibody.

Peak Oxford Biopharma Mass detector Structure

mAb style (Da)

1 FA1 GO-GIcNAc A2G2S2
=—{ ?*l
2 FA2 GOF 792.3130 [z = 2] ! : I
3 M5 Man5 1,355.5[z=1] :>:
4,5 FA2G1 G1F 873.34 [Z = 2]
L S
6 FA1G1Sg1 G1FSg1 925.34 [z = 2]

GlcNAC o—o-m—{ :>FFI

78  FA2G1Sg1 GTFSg1 1,026.88 [z = 2]

9 FA2G2Sg1 Ag1F

1,107.9135[z=2]
(o= o]

10 FA2G2Sg2 Ag2F

1,261.446 [z2=2] I

Return to Contents Section



Analysis of antibodies from fetuin and ovalbumin

N-glycans from two more proteins, fetuin and ovalbumin, were
released by PNGase F, derivatized with 2-AB and analyzed using
HILIC/UHPLC with online MS. Figure 7 shows the separation of
bovine fetuin N-glycans. This glycosylation profile was dominated
by complex non-fucosylated biantennary and triantennary
glycans containing NeuAc. Nine major peaks could be assigned
using Q-TOF/MS detection. Table 2 shows the assigned glycan
structures.
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Figure 7. Separation of 2-AB-labeled fetuin.

Table 2. Detailed information of N-glycan ovalbumins.

Peak Oxford Structure
1 A2G2S1
2,3 A2G2S2 mﬂ
4 A3G3S2 >
Slemomes
5 A3G3S3, -~
A3G3S2 (trace) E § ; k{ § ;
6 A3G3S3, -~
A3G3S2 (trace) E § ; k{ § ;
7 A3G3S3,
A3G3S4 (trace) E § E; F{E é E;

8 FA3G3S4,
A3G3S3 F{Egs;) o E:?E} we

9 A3G3S4

GlycoMod Figure 8 shows the separation of ovalbumin glycans.
Ovalbumin is N-glycosylated only at one site (Asn292), but a
complex glycosylation pattern can be associated to this site'.
Due to the complexity of the glycan profile, the gradient had to be
adjusted to a longer separation time to achieve higher resolution.
The high performance of the AdvanceBio

Glycan Mapping column allowed resolution of over 50 peaks
with a good signal-to-noise (S/N) ratio. Twenty major peaks were
assigned based on the parent ion-mass data (Table 3). Detailed
structural conclusions were not achievable due to the high
chance of isobaric structures occurring, several of which cannot
necessarily be distinguished from the MS/MS data. Instead,

the N-glycans are described in terms of their monosaccharide
composition.

Compared to the relatively simple glycan pattern of the mAb, the
two other glycoproteins had a greater variety of glycan structures.
No fucosylated glycans were detected in ovalbumin in contrast
to the mAb glycans, which matches previously reported findings
that avian egg glycoproteins are non-fucosylated.
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Figure 8. Separation of N-glycans released from ovalbumin.
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Table 3. Assigned masses and monosaccharide composition of
ovalbumin N-glycans; H = hexoses, i.e. galactose or mannose;
N = N-acetylglucosamine.

Peak Mass + 2AB (Da) Calculated PComposition PComposition
mass (Da) (short form) (long form)

12 1,234.48 [M] 1,114.48 H3N3 (HexNAc), +(Man),(GIcNAC),

3 1,193.45 [M] 1,073.45 H4N2 (Hex),(HexNAc),

4 1,437.56 [M] 1,317.56 H3N4 (HexNAc),+(Man),(GIcNAC),

5 1,396.53 [M] 1,276.53 H4N3 (Hex), (HexNAc),+(Man),(GIcNAc),

6,7 1,640.64 [M] 1,520.64 H3N5 (HexNAc),+(Man),(GIcNAC),

8 1,355.506 [M] 1,235.51 H3N5 (Hex),+(Man),(GIcNAC),

9 1,599.61 [M] 1,479.61 H4AN4 (Hex), (HexNACc),+(Man),(GIcNAc),

10 1,843.73 [M] 1,723.73 H3N6 (HexNAGC),+(Man),(GIcNAc),

11 1,802.74 [M] 1,682.74 H4N5 (Hex), (HexNACc),+(Man),(GIcNAc),

12,14 2,046.884 [M] 1,926.88 H3N7 (HexNAC) +(Man),(GIcNAc),

13 1,517.56 [M] 1,397.56 H6N2 (Hex),+(Man),(GIcNAc),

15 1,761.6574 [M] 1,641.66 H5N4 (Hex),(HexNAc),+(Man),(GIcNAC),

16 2,005.8098 [M] 1,885.81 H4N6 (Hex),(HexNAc),+(Man),(GIcNAc),

17 2,249.9728 [M] 2,129.97 H3N8 (HexNAG),+(Man),(GIcNAc),

18 1,964.82 [M] 1,844.82 H5N5 (Hex),(HexNAC),+(Man),(GIcNAc),

19,20 2,208.87 [M] 2,088.87 H4AN7 (Hex), (HexNAc) +(Man),(GIcNAC),
Conclusions

The Agilent 1290 Infinity Binary LC System, together with the
Agilent 1260 Infinity Fluorescence Detector and Agilent 6530
Accurate-Mass Q-TOFLC/MS, was an ideal combination for

the analysis of released N-glycans that were derivatized with
2-aminobenzamide. Sample preparation using PNGase F for the
release of N-linked glycans followed by 2-AB derivatization with
subsequent HILIC sample cleanup was demonstrated for one
monoclonal antibody and two other glycoproteins.

The Agilent AdvanceBio Glycan Mapping column demonstrated
excellent resolving power, allowing separation and identification
of all major N-glycans in a rat mAb sample. Complex biantennary
and triantennary N-glycans from fetuin and ovalbumin were

also analyzed with very high resolution. Optimized fluorescence
excitation and emission wavelengths of 260 and 430 nm
provided better S/N ratios. Electrospray ionization Q-TOF MS
analysis allowed assignment of different glycan structures or
monosaccharide compositions, depending on the complexity of
the sample.
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Abstract

This Application Note presents an automated high-throughput sample preparation
for 2-AB labeled N-linked glycans from innovator and biosimilar monoclonal antibody
(mADb) followed by liquid chromatography (LC) analysis.

Agilent AssayMAP Bravo liquid handling platform was used for the automated
sample preparation involving glycan cleavage and release from mAb, 2-AB labeling,
and purification. The downstream ready samples were then analyzed using an
Agilent 1290 Infinity LC system with Agilent AdvanceBio Glycan Mapping columns.
The glycan distribution and heterogeneity between the samples were deduced by
comparing the chromatogram from both innovator and biosimilar mAb.

The study highlights the high-throughput application of the AssayMAP Bravo
platform for automated and reproducible sample preparation for glycan profiling,
followed by fast chromatographic separation using a 1290 Infinity LC system.
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Introduction

Monoclonal antibodies (mAbs) are leading the race in
biotherapeutics, and have revolutionized the way diseases are
treated and intervened. Patents for most of the 20 clinically
approved' first-generation mAbs have either expired, or are about
to expire. This has increased the opportunity for generating
generic versions, referred to as biosimilars. Regulatory bodies
such as the United States Food and Drug Administration (FDA)
and European Medicines Agency (EMA) have published guidelines
for the characterization of biosimilar protein therapeutics
including post-translation modifications?. Glycosylation
modification results in structural heterogeneity that changes

an mADb's target binding capacity, stability, charge, and mass®.
During the course of developing the antibodies from the cell

line, the glycans are monitored for cell line alteration and culture
optimization. This requires a high-throughput sample preparation
to screen several cell culture conditions in parallel. The Agilent
Bravo Automated Liquid Handling Platform is a precise liquid-
handling system designed for high-throughput applications

like glycan profiling. Agilent Bravo with Agilent AssayMAP
technology combines the automation with miniature 5 pL pack
bed cartridges for sample preparations, enabling high-throughput
chromatography and sample preparations in a shorter time*.

This Application Note presents a workflow solution for profiling
N-glycans from mAb using an Agilent AssayMAP Bravo
platform. The system automates the N-glycan purification and
derivatization using 2-aminobenzamide (2-AB) dye, which is then
followed by Agilent HPLC analysis using Agilent Glycan Mapping
columns. We showcase the ease-of-use of an AssayMAP

Bravo for the automated sample preparation required for high-
throughput profiling studies.

Experimental

Materials

ProZyme's GlykoPrep-plus Rapid N-Glycan Sample Preparation
with 2-AB kit, and 2-AB labeled Oligomannose 5 and 6 were
purchased from ProZyme. An Agilent AdvanceBio Glycan
Mapping column, 2.7 x 150 mm, 1.8 um (p/n 859700-913), and
Agilent 2-AB labeled human IgG N-linked glycans standards (p/n
5190-6996) were purchased from Agilent Technologies. Innovator
rituximab and biosimilar product were purchased commercially
from a local pharmacy. All other chemicals were procured as
HPLC grade from Sigma.

Sample preparation

Reagents from a ProZyme GlykoPrep plus kit with an AssayMAP
protocol were used for the sample preparation. An innovator and
biosimilar sample was diluted to 1 mg/mL, then loaded onto
three columns of the 96-well plate (24 replicates each). After
placing the sample plates and reagents plates as specified in

the guideline®, the samples were processed by launching the
N-Glycan Sample Prep: RX digestion & 2-AB labeling module from
Agilent VWorks software. The protocol consists of five modules
that are performed in sequential order to immobilize the samples,
digest the glycans, elute, label with 2-AB, and complete a final
cleanup to remove the excess dyes. The final purified labeled
glycan from each well were then transferred to HPLC vials and
analyzed immediately, or stored at =80 °C.

Figure 1 presents a schematic diagram of the complete workflow.

[
[T
| T

Agilent AssayMAP Bravo Rapid-Reductive-Amination
(70 °C, 60 minutes)
ProZyme GlykoPrep-plus Kit l CU Cartridges
Glycan cleanup and final elution
[\ n l
= SN

2-AB labeled glycans

— Agilent 1290 Infinity LC

Figure 1. Schematic workflow for the glycan isolation, labelling,
purification followed by LC analysis using Agilent solutions.
Components of the Agilent AssayMAP steps are shown in blue; the
ProZyme kits are shown in orange.
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Instrumentation

Agilent 1290 Infinity LC System including:

— Agilent 1290 Infinity Binary Pump G4220A

— Agilent 1290 Infinity Autosampler G4226A

— Agilent 1290 Infinity TCC G1316 C

— Agilent 1260 Fluorescence Detector G1321 B

The LC method described earlier was adopted for this study®.
Every sample was analyzed in quadruplet injections, followed by
a blank injection.

Software
— Agilent VWorks Automation Control 11.4.0.1233

— Agilent AssayMAP Launch Pad 3.0

— Agilent N-Glycan Sample Prep: RX digestion & 2-AB labeling
protocols 1.0

— Agilent ChemStation C.01.06

3 Immobilization & Digestion Protocol

7. Finishing 8. Digestion 9. Blocking
Reagent Buffer Reagent POlyPlO

3 12 Column, Low Profile Reservoir, Natural PP
96 PCR Block + 96 Eppendorf 30129300, PCR, Full Skirt, Volume

Deck Layout Labware Table
L L' X 1 96AM Tip Wash Station
1. Wash Station [| 2. RX Cartridges || B Priming 2 96AM Cartridge Seating Station
4.Processing || 5.D [
Plate Reagent "

5 96 Greiner 650201, U-Bottom Standard, PolyPro

Results and Discussion

Agilent AssayMAP sample preparation

The samples were processed following a protocol consisting

of five modules, as presented in Figure 2. The software suite
consists of a deck layout, labware table, and application settings
tab for each module to be performed (Figure 3). The user was
prompted to place the appropriate consumables and reagents
listed in the labware table in the specified deck positions.

After setting up all labware, the protocol was executed, and
AssayMAP Bravo completed the protocol, and a confirmation
message was displayed to proceed to the next module.

The final Cleanup Protocol module eluted the labeled and purified
glycans in an aqueous buffer into a clean 96-well plate. The
samples were then analyzed in quadruplets, along with blanks,
using the Agilent AdvanceBio Glycan Mapping column for the
downstream LC analysis.

N-Glycan Sample Prep: RX digestion & 2-AB labeling
o ¢ GlykoPrep-plus Rapid N-Glycan Sample Preparation with 2-AB

2

5 Labeling Protocol

6 Cleanup Protocol

Figure 2. Agilent VWorks modules of an Agilent AssayMAP N-Glycan
Sample Preparation.

Application Settings
Parameter Value
Denaturant Volume 35 pL

Starting Sample Volume 55 pL

Denatured Sample Load l— il

Sample Loading Flow Rate > pL/min
Temperature Set Point for s C

7 96 Greiner 650201, U-Bottom Standard, PolyPro
8 96 Greiner 650201, U-Bottom Standard, PolyPro

9 96 Greiner 650201, U-Bottom Standard, PolyPro

6 [96 Eppendorf 30129300, PCR, Full Skirt, PolyPro Digestion

Duration of Digestion Step 30 minutes

(B Run Protocol 3 ‘ ) ‘

Figure 3. The deck layout, labware table, and application settings of the Immobilization and Digestion Protocol, one of the five sample preparation

modules in Agilent VWorks software.
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HPLC Analysis

The N-glycan profiles were compared between the innovator and
biosimilar mAbs using a fast analysis method with the Agilent
1290 Infinity system. The Agilent 2-AB labeled IgG N-linked
glycan library was used as the standard to assess the column
performance, and to annotate the peaks in mAb samples. The
1290 Infinity system with high backpressure enabled the analysis
of the samples in less than 6 minutes, saving analysis time per
sample, and increasing sample throughput.

Each sample was HPLC analyzed in replicates of four. Figure

4 presents the peak area of four major glycans species from

96 replicates, demonstrating the excellent column-to-column
reproducibility of the AssayMAP micro chromatography pipette
tips. The Reproducibility Standard Deviation (RSD) calculated for
peak area and peak height showed a coefficient of variation (CV)
of less than 6 % for all glycan species. This demonstrates the
very robust and reproducible sample preparation capability of the
AssayMAP Bravo system.

Glycan profiling and comparison of innovator and
biosimilar rituximab

The chromatograms of the innovator and biosimilar rituximab
were compared with the standard N-linked 1gG glycan library, and
the peaks corresponding to glycans were annotated. Separate
standards comprising 2-AB labeled oligomannose 5 and 6 were
also used to annotate additional peaks. The glycosylation pattern
of the major abundant glycans, such as the GOF, G1F isoforms,
and G2F was comparable between the innovator and biosimilar
product (Figure 5). Small differences in the low abundant glycans
were observed; the biosimilar sample contained lower amounts
of mannose (Man5), as shown in the zoomed view of Figure 6.
Despite minor differences in some low abundant glycans, the
glycan profile of the innovator and biosimilar rituximab can be
concluded to be comparable.

Peak area of abundant glycans found in the innovator and biosimilar rituximab

M Innovator rituximab

W Biosimilar rituximab
80
3
% 60
40
, “ - ™
0
F' G2F

GOF G1F G1
Major glycans species found in the monoclonal antibody

Figure 4. Peak area of major glycan species from 96 replicates for each
innovator and biosimilar sample.

LUq A GOF

Innovator
rituximab

0.5 Freedye

0 2 4 6 8 10 12 min
wi g GOF

Biosimilar
20 rituximab

0.5
Free dye

ATF

0 2 4 6 8 10 12 min

Figure 5. Glycosylation pattern of innovator and biosimilar rituximab.
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The area percentage for each N-glycan core was calculated
and compared between both samples. Table 1 shows the ratio
of N-glycans between the innovator and biosimilar rituximab.
The table shows a similar N-glycan fingerprint profile for both
innovator and biosimilar.

Both samples showed a similar trend in the distribution of
N-glycans, with GOF as the major glycoform followed by G1F,
G1F', and G2F. Apart from the annotated glycans, there were
a few unknown glycan forms that may be assigned with an
orthogonal detection system. A correlation graph (Figure 7)
plotted for the area percentage of both samples shows high
similarity, with an R2 of 0.973.

Table 1. Glycan area percentage between innovator and biosimilar
mADbs.

Percentage of N-glycans

N-glycans Innovator Biosimilar
GO 1.5 0.8
GOF 42.2 50.5
Man5 1.7 1.2
G1F 28.6 26.7
G1F 13.0 11.6
G2 0.3 0.2
G2F 8.7 585
G1FS1 0.9 0.6
A1F 0.2 0.5
Conclusions

This study highlights the versatility of the Agilent AssayMAP
Bravo system for a high-throughput sample preparation.

— The Agilent VWorks Automation Control software suite
simplifies the sample preparation with ready-to-go protocols,
resulting in downstream-compatible samples with minimal
hands-on operation.

— Monoclonal antibody samples from a 96-well plate were
processed, in parallel, for enzymatic glycan cleavage,
separation, derivatization with 2-AB, and purification.

— The AssayMAP demonstrated excellent reproducibility in the
glycan purification, and performed robustly.

— The purified samples were then analyzed using an Agilent
1290 Infinity LC system with the Glycan Mapping column.

— The glycan species were well-resolved in a shorter time, and
were annotated using standards.

— Thedistribution of the glycan species between the innovator
and biosimilar were assessed, and the data suggest
comparable glycan profiles for the innovator and biosimilar
rituximab used in this study.

LU GOF  GIFGIF G2F

0.25
—— Innovator rituximab

—— Biosimilar rituximab
0.20

0.15

010 GO Man5
0.05
G2
0 MJJ\.
-0.05
2 4 6 8 10 12 min

Figure 6. Zoomed view of Figure 5: the glycosylation pattern of
innovator and biosimilar rituximab, showing minor differences in the
low abundant glycans.

Correlation of rituximab innovator and biosimilar glycan composition

R2=0.973
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Rituximab biosimilar
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o
o

o
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20 25 30 35 40 45
Rituximab innovator

Figure 7. Linear graph showing the comparison of the area % of
glycans released from innovator and biosimilar rituximab.
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s Agilent 1260 Infinity N1 F 1+ —b0x—5F1 LC 2T L
pi=—§ 1.0 mL/min

RE =

IRHER: UV, 220 nm

EAE: 5puL

BE. DFIIDTFEDIRITEEL. DFEORORIVDDONRMICAE
HLUET. LH L. EBICIE. SEC XAZI LI BRATORFH X
ICHEDVWTHBELE T, I(REAL DRV N VBIFEELHEIETY AN
—EDEYNTBDFIFAEREZLTVS L. BRPOREIEF
BOKEBO, FREDBECALRTZ LA BDET (K 3)o Ficw B
BENELDZ L. BRPOTAR (RENZEERCSREFE) 1B
13270, BRIEFICKENEZEHHDET,

B 3. BELEHRD 2 OB EABRDZ VNI EDLER
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SEC-UV/DAD XYy FRERATE

RTFR RURTFR, VNV E.
mAbs MW >0.1~1,250 kDa

EEDFOREDT (RTFRRURTFREYNIE) DY ARICH D DBED =D DFEAN S L K UFIEAR A DER

RTIFRRURTFR, VNV E.
mAbs MW >0.1~10,000 kDa

RFEBECRTHAIICHEI<AFLDZER

AdvanceBio SEC (2.7 pm)

Agilent Bio SEC-5 (5 pm)

RPH1Z MW #5E (kDa) i 8 MW & (kDa)
130 A 0.1~100 100 A 0.1~100
300A 51250 150 A 0.5~150
300 A 5~1,250
500 A 15~5,000
1000 A 50~7,500
2000 A >10,000
HR T BT RES T
BN AdvanceBio SEC %7z & Agilent Bio SEC-5 TR RE 4.6 mm AZLDHEF 0.1~0.4 mL/min
BEE: 150 mM U > BB &R, pH 7.0* MR 7.8 mm A5 LDEAE 0.1~1.25 mL/min
ISUTUN 10~30 BEDTAYVIFT1v YITILE: RASLBBD 5% UTF
RE: #E32:10~30 °C. RE:2E: 80 °C *BELVEEEEDT F I FRNCAMEEE R AR

FHBICOWTIEORD T T U —> 3>/ — e B 72 I W, Defining the Optimum Parameters for Efficient Size Separations of Proteins (Sh=&m %> /X OB 1 XD D f=sH D

RBR/NTA—ZDRE) (BERES 5990-8895EN) www.agilent.com/chem/jp

RYONER. DHOT5RBMA L VNN VEBREOHR YT IO Z7—RIBRICOEEFROBHDHIC. SHICEENBEICABIEDHDET, fIZIE FEB
DEERZBT=DIC. BEEOT T RMELFHETZ N TEIET, £ow pH H—ARIC £ 0.2 BAITHBARETT, SHICRBEEHIUBLRIBEF. BEEZIRT ZHENHDET, RBED

BEY. ARARZBNT 5 CHIREILET,

ZOMDIEHBELTORIILTIE, ROBHE RH—HREITT,

50 MM B R L, pH 7.0 F1IZ 100 ~ 150 mM D3+~ L

50 mM U>EsF kU™ L, pH 7.0 B1i2 100 ~ 150 mM OFEE R U L

50 MM U >E S R L pH 7.0 H1IZ 50 ~ 100 mM DFR3E. £DtDRELIL73E (KCI
BE) PERI TS U HERTEE T,

pH &#: 2.0 ~ 85

ARINFTRE L R AR

50 MM UXEEF RUD L. pHT.0FRIZE~10% OITH/—)L (Ffeld. X&2/—=)L. 7
TR EZDMDIELIL77AEE). 50 MM UYEEF RUT AL pH 7.0 FIC 5% D
DMSO, #EDBVWEEEZEAYT 258 I BAERENECBRABVESICT oI,
MEOEBEDNVBICRZIENHDET,

RE:

—M&IC. SEC IC& 28I 10~ 30 °C TITWVET, 2V /NIBRRTFRODEETIS.
B INTBRBKRTFRODBRECEINEZFHZHIC. ENEDBBVREDNNE
ICBBIENBDET, e BEDOFEEZZITPTVWEY/NIBEOEEEZRADIK
REETRO7DIC. SEC ZEBETITSI L HHD F T, Agilent Bio SEC H5LDREE
FREIF80°C Ty, CNLDBVWRETHERATDE. 2VNVENEMTEI LB
E
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MEREEICH T DR EIE

SEC DBEX N =X LTI, E—oBBEIZ T o321 LD
BUTEIOOTEBEANET, LIehoT. BUVREELBRE#RET
BOICIE. BEAEOHBEIROSNET, T1VIS5Trv IR TE
T TV ISTy I E— RTEIET 505V TU MRV THAEL TS
T, FEBITE (RI) BHEROIFN. —HE7% UV £7213 DAD BiHER
HFEATIEY, FICRI BHBZERATIBEIF. X—IT1VREMN
ERARTBT0I0. BEAEDA LS YT HYHRAS LI/ S— kA
FEERT A EBCETTHLET, BRTHBETS . IEIRE
HEFL. DHEECBIEREENALET2IEN. ASLAICHTZEEHNER
LET, 20, BHEESZXFAICIEHS LAY/~ kXY A REX
T

FELAEZHETOREVEREN L EEEZRER
EEDFOHHTIE. 2 M NaCl » 8 M REL CEEEDS VEER
. pH A1 ~ 13 £TOEFETHIGICS L (EIFEV) BERN—’
ICEDONET, Sl LC BRBICESTEDO TELVEE T, BE
ICE8EtT Nz 1260 Infinity NA A+ —ho3—%2F 1 LCId. Z5LEk
R LBEREFICEBEICHET AN TEET, KRV RATLAIC
MEBEOSVWFEVEFBL. YO TILABRTOEEEME—IHR
THIET. BREUYOTOLOH TEUWEESERZERLTVWET, T2TILIET
TH, BBEANORELREINF T, RHEBIIOVWTH. £HEDFD
PDEERICHE SN TVA D, ZYNTBODIHERYE— IR, O
INRICHERBRFTIEHBDET Ao

ANV EDEMEZLE

AUNTBIFRICEDERTZI N BDET, TV TILDOTLE RS
TROICIE LC ARSETY Y FILDBEA—EICRDILHER
T, NMEET > TINIIL—Tet I3y Z—RILEFRE LT Agilent NN
AFAF—bF = > TSRE H—ERZYEBMTZICICEDY
STINESNTEET, NSLAVN—E X NBDNA A F—REARS

BN BEEZ—TEICREE T, TIVLVHEI. TERIEBREFHTEIN

VBEBEICOMLTWEREITEE5. BEAWNAF1F—T0—t
ILZERELTWVWEY, 7L hO70—ILOFEMICDOLWTIE. www.
agilent.com/chem/jp = Z& <720,

Agilent 1260 Infinity N4 A A+ —r 05 —%2F1) LC S RT L

RFID 20 EDNA A1+ —r70—1/L. 10 mm.

13 uL (p/n G5615-60022)
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Hr-GHMRzsISHIVIMIITY)2—-a>

YAXERO OIS T —ZBWEDICIE. ROV I +ITT7 %1%

WUTHENTEET,

— HPLC Y7k x7: Agilent OpenLAB CDS ChemStation ¥ 7 k
DITIE VORMNI ST — T —AORE WA B LUEBIER. T
ENMIRIIBET,

— GPC/SEC V7hwx7: Agilent GPC/SEC > XFLICHEBLTLE
To DTFEDSISICEDEREZSITHI N TEET,

— Buffer Advisor V7 Dz 7 BHE LV pH I TV ETIEP<
FEBICERI TEE T XV Y REEICH SEFEROAR. BEROD
BE. PH ZRATVTA VT Vo BM TREZE L P TVFIEZHE
FRLET,

TENL 2 FIHER R

SEC Tld. KAEKDDTF (BHE. T T2RY) RERRIT— (R
IFLYFUDA=IPRUIFLYFEIR) BRE. BDFODNTRAE
PDOFENFELZAETEET (M 4), ZV/IN0ER. TIFUREEM
BYVTILDBEE. BB ERVINIITERVLDBERT —4
BRITHMEICIRD £9, SEC ICEY)I AR EERAITNIE. 127D
HEICEYT 2BRBBERINESNET BESOBRFOFMICOVT
& 176 R=UF BT,

0 0 e

sgpision

s CrenSton

6 Q O boms  Oensaon
0 s

CrenSizion

T |
n  Aglent6iS0 GC Sysiem

Aglent 7690 GC System “
Agiert 7890 GC System ‘\
et 590 GC Sysen |

Aglent 7850 GC System

Mp
Mn
Mw
T T T T T /I T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

B 4.SEC I &3 ZEONEEE Mw. Mn. LT Mp
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A BRI AT ST 1 —

B2 7ILEiLIE
FAZHBROI O IZ T —DH > FILFILIEIE. HPLC XV wRD&Z>
INOBDMEERTT, RBEBELRRIG. T 2REMBICARSE
BDRNEBENHDRTT, TINIIREMEZOLDITARIE 20N RN
TTo D HPLC E—RICLEANT, AFLTAZIDNKRIVIEH. LB
REMEWCOICIREEIMECARZ NS (BIRD THSLDH X
BR). TVTILBEESSUEAEZBERELDHEL (2L $2H4BIE
LB BDET, DT LDEEE<IcD. FERRICY > TILZ28
TEMRODBEL. WM T ERETZ2CEHITIOLET, I/ A
BTIEY Y TILOBRBEDBEITEETZCIETIEE A BRMED
BEVISEIE BOBEEEERT 2RENHZTLELS,.

YFUTIVAINBENER T BTG YT OBRICHT>T T
TNZDHLDDMENEDLBVWFEEZRVWSILHEETY, 22/
TEIZEoTIE FIEEAE Y1) MinRE. BERLUE. RERY
DAL REZMATT. BE (CEBEHEPIDICDFEORZTVEZEEDT
) R (LONTWAFEDY T2y hOFM) BMELE T, FHlIC
DVWTIEL 164 R=I DAV Y RBIEA REBR LT T W

\

PR ERE N

Captiva B2 NV BHE 712
CEDELSBY U TIVEIEEITSBETH. BV NNVEREE
ZIcTANRCEB Y TILDABITHNELHDE T,

ek

TILYR®D PES Tl A 2N OBICEEY 35 BICEVWT. —
EMobha3BN B2 NVEEEREERELET, —KIC. LC
MricldE. PVDF X>TL>&D PES 71 LAXYTLYOFEABELTLE
o 7IVL D PES 7r)L2IE. —#x7% LC AT PVDF L[EERIC
BRATSE. 2V NR0BEORBEDEI EBBMRICOVTFENU LIS
BNTUVET, SHRIC OV TIE. www.agilent.com/chem/jp % Z&<
F2E0

Captiva PES 71J)L%

mE RPHAX R NoSYY S

(mm) (mm) BRES

4 0.45 LC RuZoeLy 5190-5095
4 0.2 LC/MS Ru7oeLy 5190-5094
15 0.2 LC/MS RuZoeLy 5190-5096
15 0.45 LC Ru7oeLy 5190-5097
25 0.2 LC/MS RuZoeLy 5190-5098
25 0.45 LC Ruz7oeLy 5190-5099

Gp
4, /,Q_)
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NS LDER

ASLDYAZX

SEC AT LIFEE. forORMIST7—ICAVLNZHDEDDK
BICRARDET, Fioy ERIEVRE (BUVHRE) TEATHE
T 1F2ERZR SEC BT LDTFXUF 7.8 x 300 mm. BENLIREE
1.0mL/min TY o CAUSKH L TOEEADSLDY 1 XF 2.1 Ficld 4.6
x 160 mm. #RIRE(E SEC D 2 ~ 3BT, TDIEHIF. DILHYA
ZXDIMRTIF7< SEC DDBEX DX LIZHD ET,

SEC Tl OO MIST4—FT O v I T—RICESNE 5%,
BEEEANDORECHEEERICER T2 YV TILEEDO ERIFELFEE
Ao ZDT=8. SEC THRT B UV TILIGEAENE (5~ 20 ub). 3E
ATBHUTIEED—RICE<ARDET (1 ~4 mg/mL). T4 L
IFEE. 1 H5LB0 10 ~12 5 (—H&H7%A 7.8 x 300 mm H5 L.
FE 1.0 mL/min Z187E) T E—VRIE—MRICASAED F T, Do,
BVWTF =B —NINEHDEFR A ZV NN VEREDLHEPERE
TlE. HPLC VI 7R FERALET THBRIN— DD FENHIE
REFZ-OICIE. FAD SEC VI NIz 72 ERLET,

BEOFVUIL—aviidb, BIRLICHASLOREREE TS
HEDLHTEETT, TOIC. CDORTICHEZBETCETRVTDICAT
BOFERIZERICEDDICED. FOATLOHBRBRARZATET 5
EDTIET, ARkIC. RT7BEDRFTRBETITDIT/NIBDTFZ
FATEZCT ATLDRERATAETI Y., BT 2T EDDE
HINS 2 DORADOBICWNEDLSICTEINELHDET, > TILD
UOXNIZLIZ. HBRENIEPRERAR TOAHTIMEDE —
IHIRNTIZEIE BREBRTHA XD AT LZERT2 &2 &EETLT
TV,

BUWASLICEZHTDERL
AICROSNBHBREE B S /-0 (C1E. BEIFRS 300 mm OO
LEGSRENBDET. LHL. SEIE—RELIFWBEE. Th
EOBEVWHSLOERBERF T B CHARETT, RS 150 mm D7
SLEBRIE. DHORBRBIEEDICADETH. DEEKETLE
To NARL—TYEHROSNZBEF. BEORRISETZIRIE
EeAVEHOSRECEVAILRERT AR, DERHEISICE
WETB_ LN TEET, W5 EBRLTET L,

S
N
B

AdvanceBio SEC, 7.8 x 300 mm
1.0 mL/min
T RUZO—F)L 1gG

5t
fED

mAU 3 =Bau EoREs
70 2. 81k
60 3 B2
4. TZ5IX
50 5. fFZA|
40 14459
DB
30
20 2
10 5
1
) A
2 4 6 8 10 12 b
AL AdvanceBio SEC.7.8 x 150 mm
RE: 2.0 mL/min
Ty FUZO—FIL 1gG
mAU 3
60
50
40
35649
30 SFEER
20
2
10 1 ®
: A
0.
05 1 15 2 25 3 b

B 5: 300 mm A5 LYE 150 mm A5 LEBVIDIEROLEICES
K2R D 3EEE
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NILAT 1T DEIR

YUTINERBEICAVWSREE (K. BER. BHRAE) OAMBRMEZA
ELTcH. DFRATELOYARTBLIY A IBR AT L EIRLE
AN T VI BIILO—RBREDDFEDHDLEVEDF TlE
RIT—R=ZADFEBERIZRVIATLDNLIELIEEDNE T FED
DFEEF OB D FICIE. YIAR—AOEEEHNZETY
(F&Ns

BN BRERIR CE R DT OB SE LT Agilent Bio SEC A5 L4
. BEODFEATEREKRIARIT—DDHISE L PL Aquagel-
OH Hh T Lo BATHNRTEEL R, 2N VBICIFZLDT I /BN
SFEN. TOAREBEENERME. BEM. B, /KR T
FIFRICEBRBZ U TY VIANTLLOEBEERZHSIOICIF. 7
FBICEEREBVIHRELRHDET,

2N ERERREDEERD T8I wbt Agilent Bio SEC h 3Lk,

TILYRTIE. E7PLYNEATLICE LI FEHREZIEEL TV SN FEAERLOHERYT—DHTICE L 72 PL Aquagel-OH 154
9. DITHRMD DD FENEDHEDFEH=DICNEZHT L%
BEIRTZCZHITITHLET,

B XHBE o OY 57— (SEC)

R1.T77VT5—2a>BLUY Y TILY ARG L e AT LDFER

FIVr—oay TILYEDATL L
AvNVE
SEC-UV/DAD #7:1& LS I2&% mAb. #>/8 &, Agilent AdvanceBio SEC YT DOBAMDRBRENIDBREL. DR ZIEMET 2R E—RZ2EHRT 3
BLUORTFRODH ENOEFRMEREH. SROEEEEZBDET,
SEC-MS I2&% mAb, 2> /N 0B BLURTFRODH T Agilent Bio SEC-3 MS RBISE L RE LR —RS1 YV ARRLET,
EHEBOFP. EHODFEORONEENZ YT Agilent Bio SEC-5 TBIEVAHTISHE T 32 < DARTH A XA 73> (100 Al 150 AL 300 AL 500 A,
1000 A, 2000 A),
oS N AC/L=NE 711" ProSEC 300S BIEBERG T TOIYINIVBRNDIDDI Y IINVATLF T3,
BYINVE BRENOE ZORBAX GF-250/450 ESRBIR R, FEADMEIE. USP L35 I eI IOrILEERTINELHDET,
KBER RS
BN FRRUT—BLUF I — FUTHE PEG. 2 A& %7213 3 A& PL aquagel-OH PL aquagel-OH 547> — X &, pH 8E 2 ~ 10 ICH5 L. BHEHIE (BA 50 % D
L 9% 9% v PL aquagel-OH 8 ym AB /=)L) RERTEET, oo |A 140 bar (2030 psi) OHMMNEEMEEFES.
v PL aquagel-OH 20 5 um NZLERENIFEDTY,
v PL aquagel-OH MIXED-M 8 pm
SOBERSDF. 2R LILO—XFEE 2 A& 7213 3 AD PL aquagel-OH

v PLaquagel-OH MIXED-H 8 pm
v PL aguagel-OH 60/50/40 8 um

BEoFERIN— E7ILOVE. 77> dA PL aquagel-OH 60/50/40 15 pm 7% &#&
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R7HA1X

AUNTBIE. MOERSAFICEARTUNETERELEEEF>TWL
B, BIICBRTBHSLLLTE, BT7HAZXH 300 A oo
BLTWET, B 6 Tld. R AXDERZHTLICDONT, 5BED
B NOBEDREBRBIEAE R IO—FIL 196 YT IO BEE% I
BLTVWET, R7YARCLDDBENOEEIZRASH T,

BioRad 7L 5815 £ RS

mAU B 3 1Fosa7uy
200] PTLA 2.g-707UY (93)
175 - ) . 3ATFITIY (ZTRY)
423708y (UX)
150 542z B12
125
5
100
75
50
25
0
2 4 6 8 10 12 14 min
NSX=4 BRE(E
AZL A AdvanceBio SEC 300 A 4.6 x 300 mm.
2.7 um (p/n PL1580-5301)
AZLB: AdvanceBio SEC 130 A 4.6 x 300 mm.
2.7 um (p/n PL1580-5350)
T BioRad 7'/l 281 E4E B &
as: Agilent 1260 Infinity N1 F 1+ —r04—241) LC AT L
BEiA: 150 mM > EE#E &, pH 7.0
piia=s 0.35 mL/min
R8s UV, 220 nm
mAU; 7548
600 1
500
400
300
2
200 3 4
5
100 \
0 ]
2 4 6 8 10 12 14 min

Return to Contents Section

RT7HFAZX 300 A Tld. BB AIVWEV VB THZFO/OT)VEL
U 1g6 Z8EMPEESNTVET, —A. NTVWRTHAZITIE,. BH
REIWZYNNVBIFHBRI N DEESNTULEE Ao

KO-+ 196 D5k
mAU{ 7154 A 3 1=8FU Eo%ER
20 2. &1k
3Bk
60 475X~
50 5 FRAZA)
40
30
20 2
1 5
10 4 j\
0
2 4 6 8 10 12 14 min
paiES S
NSX=4 FRE(E
AZL A AdvanceBio SEC 300 A 4.6 x 300 mm.
2.7 um (p/n PL1580-5301)
HAZLB: AdvanceBio SEC 130 A 4.6 x 300 mm.
2.7 um (p/n PL1580-5350)
Y7 KUsA—FIL 196
aR: Agilent 1260 Infinity N1 A1+ —r04—5F1 LC AT L
BEiA: 150 mM U > EE#E &R, pH 7.0
e 0.35 mL/min
TR UV, 220 nm
mAU =
100 NZ4LB 23
80
60
1
40
20 5
4
. A
2 4 6 8 10 12 1

B 6: BioRad 7/L 2@IZE S LVRUZO—F)L IgG O #ICH TS
BRERT7H A1 ZDLE, FEOMNIE. 2 BEORT Y1 XICLZDHED
EBULWERLTWET, DFEDOATVEZYNTBDOOICIE. KOAFW
AP YA ZDBETT,
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SEC =& #EF DHREE

SECIC&BH > NIBDREEAN XL TIF AEDDFETIEHL B
BRTORFHARICDEDVTOBDTTON R 2B L THZL
NEETYT, VN VE/RTFROBREIFL TSV /ZHES LU PEC/
PEO ORERzLE T L (M 7). COZLHEOHDET, FrUT
SYUND TS V/ZRES LU PEG/PEOC DRRERRIFIFREICKIBITVE
TN BUNTB/RTFROBERIF. BERDNELSTUVES, ¥
YINVBIE. 3RS ER I AEM B AR T TFRIEETRRINTVEY,
COWEIF. pH P VBER L, BEORRBEOXEEZRITE T, T
FrREIF. AEORBICRLELILERICE(LT 570 ZNICHST
G A XD TB N BOET,

BHEBNADFETIERDFFARICEI>TREZICIE. K8 28
NIELNDET, EFvUITS>hOHFEIFENE 50,000 BIETT
M UFoayB1LAFREER>TWET, PEG 13 7 DERIC. £
1oBAEIL 75 DEBISEHLTVWETA. 2>/0BI559 9.5 HTAEH
LTWERT,

CORERIE. SEC DBEXNZ X LD D FETIEHREBOH I XIZHE
DWTWBZEERESMIRLTWET, TD7. REGEFERT B
ICIE. BARLEFYUI SV NEBRBEICT 2 CHAEETY, Az 9
M RT > 7ILIEHFE 50,000 IZHEHEITZSILT /28 DLSICE
BT BEENTLES, COETNREEZRET 2mERRESRICOUL
TIE 176 R=D 7 BRLTLIZT L,

1,000,000 \
10,000

- B \\\.\\
A 1000 —a— PEG/PEO
—— RTIFR/ZVINIE \\\

4 5 6 7 8 9 10 1 12 13
REFARU2— L (ML)

SF8 (g/mol)

100

7:3BEOF v TSV TR LR ERDLLEL

mAU
4,000
— PEG 46,702 (1AFF MV)
3,000 — 2% 48,000 (A% MV)
20001 sy 50m 4TI 44,300 .
(L5FF MV) N\ A
1,000 /! \ I
A /
AN,
0 I . B R — N AN \— —
2 4 6 8 10 min

E8: Bk FEAF OF VYISV D IOV NI ZLDERKR

171

130 A AdvanceBio SEC ¥ v 7L —>avig%

(p/n 5190-9416. 130 A AdvanceBio SEC ¥+ 7L —> 3 ViE#, 2 mL /A1 7ILAD)

BERON STEBEOR OB - RTFR (A ITT7INTZIY, SATOEY, 77OF=> Za—OF>sy, 7oEFTFoo v )
MBEBEYITSURTY, 130 A @ Agilent AdvanceBio SEC A5 ADF v TL—avBICRITNTVET, CDEE%EH
WCEBMICASLDF YU TL =23 HRETECICED. VNV BORBEP ORI EIERT ST —>a > TIRT
LOMHEARBEAREICFEO N TEET,

300 A AdvanceBio SEC v 7L —>a i@

(p/n 5190-9417. 300 A AdvanceBio SEC FvUJL—3viB%#, 2 mL X1 7ILAD)

BOBIN 5 BEDRYNVE - RIFR (FOI/OTUS, ¢FOTU ATTIIIV SHTOEY, TORAFIIV ) H5
7% %% 1) 7S T, 300 A @ Agilent AdvanceBio SEC A5 ADF v T L—oaVBICRF SN TVET, COREZBNT
EHMICASLOF v TL—S 3V 2EHT B LICED. AN BORBEP DB LS ESFAT IV —2a >V TORATLD
Mz B AREICFE O N TEEY,
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FFE

HFRONSLBRICH T ZEBREFEECTYT, HTENMNIVIEFY
DEINEISSZBDETH. ZUNIBIDNE (GIN/ET) Shaez
nh®HOET, M9 IE. 3 um @ Agilent Bio SEC-3 HS5LYE 5 pm @
Agilent Bio SEC-5 h3 ADHE TS, #> 7L L BEMEE T B R HIAL
BLALNE, BEQERPHASLOEED L VoI RIDBRDET,
ABICED. FAMMBCEBERET 2 aHERLET, Foo H—
RASLRAYSAY TN EERERTNIE. ASLEREEIET LN
TEET,

Agilent Bio SEC-3 & Agilent Bio SEC-5 DLt#

A3 LAE

NZLABRDBEERBRT. DNTEHVTILORICIELTROZME
HHDET, BRENTZBOY Y TILLAMERTIRWVESIE. AE 4.6
mm DAL (RE 0.35 mL/min) MMELTVET, 7272 L. WED/)N
SWASLEERTZIBE1E. BRI LDECOBEDET 2B T 5720
120 SAFLR)a—LERNRICTZZEHNBEBEERDET, JCAMR
EMEEERT 2B 5. SEC 3IFBMT Vv I RBINET, TDik
B, TOBRDOIIIMER I Y T ILODEERT > T IV O E
ICEDLHTEMTT . 21.2 mm Ed Agilent SEC-3 % SEC-5 HFmD &
SICHBEOARZTBRATLZFRINIE HPLC DiF> R TLZAWES
RTODERERNATEETT,

&M ®/70-FInEDSHh

NIRX—2  REE

AZLA Bio SEC-3. 300 A 7.8 x 300 mm. 3 um (p/n 5190-2511)

A5 B: Bio SEC-5. 300 A 7.8 x 300 mm. 5 pm (p/n 5190-2526)
HITI EMEE/ZO—F LR

THes: Agilent 1260 Infinity N1 A1+ —bto+—%2F1 LC 2T L
BEiA: 150 MM U>EEF R UD L. pH 7

P+ 1 mL/min

IRHER: UV, 220 nm

mAU ‘ “ Rs RBOHEH
1204 \ 1. Z8fk
2. BE8IK

100 3. BEEKITIXN
80 3 pm

60 R ;

40

20

5pum
0
T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min

[ 9: Agilent Bio SEC-3 754 Agilent Bio SEC-5 15 LDEE,
3um ASLOFDEN IO BEEEERLE T,

Agilent AdvanceBio SEC 7754 7.8 x 300 mm & & T 4.6 x 300 mm
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XYY RNFA—%

e

—EBOT FVr—>3>Tld. DMORAE—RHABEEARDFT, — A&
7 300 mm AT LORHLDIZ 1560 mm R EDIEWA T LEER LD
mEZELIEDTNIE. DMEEZEMBTIET, L. T0HEIE
DEBEICELEN B IR N BDFET, SEC Tld. R7EHADT 234
BEFALT DoL2EBT3MICEAIRIOMBEZIEOELTVS
e TT, COKIBURTIEHDFETH. B 10 ISR LSS 160 mm
AT L%ERE 2 mL/min TERATAZCIZED. 4 DERFT IgG D&
REBEEBROEEIC DB OBEENMESNE S,

PeLE S
NFA—%  REE
N AdvanceBio SEC 300 A, 7.8 x 150 mm. 2.7 um
(p/n PL1180-3301)
YT IgG (2 mg/mL)
BEAE: 150 mM U > EE#ERETR. pH 7.0
mE: 0.5. 1.0\ 1.5 mL/min (52, 102, 152 bar)
iRHER: UV, 220 nm
AAE: 5L

SEC XYY RDrZTNSa—T12T

mAU | A
140
120
100

80
60
40
20

0 N

2 4 6 8 10 12 14 min

e 0.5 ML/MIN e 1.0 ML/MiN - s 1.5 mL/min

Norm.| B

140
120
100
80
60
40

L A

0 2 4 6 8 10 12 14 min

E10: REBES<TBILICED. DR 12 905 4 DIcEmInT
WET (A)o TV av a1 L2 ERILLT/OY NI SLEERADES Y (B).
DEEEDTNMAETLTCVETA UFY S av a1 LEEDS RN LD
HhDET,

R BEH R

BUNEAFEEDBIEL, FlEE—2BOHEAD KEE DB (10 ~ 20 %) DBEMEAIE (PR hUILETlE A2/ — L) ZHEMEIC
AIEREN

DFBIZZCHBNEIIVITE— A TN S, A MR E R E R 2 O E AR () % 50 ~ 100 MM BIIR TER S E 5, UV EEERE

EEE—F— UV INELS BT 5.

E— RN E LN I R ST S\, Agilent 1260 Infinity /17 +—k27—%51) LC
SRFLEBET Bo

DITTTRBLD DRFES/ D BEREDME L

DIV AZITEIRVWRTH AR

RTHAREHEERT %o FHEICDOVTIE, 170 R—UZBE,
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BEIMEDFEIR

ZROBHEEERDSEL ZRRE
LELAVRMBHEEERERITE0I0. XYy ROBBELI
BrRBICABOET, 5 LIABEMEANELS Y. DHFHRAD D
BHAFEEOGE A0, EELDHEVHFENAESNEDT
ZAEMLBDET, DL SHEIE. BEIEDER (DH. 1 43,
BHALR) #OFHCRBEINERRATZ LA TEET (W 11). £7
B LWHEEERT 30013, KT T XOBROBE. ERON
SLDER. HFARBOET. BEOZERCNUBLARBILHHD
7,

mAU | A
3000
2500 | 174 EENMETES:
VI F—LBHS LD 5BEHLEWL
2000 -
1500 4
1000
500
0
0 2 4 6 8 10 12 14
mAU | B
3000 4
2500 -
2000 4 UYF—LBEDERME2 Y NIEIZELE:
BREZRIRTS
1500 4
1000 4
500
0
0 2 4 6 8 10 12 14
mAU | C
3000
2500 -
_ WYIF-L
20004 — =AJnEr
E— b =)
15004 FITTNTIY
BREEZELTE—IT—UYIZBATS
1000 -
500
0
0 2 4 6 8 10 12 14

B 11: BN T3 0m IcEY) B4 Y iREDRE

NFA—2  REE

AT L Agilent Bio SEC-3 300 A 4.6 mm x 300 mm. 3 um
(p/n 5190-2513)

Y27 2> )X78 (1 mg/mL 20 mM > EE#ERT R, pH 7)

s 150 mM U > BE#E &R, pH 7.0

e 0.35 mL/min

i&HER: UV, 220 nm
A BEE 20 mM UV EEEEER. pH 7 + 50 mM NaCl
B: #&h18 20 mM UV EE#EER. pH 7 + 100 mM NaCl
C: %818 20 mM ) VEEFEER. pH 7 + 400 mM NaCl

EAE: 5puL

20 mM #E & & T 50 mM NaCl

Return to Contents Section
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FrUJL—>3ay

NILEERLIES. DFEOONM>TWBIEEREBVTEFYUTL—
SAVEITOMENHDET, FvUTL—avid. ATLPEHEEZE
B3NP DBETRELNHDET, MEFIF. DTFEICHFLTUT>
2AYvEA LETOVRLTERLET (K 12). AR ARZDFISHE
LIiZEREBERCEHTOOTEETT, 2V IEDBHOBE. 4>
NOBRFERERETFERLET ZEDBICOVWTE. TILIVDF
SIEEREFRIINENHDET,

RIFRYa—L

2YNIE MW 1000A 500A 300A 150A 100A
FO/ATU> 670000 1007 823 7.03 582 577
gr/aruy 158000  10.88  9.80 8.57 655 579
BSA 67,000 1103 1044 944 729 6.00
FITINTZY 45,000 1128 1083  9.89 790 640
sAyoey 17,000 1144 1128 1042 866  7.05
URIRILT—H A 12,700 1152 1141 1058 893 732
E&S> B12 1,350 1200 1259 1178 1149  10.30
= 112 1208 1268 1221 1213 1141

AIBECTHNIE. BRERISBBBITEML TV, el YU TILD5E
SIBBIBESITTERBELOIBEDNHDE T BARNE>TUVBLDIC
RAZHBEIE. TOBBHEBENUETT . FARNIC RODEEP2IBICEL
DB EREL TS V. 2L MIETOERICKD D FEEMA
ZA T 2R BB, FUTILOBRE =R LT B3] 0BEE
KR T HIMENELEILLHDET,

1,000,000
100,000 &\ \§\
Q
g 10,000
th -= 1000 A
- 500 A
1,000 300 A
-O- 150 A \3
- 100 A
5 6 7 8 9 10 11 12 13
RFRY 2—L (mL)
B12: pF2ICH LT T aryE2rLx70y ML TELGNTIREIF
DIREG
NFRA—Z REE
TN Agilent Bio SEC-5 7.8 x 300 mm. 5 um (p/n 5190-2521)
s Agilent 1260 Infinity N1 44 F—bo3 =541 LC 2T L
BENIE: 150 MM U>EEF UL, pH 7.0
R 1.0 mL/min
TR uv
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SERRHTIZvY

ZODIEND SEC IR 2EREBL L TE. MEBOFERDHOFT,
B NTBDODEICIE. UV £l Fd 14 —R7 L7188 (DAD) ZH
WEDON—REITT . RIFRELVEVNVEDHEE. REOER (B
SORRE) [F@8E. 220 nm TESN T, fcic L. —ZOBEERYH
MEAIC O WTE, ERETIINY OIS TV RIREENERBZ I N
HOET, ZDFAITIE. 254 nm £1zld 280 nm DIREHNNBE BB
T=2HHDFT UV BHOBRIE. —EORFHREAZRFLAL
CETY, e2 e DHRMDIE TV IS Ty I AR TART 31
. RODICRIBESRAERTZCNTEET, SERLEHELGHE
BT NIE. SEC OMEEENKIBICAELET . BHIHEELTIE. HIL4
OF v IL—>aveREBREEERICAGINTIC. BELBEILE
ETAETHENTEET, DF T A AZRET 2ERIABELICELD.
ENEISICHTT BN TRETYE . HEEL TIE. KEVLWDFISHT S
REHNE LT, FRIEREODREREBEHTZICHTIET
(B 13)e 7OXI 74— MEEZE T I EZ BRI DLOIBMIE
BEBBICIE. TYRR2a—LDNTWVEHBEERCHEETT,

307 ~ Rl —LS90° — UV, 280 nm

Response (mv)

RT (min)

B13: 2> NOBDBEICEVWTEBOKEERZT AW OTiER

P2LiE SIS

NFXA—2  FREE

AT L Agilent AdvanceBio 300 A. 7.8 x 300 mm. 2.7 um
el E/oO-FIRGDEY)

s Agilent 1260 Infinity N1 Z A F—b0x—8F 1 LC SZTLE

Agilent 1260 Infinity <L F#& 88 GPC/SEC

TBEE: 150 mM U>BEF R UL, pH 7.0

mE 0.8 mL/min

BE 30°C

IRHEE: UV, 280 nm + Rl + LS 90°

AAE: 5puL

Return to Contents Section
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E\EANVE

BEAZVNIVBIFFEIB I IA—=ILTa I AN =LA R
BBERERE BREOHSPIERETRELIDDBELIZDTZH]
BEMEN D D % T o RE IR/ DRYIAIER IEBE T A N\ A EERD
READFEFIAS HEDBL BREDVET. BLURBEREMEDE
MUC DR BRIEEMENHDF T A XBRI ORI T T4 — I 2N
HERERDBFERITOEEXY Y R LTERSNTE D AEIEEA
DEIFHPEREBELRDET,

8.106

mAU
16001 DAD1 A, Sig=220. - >4 % k ADC
1400{ DAD1 A. Sig=220. Z/pH
1200] A PLRZEMAT ADC

—— A >&7 k ADC

1000
800
600 ADC iR (K

400 =
O
200 LS

ADC 78

11.586
\
P

N
IS
o
©

10

i

2 14 5

8.049

AL . .
1950 | DADT A, Sig=220, «>%%

rS2YZTT
1500 { DAD1T A. Sig=220. #i/pH
1950 ] APLREMR S b S RY XTI

MY BN S RYIRT

1000
750 TSTAY
RES <
500 \sg - N 5/ o
250 =N 8 5 3
o = A"’ <
0

B 14: ALKZBEBZAVT mAb E LDBKMEDE W ADC %=
P LT fER

Bhi-EReGsHIHDY—IL
www.agilent.com/chem/navigator

TILVED LC ATZLBLUY >V ZILFIIB S ES —2TIiE. 7
S EDBIEWNA T AT LN EDFRAZTLDS. 7 TUTr—23a Vi
REBATLZBEICEEVVIZITET,
ZDFES—2TIE RD 4 DDEMENSREAETRET T,

- E@EBES T LC AT LB LUV TIILEMEBRREOIOR )77 L
VRICED. BERT YLV NBEAESENREOND FT,

FEUBUNOKEE BN FRIEEILL IEZED B DS
E/OO—FIMEREDZY NI EREETEENTEIET R
IFLYT) =B EDHBSERIN— 2 NVBEERTES .
HIEEMNBEDMFRRTOFRBIMES. RERENBEDILET,
T EYBRZEQIZIE OBABMROMA EOHICE/ I O—F LR
RBRREER 2B S LICEEYESHE (ADC) NOBLLE Eo
TULWETEERICB NI TEERLBALRERAENVEICROF
TG VTILORMENZE T ETD.SEC  ICKB BN REEIC/R27]
BEMEN B D £ T KRBEREBVTHIAE ADC OEAEDHT BIC
i¥ AdvanceBio SEC D& SICERENBIEENIZLALELRWVAS
LHRETTH 14 =8B LTIV

paLUESES

NFX—%2  EEE

HS L AdvanceBio SEC 300 A 7.8 x 300 mm. 2.7 pm

a8 Agilent 1260 Infinity N1 F 1+ —t23 =551 LC ¥ RF L

BEE: PBS. 150 MM &1t F b UDTLZEE 50 MM UVEEF b L, pH 7.4

HILEE: =R

SEAE: 10 L
RE: 0.8 mL/min
R8s UV, 220 nm

|

NAVIGATOR

- {LEYT ROYFEIVIRDSEIRLET,

— USP XYwRT

— ASLT XVYRICHEDVWTHITDDNS L%
RLET,
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ﬂ

7L EiniE
THBM|O, ¥ TILEBEEICERS L TRTL

YU TN E>TVWSHE IS BBRORGZEE I ZHED
HHET

AIBRZRODEEICEIDY >V TILDED E BT 5 ENTITEITHN
ZOTOCRICEOTH Y TILODFEERNEILTZCH
HOFET

YUTIERBIEZ1201C. Boh ANE. B BERUER Y

HEATHCbHDEIN DFEMEMHI R TZEEENH S
TeOFEENNETY
BERICH Y IIABILAVESICTEL TR T

TG RRERL. TEBROT UL TIIE SV
BERN CREN 2RI KT B A BOET

SRR THBE LY TV ERRNICE L. BRI
FLBIERBOES

HSLDER

YUTINDORLEEEIRTZ-0HIC. SEC IFEVWATLERWT
oKD ERMBLET

NZLORTIE @R 250 £721& 300 mm TT

ZENRE . AR 7.5 £/21E 7.8 mm HhZLDHEEIE 1.0 mL/
min. AE 4.6 mm A5 L0EHEE 0.35 mL/min T3

SRS TFT7 IV r—23>TlE DHtgeEE 057201, LIFLIE
BEONTLEEELTERLEY

INSVKRIFREEEBINIE. ZYNTBT ST —2 3> ODEERED
EEDET

KIFED/NTWV 150 mm ASLTHEET 2 & DB =58
TEEY

HASLRATF 1 T7DEIR

DITHRMD L OB TIHRFENBAEEERI IR VAT LA
AT T HERT 2N EBENHDET

RIFRELOE INOBODIICIE S UAR—IADTTEM %
EALEY

ZHEER Y DFENTRDLEVWT > TILODFICIE. R —
R—2ADFIEMEERBLET

ASLDINFA—%

RT7HFAR = H>TINORFEHEICIGC TRELET,
YYFILED DR EIN 2 DD I8 T MBRDEEEH TRAED
R)a—LHE5N2HDERIRLET
MFE-RFEREDNTVNFEDBEEN S F0FT (l72L. BED
=2<RDET)

NS LDED - DBEEC DR EZEZEEL. MEOBOZ Har
Whxy

HSLRE - DSLOREFEDNSWEE BEEBB L IAED
DIRIRDET
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EZ L]

A VEDHEEERZEHTeIC. BEBICERER/IBZNAZHE
NHOETH ZIMATT B BKMEEERNELZHIREMED
HHFEY

- DRRRERCEBTBIDIC. DITRRMD EEMTEARVNLSIC
Loz n

- BE}RIEERARL. IAUBAL KTV BREOREREE
BCTRETS . MENRRICEIELET

- BEROHBHRRIEZ FFARRETT BRETY
- EEFNCABL. X (FTERME) CEERE (FJEMS) ROMF
ERRELTRTV

- JYUNNSLTH pH 0V VEEER (BICSEDSE) 2EHT3
L ATLFEMHDKRIBIFE BRI D HDET

TILYh®D SEC BN A DS LDERICOWVTIE,

www.agilent.com/chem/jp Z &< 23 L,
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=5
M. Sundaram Palaniswamy and
Andrew Coffey

Agilent Technologies, Inc.

Agilent AdvanceBio SEC 71T A [C KD
AVAID)I\AFTI=ZZ—HBERO
FeRBEDY A XBFRIONNT 5T —

A = WA

I\AFERR

=

A VAUV MAEDIERMHZRE T DNESVIRURTFRNILVEY TT . HESH(E, ELFLFE
NFEZANT. FADRERBR R T Z/HIEA VAUV ELUFZRFEL CEX Uz, £TDHN
HEBHTIE. CORIFA VAU FELEDAHICHIB TEDXVYRDEDOSNTVNEB A T
T, BINZEFTT (EP) DRSS TRXVYRITRELY, A VAUSBLURDEFHREE) A F V=5 —ZEE
FBIDDT A ZHRI ORI T 74— (SEC) XVwR%Z . Agilent AdvanceBio SEC 130 A, 7.8 X 300
mm. 2.7 ym A5 LZRWVTRELERUC, IL—F VDFICBITDIDXAVYROEMMZ., SRY)
BEULTA VAUV EREEERUCY AT LBEHEEREUT Y3y 5 A L (RT) BAUOE—IE
BOBEDFHRICIDESRLEUIc, COFTUT—23> /=R Tld. XV yROESHEREZFHE
FBEHIC. CDNS LZRNTA VAV KD D FEDRKE N ZERE UITERBRUE T,

m-LY—)b
A
AVAUY B
—
v |«
L
( Bl0 ==
inert
B

Agilent Technologies



IFU®IC

BHDA VAU FBLARFE N V2D A
DREBETHD. VAUV ERZE. F
(FZN EOBEMMERZER D ENRRS
BICIO>THRINTVET, A VRAUVEE
LUEIE. 2000 £ 4 BICF XAUNBRERRD
(USFDA) [CHEGREN. {EANRRERR IS
BB~ VAUV ELTHRSNTVET,
EDFRACIELGD, EPRBENL. £9F
HNITOTRICRIDRIEINE T, SEERT
(F. HATHRSIN IO TRE
BRUEEBERISELTCVLEITH, ZDiBE
T. BERDDBERYEE, FRERROR
AYPHECDTENDDET . THERFED
FEOEFHZEERIC. RRORERM(E.
MEPDOPFEVEERZEEL. BWERDEL
REIFEEERZRHETDHEND, AETHD
BRSEDHTEELRZEZIBOTVET,
EMRIBIEFRTIE, REHE R BRI
DIzHORNAY—ILELT, IC & WV BHEA
BERASNTVET . SEC [F. EEROMED
KUBRERDDMICHRBEDITETT D
7T —23> /—KTlE, SEC & WV Z#Ed
BOERXVYRERWNT, AU\ AF
VS -LEFEE (SRYE) OO FEMUEE
AEL. YRT LABEUBIUXVYROIEE
EEHMAUERZBNLE TS INHSDHAE
S, TOXVYRICKD, FEAREREES
BEDERIESND EZERTEEL.
SHMEClE. EERFIONN 5 T74—)\5X—
SEEEEVTHV. XVYROFHIEED,S
BONEEISA—IDEFHHFEREMNIC
BHINEINTEHETVTHIILE U, BE
&3 10.6 ~ 3,400 ug/mL DA VAUV DIRE
R ClF. BIFFAERERHENESNE LI, N
[F. CDOAVYRICKDEEDHBEEC EZR
LET, Flo. @mbliE AN A afmRERcd
LT, Agilent AdvanceBio SEC 15 AlCkD, &
BlEDDFEEDRKEVA Y EE=—S U
ITBRODBUIAERDRUET,

RERGE

s

DITICIE. FTERIEA FT—MEERD., TRES
600 bar D Agilent 1260 Infinity /X 44 = —k
I#—5FUIC VAT LZFERLELE. T
DIZAT AIF ROIVR—RINTHEBRS
ncuLEd,

Agilent 1260 Infinity / X\ 7 F—h
HF—5FULC KT (G5611A)

Agilent 1260 Infinity )\ 41 F— S 1E8E
F—hY> TS (GH667A)

Agilent 1200 Infinity ¥ —XT—FEX 5wk
(G13308)

Agilent 1260 Infinity 75 A3>/) \—k
AN )I\AFAFT =TT A INE
TUXVNEEE, (G1316C. 4T3 19)

Agilent 1260 Infinity &7+ A4 —R77 LA
FRHES VL (G1315D. J\A 7 A F—MR%E
JO0—t) (EEE 10 mm) Zi5%)

Agilent AdvanceBio SEC. 130 A.
7.8X300 mm. 2.7 pm
(p/n PL1180-5350)

1. SEC HPLC TERALIcoORNI S5 T74—)\SA—=%

voboz7?
Agilent ChemStation B.04.03 (F7=(FZ1LLL)

SEC I\SX—%

3£ 1(C. Agilent 1260 Infinity /X4 4+ F—K LC
AT LATRWE SEC 0oOXN S T4 —
INOA—=FZRLET,

HFEEYIOW
MERDA VAU DERREE/N\AF V=5~
ZEHIFDOES TEAL, BETDERICHED
TRELFUIC. BFBEBLUOT7VEZT7 IR
Sigma-Aldrich ft S ALK UIC. I NTDER
BBROBIRIE. HPLC JLU—RDHDZER
LEUf. &, Milli Q filizkE&=E (Millipore Elix
10 EF)b. KE) TREEUCBIEKZERL
FUIz,

FE

BEWE 10l 2T 500 EVTEAR. ERE
DIRFERRZ 3 @FTDOEALELC BRE
DE—UEEEUTVYIVEIA L RI) ZBE
(. 1R¥ERZE (SD) SARMIREERZ= (RSD %) D
Bz ELE LU, BREDRERRDAE
FERDD. 1R TR (LOD) EEE TR (L0Q) 72
I UEUfc. SREDRERR CRONIC
THE—UEREA VAUV OREICHULT
JOvbL. BEFDREIRZIERLELI,

J\SA=% ESts
(eS| FEIKEEES 200 mL, 7 ZZHRU)JL 300 mL, KUK 400 mL DIRERZ
B 7EZJ7T pH 3.0 [CHHEEL. KT 1,000.0 mL (SAEIR

NILRE =&
FANE 10 pL
iD= 0.5 mL/min
UV iRt 276 nm




EfFEEEE
REBROIEMICIF. BREEHE 10.6 ~ 3,400
ug/mL D 9 FEFBDA > A VS FEIR AR
ZERLEL.

LoQ & LOD
SIN EhY 3 ZBR feA VAUV REZ LD &L
SIN HEDY 10 ZRB A ToiRE 7%z L0Q £LELTz.

AV AV BRI DR

A VAU DEERIE. £ 3.4 mg/mL DA
ZRUTOELVSEEREICAN, 60°CTH6
A4 VF =23V U CREUEFLU. £
D#. BT EERFTHEIL. IUH
HLFELIE,

VAT LESHE
RSTNE/ISTTRESNTVSY AT s
BEEHEMHIRDEBDTY,

DIANUEEL: AU RBLUED
E—I(CDWVWT20 R

p/v:2 B E

14U VEELE LD RT DFEL
2FHAMORE: A DE—D
£DRTOEVLWE—IZRUVcE—2
FAERED 0.3 % AT

fAREER

SREEREH

ARV AF V=TT, SRIELELT
SERFEAUOTCHERLUEFEU, RB(EEIN/
SECHPLC XV WRICKD, AV HIAV AU
DINAF V=T —BKUFEFEEZ AdvanceBio

SEC 130 A 7.8 300 mm. 2.7 ym AS L TED
SHTHEICHBET DT ENTER U, Hisk
FOIMEDFEWVEG—ETOT7A LD, &t
DHTEEE 65 DLIRICIESNE LIS, # 49 9
TAHUREEID m- oY —)ILDOE—J%
s NFELZ (K1),

m-oLY—b
mAU 49.541
A
1 avzruvess
1,000
800
600
400
] POZ UL
1 16.447
200 q J
0 . . . . .
10 20 30 40 50  min
m-oLY—b
mAU - B 49.542
' 4vzuvnsryzs—
1,000 4
800
§00
400 A VRY VBB
1 16.459
200 A J\\
[]4 1 1
- T T T T T
10 20 30 40 50  min

1. Agilent AdvanceBio SEC. 130 A, 7.8 X 300 mm. 2.7 um 1S AICKDA VAUV DEFHEES LV

J\AZ2=5—D SECHPLC ZOT7A )b



UFvvavy4 LEE—IEEOREE mAUT A
2(F A VAUV DFIFEE )N AF V=S5~ 1,000 TYRUVERR
% 6 EEOERUAH Ui REERADET 800
BDTT, CORDS, BNHBEBREN 00
BENTVBTENDIDET, £2(2. 6
DEOEUAHICKDBSI AR E 007
S0 AT BEOE— I ERDFHIES RSD 200 A k
ERUET, AV AUVEBEBHED RT EE—2 0
EFED RSD 1§, TNZNOHFEIRE +3% B . 10 20 0 0 o0 min
KU 15 % ([DNFE-TVEUIZ. TNUE. D B
DXV YROBRMEEBEDEDH TEN 10003 AYAVYIAAYR5—
TWBTEERLET . 800
600 ]
VA7 LiBAM .
* 310, AVAUVELHADY R T LEE .
BROASEEERUET, Fo. F4IC A k
{ VAUV DEFESKV) A FVZ5—0 ’ - - - - o

N e ‘%A:\ = ‘m “:t o . )
VAT LEEHHROBREF O 2. Agilent AdvanceBio SEC. 130 A, 7.8 X 300 mm. 2.7 um WS LERUWEA VAUV DEFES LU

5 5. Agilent /¢ S AFYZ5—0 6 ADROE LEDESNZYOTNIS w
CSOEENS. Aglent ) FAF—F LC {F V=5~ 6 BOBDEUS I EDES N IOY RIS LOBRER

BKU AdvanceBio SEC DS LZRAW AV Y %9 RT SF—SEREDIEE (0 = 6)
RAY A RAUVD 0A/QC 2HFICKOHENSD
BLWHRgEEAZEL TSI ENhND
?g—o

RT E—JmE

T3 () RSD 13 (mAU/5))
A VAU SEFRE 16.450 0.067 5,644.91 0.285
AVAVVINAFV=Z5— 16460 0.044 5,459.56 0.662

LOD & LOQ
AV AUVFEFEEZED L0D HXU L0Q DAED K3 FrER%E

5. TNZNODMEN 1.3 pg/mlL & 28 pg/mL T JiSA—% B

HHTENDDORUIC, TN DXV

AN A VAU DE —S1DNT 20 U
NERETHDEAETLTVET, AEIC " oLt
RORDIEA AU/ FEHED L0D &£ 100 D AVRAUSBUAED RTDEL  E—o$SERED 03 % T
EEE5 CRLEY . LTFDRE

Kb VAT LBEHEBRERDESSD

Agilent AdvanceBio SEC. 130 A. 7.8 X 300 mm. 2.7 ym S ATk BB %
AV RAUVFEBUAKRD RT DEVEREID  (GH&/
TUANUGREL  piv e TEE)
A AN SEFE 1.7 - 0.167 a1
AVAU 1.72 - 0 =L
JI\AMFV=5—

Kb AV AUFEFHEED LOD, L0Q. S/N LEDFER (n=3)

R (mg/ml) SINLE  FHOERE
10.6 (LOD) 1.9 12.8
31.8(L0Q) 34.7 37.4




EiRE

L0Q RENSINIIVRTVEE (3.4 mg/ml) &
TORERRZRV. 14V AUVREICH
LCEELVRARYRZTOVvNL, A VAUV
FRBEORERZERLELC, M3 IC. B
FEEEFH 10.6 ~ 3,400 pg/mL DA > AU DiR
EIRETRUET, CORERD R’ B 0.99
A CTWVWEUIC, INE. 4 VRAU>YDE—
JHBEREDEIC., RIFFIESEREFNE
BN DD EZRELTVET,

BERE/ PBENOSREES
EYRFN O G TOT7 A IVIE. BFDZ
EUZERIT DDA TCHFIFTIEEILHEDOT
WVWET, BEAF CUERETHoTH, &
BlIDREICKETHEREZS A DOREMED D
N5 T, AdvanceBio SEC T Al £
DFEOEBIERZER/BRICIIZ K585
TNTVDTIEH. A VRV EBREARZIRIEIC
N—=2TSAVDBES DT ENTRETT, K 4
[CRT KIS, TNHDA VR ERERF.
AdvanceBio SEC NS LNSZENZI 11.181 &
& 13884 HTHEHLTCWVET

6,050

5,050

4,050+
y=1.5316x + 8.671
R?=10.9999

3,050

Average area (n = 3)

2,050

1,050

50 . . . . . . .
0 500 1,000 1,500 2,000 2,500 3,000 3,500

Concentration of innovator insulin DP (pg/mL)
3 REEIF 10.6 ~ 3,400 pg/mL DA >~ AU VIEER 7= W CTHER Ui ER.
BIAERMENEONTLE T,

mAU_
16.458 | BE{F

1.75
1.50
1.25

1.00+ ;ﬁTﬁs

0.757 11181

0.50

0.25 13.884

e iy

8 10 12 14 16 18 20 min

4 BANU AN feA > A D Agilent AdvanceBio SEC 70774 JUs
A VAU SFEUEDIN—2TA VB TWVETD .
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#%(C AdvanceBio SEC B LAEMDFEFED A
S LRI DERIC. TIREEEPITIL—T
U= —PE(ICERITDDIFIRNTLLD,
SEC DEETIE. AHEPHEDERZRIT
E AZLBESRDPROEMEIVR—R2
B TY, AT LDF@MH+HTHELDI
D, HSLBOBIREICEENGIHG. B
BONDTLDRI )=V TN B(CIEST]
BEMENRDDOET, \WFREDBIRMZHERT
BleHIClF. EETOCARAFZEZ(COY
FO—ILTBHENARARTT, B5 (F, 4
DD/ \wF D AdvanceBio SEC 130 A S LT
AdvanceBio 130 A &>/ (OB —H—=5 8L
eAER T 7IUVRTIE. TOXRDIFEHER
([CRD EETOERREDEEICIVN—
JLENTWVFRT,

Fle. BEFDBR IO CADRIINSRE
FTHHTEDRVLWAISLFGZREFEI ST
EBTIVVEDBERD 1 DTY, NTLFHE
WHRLIENE. D5 A LHKIBICER
SN, EOICELDFRDBIEHEINET,
6 (3. 3 mg/mL DA AU VREZ 50 [ FD.
Bt 250 BIEALTIESNC 6 DO~
IS LEEREDECHDTTY, Ffe. X6
(C. HEDAMTHESNE RT. E—JEHRA.
T—UI IO~ BRUOERERHZTRL
F7,

COFERNS. 250 BDEAITEDTRT, E—
UEE. BROT—UVIT7I5—(CREN
BEALDIEVCEIFBASHTT . BS LD
ROEREEDERERMCONTH, BEL
Z1blEHOFE Ao

S-S
ngzwﬁsy
2. 24508y
mAU 5 3. 77JOF=Y
4.Z3-05Vvy
300 12 5. FURAFIVU
2004
100-
0 - . . ; : :
2 4 6 10 12 14 min
mAq
3007
2007
1007
0 : . , ; : :
2 4 6 10 12 14 min
mAU
3007
200]
1004
0 ; ; . r ; ;
2 4 6 10 12 14 min
mALU,
3007
2007
1001
0 ; ; . ; ; ——
2 4 6 10 12 4 ‘min

5.4 DM \wF D Agilent AdvanceBio SEC 130 A, 7.8 X 300 mm. 2.7 pm 735 L\[CK3 Agilent AdvanceBio 130 A

&V INOEIFED B

mAU
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1504

1254
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75

50

25

6. 1V AUVREEZ 50 B TFD. G5t 250 EEALTHESNC 6 BDIOVN S ADERKR

T

25

,
min
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6. A Y RAUVRED 250 BODFANICKIDE/SNC RT. E—VEE. T—U2IT705— BRUERERE

EDRERDIUREFRORHEEEZSIY AEANEF RT (43) E—UERE T—UVIT705— EREH
JICBVTKERZENZRICLET . D 1 16.657 3944 0.899 16,001
TUr—23> /—KTIl&. Agilent AdvanceBio 50 16.671 3966 0.890 15,849
SEC 130 A BS LD A VAU SBLUADERIC 100 16.681 3968 0.898 15,982
RECHOCEZRILELE U, T TR, E 150 16.622 3942 0.893 15,942
BADRS TEAVYRITHEWL. A AU VE 200 16.634 3953 0.895 15,919
BDINA F V=S —EFEREO D) FRELEZ 250 16.634 3963 0.890 15,944

BESMNCT DYV TV W R—=ZDAV R
% . AdvanceBio SEC 130 A. 7.8 X 300 mm, 2.7
im A5 LZAWVTHRFELVR U, COXV YR
[CKD. EOHTENCRT BRUE—TJHERE
DIRENESN. TORRIEVAT LAEEHE
EHITEALTCVRLU, 8 BEDREDA
VAUVEEIRER R ZDEICEREICHU
CE—JEEZTOVUICIRERE. BIRD
M ERT EEDIC. SRUCEREDR
LEUfE. &, BIEICKDESNIZ LOD B&
U L0Q [F. ZNZ1110.6 pg/mL & 31.8 pg/ml
TUfco TNUE. AVYRDRREDETZRU
TWERT, &HIC, @fHRIE AN A &R
Tl&. AdvanceBio SEC h T AICKD., HBERE
PDEEBROEZIIVITTHENTERL
fzo AdvanceBio SEC B AIFELS FOOYNE
DIFEESDEMETFL. A LFmBEL D
DO LZFERULTCHNITHIET, BiRMES
BEMCEBNICRERMFOSNDEE. <D
BENARDBESEINSTEDHRLEL,
SODFETHWY Y TIVTEBREDS
WXVwkE A FREECTTIER DR
A EDEDTET. I\ A AEERDRA
RIOTRITED A VAUV OHENEGEE
RaECELUz, EEtosuhWa—y3vz
KIFTEDBDEEZAONET,
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OFICIFABPTERIEET 20D HD
T BDONAAEREZT T r—oay
TlE. BEDREEZSETEARKXETTHL
BECTEMLEETZRENDDET, 1
ZHERO AT RIS T4 — (SEC) IE. BN
BREROBEDPNBLUVEED-HDE
NIEFETIN. EREISHET 3 ICIERAD
2NV BEBEBICHILT 2T TOENT
JARNIZ T —HDMETT, FEDZ /N
TEODBE— IO IRENE L DBEE S
BHBDIC. TES EHBERD LM% ST
TEHEUNEDBEIIBBLADET,

BEROZMHEORBEILOERMEIL SEC FE
TRECINZZCDHDFET, ERKLD. &
BROZMERBILLCEEHROMBE DL
FLLAVERFENBEERZRRLTUVE
Leh. ATLICBLIEERETRWVWE . BIER
RETBHRERTODOHEIBE TZUR %
CZehdbxrd, LH L. Agilent AdvanceBio
SEC AT LDOEMRE DA -T2 TF
FEREERZEOTRNRISEINEIL. 2
YINVBOEES LT OR NI T T8
HENMEONZLSICRERDILZNEE R R
BT BBNIRAERRMELET, BED
Do d SEC EERFZ M =)L —F > TRl
ETB352TDHI—DDEEIC, /STX—F
ANTTAVITRBOSRKBEHEIHHOF
T, BLERTIIREEORREMICELT
BHELAROFFDIBEBEARD, SHOELRS
BAREFEETERL. 8. BER. pHOZE
(LD AEHEICDVWTERLTEML AT
NIEBEDFEEA. LH L. REHDY—ILICE
0. SEC A RELT B7cHDT—o 70—
EARBICABLLT. BEROBUDITS &
UVEEDERITL. HENICERTIZR
BlESNFEERHE TSN TIF LT,

DT IVTr—3> /=Tl BEXRDT
BILpIF3wenT—r70—Y)a—3Y
OERMERDEICOVWTHBALEY,

. Agilent Buffer Advisor V7 o7&
BRREENAA A —rUx—52FLC
RyTEBWe 4 BEDS VIV
BERNSDIEE LU LCHBER
DOEEFES Y pH BLUEEREED
DT ILEA LA

AT IVONEERRICESER
AUNVERERORE. [LKWEE
HHEICODIEOREZZOHDITHD
UV T

« MEELBEICED BESNEY Y
BHLUVEERDZVNNVBEODTFEL
AN FHEOEIHEDFFE D

SEDHTlE. Agilent AdvanceBio SEC 15 cm
NoLEFERLTERRAII—ZVID®H
DEEDBEHFIRL % L7z, AdvanceBio SEC 1
TLIZIE. EDREVHDPEIDEVHLDRET
FIERRTOATLABEIN VSO,
BIORBENMNERBZEICIE. 30 cm D7
TL, HEWIERDOHZTLEZBEAEHDET
FERTIHEICHBRHICXVYREBEATES
CENEETT, SEOBETERLEE/
IO—FILESF > TILICiE. mRO Y F
IRTELVIVYEINRTINAFIIZ—HE
FNTVET,

RERH &

HE, o7, ME
—BEMBLUTIEBEMDY VEKE S~
DL FNITLIE VWR A SEBALEL
Too IEEYE S L OVRIRIETANTI9.7 % LL
ToMEOHDRMEALE L. 18 MQ K&
DK I, Mill-Q A0 Sk EREEE (Milipore.
KE) TERLELT ARITERRAEL.
EABNIC 0.22 ym XTS5 T4)LEZTAEL
FlLT

e

BERDITICIE. ROET2—IILTRBHE N
% Agilent 1260 Infinity Il /N4 F—F LC &2
TLEFRLEL.

*  Agilent 1260 Infinity Il /N7 4 F—b
D 4—5F1)R>7 (G5654A)

» Agilent 1260 Infinity Il /N 41—k
RIWFH TS TIAHSERE LU
TILF 4w S a8 E (G5668A)

* Agilent 1260 Infinity Il ¥JLF 15 L
Y—EXBYb NAF1F—F
ISR tEEL (G7116A)

+  Agilent 1260 Infinity Il Z A —R 7 LA
1RHEE WR. N1 A1 — MEZEE
70O—1)LEEE (G7115A)

« Agilent 1260 Infinity Bio-SEC <L F 1% i85
2 X7 L\ (G7806AA)

« Agilent AdvanceBio SEC 300A.
7.8 X160 mm. 2.7 ym A5 Ly
(p/n PL1180-3301) &7zl&

. Agilent AdvanceBio SEC.
2.7 um 300A 7.8 X 300 mm 735 L
(p/n PL1180-5301)

BaaRY
2 F 128
mE 0.8 mL/min
mE 25°C
FAE 1~ 25l (U7 IVEEICHKRTE)
TR 220 nm. 280 nm. LS 90°. DLS
vl DY E ST TRFIE

DYFIRINAFLZZ5— BSA




BRCER R1. ERORM LIS SBEEOER
HILTLREMICOVTORBLBHED A —PELINTA—F VTR IT P hEE LI S5 — 4
HERERET B0 4 DD pH LAILD 3 T EEE NG AEE

BEOBEE. 2D 12 DEBREZHOTH B2 755 (mM)  (mM) %A  %B  %C %D
w7 2% ERL LA L & L. SEER DR

1 62 150 0 150 250 00 570 180
IFROCEDTY, 2 66 150 0 150 250 00 423 327
C 0mM U E s 3 70 150 0 150 250 00 263 487
4 74 150 0 150 250 00 138 612

< 10mM Y>EEF U L+ 140 mM NaCl 5 7410 140 150 670 280 09 41
(SETFQLpHETOPBS DITZal— 6 70 10 140 150 670 280 18 32
=) 7 66 10 140 150 670 280 29 2.

8 62 10 140 150 670 280 39 1

* 100 mM RS L+ 150 mM NaCl 9 62 100 150 250 200 300 363 137
SREIEE. pH6.2. 6.6, 7.0, 74 TFALLF 10 66 100 150 250 200 300 261 239

—
~
o
o
(=}
—
(<]
o
N
a1
o

20.0 300 156 344
12 1.4 100 150 250 20.0 30.0 78 422

L7z

BREBHEITS72®IC. Agilent Buffer Advisor ©
SLBOVTOREROEM HEEE AN

L & L 7z, Agilent Buffer Advisor V7 o7 (C € = 200 mM NaH,P0,
&Do A~ D RROBYIAREEMEBEEE D = 200 mM Na,HPO,
L LCINSX—=BRAANDIT4 > I DHRICEE

LLWBHEZ ) 7IILATLTHELE L &

11212 DRBEGEERLES,

CNSOEEZFERLTUYFSITOMER
DY T DIFRIRTNAATZTZT—DH
> RO BSA 22 NV BIZEEREY) (1
SEVYUTL—>3 D 10 mg/ml 7ARK) =
PILELT,

Agilent AdvanceBio SEC 300A 150 X 7.8 mm 1>
LZEFRATZCICEST 1 HFILHED
10 URTRI)—Z T TER LT



1B 2 IR &I VAR ZT14—
F—R2OBADLEa—N5. RBRPDEH
VEIOESESINIAESS L v - SUAE S v
NAASZIS—DE—VDRRICEERES X
BENBESMIBRD T LT, 2 BEDDFIF
W=7a771)L%nRL. 10 mM > B F R
L2 140 mM NaCl OFENERERL TIXERRD
EEREHMERLTVET, COBIEOHE
BlE. E—oFhME< AR cE—o7—1)>T
HELIBRLELIZ. CORATOESILM
DEVINVBTHERIN, XV yREFH X
VY RBEHOEAZEIRT 570 ICBEIE
HROEEZFE LAY 20 EMZRL
TWET,

1,200
1,100
1,000
900
800
700
600
500
400

RHEELRR X (mV)

300
200
100 J

—— 150 mM U >EF L0 mM NaCl.pH 6.2
—— 150 mM U >EF D L0 mM NaCl.pH 6.6
—— 150 mM U >EF L0 mM NaCl.pH 7.0
— 150 mM U B3 ~UD L0 mM NaCl.pH 7.4

1.0 15 20 25 30 35 40 45

1,100
1,000
900
800
700
600
500
400
300
200
100

BRHBLARYZ (mV)

50 55 6.0 65 70 75 80 85

5 (93)

— 10 mM U>EF ) L.140 mM NaCl.pH 6.2
— 10 mM U>EF )DL 140 mM NaCl.pH 6.6
—— 10 mM U>EF )DL 140 mM NaCl.pH 7.0
— 10 mM &3~ L 140 mM NaCl.pH 7.4

1.0 15 20 25 30 35 40 45

1100 ¢
1,000
900
800
700
600
500
400
300
200

100 J

RHBL ARV Z (mV)

50 55 6.0 65 70 75 80 85

B (99)

100 mM U >E& 31U L, 150 mM NaCl.pH 6.2
100 mM U B3~ L, 150 mM NaCl.pH 6.6
100 mM U B~ L, 150 mM NaCl.pH 7.0
100 mM U B3~ L, 150 mM NaCl.pH 7.4

I, -

0

1.0 15 20 25 30 35 40 45

50 55 60 65 70 75 80 85

B (93)
112 BEOELZBEBERMGTERL T VYFIITERER (1L EA) ZOHT

(EF1OERR1T~12%228),



REFDEEEDEEICIE. W BHBEE
BI2MENHDET, BEEROE -V %
EROE—U (BHINTIBA) 2B LT
E—UmBDRERD/N—t > b RERD D
CEHTEFET, VYFIXTERERDORER
R A IS, UYFIRINAF OIS —DfE
BRI 3B IRLTWET, 150 mM 1 >+
D LEIFZI00mM UVEF )T LY
150 mM NaCl #F L pH 7.0 T. RH—EMHD
HIERMESNE LI (BRI & 1)

1,200
1,100
1,000 — 150 mM U>/E 14,0 mM NaCl.pH 6.2
900 —— 150 mM U>E8F kU 1.0 mM NaCl.pH 6.6
Z 800 —— 150 mM U>/E+ 1™ L0 mM NaCl.pH 7.0
X 700 — 150 mM /B F R UL 0 mM NaClopH 7.4
2 600
X' 500
%400
& 300
200
100 J L
0 N
1.0 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
B (5)
1,100
1,000 — 10 mM BS54, 140 mM NaCl.pH 6.2
900 — 10 mM B kUL, 140 mM NaCl.pH 6.6
= 800 —— 10 mM B kUL, 140 mM NaCl.pH 7.0
E 500 10 mM 1B U4, 140 mM NaCl.pH 7.4
5 600
® 500
2 400
gé 300
200
100
0 A
1.0 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
B (5)
1,200
1,100
1,000 — 100 mM U F kU L1 150 mM NaCl. pH 6.2
__ 900 —— 100 mM > B F Uy 4,150 mM NaCl. pH 6.6
Z 800 —— 100 mM Y&+ L1150 mM NaCl.pH 7.0
~ 700 —— 100 mM >~ L1, 150 mM NaCl. pH 7.4
2 600
o
X500
% 400
& 30
200
100 J \
0 .
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

i (99)

2N BRORBIBEEZHETERL T VYFIXINAFTIIT— (1L FA) 20T

(R10EER1~ 12228,



4. HERN R D 3 BEBOREERT pH
70 TESNZVOYNITLTY, CODF
DAMICHEEHEELTIOMM UVEEF R
L 140 mM NaCl ZERB LIIBEICIE. Kige
1K (RENERSY) hi&H T hah o7 C = ERRE
IRLTWETD,

F72a> TABEB S REER DT —
JIO—IBMT B L. U INTERERICD
WTEDBERBIBERMBESNMNIAEDET, 2D
BSA iZE. BHEICERINIDTZ 1 EFE
ALTO YT BtERF v ) TIL—2a3>0% =R
TFLIS. 1R 2SR D BAE © 1428 TE 4 % TR
ICR&ZZENTTFET, Agilent Bio-SEC V7
V7AW RLEHEONTLERET
BonAOERIOTNIS LD SM@EA
DE=TIZDOVWTHTFEBROL R—FEE
PAGEED

VY F ST T KRR

—@— 150 mM 1 VB,
0 mM NaCl
10 —0— 10mM U VB
ﬁ 140 mM NaCl
%5 —O— 100mM U V.
L0
150 mM NaCl
°
0.0
6.0 6.5 7.0 75

pH
A DYFIRITEREOBREREEEO L —VEARO/N—tE UK (R 1 OER1~ 12 288),
BEANBREINIERBORT VI RINTUVWETD,

DYERIRTNAFIZI5—

—@— 150 mM U V.
10 0 mM NaCl
- —0— 10mM U V.
pri 140 mM NaCl
s —O— 100 mM U VB
150 mM NaCl
°
0.0
6.0 6.5 7.0 75

pH

B UYVEIRINAA LIS —DREFRESEEDL —VEBD/S— U KR (R 1DOREB 1~ 12 2808),
BEANPBEINIERBO R VINIRINTVWET,

100{ A
90 — 150 mM U R U™ L pH 7.0
%0 — 10 mM U >EF U4, 140 mM NaCl.pH 7.0

70 — 100 mM ') B+ ') L1150 mM NaCl.pH 7.0

60
50
40
30

20 +
10

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
B (99)

BRHBL KR (mV)

o

100, B
90 — 150 MM V> EEF UL pH 7.0

— 10 mM U7 117,140 mM NaCl.pH 7.0
100 mM B+ )L 150 mM NaCl pH 7.0

BRHBLIEYZ (mV)

10 15 20 25 30 35 40 45 50 55 6.0 65 70 75 80 85

5fd (93)
4 RB(LSN/pH 7.0 TERZEERBRE RV UYFITTRREEA) &
DYFRIITNAFSZIZ— (B) DITD U 220 m FEEDR—IZ1VDILAK (R 1 DEER 3. 6. 11 258R).



513 B 1 oEEERMGFTTOUY
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DHHEDMOBRERLTVE Y, BEH 135 A UYES T IRRE . — LS 90° 165

. _ W " 130 pH 7.0, MW 147.1 kD — UV 280 nm
DE—=VDHDDITICERETEHTI . H 125

R B s R | 120 DHTEERE 10 9 led —
EAAFICEOURIOT P Ur—>ay/—~ e e 3
ICRHESNTLIRBBEREISEVAFEN £ e 1e3 5
WEINFLIce NTFUIS—HTF I, HKH S 100 g
EAFTRIESOFTOERESNAL CRBUD o le2 2
VEREHNFEELTVWS D, BELDITH 85 .

. 80 e

RSB FIEINET, 75 -

\ ) X ;g sianmsedhen dooneed 1 [ Moo - Te0
FORELEEMRCARTIFR B VHIF O 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
FERld. N1 AEERT )75 —>a > TRIC B ()

BRLTVWAILTY, mEIlEEINIcTY 135/ B JyEsTT — LS 90° s
— NV, = \ 130 NAFIZTZ— —
TN T ZHEESHORE F. UV i h B oH 7.0 MW 147.6 kD UV 280 nm
SESNTICRET —2Z/TEL £, Aﬁg SRS 10 43 led 5
Z110 2
W ik B BB L ZBAOHITRERI =105 1633
ShoTEULTVES, LhL. BEAFT 0 .-
e =2
K3IC. BEDOBEBDRME T TIREEELS gg S
HBRIELOBROBEMRICIDRERGT 80 lel
BTEPIEESI . VYER ST TEREE L NA 75 1 %,
70 = et T it Te0
FTIET—DEDEVERDEERTIELD 65
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HDOESN BB EHNHSMIARDE LT, B (53)

5.100 mM 1> B U Lox 150 mM NaCl. pH 7.0 TOUWH SR THRFEE (A) &
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JYEST TR — UV 280 nm (k)
-A. I
L
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
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z
E130
X
2120
X110
%
31100
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Size Exclusion Chromatography
iINn the Presence of an Anionic
Surfactant

Intact Protein Profiling

Abstract

Sodium dodecyl sulfate (SDS, or SLS) is a well known anionic detergent, frequently
used to denature proteins. It is commonly used in polyacrylamide gel electrophoresis
(SDS-PAGE), where a remarkably consistent level of binding across a wide range of
proteins imparts a reliable charge-to-mass ratio. This allows separation of denatured
proteins based on relative size due to their relative ion mobility. Conversely, size
exclusion chromatography (SEC) for size-based separation of proteins is normally
performed under nondenaturing conditions using predominantly aqueous buffers as
mobile phase.

This Application Note used SEC with light scattering detection to investigate the
impact of varying SDS concentration on the protein molecule. This was achieved by
studying the changes in RT, apparent molecular weight, and hydrodynamic radius.
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Introduction

To denature proteins, sodium dodecyl sulfate (SDS) is used
above its critical micelle concentration (CMC). The CMC of SDS
in pure water is 8.2 mM (approximately 0.2 % w/v). However, the
presence of buffer salts or changes in pH and temperature may
reduce the CMC significantly. CMC values of around

1.0 mM (approximately 0.04 % w/v) are observed in phosphate
buffered saline (PBS), for example. A micelle forms when
approximately 62 SDS molecules coalesce into a spherical shape
with a hydrophobic core surrounded by an anionic surface, as
depicted in Figure 1. Typically, SDS is used at significantly
higher concentrations of 2 % w/v for sample preparation for
SDS-PAGE, but also with a reducing agent to cleave disulfide
bonds within the protein molecule. The resulting saturated
SDS-protein complex has, on average, 1.4 g SDS per gram of
protein [1]. Such denatured proteins are considered to adopt
arigid cylindrical shape resulting in the observation that ion
mobility in gel electrophoresis is proportional to molecular
weight. By omitting the reduction of disulfide bonds, it has been
observed that the ratio of SDS to protein decreases significantly
and the time to reach equilibrium may be doubled [2].

In contrast, adding SDS (approximately 10:1 mol ratio) has

been found to arrest heat denaturation of BSA solution, which
otherwise leads to creation of high molecular weight oligomers
[3], or reduces the level of noncovalent aggregation. Historically,
it was recommended to use 0.1 % w/v SDS in the mobile phase
to reduce retention time (RT), and improve peak shape in protein
size exclusion chromatography (SEC) [4].

The mechanism by which SDS denatures a protein is not fully
understood. Since both the detergent molecule and the protein
possess complementary ionic and hydrophobic regions, it is
clear that a combination of mechanisms may be involved.
Thermodynamic studies have suggested that interactions are
not ionic alone. It is conceivable that SDS first begins to bind
through an ionic interaction with positively charged amino acids

side chains (Lys and Arg) on the surface of the protein. Increasing
SDS concentration leads to higher levels of incorporation, and it is

postulated that ultimately, the flexible protein chain is decorated
with SDS micelles rather than the rigid cylinder model originally
proposed [5].

g N2
///

Figure 1. Cartoon depicting SDS micelle formed at concentrations
above CMC (aggregation number ~ 62).

//.\\

Bovine serum albumin (BSA) is a well studied protein due to its
capability of acting as a carrier of smaller molecules between
tissues and cells. The structure and size (hydrodynamic radius) of
the BSA monomer has been determined using multiple analytical
techniques. Its primary structure is 583 amino acids with a
molecular weight of 66,463 Da, Figure 2. Commercial samples
frequently contain varying amounts of dimer and higher-order
aggregates, and different isolation techniques may result in
varying amounts of these oligomers. Since BSA contains 35
cysteine residues, there are 17 disulfide bridges and one free
thiol group. It is believed that BSA oligomers are predominantly
covalently linked through disulfide bonds involving the extra thiol
group. Therefore, in the absence of reducing agents, denaturation
with SDS will not result in such covalently linked dimers and
higher aggregates reverting to a monomeric form.

Figure 2. Native heart-shaped conformation of bovine serum albumin.

Return nten ion
eturn to Contents Sectio 194



To explore the effect of SDS denaturation on the characteristics
of BSA, a series of experiments were performed. Using SEC

of the nonreduced BSA protein, the amount of dimer and
higher-order aggregates could be determined. The addition of

a light scattering detector with dynamic light scattering (DLS)
capability allowed the measurement of both molecular weight
and hydrodynamic radius (Rh). The eluent chosen for this series
of experiments was phosphate buffered saline (PBS), containing
10 mM phosphate buffer, and 140 mM NaCl, pH 7.4 (Eluent A).

A second mobile phase was prepared in an identical manner, but
with the addition of 2 % w/v SDS (Eluent B). The HPLC instrument
was then run with increasing levels of SDS incorporated in the
mobile phase by varying the proportions of Eluent A and Eluent B.

Throughout the experiment, the same BSA sample was used,
prepared at a concentration of 10 mg/mL in PBS alone.

The experiment was designed to determine:

— If SDS can denature BSA oligomers

— What effect is observed on the molecular weight measured
using inline light scattering detection

— What change in hydrodynamic radius is observed

Results and Discussion

Following two blank injections to allow for the column to become
conditioned in the mobile phase, duplicate injections of BSA
10 mg/mL were made.

Figure 3 shows overlaid chromatograms (UV 280 nm signal)
of four individual experiments at different mobile phase
compositions. Table T contains RT information relating to the
entire experimental series.

From Table 1, it is apparent that there is little change in total
peak area for different runs. This indicates that increasing SDS
concentration does not result in the absorption of the protein, or
loss of protein through induced aggregation. RTs become shorter
but stabilize from 0.6 to 1.4 % SDS (w/v), as seen in Figure 4. This
shortening of RT also results in lower resolution between the
peaks, so it proved difficult to accurately determine how much
dimer and higher-order aggregates became denatured. It is clear
that these multimer peaks are still abundant and must, therefore,
be predominantly covalently linked.

Table 1. RT and total peak area.

. RT (min)
Conditions :
% SDS In Higher-order Total peak
Parameter Value mobile phase aggregates  Dimer Monomer area
Column: Agilent AdvanceBio SEC 300 A, 2.7 pm, 7.8 x 300 mm 0.0 % 6.00 6.46 7.29 3,632
(o AL T SE) 02% 5.22 5.59 6.45 3,633
Samples:  BSA (Sigma-Aldrich) 04°% 4.96 5923 506 3668
Sample prepared 10 mg/mL in Eluent A 0.6% 4.89 515 583 3588
Eluent A:  PBS, pH 7.4 (10 mM phosphate, 140 mM NacCl) 08% 4.89 513 580 3571
Eluent B: PBS, pH 7.4 (10 mM phosphate, 140 mM NacCl) + 2.0 % w/v SDS 10% 4.89 511 577 3572
Gradient: Isocratic elution at 0 % B; 10 %B; 20 % B; 30 % B; 40 % B; 50 % B; 129% 4.88 511 576 3536
60 % B; 70 % B : § '
14% 4.90 5.10 5.75 3,566

Flow rate: 0.8 mL/min

Detector: UV, 280 nm; LS 15°, LS 90°

Instrument: Agilent 1260 Infinity Bio-inert Quaternary LC with
Agilent 1260 Infinity Bio-SEC multidetector system.

—— 0.0%SDSin PBS
= 0.2% SDSin PBS
190. — 0.4% SDSin PBS
180 1.4% SDS in PBS

Detector response (mV)
2

Time (min)

Figure 3. SEC chromatograms of BSA with increasing SDS
concentration in mobile phase.
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% SDS in mobile phase

Figure 4. Effect of % SDS in mobile phase on RT.

In SEC, shorter RT is indicative of an increase in the size of a

molecule in solution, but does not necessarily infer an increase

in molecular weight. To ascertain the molecular weight of the

three major peaks of the chromatogram, the BioSEC software

was used to calculate the molecular weight using the relationship

described in the following formulae [6]:

Where:

(LS) = Light scattering detector signal

K, = LS detector constant

dn/dc = Specific refractive index increment*

(UV) = UV detector signal (280 nm)

e = Extinction coefficient

* Using the approximation of dn/dc = 0.186 mL/g for
nonglycosylated proteins

Figure 5 shows the regions of each peak chosen to perform

the light scattering molecular weight determination to try to
minimize interference due to anticipated peak overlap. Table 2
shows the results for the molecular weight measurements. This
table includes columns where the relative number of monomer
units has been calculated. It is important to recognize that the
molecular weight of the higher-order aggregates peak is nearly
always three times larger than the molecular weight of the
monomer peak, indicating it is a trimer. The molecular weight of
the dimer peak is two times larger than the molecular weight of
the monomer peak, as expected. In addition, the molecular weight
of each of the peaks increases with increasing SDS concentration
until a plateau is reached at 0.6% w/v SDS, in agreement with the
stabilization of RTs at this point.

2 3
190 Peak ID
180 1. Higher-order aggregates — UV 280 nm
170 2. Dimer — 1S90°
160 3. Monomer

150 0.8% SDS BSA 10 mg/mL
140 Run length: 15 minutes

40
30
20
10

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Time (min)

Figure 5. Molecular weight calculation regions for (1) higher-order
aggregates, (2) dimer, and (3) monomer peaks of BSA.
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Table 2. Molecular weight analysis results from light scattering detection.

Mass gain SDS:BSA (g/9)

Higher-order Higher-order
SDS w/v% aggregates Dimer Monomer aggregates Dimer Monomer
0.0 202,197 136,383 67,838 3.0 2.0 1.0
0.2 242,541 194,876 107,905 2.2 1.8 1.0
0.4 560,154 359,239 203,737 2.7 1.8 1.0
0.6 667,318 423,418 212,596 3.1 2.0 1.0
0.8 615,726 404,898 207,028 3.0 2.0 1.0
1.0 624,648 404,634 205,868 3.0 2.0 1.0
1.2 617,385 405,618 206,376 3.0 2.0 1.0
1.4 612,031 406,699 206,614 3.0 2.0 1.0

Table 3. Mass gain for BSA with increasing surfactant concentration, showing steady state at concentrations >0.6%.

Mass gain SDS:BSA (g/9)

Higher-order Higher-order
SDS w/v% aggregates Dimer Monomer aggregates Dimer Monomer
0.0 0 0 0 0.0 0.0 0.0
0.2 40,344 58,493 40,067 0.2 0.4 0.6
0.4 357,957 222,856 135,899 1.8 1.6 2.0
0.6 465,121 287,035 144,758 2.3 2.1 2.1
0.8 413,529 268,515 139,190 2.0 2.0 2.1
1.0 422,451 268,251 138,030 2.1 2.0 2.0
1.2 415,188 269,235 138,538 2.1 2.0 2.0
1.4 409,834 270,316 138,776 2.0 2.0 2.0

Since the observed molecular weight increases in line with

the concentration of SDS present in the mobile phase, it may
be inferred that each molecular species is actually gaining
mass through accumulation of associated SDS. However, the
observed mass gain is considerable and higher than expected,
particularly since this BSA sample has not been reduced (Table
3). The steady state mass gain under the analysis conditions

is 2 g SDS per 1 g protein, suggesting that SDS micelles may
be accumulating along the protein molecule regardless of the
number of oligomers it contains.

Closer inspection of the concentration-dependant UV trace of
the chromatograms obtained at 0.0 % SDS and 1.4 % SDS shows
further differences. There is clearly a reduction in resolution for
the higher molecular weight species, however some smaller
peaks eluting after the monomer peak have become evident in
the 1.4 % SDS mobile phase composition (Figure 6). It was not
possible to identify these lower molecular weight species.

Figure 7A shows the signals from the LS 90° detector for BSA
at 0.0 % SDS and 1.4 % SDS concentrations. Since the light
scattering detector is mass sensitive rather than concentration-
dependant, it is not surprising that the signal obtained under the
higher surfactant concentration conditions is much larger than
the signal under native conditions.

In addition to the increased response seen in Figure 7A at

the highest SDS concentration, there is also a vertical offset.
The reason for this becomes apparent when the DLS data are
analyzed to determine the Rh. Not only do we see an increase in
the Rh of the monomer peak (from around 3.8 to 5.7 nm, close
to literature values) [7,8,9], there is a continual background of
particles detected of approximately 2.4-2.8 nm in size, almost
certainly due to SDS micelles in solution.
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—— 0.0%SDS in PBS
1.4% SDS in PBS

Detector response (mV)

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Time (min)

Figure 6. Close up of the UV 280 nm signal of BSA in PBS mobile
phase containing 0.0 % SDS and 1.4 % SDS.

520 —— LS 90 0.0% SDS in PBS
500 ~— LS 90°;1.4% SDS in PBS

Time (min)

Figure 7A. Overview of the LS 90° signal of BSA in PBS mobile phase

containing 0.0 % SDS and 1.4 % SDS.

—— LS 90°;0.0% SDS in PBS

—— LS 90%; 1.4% SDS in PBS
@ Rh(nm); 0.0% SDS in PBS
& Rh(nm); 1.4% SDS in PBS

Time (min)

Figure 7B. Overview of the LS 90° signal of BSA in PBS mobile phase
containing 0.0 % SDS and 1.4 % SDS with hydrodynamic radius (Rh)

data added.

Conclusions

At the outset, this experiment was designed to determine if SDS
can denature BSA oligomers using SEC with light scattering
detection. It was found that accurate quantification of oligomer
content was not possible through loss in resolution as the
individual peaks corresponding to monomer, dimer, and higher-
order aggregates eluted closer together. However, it is apparent
the three individual species remain intact and become saturated
with SDS to the same extent.

Simply denaturing the protein, making the molecule unfold,
would be expected to give a larger structure in solution, leading
to a shorter RT in SEC. However, as the SDS concentration

was increased from 0.0 to 0.4 % w/v, the molecular weight of

the monomer, dimer, and higher-order aggregates increased
proportionally. At higher SDS concentrations (0.6—1.4 % w/v) the
RTs (and, therefore, size in solution) and the molecular weight
determined by light scattering stabilized as the molecular species
were saturated by SDS.

Using DLS capability to determine hydrodynamic radius shows
an increase in size comparable to literature values for a reduced
BSA sample. The size increase does not reflect a change

in conformation of the BSA sample run under nonreducing
conditions, but replicates the observed increase in molecular
weight as the molecule complexes with and becomes saturated
by SDS micelles.

It is clear that, although the Agilent AdvanceBio SEC 300 A
column is able to tolerate SDS in the mobile phase, as seen

by the good peak shape and reproducible recovery, the SEC
separation is badly affected by the dramatic increases in size and
molecular weight of the protein species being analyzed. The use
of surfactants in the mobile phase for SEC should be avoided
wherever possible.
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AdvanceBio SEC Columns

Technical Overview

Authors Introduction

Andy Coffey

_ _ Agilent AdvanceBio SEC columns are specifically designed for aqueous size
Agilent Technologies, Inc

exclusion chromatography (SEC) of biomolecules. The particles have been
manufactured using proprietary technology to combine optimum pore size and pore
volume for separating molecules such as proteins, polysaccharides, or agueous
soluble polymers.

Even if the intention is to use the AdvanceBio SEC column for quantification

of monomer and dimer content, it is still good practice to regularly perform a
calibration using appropriate molecular weight standards. Regular calibration
ensures better reproducibility, leading to improved accuracy, and enables earlier
detection of potential problems, reducing system downtime and troubleshooting.

For protein separations, the standards should be a range of well characterized
proteins covering the entire operating range of the column. For polysaccharide
analysis, pullulan polysaccharide molecular weight standards should be used, and
for synthetic polyethylene glycol or polyethylene oxide, PEG/PEO standards are
suitable.

SEC is a relatively straightforward technique. It relies on simple diffusion into the
pore structure of the stationary phase; larger molecules cannot permeate the
particles, and elute first, while smaller molecules diffuse readily into the pores, and
elute later. This provides two key aspects for the successful use of SEC:

— There should be no secondary interactions between the analyte and the
stationary phase

— The pore size should be chosen to match the size of molecules being analyzed

Return to Contents Section
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Proteins are complex molecules containing numerous side chain
functionalities: acid, basic, neutral, and hydrophobic. Finding

the optimum conditions to avoid secondary interactions can be
challenging, however the AdvanceBio SEC product range has

a polymeric surface coating applied to the silica particle that
overcomes many of these issues.

The mechanism of separation relies on differences in size of
molecules in solution. Protein structures are often compact
and globular in nature, and proteins often aggregate under
stress conditions such as extremes of temperature, pH, or
salt composition and for dimers and larger units [1]. This is a
particular issue for molecules such as monoclonal antibodies,
where the presence of aggregated proteins can lead to
adverse effects if administered. SEC provides the ideal tool for
quantifying and monitoring protein aggregation. In comparison,
polysaccharides and synthetic polymers such as polyethylene
oxide do not possess a wide range of functional groups, but
are often made up of a series of closely related oligomers. In
this case, SEC can provide the analysis of molecular weight,
molecular weight distribution, and branching information [2].
R 0 T T |

(.
130A Polysaccharides

T TR T TP (.

130A Peptides and proteins

I

0 1,000 10,000 100,000 1,000,000
Protein MW (Daltons)

[ TTTH [T LT
300A Polysaccharides

300A Peptides and proteins

T T T T T TTTTT T T T T TT1T
‘ 300A PEG/PEO
‘ [ ETTH |

130A PEG/PEO

Figure 1. Resolving ranges for Agilent AdvanceBio SEC columns.

Calibrating your Agilent AdvanceBio SEC column

Choose the eluent for analysis. The samples need to be soluble in
the mobile phase, and there should be no secondary interactions
that lead to molecules eluting earlier or later than expected. For
proteins, we recommend 150 mM sodium phosphate, pH 7.0 as
this eliminates sodium chloride, which may lead to corrosion,
from your HPLC system. However, other mobile phases including
phosphate buffered saline (PBS), or high ionic strength mobile
phases such as 0.1 M sodium phosphate/0.1 M sodium sulphate
may still be used (see Pages 10—11).

Dissolve the standards in the mobile phase. Ensure that the
solution is clear and tha there is no insoluble material present. If
necessary, filter the sample. Consider changing the mobile phase
to ensure that the samples fully dissolve.

Record the chromatogram for each of the standards, and plot
the retention time (x-axis) versus the molecular weight (y-axis) to
create the calibration curve. Notice that the y-axis is plotted on a
logarithmic scale.

Conditions

Parameter Value

Column: Agilent AdvanceBio SEC 130 A 27 pym, 7.8 x 300 mm
(p/nPL1180-5350)
Agilent AdvanceBio SEC 300 A, 2.7 pm, 7.8 x 300 mm
(p/nPL1180-5301)

Samples:  Agilent polyethylene glycol calibration kit, PEG-10, 10 x 0.2 g (p/
nPL2070-0100)
Agilent polyethylene oxide calibration kit, PEO-10, 10 x 0.2 g
(p/nPL2080-0101)
AdvanceBio SEC 130 A Protein Standard, lyophilized, 1.5 mL
(p/n5190-9416)
AdvanceBio SEC 300 A Protein Standard, lyophilized, 1.5 mL
(p/n5190-9417)
Protein standards (Sigma-Aldrich)
Samples prepare at 0.5 — 1.0 mg/mL in mobile phase

Eluent A: 150 mM Sodium phosphate buffer, pH 7.0,
PBS, pH 7.4 (10 mM phosphate, 140 mM NacCl) or
100 mM Sodium phosphate + 100 mM sodium sulfate, pH 7.0

Flow rate: 1.0 mL/min

Detector: Rl for polysaccharides and PEG / PEO standards
UV, 220 nm for peptides and proteins

System: Agilent 1260 Infinity Bio-inert LC
(with additional refractive index detector)
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Peptide and Protein Calibration

Proteins and peptides are generally very compact molecules
containing multiple hydrogen bonds, electrostatic interactions,
or covalent bonds such as disulphide bridges. Choosing a
range of standards covering the operating range of the column
for calibration is preferred. It is also possible to use prepared
standard mixtures, as peaks are likely to be clearly defined and
well resolved (Figures 3A and 3B).

The presence of a diverse range of side chain functionality
from different amino acids may mean undesirable secondary
interactions can occur, and so different mobile phase
compositions may need to be tested.

The peaks shown are generally very sharp and well defined since
they represent a single molecular species. It is quite common for
proteins to contain aggregates, and these too are typically well
resolved — evident as an earlier eluting peak or series of peaks.

Retention time (min)

Protein/Peptide MW 130 A 300 A
Thyroglobulin 670,000 4.60 5.14
y-Globulin 150,000 4.90 6.53

BSA 66,000 5.53 7.57
Ovalbumin 44,300 6.04 8.13
Myoglobin 17,600 6.77 8.79
Cytochrome C 12,327 6.95 8.92
Aprotinin 6,511 7.56 9.38
Neurotensin 1,672 9.42 10.54
Angiotensin-II 1,040 9.94 10.82

1,000,000

o © 130A
300A
o
E 100,000 .
= ®
e
= )
g‘,’ 10,000 e .
g °
£ 1,000
100
4.0 5.0 6.0 7.0 8.0 9.0 10.0 1.0 12.0

Retention time (min)

Figure 2. Peptide and protein calibration on Agilent AdvanceBio SEC
columns.
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Representative chromatograms for protein
and peptide standards

mAU

250

200

150

100

50

Peak ID
1. Thyroglobulin

(aggregates excluded)

2. y-Globulin
3. Ovalbumin
4. Myoglobin
5. Angiotensin Il

1

Figure 3A. Individual peptide and proteins contained in Agilent
AdvanceBio SEC 300 A Protein Standard (p/n5190-9417) on an
Agilent AdvanceBio SEC 300 A column.

mAU
300

250

200

150

100

50

0

Peak ID

1.BSA

2. Myoglobin

3. Aprotinin

4. Neurotensin
5. Angiotensin Il

14

0

Figure 3B. Individual peptides and proteins contained in Agilent
AdvanceBio SEC 130 A Protein Standard (p/n5190-9416) on an
Agilent AdvanceBio SEC 130 A column.
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Polysaccharide Calibration

Calibration with polysaccharide standards should be used when
your analyte is also a polysaccharide, for example starch or
cellulose. There are many types of polysaccharide, including
linear, branched, or sulfated molecules. Unlike peptides or
proteins, they comprise of a range of chain lengths and can
extend to very large sizes. Therefore, it is important to ensure that
the column you are using is capable of resolving the molecular
weight range of polysaccharide you are investigating.

The mass difference of 162 for each additional hexose means
that separating individual oligomers is very difficult unless the
sample is sufficiently small (Figure 5C), achieved using two
columns in series for additional resolution.

The combination of two columns run in series can increase
resolution to the extent that individual oligomers are becoming
visible in the 5,800 Da polysaccharide sample.

This sample contains oligomers of approximately 30—40 units,
with a mass difference of 162 Da each.

Retention time (min)

Polysaccharide MW 130 A 300 A
788K 788,000 4.48 4.74
380K 380,000 4.58 4.84
100K 100,000 4.73 5.33
48K 48,000 4.89 6.19
23.7K 23,700 5.39 7.42
5.8K 5,800 7.16 9.22
Maltotriose 504 9.46 10.72
Maltose 342 9.73 10.82
Glucose 180 10.01 11.09
1,000,000
© ® 130A
* 3004
g 100,000 =
s °
‘g ®
S 10,000
z °
o
2 1000
°
°
®
100
4.0 5.0 6.0 7.0 8.0 2.0 10.0 11.0 12.0

Retention time (min)

Figure 4. Polysaccharide calibration on Agilent AdvanceBio SEC
columns.

Representative chromatograms for

polysaccharide standards
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0

Peak ID

1. 380K (e><c|uded)1

2.100K
3. 48K
4.23.7K
5.5.8K

.

0

8
Time (min)

10

12

14

Figure 5A. Polysaccharide standards on an Agilent AdvanceBio SEC

300 A column.
16"0%% Peak ID
' 1. 100K (excluded) 1

2.23.7K
80001 3 5gK
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Figure 5B. Polysaccharide standards on an Agilent AdvanceBio SEC
130 A column.
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Figure 5C. Polysaccharide 5.8K run on Agilent AdvanceBio SEC

columns 300 A + 130 A in series.
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PEG/PEO Calibration

Polyethylene glycol (PEG) and polyethylene oxide (PEO) are
synthetic polyethers, available in a range of sizes covering a
diverse molecular weight range. Similar to polysaccharides,
they comprise of a range of chain lengths, however the mass
difference is just 44 Da.

Retention time (min)

PEG/PEO MW 130 A 300 A
905K 905,000 4.41 4.73
692K 692,000 4.41 4.73
498.6K 498,600 4.58 4.83
305.5K 305,500 4.55 4.85
135.8K 135,800 4.65 4.93
77.35K 77,350 4.71 5.20
46.47K 46,470 477 5.67
21.3K 21,300 511 6.81
12.14K 12,140 5.65 7.74
8.73K 8,730 6.10 8.28
3.87K 3,870 7.26 9.32
1.48K 1,480 8.59 10.26
420 420 9.79 11.03
106 106 10.64 11.44
1,000,000 T
° © 130A
L 300A
— (]
g 100,000 °
S )
=)
% ®
T 10000 °
2 .
8
o
= 1,000 e
[ ]
100 @ ——
4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

Retention time (min)

Figure 6. PEG/PEO Calibration on Agilent AdvanceBio SEC columns.

Representative chromatograms for
PEG/PEO standards

mAU| Peak ID
10,000{ 1. 305.5K (excluded)
2.77.35K
8000] 3. 46.47K
4.12.14K
6000/ 5. 3-87K

1

4,000

2,000

0 2 4 6 8 10 12 14
Time (min)

Figure 7A. PEG/PEO standards on an Agilent AdvanceBio SEC
300 A column.
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Figure 7B. PEG/PEO standards on an Agilent AdvanceBio SEC
130 A column.
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Effect of Mobile Phase Composition

The impact of mobile phase on the size of the molecule in
solution, or in overcoming secondary interactions needs to be
taken into consideration, as this will influence the retention time
and alter the shape of the calibration curve. This is clearly visible
in the comparison of three different mobile phases: 150 mM
sodium phosphate, pH 7.0; PBS, pH 7.4 (approximately 10 mM
sodium phosphate, 140 mM NacCl); 0.1 M sodium phosphate +
0.1 M sodium sulfate, pH 7.0 (Figure 8).

For molecules that do not present secondary interactions, such
as polysaccharides, the effect of mobile phase composition is
minimal (Figure 9).
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3.0 X -
Angiotensin-Il
2.5 )
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Retention time (min)

Figure 8. Effect of mobile phase composition on column calibration
with protein standards.

6.5
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Retention time (min)

Figure 9. Effect of mobile phase composition on column calibration
with polysaccharide standards.

When choosing a mobile phase for peptide or protein analysis

by SEC, it is important to determine the effect that differences in
pH or ionic strength may have on the sample of interest. Figures
T0A, 10B, and 10C show a noticeable shift in the retention time of
BSA under different mobile phase conditions. Resolution factors
between dimer and monomer peaks may also be affected, so
method optimization and method robustness should be fully
explored.

mAU
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250
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200 —
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Figure 10A. y-Globulin and BSA on an Agilent AdvanceBio SEC 300 A
column using 150 mM sodium phosphate, pH 7.0.
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Figure 10B. y-Globulin and BSA on an Agilent AdvanceBio SEC 300 A
column using PBS, pH 7.4.
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Ordering Information

Part
Number

Description

PL1180-5301

Agilent AdvanceBio SEC 300 A, 2.7 pm,
7.8 x 300 mm

PL1180-3301

Agilent AdvanceBio SEC 300 A 27 pum,
7.8 x 150 mm

PL1180-1301

Agilent AdvanceBio SEC 300 A, 2.7 pm,
7.8 x 50 mm guard

2 3 4 5 6 7 8 9 10
Time (min)

Figure 10C. y-Globulin and BSA on an Agilent AdvanceBio SEC 300 A
column using 100 mM sodium phosphate + 100 mM sodium sulfate,
pH 7.0.

Conclusion

Calibrating your Agilent AdvanceBio SEC size exclusion column
with appropriate standards ensures you understand the correct
working range, and can allow you to use calibration curves to
estimate the molecular size of unknown molecules. However,
regular calibration with a selection of standards is beneficial,
and can be used to monitor column performance over a period
of time, allowing early detection of potential problems. In turn,
corrective action can be taken, ultimately reducing system
downtime and improving productivity.

Agilent offers a range of column dimensions and different pore
sizes suitable for differently sized molecules. Together with the
extensive range of Agilent LC instrumentation, consumables, and
technical support, we can provide the ultimate workflow solution
for your needs.

PL1580-5301

Agilent AdvanceBio SEC 300 A 27 pum,
4.6 x 300 mm

PL1580-3301

Agilent AdvanceBio SEC 300 A, 2.7 pm,
4.6 x 150 mm

PL1580-1301

Agilent AdvanceBio SEC 300 A 27 pum,
4.6 x 50 mm guard

5190-9417

Agilent AdvanceBio SEC 300 A Protein Standard,
lyophilized, 1.5 mL

PL1180-5350

Agilent AdvanceBio SEC 130 A 27 pum,
7.8 x 300 mm

PL1180-3350

Agilent AdvanceBio SEC 130 A, 2.7 um,
7.8 x 150 mm

PL1180-1350

Agilent AdvanceBio SEC 130 A 27 pum,
7.8 x 50 mm guard

PL1580-5350

Agilent AdvanceBio SEC 130 A, 2.7 um,
4.6 x 300 mm

PL1580-3350

Agilent AdvanceBio SEC 130 A 27 pum,
4.6 x 150 mm

PL1580-1350

Agilent AdvanceBio SEC 130 A, 2.7 pm,
4.6 x 50 mm guard

5190-9416

Agilent AdvanceBio SEC 130 A Protein Standard,
lyophilized, 1.5 mL

See Also

1. Size exclusion chromatography for Biomolecule analysis:

A "How-To" Guide; 5991-3651EN.
2. GPC/SEC standards: Product guide; 5990-7996EN.

3. Calibrating GPC columns: A Guide to Best Practice;

5991-2720EN.

References

1. Critical Reviews in Therapeutic Drug Carrier Systems 1993,

10(4), 307-377.

www.agilent.com/cs/library/slidepresentation/Public/1-

Conventional_GPC_-_Polymers_ans_Molecular_Weight.pdf
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EOMOT7 IV r—>3>/—hF

EBINEER

XYY RBEFE DFEME. RTL QC TRNBDO T X T iR EER

AdvanceBio SEC CRELTOET,
HHES 21k
5991-6791JAJP  Agilent AdvanceBio SEC 15 LICk3 PEG 12> /S0 B0 mEES 24
. _ AdvanceBio SEC 130 A Protein Standard, lyophilized,
Agilent AdvanceBio SEC A5 AICEZEMEF|D/NA ZIL—TF v - 5190-9416

5991-7165JAJP

BREART T ZHR IO~ S 71— (SEC)

1.5mL

5991-6458JAJP

EMRFICE ENBREEROBZRS DB A ZHRI ORI S5 T 1 —

5190-9417

AdvanceBio SEC 300 A Protein Standard, lyophilized,
1.5mL

5991-6304JAJP

DBERE SEC ICLB VSN TDRERB LUV TS IX U LDODBE

77
=
=

b an

PL2070-0100

Polyethylene glycol calibration kit, PEG-10,10x 0.5 g

5991-6303JAJP

AR O NI T 70— LKMEBBIBZ AL mAb LT
ADC BEEADER

PL2080-0101

Polyethylene oxide calibration kit, PEO-10, 10 x 0.2 g

5991-6302JAJP

REDITE T D Agilent AdvanceBio SEC 715 L 88D E %

PL2090-0101

Pullulan Polysaccharide calibration kit

5991-6474JAJP

N1 FEZESBDHICE TS Agilent AdvanceBio SEC 15 LDEAIME

Bio SEC-3

BHES

Z1RL

5991-2463EN

Choosing the Right Calibration for the Agilent Bio SEC-3

5991-3954EN

Detailed Aggregation Characterization of Monoclonal Antibodies
Using the Agilent 1260 Infinity Multi-Detector Bio-SEC Solution
with Advanced Light Scattering Detection

5991-3955EN

Determination of Protein Molecular Weight and Size Using
the Agilent1260 Infinity Multi-Detector Bio-SEC Solution with
Advanced Light Scattering Detection

5990-9894EN

Optimum Pore Size for Characterizing Biomolecules with Agilent
Bio SEC Columns

5991-0835EN

Development and partial validation of a SEC method for high-
resolution separation and quantification of
monoclonal antibodies
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Bio MAb
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BEED MAb ICRBAB VA A
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I pH 75Tk (pl IZELW pH TRV /XVENARE) onwshh s
FERTIFT,
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ZFDI=OIC. Y)Y IRFARFIFERNLERERETEADORFERAY 7
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Advisor VI Uz 7 EERTIE. XYy R Z AIRBICEETS
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Agilent Bio MAb HPLC A3 L:
HS5WHIETEHL -4 ZRIR

- WeEHICENTNT. J—Tr V7B, BLUBERICKD.

DB LUDBEAE—RER L

— MO T Bk DIEE R BT IR 12
- BAMAUT—O—F U IBICBNT A RRE (WCX) &

BEREETH—ILEEE

Bio MAb IC&3E#H®D C KixtIETDRE

20! CFRim') o> IgG1 1r>%22 k
215 /
E 10
5 m
¥emfE = 3770.2
T T T T T T T T T T
2.5 5 7.5 10 12.5 15 17.5 20 22.5 25min
EBEERE X1vE—0 BEMERE
E—smfE: 503.3 2559.3 707.6
C Rix DR
204
215
E 10
° KA = 37858
T T T I| T | | T T T T T
2.5 5 7.5 0 12. 15 17.5 20 22.5 25min
EBUHERE X1vE—0 BEMERE
E—JmiE: 541.6 2950.9 293.3
ST & 4. Agilent Bio MAb 5 pm 15 L% %% L7z Agilent 1260 Infinity
- NAFAF—o3—8FV LC 12k C KI5 1951 DFE,
= LaEl CONSLOENHEEEIC KD, BEBE— S EEL ERAE RN
NS L Bio MADb. PEEK. 4.6 x 250 mm. 5 pm (P/N 5190-2407) EEINTVES
HoTI 5ul @ 1mg/mL >80 71E C KR 1961
s Agilent 1260 Infinity N1 #41F—ko+—%731 LC
BEE: A T0MM USEEF U LAY TP, pHES
B:A+0.5M NaCl
mE: 0.85 mL/min
TIVITUR: 0~269T10~35%B
RS UV. 225 nm
EAE: 5L
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OHIEBENTT, NSLDBEEFHSOIC. FAFICY Y TILES1E
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SEHBIC DL TIE. www.agilent.com/chem/jp Z ZEL< 2L,

Captiva FLS7L PES U T71)L%

[EEES bivid

(mm) $4Z (um) BEH NISVY BRES

4 0.2 LC/MS RuzoeLy 5190-5094
4 0.45 LC RuzoeLy 5190-5095
15 0.2 LC/MS Ry7arLy 5190-5096
15 0.45 LC RuzoeLy 5190-5097
25 0.2 LC/MS Ry7arLy 5190-5098
25 0.45 LC RuzoeLy 5190-5099

Return to Contents Section

EDE WA A RN B Z 1ZER T DT

/

214



BNV BEEIUVRTFRARDT-HD AssayMAP
BEY O 7ILEiNIES X T

AssayMAP &> ZIILEHLIE S X7 LIE. 2V NNVBOERBE L UD
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PL-SAX 1000 A
PL-SAX 4000 A
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BETODBENFIBET Y, 30 ym X T P IEHRETOREKI ARSI ST —ISELTVET,

INSBRIFROSENFEDLV/INVE

3N A=)
HBICDTFRBOATVERD T
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LEWVWEBREDNHDF T, 14 VRBEOIFE. FTEIBITIULRSHRN
DIETTZF VD AFF VMDY LWS T T, 8817 VR
FIEBAAVRBEOVTNDEEIRTINBEDHDET, BEHIE. 38
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TEED,
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MATIEEICEEBELE T, 3817 A S LOBEREN IER B
WDIE. FDTHTT, ST L. 35174 Y RIEFTIER] (B5hF A >
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CNICE o THREBED' B T BRIEMN B D ETH FRKGZEEIC
EATH, OvhO—)LL. REILTIZEHEIIRSNET, DI,
BAAVIIRAT LI FRA T VRIEA T LTI RV RIREN IS
BICE>TIESND. AMWBFERE LB ITSNET,

R7H1X

BELDELDBENERINZ KR TIE. Agilent Bio IEX 1) —XD
£578 (BYLRKRABEEFED) BAOKRIEZABRFHNENT
T DFEOARTVERDFEDNTZHEE. FILFRABORE—
RASRDHENBZBEIE. Agilent NAFE/VIASLHRBE T, PL-
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1 2 5
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10- JYF—LIZDNTIE
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5. Agilent Bio SCX @ L 7= BERE S

P LiES

NFA—2  FREfE
NI L Bio SCX. 27> L& 4.6 x 50 mm. 3 um (P/N 5190-2423)
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HFRIFNILERIRTBIATEEBERTY, MFEIVNTVIRY
DEEDEIFBEDETH BEEND EBDET, LD FIFLLEN
RELAEDEVD NS BHFREONTLEFRBLTEH. 49 LD
BERFERLLIICDBERENH LT ZDITTIEHDEEA. Een KA
MREERD SR BEEISLEREN SV, BEMNERICHH
SHBVESISTFEITBIHNEDNHDET,

TOLYED 3 pm 1A R BASLEERLIEDFH 2 3EH:
IAIMITIT1—ICEB R VNI BIRED T

PeLiES

NFX—%2  REE

NSLA Bio SCX. 27> LR 4.6 x 50 mm. 3 ym (P/N 5190-2423)

N4 B: Bio WCX. 27> L2, 4.6 x 50 mm. 3 pm (P/N 5190-2443)
N4 C: Bio MAb. 27> L2 4.6 x 50 mm. 3 um (P/N 5190-2403)
YT URRILT—E AL S hoO—Lc. WIF—L ZVINVEREY
Has Agilent 1260 Infinity N4 A1+ —kox—%F1) LC
BEhia: A 10mM UVEEF R L pH BT

B: A+ 1M NaCl
P8 0.5 mL/min

JZ2Th 09-100%A:0%B
2597-0%A:100%B

BE =&

TRHIER: Agilent 1260 Infinity N7+ —rox—%2F+1) LC ICHE#D
A1 F—RTLA#EE8 220 nm

ASLN—=FDI7

HZLIE. BRICIGUTRFY A X 2@ED AT LB BW\E PEEKE
NOBERTETET, ERSNDFOAAF O REDBEICIE. £FLD 26 cm
DATLERETEDHDEEA. LDLBDS. ATLERLTSBIET
DHEZHETIZCLHDES, NTLORTZRIBZHEE. HILE
ERRTICGLTELRPDT, HFEZARSIZIENBEIIBRDE
T PITREZRLAIIL-TYy b EE LT E35HE. LDNTAKFe
BWERWASLZEATR . pitzR LSt > oniikE~E 5 &g
EFTECTEZIHATESTLELD,

w
-

. DRRILT—EA
hvO—-Lc
3. UYF—L

N

2 3

wex A 1 Jkk
L

E6. 7LD IUM A A VRN S LEER LI AFA VR
ORI ST4—ICKB 2 VNI BIZED D
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INSBHFLEWASLICEZBIROEEL - P LiES

S EEIFRI% 30 % 5B N5A—5  BEfE

NILA Bio WCX. 27> L2\ 4.6 x 250 mm. 5 pm (P/N 5190-2445)

CORRTEATYLRARASLEERALTVWET A BT SVT U HSLB BioWCX. 7> LZ. 4.6 x50 mm. 3 um (P/N 5190-2443)

BEBERLPI NILEEMLRENFCCBRIELSS e

EDDOD>TWVWET, PEEK AZLTIRCOLSAMEN RIS BV

THes: Agilent 1260 Infinity N1 A1+ —bto#+—%571) LC
H. ERBERIGLY T VWD FEIRIBFEICRILBET, /7L FHEK B 220 MM U U pH 6.5
ICIFEEEZMZZHEL DD E T, XZILT)—DY > TILRR 2R B:A+1.6MNaCl 52T h0%-100%A:0%B
I 3ICIF. PEEK 35 L%, Agilent 1260 Infinity X171+ —ro+— S5UTVR 0~50%B
21 LC BRCERRNEEGKIR CBAELE TERLEY . ==
AR 10 uL
&RHER UV. 220 nm
1
2
———————— 800 mM NaCl
3 .
4 — Bio WCX 3 pm, 4.6 x 50 mm
0 mM NacCl 1. 77T
1. Neu 2. URIZLT—1 A
' ' ' ' ' ' . 3. ¥roO—Lc
0 5 10 15 20 25 30 N
; min 4 UIF—1s
2
—————— 800 mM NaCl
4
3 — Bio WCX 5 pm, 4.6 x 250 mm
Ut 0 mM NacCl
T T T T T T
0 5 10 15 20 25 30 min

7. Agilent Bio WCX 754 (4.6 x 50 mm. 3 um LU 4.6 x 250 mm. 5 um) IZ&BFE 1 mL/min TOEYNVBEDO DB /NS BRFLEVWNSLEFERTS
CETHOMBEAEMEINTVWET, B TILAREEIE. RWATLT 17 DEo7cDIZH L BVWATLTIEODTH 12 9T,

HILAE

NILBRBBEELRERTHD. DN TEFVTILOEIIGC TGERT S
RENHDFET, RENTEEOT Y FILLAMMERTIHRVESIE. AR
21 mm OAZL (RE 0.35 mL/min) AMELTWEY, fefel. R
DINSBATLZFERATZHEIE. BREBGDECDBEOE T Z 8T
27D ATLHSBREBETOIRTLR ) a—LERIMETZZEN
BETY,

Return to Contents Section
215 Return to Contets Section’



XTv T 3:

HPLC SR TFLICEHT 3 EESEIE

DAL TDOHICIE. Agilent 1260 Infinity N7 F—~ o+ —4
FULC ARE T, COEEEAS. pH 1~ pH 13 DRiHA pH (EX
BUWBREDNYT 73 R LAEZFICERICHIGLE T,
BEER S AT LICTHEBMICEBN T2V %,. £ TILRRICXK
ZIT)—DOMBEEFBL. ShOTERELREBEAR>TVED,

&

BROTI/BHATIREEICEDEE LI Y NNIBREDERERD T
DIFA. KE 210 nm F£721E 220 nm TO UV &HEICED. BEDE
SREYRENMESNET, L. 1FVIRICILERINTLS
AHEAICIE. BEETEWNYII IOV RRHEEZRTHDOLHDF
To COBEIE. RDDIZ 254 nm F7zid 280 nm ZERATZHEN
HDET, LIAD. TNHOFRETHRHEINZOIE. BFEKFIFEN
FORSHBHEBGABE R OTI/BOADH. REHNKBICETLE
ER

HEERAOZWIOY N/ 57— DRE{t

Agilent NTH1F— LC BEEREFERTZC T FNERBEIE
AN Z2ICHRINIENIRIBERIESN. PATLMEIEAELELE
To Tfes E—IORBLUBEREENRESH. IESIEEEOEVY
AN RIS T74—HEERBLET,

5L <I&Z 55 www.agilent.com/chem/biosupplies

y // ;Z\i“\ N

i

Agilent 1260 Infinity N1 F 1+ —r o 5—%7F1) LC IE.
AF VRO OI NI Z 71— ICREA HPLC S XTLTY
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ATvT 4

Pl iE-Es
=
OLEE
NSX—5  BEME
p = it el D1 ~ ; < _
RFE 4.6 mm DHTLDZEENLFREIF 0.5~ 1.0 mL/min T, Pe—— Bio WOX. 25> L <. 4.6 x 50 mm. 3 pm (P/N 5190-2443)
HOTTVT =22V T AOAE— D EREEDET. SHTE NILB: Bio WCX. 27> LA, 4.6 x50 mm. 1.7 ym (P/N 5190-2441)
Mld. BUWAHTL (@ RO 150 mm £7zlE 250 mm A5 LD > T —
27 0.5 mg/mL
SLRE C N ﬁl\* ‘\3 o [N \;tg s K .
50mm ASLLY) AT S TRMETEET. & RELZLY e Agilent 1260 Infinity /5 7+ — &% — 541 LC
- =] = miae 47 aG =
2O BWASLLBREZHBT2HELMRNTYT (WSZLDES m— 20 MM DSBS MU pH 6.5
ERABIBRVESISTERELTEIW, B:A+1.6 M NaCl
HSUTUN 0~50%B
INSVHEFH 1 XIC & D o Ekseh B =5
EAR 10 uL
TR UV. 220 nm
2 2
1 : 3 800 mM NaCl
3 4 800 mM NacCl /4
1. ATT7ILTZY
2. URRILT7—H A
3. orO—L4Ac
Bio WCX 3 pm Bio WCX 1.7 pm 4. DIF—L
0 mM NaCl 0 mM NacCl
ANL JL L |
-
O 1 2 3 4 5 6min 0 1 2 3 4 5 6min

® 8. RE%Z LIF3c THOMRBANRBINTULET, E—IVERCDBEDETIIROSNELA
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B EIHE DEIR
ATw7T b

AR ERIE. 220 ED pl ERMAV YR (AFF VA 7=
FURHD) ICHEDVWTEIRLEF I, B 10 120 —ICERIATYL
BNV T 7ERLET,

Ny T 7iE. AR TIZET pH oFbza> bO—/LL. D
RIELEYOER = —TEICROEEEBVET, N\vI 7R OEEI%+
PDICRICTIENTEDDIE. TORBEHR pKah5 1pH IZv D
BEERNDATHZCITFRLTIZS W, UVEBEIF) VERIBEDRE
BEHIIUTD 3 DTS,

pKa'| = 21 2

H3P04 (aq) —_—— H+ (aq) + HQPO;{ (aq)
pK,, = 7.21

HoPOs ag ~——== H(y+ HPO, ¢,y
PKos = 12.67

HPO42_ @ T~ H’ (aq) T PO43 (aq)

THROBPHER 6 ~7 OUYEBN\Y I 7IEAFA VR IoOX NI
T4—IZBELTHEDEEIE 20~30mMM OBETHERLET. CD/N\Y
T7ICIE 210 nm TONYIT ST RIFREEMEVE WS EHH
DETNYITPIF—EDFIBICRE>TIERICAR TS CHEETT,
AFVERER pH OO T HREWVWD, 2V NNTBDU T3> 21 LIS
SETFELREEBSLEL DBEDET/OX N ZT7r—0O7 7
TILDIESDOIERBLABRMENH ZD 5T,

BN ERAEE T TRLIA TS NERA AV THRN S L FR
B0 BAAVRRNSLDEBEIE Ny T 7D pH A FBRENHS
LOAF AL DREICHET BTN BB L ERBLTENTE
TV BAAVIMAS LG, B TEDHEERT 270 I0BRM
AEZHFRELTHATEZHED 1 DTH,

T2y ASLDSEED T EBHIEZICE. BETT OBANY
BlzabE T, BE. CNISEMS NUYLICKZERY SO T RTT
WET, A A ISR, B pH ISR LAY 7R BELET,
SRR B ICid. BILEED/ YT 7 TbF FUDLREESL (0.5
M 2. pH 2RI LIBICREL b OEERLET,

-
Agilent BioHPLC Columns

Bio |EX lon-Exchange Column

www.agilent.com/c!

hem/BioHPLC
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P2 LiE

NSA—2  REE
NILA Bio MAb. PEEK. 4.6 x 250 mm. 5 um (P/N 5190-2407)
YT PBS (1> B8\ 7 7AEIRRIEK) ISARLI- 2> /N0 E 3 BDEAR.
pH 7.4, UARX2ZL7—+ A: 13,700 Da. pl 9.6. >~ 0O—L c: 12,384 Da.
pl 10 ~10.5. UV F—1: 14,307 Da. pl 11.35
s Agilent 1260 Infinity N1 F A F—b205—5F1 LC 2T L
BEA: Ak
B: 1.5 M NaCl
C: 40 mM NaH,PO,
D: 40 mM Na,HPO,
Buffer Advisor V7 r D 7ICEDERITRELEIETC £ D ZRETS
ZEICED BT 3 pH EE A F U RED/N\y T 72 TR
R 1 mL/min
—RREY %
hFF 55 —ROBT AR BNy T 7

NvI7 BIS-TRIS

BIS-TRIS 7O/\>

mAU
250

200

150

100

50

A URXILT7—EA
B. >~oO—LC
C. VWF—L

pHb5.8
AB pH 6

min

9.3BDEVNIVBENSHBIRERDDEZENL LIc. BINIOEEINS
AR T ST MRV pH AT TV

MES
I/ —ILT7=2
1) DR
EXSDY
| | | | | | | | | | |
2 3 4 5 6 7 8 9 10 11

B 10. —f&pa 1A >Ny T 7

223
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PR AF XY v FORR
AVYREBRICHI>TEBELATNERSARLDIE. E/2O0—F)L
TMEREDEERDFNESHLOTEM L VWS T TT, — &A% mADb
I3 1300 U LOT7I /B THEMINTLET, TDS55. 5K
130 I ICIFBE MR ENHD. 180 BEIZLICIZEEYREND
DET, T/ 7O—FILHKIEH M pH 881 CIEROEERE 5 DAJ6E
EENBWOD DEEICIEATF A O RIEATLZFER T 2MENHDE T,
LAL. E5LEDFORBOEES (pl) 2FRT20IERETH S
Teod. XV Y RORAEFLIIRBELCHIVDEEAZ N FEINET,

B 7 ILEi IR
- HUT7E BEE (BHR A) ICEESRETEBINTVANE
HHhEY

— HUTHESTLSHOE BB EEEL TR

- ABPERODEICLOY U TILDBDEBETEZEHTEIEIHN
COTOCRICESTHY Y TILOHEMHI BT DR e L H D ET

— B FILHERBCTRL. TCHRL TR L
AETBCLICED. YOFINO TEEHR) LT A TIET

- NYI7ATHENRRICEIEI 2B ET

——

HSLRATF 1T DR

- TVIAVBRIOHTA VRO VT NERIRT ZHhNE. DR
SAUNIBEDEERICEKDERDEY

- BAAVKEAS LD BEREZ—RTEZDNEBNTLED, 5514 3H:
HAS LI BRBEREZEZ-DICHBICS U TERLEY

HhSLDEIR

- R7YAZDFRROEZINIEIE PhiFEN 2T e B<AUFWIC
BIETERITNIERDELEA. NTLDRBFRENEFNIFCER
SNAVKRTIE BRIEZFL BN FZERT S TRARD
DEEEENESNFT

- RFERFHNIVIEL DEEEIISEDET (COBE. BED
BCRDEY)

- HSLEEVE0 MM ASLEMATZI T, DBAE—R%Z
LIF2 A TEET, ZOMRIF RIFHNTVIFEEEDFET,
BUDBEEENNERBEEIE. BUL 250 mm HhoLEFHELET

- NSLARTE DSLORENNIVIEL AEEBEIAEN DL
<BDFT (ERATIZYVTILHBENTWSIEEICRIIEEY)
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2Enta
BT 28E pH ZFR D7 BEVRICIENY I 72 BE T 2HE
a0 ET (BEIF 20 MM). 331 H >N S LEBET 2IBEIE
N T 7D pH A7V BENDBEREICHEE 5 X 50l6EED B 57
. REBREEERBRICLOTRODBZENUETT

- BERICEETNITLERNTZE pH BB LFT, A&
REBEICSLT pH 2BIEL TGS W

— BERISERBICARL. TCUERL IV EEED/N\Y T 7
AERCTRETDC. MENBRICEHELET

= NyI770OBEHRRIE. IEPEIRET 7 HERBTY

- EARICABL. K (ATBEMR) SHEERIE (PTREIE ) R OMAL T
ZRELTETV

735/.\0):‘/7‘-“493—*/9’&3!%113

A A DB DBREEHRT B-DICIF. ISV IVMIASLDF
BB LT —>TvTIRTYTHRITDEDRAR T 1F 58
ExFHZH. ARD pH #Z(TEZN. HBZWEZOmMBDOFE%E
Bunid. 2> NIBEABTEEICNTEET, TDH. EDHOD
BEIC. DSLEFELT. 14238EP pH 2RP0OEEICRT Y
ENHBODET, CNETHOHEVE. RODWTEICZ /NI BE L HS LDOE
BERHMZEEL. BL7AT71ILNESNHRIRDET,

Vvl vk id
SYUTINBRT—=oT7O0-DRIBICKIIDOHD 1 DOFEM. Agilent
Buffer Advisor V77 T9,

Agilent Buffer Advisor V7 oz 7&EZIE 8ISV (K 11)
¥ pH IS5 Tk (B 12) 23 I3 0<E@BICERTEET, NvI7D
AR NwITT7DRE. pH ZAATTA T WS T JBHETI S — DRI
PTVXVY RBREITY TIFAEIZRD 9, Buffer Advisor VI oz
T 1260 Infinity N1 F A+ —bIx—2FURV>TOREREBICHE
DE OITHD A BREOFERDSBEZEMICHARTI T, TNUISED.
NAARFDOT—0T70—-H BRI N. Ny T 7DRFEIHH B EH
HARBICFEFEINE T, F£low NV I7HAEDERICAREINS-O. it
DIRANDAY Y FEEOEREDEEDET,
BOZVIVEDIERTIE. Frx)L D OEAEOSEHRLITIE R LA
HE. FrRILABLU B OBESSEEM NNV T 7D FrrILC
OFERADKEEELET,

Agilent BmHPu: (:olnmns

Bio IEX lon-Exc!

Agilent Buffer Advisor Software
SIMPLIFY YOUR BIOANALYSIS WORKFLOW

The Mt Cnto

Ny L&

i Agilent Technologies

HRB N T 7RANT 74> %EI T2 Agilent Buffer Advisor V7 o7
£ # %R %: agilent.com/chem/bufferadvisor-video
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20 ORBOGEERA ) —Z>J Tl BERS 40 BEOABRINREL
BBETAH. ©IH 4 DOBEERRICIT TR T I5 N TTELI
Agilent Buffer Advisor V7D 7IckD. BB T2 pH c 17254
EBICBBLIICNYT7HEFMNICEEINET, Thebell. I
IVRDEALT—INEIF—RFT VR T TTOATZIVTTEHIEN
TEET (R13).

G BE « 4 258 [mM]
pH { mEE®D pH
7.054 B =D pH - 500
iy WA RRE L 400
7.007
N___— 300
6.95- i
O X 200
6.90- £100
| 0 5 10 15 20
NaC Time (min)

|

11. Agilent Buffer Advisor V7 b Uz 72 FER T2 T BBN SRSV TV M BBICIER TE£Y

pH
- 95 —e— HED pH
pH9.5 ' —— =B pH
9.0 B
8.5
pH6 8.0
7.5
7.0
0 x 6.5
6.0
T T T T T T T T
— 0 5 10 15 20 25 30 35
Time (min)

12. E/200—FINIEDBED O DNy T 7REDORE(L — FARHMS pH ISV TV b aBRIER TS ET
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PeLiES S

NFRA—=H  FRE(E
NILA Bio WCX. 27> L2, 4.6 x 50 mm. 3 pm (P/N 5190-2443)
N7LB: Bio SCX. 27> L& 4.6 x 50 mm. 3 um (P/N 5190-2423)
YT IgG E/7O0—F LAk
HYZIVEE: 2mg/mL (20 mM UYEEF R LNy T 7R pH 6.0)
L 5 Agilent 1260 Infinity N« 7 1+ —rox—%7F1 LC
BEAE: Aok
B: 1.5 M NaCl
C: 40 mM NaH,PO,
D: 40 mM Na,HPO,
Buffer Advisor V7D 7ICEDERISRELLEIETC L D ZRETS
ZEIiZED BRI S pHEFE A A VBED/N\Y 77 25
RE: 1.0 mL/min
JSVIVR RBRLIEVORNI S LOFEME:
pH 5.0 ~ 7.0. Nw7758E 10 ~ 25 mM. 0 ~ 500 mM NaCl.
0~ 1543, 500 MM NaCl 15~ 20 2>
DOE £8: pH 5.0~ 7.0
0~ 200 mM. 0~ 250 mM., 0 ~ 300 mM
R =R
EIN- 5L
TR H2E UV. 220 nm
NFRA—=H  FRE(E
NILA Bio MAb. PEEK. 4.6 x 250 mm. 5 um (P/N 5190-2407)
B> IgG €/ 70—+ LAtk
H—ERZYH
BEhia: A 10 MM UVEESF D LNy T 7. pH 6.0
B: 10 mM EREEF MLV T 7 pHI.5
P8 1.0 mL/min
JIVIVN B (D) BEME (% B)
0 0
25 100
27 100
30 0
RRANZAL: 59
RE: 30°C
T4 214 L0280 nm
EXDAH:
BRELL—bk 20 Hz
70-—tJ)L: 60 mm /XX
EIN: 10 uL (=— R, 75y aR— % 7 BREES)
1REs:

227

BEFAYVYFHERICED. RBABTIY 7+ —L3EZRT

10 mM
15mM
20 mM
25mM

I T T T 1
0 1 2 3 4 5 min

B13. /2707 IgG DBV O NI TLDRV)—Z2F12&3
pH 6.5 (ICHBIFZ N7 7 ORBEIL

Bio MAb A5 LICEL B RRENERBLBFLAY v FORR

XA E—=D
'—c‘f\ BEMERK
mAU é S : .
3 BMERRE - 2
6 E l_‘_\
= ~
o
4 R
g
[32]
2 2
1)
N
-] o~
0 \/‘\/\D"
T T T T T
14 16 18 20 22 24
Time (min)

[ 14. Agilent Bio MAb PEEK. 4.6 x 250mm. 5 um 75 L% EHALT
PHIO SO T U MILBNFARBTHEL IgGT 07/OX I S 4
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Application Note Ag|lent

Charge Variant Analysis

Trusted Answers

Charge Heterogeneity Analysis of
Rituximab Innovator and Biosimilar
MmADS

Authors Abstract

Suresh Babu C.V.

This Application Note describes the high-resolution separation of charge variants

of innovator and biosimilar rituximab using an Agilent 1260 Infinity Bio-inert

Quaternary LC, biocolumns, and an Agilent OpenLAB ChemStation Software tool. An

Bangalore, India Agilent Bio MADb, 4.6 x 250 mm, 5 pm PEEK ion exchange column features a unique
resin designed for the charge-based separation of monoclonal antibodies (mAbs).
The optimized salt-gradient showed the differences in acidic and basic charge
variant profiles between innovator and biosimilar rituximab. Precision of retention
time, height, and area of charge isoforms were well within the acceptable range.
C-terminal digestion by Carboxypeptidase B (CPB) revealed the major lysine variant
peaks in biosimilar rituximab.

Agilent Technologies India Pvt.
Ltd,

Introduction

Recombinant monoclonal antibodies (mAbs) are important biotherapeutics with

a wide range of diagnostic and clinical applications. Recently, biosimilar products
are increasing in popularity in biopharmaceuticals. mAbs can undergo various
post-translational modifications (PTMs) including lysine truncation, deamidation,
oxidation, glycosylation, and so forth, becoming heterogeneous in their biochemical
and biophysical properties. Due to these modifications, charge variants can affect
the efficacy, activity, and stability of mAbs as biotherapeutics. Hence, it is very
important to characterize the charge heterogeneity in drug development that will
serve as a quality control (QC) step in the biopharmaceutical industry. In addition,
precise bioanalytical methods are necessary to demonstrate the similarity between
a biosimilar and the innovator product.
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Cation exchange chromatography (CEX) is the gold standard for
charge-sensitive antibody analysis. In CEX, method parameters
often need to be optimized for each protein, as ion exchange
depends upon the reversible adsorption of charged protein
molecules to immobilized ion exchange groups. This Application
Note describes the salt-gradient method for separating the
charge variants of innovator and biosimilar rituximab using

an Agilent 1260 Infinity Bio-inert Quaternary LC and an Agilent
Bio MAb NP5, 4.6 x 250 mm, PEEK ion exchange column. The
method compares the CEX profiles of innovator and a rituximab
biosimilar. Precision of retention time, height, area, and
quantification of acidic, basic, and main forms was determined.
Carboxypeptidase B (CPB) digestion was performed to study the
contribution of C-terminal lysine variants.

Table 1. Chromatographic parameters used for IEX chromatography.

Experimental

Instrumentation

An Agilent 1260 Infinity Bio-inert Quaternary LC, operating to a
maximum pressure of 600 bar, was used for the experiments.
The entire sample flow path was free of any metal components
so that the sample did not come in contact with metal
surfaces. Solvent delivery was free of any stainless steel or iron
components.

Systems
— Agilent 1260 Infinity Bio-inert Quaternary LC Pump (G5611A)

— Agilent 1260 Infinity Bio-inert High Performance Autosampler
(G5667A)

— Agilent 1200 Infinity Series Thermostat (G1330B)

— Agilent 1260 Infinity Thermostatted Column Compartment
(TCC) containing bio-inert click-in heating elements (G1316C
option 19)

— Agilent 1260 Infinity Diode Array Detector with with
10 mm bio-inert standard flow cell (G1315D)

— Agilent Bio MAb NP5, 4.6 x 250 mm, PEEK (p/n5190-2407)

Software

— Agilent OpenLAB CDS ChemStation Edition, revision C.01.062
Agilent Buffer Advisor, Rev. A.01.01

Parameter Conditions

Mobile phase A Water

Mobile phase B NacCl (850.0 mM)

Mobile phase C NaH,PO, (41.0 mM)

Mobile phase D Na,HPO, (55.0 mM)

Gradient Time (min) Mobile Mobile Mobile Mobile
phase A (%) phase B (%) phase C (%) phase D (%)
0 30.3 0 59.6 10.1
2 26.0 5.0 56.9 12.1
8 21.5 10.0 54.9 13.6
20 183 19.0 51.9 15.8
21 30.3 0 59.6 10.1
Injection volume 5pL
Flow rate 0.75 mL/min

Data acquisition

280 nm/4 nm, Ref.: 360 nm/100 nm

Acquisition rate 5Hz
TCC Room temperature
Sample thermostat 5RC}

Post run time 10 minutes

Return nten ion
299 eturn to Contents Sectio



Reagents, samples, and procedure

Innovator and biosimilar rituximab were purchased from a

local pharmacy and stored according to the manufacturer's
instructions. Sodium phosphate dibasic, sodium phosphate
monobasic, sodium chloride, hydrochloric acid (HCI), and sodium
hydroxide were purchased from Sigma-Aldrich. All the chemicals
and solvents were HPLC grade, and highly purified water was
from a Milli Q water purification system (Millipore Elix 10 model,
USA). Carboxypeptidase B (C9584) was purchased from Sigma-
Aldrich.

lon exchange chromatography parameters

Table 1 shows the chromatographic parameters for ion exchange
chromatography using a 1260 Infinity Bio-inert Quaternary LC.
Rituximab (innovator and biosimilar) were diluted to T mg/mL in
water, and the elution was monitored at 280 nm. Retention time
(RT), area, and percent area were used to calculate standard
deviation (SD) and relative standard deviation (RSD %) values.
Relative percent area was used to quantify the charge variants of
mAbs.

Carboxypeptidase B digestion

Biosimilar and innovator rituximab were diluted to T mg/mL using
10 mM sodium phosphate buffer, pH 7.5. To these, 0.25 units of
CPB was added and incubated at 37 °C. At various time points,
the reaction mixture was aliquoted and quenched with acetic acid
before analysis.

Results and Discussion

The Agilent Buffer Advisor Software is an ideal tool to generate
pH or ionic strength gradients for protein charge variant
separation. It reduces the time required for method development.
In this study, a series of method development scouting runs were
carried out using the Buffer Advisor Software for optimal mAb
charge variant separation. Figure 1 shows the charge variant
profiles of innovator and biosimilar rituximab on a Bio MAb PEEK
column, demonstrating high-resolution separation of charge
variants in 20 minutes with three distinct peaks in biosimilar
(Buffer: 30 mM, pH: 6.3, and NaCl: 0-161.5 mM). The Agilent

Bio MAb columns contained a highly uniform, densely packed,
weak cation exchange resin. Early and late-eluting peaks were
called acidic and basic variants, respectively. The peak at 11.4
minutes was designated as the main peak. The overlay of five
replicates of innovator and biosimilar rituximab shows excellent
separation reproducibility (Figure 2). The average RTs and area
RSDs for main peak are shown in the figure. The RSDs are within
the acceptable range, which demonstrates the precision of the
system.

mAU

40{ A ) Main peak
Innovator - Ristova

35

30

25

11.439

Basic variants

20 Acidic variants
15
10

o
~N
3]
-
o

2.5 2.5 15 17.5 min

mAU o~
B <
Biosimilar — Reditux i
1 Main peak

12.545

10

Acidic variants Basic variants

2.5 5 7.5 10 12.5 15 17.5 min
mAU
C
40 Main peak
Innovator — Ristova
351 Biosimilar - Reditux
30
25
20
15 T 4 N
Acidic variants 3 5 Basic variants
10
5 2
0 A

255 5 75 10 12,5 15 175 min

Figure 1. Charge variant profiles of innovator (A) and biosimilar (B)
rituximab using an Agilent Bio MAb 5 pum column. C) Overlay of
innovator and biosimilar rituximab. Peaks 1 and 2: acidic variants; 3:
main form; 4, 5, 6 and 7: basic variants.
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The high-resolution separation of mAbs facilitated the
quantification of charge variants using peak areas. Table 2
summarizes the area percent of charge variants of five
consecutive analyses. There was a significant difference in the
area percent of the charge variants between two mAbs. The main
form in the innovator rituximab was found to be 93.21 % and
29.78 % in biosimilar rituximab. The major charge variant in
biosimilar rituximab was 69.46 % basic variants as compared to
the innovator product (3.22 %).

Table 2. Charge variants quantification by area %,n = 5.

Innovator — Ristova RT (min) Area %
Acidic variant 10.84,11.21 3.56
Main peak 11.44 93.21
Basic variant 11.9,12.7 3.22
Biosimilar — Ristova RT (min) Area %
Acidic variant 10.73,11.22 0.76
Main peak 11.45 29.78
Basic variant 11.87,12.15, 69.46
12.59,13.1,
and 13.77
mAU A
Innovator - Ristova
50 —
Retention time Peak area
Mean Mean
FLEE (min)  RSD (mAU/min) RSD
1145 0.09 367.94 1.31

30

25 B
Biosimilar — Reditux
20 Retention time Peak area
Mean Mean
(min)  RSD (mAU/min)  RSD
15] 1145 005 9507 0.42 ” ‘H
\
A[
10 ]
— A
5 .
0
0 5 10 15 20 25 min

Figure 2. Overlay of five replicates of innovator (A) and biosimilar (B)
rituximab on an Agilent 1260 Infinity Bio-inert Quaternary LC using an
Agilent Bio Mab, 4.6 x 250 mm, 5 pm, PEEK column. Insert table shows
the precision of retention time and area for main peak,

n=>5.

To further characterize the basic variant mAU peaks, both
mAbs were subjected to carboxypeptidase B digestion. Figures
3A and 3B show the overlay 50 of the IEX profiles before and
after C-terminal cleavage of innovator and biosimilar rituximab,
respectively. The disappearance of basic variant peaks after
carboxypeptidase B treatment confirmed that the peaks
correspond to lysine 20 variants. Figure 4 shows the overlay of
the IEX profiles of biosimilar rituximab after CPB treatment and
innovator rituximab without CPB treatment, O revealing the charge
variant similarity between the mAbs.

mAU

601 A
Innovator — Ristova

50

40

30

L CPB treated

10
Untreated

20

40] Biosimilar — Reditux

30

20
CPB treated

|

10

Untreated
0 S
0 2 4 6 8 10 12 14 16 18 min

Figure 3. Characterization of basic charge variants. Separation of CPB
treated (overnight) and untreated of innovator (A) and biosimilar (B)
rituximab on an Agilent 1260 Infinity Bio-inert Quaternary LC using an
Agilent Bio Mab, 4.6 x 250 mm, 5 pm, PEEK column.
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Figure 4. Overlay of innovator rituximab without CPB treatment (red)
and biosimilar rituximab after CPB treatment (blue).
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Conclusion

The salt-gradient method described in this Application Note
demonstrates the high-resolution separation of charge variant
profiles of mAbs on an Agilent Bio MAb, 4.6 x 250 mm, 5 pm
PEEK column. The innovator and biosimilar rituximab had
different separation profiles with different degrees of acidic and
basic variants. Carboxypeptidase B digestion confirmed that
the major basic variant peaks in biosimilar correspond to lysine
variants. The Agilent 1260 Infinity Bio-inert Quaternary LC with
Bio MAb PEEK columns and reproducible method make this
solution particularly suitable for the QA/QC analysis of mAbs for
the biopharmaceutical industry.
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Optimizing Protein Separations with
Cation Exchange Chromatography
Using Agilent Buffer Advisor

Protein separation with the Agilent 1260 Infinity Bio-inert Quaternary
LC System

Abstract

This Application Note shows that the Agilent Buffer Advisor software in combination
with the Agilent 1260 Infinity Bio-inert Quaternary LC System is an ideal solution

for automated protein separation by ionic strength gradients. Usually, pH scouting
using premixed two-component gradients is time-consuming and work-intensive.
Dynamically mixed four-component gradients calculated by the Buffer Advisor
software shorten and simplify the workflow for pH scouting. In addition, excellent
retention time precision and pH consistency were gained using the gradients
calculated by the Buffer Advisor software.

0
mAU 2
175 i
150 o
(@] n
125 o g @
o & =
100 T é &
< =
75 gl ||& % :
< o e
%0 g = —
25
- ! B
0 'n_ i D

10 15 20

N
(9]

30

Return to Contents Section



Introduction

Proteins consist of many different amino acids comprising weak
acidic (carboxylic) and basic (amine) groups. Therefore, proteins
are amphoteric molecules that exist mostly as zwitterions in a
certain pH range. The pH where the protein has no net charge
and does not interact with a charged medium is the isoelectric
point (pl). In ion exchange chromatography (IEX), the unique
relationship between net surface and pH can be used for optimal
protein separation. The pH defines the number of charges on
the protein and also helps to stabilize the native structure of the
protein in the buffer used during analysis.

To ensure optimal binding and elution characteristics of proteins
of interest to the IEX column, pH and ionic strength of the
deployed buffer are important factors. Even small changes

in these two parameters can affect the separation. As a
consequence, pH scouting is an important method to find the
optimal separating conditions when working with ionic strength
gradients. In contrast to pH-gradients, the pH is kept constant

in ionic strength gradients. By increasing the ionic strength (salt
concentration) of the mobile phase, the less strongly bound
proteins are eluted earlier than the stronger bound proteins.

In general, a premixed two-component gradient is prepared for
analysis with a starting buffer of low ionic strength and an elution
buffer containing high ionic strength. This includes the following
preparation steps:

— Dissolving the appropriate buffering compounds at defined
concentration

— Titrating the pH with acid/base to the desired pH of the
mobile phase

— Splitting the buffer and adding salt to one portion (elution
buffer)

— Titrating the pH of the elution buffer with acid/base to the
desired pH, if necessary

To perform pH scouting using premixed two-component
gradients, prepare different bottles of buffer. To test, for example,
six different pH values, it is necessary to prepare 12 bottles

of premixed buffer. In contrast, with dynamically mixed four-
component gradients, it is necessary to prepare only four bottles
to generate various pH values. Further, dynamical mixing of a
buffer eliminates the necessity to titrate the buffer solutions
manually, which is typically time-consuming and errors prone.
The application of dynamically mixed four-component gradients
simplifies method development and reduces the time needed for
buffer preparation to a large extent by just providing four bottles
with stock solutions:

— Line A: Water
— Line B: Salt solution
— Line C: Acidic buffer component

— Line D: Basic buffer component

Using the four stock solutions, different buffers at different pH
and salt concentration can be prepared. The Buffer Advisor
software is a helpful tool to calculate the percentages of the
stock solutions in order to achieve the desired pH, buffer
concentration, and ionic strength (Figure 1).
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Figure 1. Quaternary mixing to create a salt gradient with constant pH.

The Buffer Advisor software generates a timetable, which can be
imported into the method of the 1260 Infinity Bio-inert Quaternary
LLC Pump using the Import Solvent Blending File function of the
Agilent OpenLAB CDS ChemStation Edition software (Figure 2).

I
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Figure 2. The generated Timetable can be imported into the method
of the Agilent 1260 Infinity Bio-inert LC System through the Agilent
OpenLAB CDS ChemStation Edition software.
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The Buffer Advisor software can be applied for ionic strength or
pH gradients in anion or cation exchange chromatography. The
software provides a wide choice of different selectable buffers
for single buffer (ionic strength gradients) or for composite buffer
(pH gradients) applications. Depending on the proteins of interest
and the used columns, the user can select buffers either for
anion or cation exchange (Figure 3). To ensure optimal buffering
capacity, recommended pH ranges and concentrations in which
the buffers should be used are displayed.

A common issue in ion exchange chromatography with

ionic strength gradients is the decrease in pH as an effect of
added neutral salt like NaCl1,2. The Buffer Advisor software
counteracts this issue by recalculation of the overall mobile
phase composition considering the concentration of acidic and
basic buffer (Line C and D) to maintain the desired constant pH.
In addition, if the pH deviation gets too large, the Buffer Advisor
software automatically inserts additional time points into the
pump timetable.
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Figure 3. Buffer list for cation exchange chromatography, sorted by
recommended pH range.

Experimental

Instrumentation

The Agilent 1260 Infinity Bio-inert Quaternary LC System
consisted of the following modules:

— Agilent 1260 Infinity Bio-inert Quaternary Pump (G5611A)

— Agilent 1260 Infinity High performance Bio-inert Autosampler
(G5667A)

— Agilent 1290 Infinity Thermostat (G1330B)

— Agilent 1290 Infinity Thermostatted Column Compartment
(G1316C) with bio-inert solvent heat exchangers

— Agilent 1260 Infinity Diode Array Detector VL (G1315D with
bio-inert standard flow cell, 70 mm)

— Agilent 1260 Infinity Bio-inert Analytical-scale Fraction
Collector (G5664A)

Column
— Agilent Bio MAb Column, PEEK, 4.6 x 250 mm, 5 pm

Software

— Agilent OpenLAB CDS ChemStation Edition for LC and LC/MS
Systems, Rev. C.01.03 [32]

— Agilent Buffer Advisor, Rev. A.01.01

Solvents
Buffer Az H,0

Buffer B:  NaCl 3 M

Buffer C:  MES (2-(N-morpholino) ethanesulfonic acid
monohydrate) 60 mM

Buffer D:  MES-Na (2-(N-morpholino) ethanesulfonic acid

sodium salt) 35 mM

Sample

Mix of three proteins, solved in PBS (phosphate buffered saline),
pH7.4
Ribonuclease A: 13,700 Da pl 9.6
2,384 Dapl 10-10.5

14,307 Dapl 11.35

Cytochrom C: 1
Lysozyme:

All solvents used were LC grade. Fresh ultrapure water was
obtained from a Milli-Q Integral system equipped with a

0.22 um membrane point-of-use cartridge (Millipak). MES
(2-(N-morpholino)ethanesulfonic acid monohydrate) and
MES-Na (2(N-morpholino)ethanesulfonic acid sodium salt)
were purchased from Merck, Darmstadt, Germany. NaCl was
purchased from VWR, Radnor, PA, USA.
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Figure 4. Agilent Buffer Advisor software, showing the steps described

in “Results and discussion”.

Conditions

Parameter  Value

Flow rate: 1 mL/min

Gradient: 0 min - 20 mM NaCl
5 min - 20 mM NaCl
30 min — 500 mM NacCl
35 min — 1000 mM NaCl
36 min — 20 mM NaCl

Injection 10 pL
volume:

Thermostat: 4 °C

Temperature 25°C

TCC:
DAD: 280 nm/4 nm
Ref.: off

Peak width: > 0.05 min (1.0 s response time)(5 Hz)

+] Weicht 175.32g andfilupto 1L

Bottle C [MES: MES =] Weight 11.714g andfilupto 1L.

Bottle D [MES - Na: MES sodium sat v| Weight 76027 andfilupto 1L.

Help._.. | Prinit Preview. I 0K I Cancel

Figure 5. Stock solution recipes

Results and discussion

pH scouting was performed using calculations from the Agilent
Buffer Advisor software for pH values from 5.8 to 6.8. A mix of
three proteins (ribonuclease A, cytochrome C and lysozyme)
was separated using a four-component salt gradient at six
different pH values. Dynamically mixed four-component gradients
were generated using the calculations from the software. The
Buffer Advisor software simplifies the generation of different
four-component gradients by calculating the percentage of the
individual stock solutions in the mobile phase at defined time
points (Figure 4).
1. After definition of the gradient parameters, such as time,
maximum salt concentration, pH, and buffer concentration
2. The Buffer Advisor software calculates the needed stock
concentrations. The Recipe button displays the absolute
amount of needed chemicals for the preparation of the stock

solutions (Figure 5). These proposed stock concentrations
can be adjusted by the user.

Select the Process tab.

4. The Buffer Advisor software calculates the needed amount of
each channel to maintain the correct pH during the complete
chromatographic run. Furthermore, it calculates whether
the pH, salt concentration and buffer concentration entered
is suitable for the buffer system that was selected. The
timetable displays also additional data, such as buffering
capacity of the mobile phase.
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The pH scouting for the three-protein mix of ribonuclease A (A),
cytochrome C (B) and lysozyme (C) demonstrates the benefits

of the Agilent Buffer Advisor software (Figure 6). Even small pH
changes of 0.2 have a strong influence on the retention of the
proteins on the weak cation exchange (WCX) column. Changes in
the elution order become obvious when the pH is changed from
5.8106.8.

Manual preparation of corresponding buffers for premixed
two-component gradients includes several steps. For each pH
and for each prepared bottle (one with low and one with high
ionic strength), a manual titration of the buffers is necessary. pH
scouting for six different pH values in order to achieve the optimal
resolution results in preparation of 12 solvent bottles (including
weighing chemicals, pH adjustment). This is a very time-
consuming procedure and highly prone to error and variation.

In contrast, the Buffer Advisor software is capable of
automatically and reproducibly mixing all six separation
conditions out of four stock solutions without any manual
interference. The optimal resolution was achieved at pH 5.8
(Figure 6).

Based on the results, the user has various options on how to
proceed:

1. Fine-tuning of the resulting pH values and gradients

2. Transfer of the dynamically mixed four-component gradient
to other instruments through the OpenLAB CDS ChemStation
timetable

3. Implementation of pH scouting results into two-component
gradients using premixed buffers

In the last case, however, deviations from correct pH are
expected, due to the pH optimization procedure of the
Buffer Advisor software.

pH5.8
mAU AB 8 pH6
250 B pH 6.2
B pH 6.4
‘ pH 6.6
200 B B PH 6.8
150 ‘ A
A A
A |
100 A “ l\ c c
c
\

min

Figure 6. pH scouting for the separation of a three-protein mix using
dynamically mixed quaternary gradients.
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Figure 7. Off line pH measurement
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Conclusions

Using dynamically mixed four-component gradients, calculated
by the Buffer Advisor software, shortens and simplifies the
workflow for pH scouting. The employment of dynamically
mixed gradients calculated with the Buffer Advisor software
results in a significant decrease in buffer preparation time,
particularly when compared to manual preparation of buffers
for premixed two-component gradients. The Buffer Advisor
software provides a wide range of prevalidated, user-selectable
buffer systems for anion and cation exchange chromatography
and delivers recipes for preparation of the most suitable stock
solutions. Due to pH optimization of the software, resulting pH
values are more accurate and precise than those resulting from
premixed gradients formed out of manually prepared buffer
solutions. The Buffer Advisor software counteracts this issue by
the recalculation of the four-component gradient regarding the
concentration of acidic and basic buffer to maintain the desired
constant pH.

The Buffer Advisor software in combination with the Agilent
1260 Infinity Bio-inert Quaternary LC System is excellent for
generating four-component gradients. The calculations of
Buffer Advisor software lead to exact and reproducible protein
analysis while providing an excellent tool for automated

pH scouting and accurate ion exchange chromatography.

The Buffer Advisor software is, therefore, an ideal tool for
automatic development of analytical methods in ion-exchange
chromatography, which can be seamlessly transferred to the
corresponding QA/QC departments.
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Faster Separations Using Agilent
Weak Cation Exchange Columns

Abstract

lon exchange is a commonly used technique for the separation of complex protein
mixtures. Traditionally, such separations are performed using shallow gradients

of increasing salt concentration with long column lengths providing the necessary
resolution. The columns have often been packed using large diameter particles to
minimize backpressure. This Application Note demonstrates how analysis times
can be significantly reduced, increasing throughput without compromising analytical
performance, by exploiting the benefits of small particle size, non-porous ion
exchange sorbents.
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Introduction

Proteins, polypeptides and oligonucleotides are often analyzed
by ion exchange chromatography because they are complex
molecules with multiple charges on their surfaces. The technique
is ideally suited to the separation of charged biomolecules as it is
nondenaturing and can provide good performance and resolution.

Traditionally, this has meant using highly porous particles to
enable such large molecules to permeate the particles. In turn,
columns of 15 cm or 25 cm in length, packed with 5 um or 10 pm
particles are commonly used.

The advent of non-porous sorbents such as Agilent's Bio IEX
range, comprising a rigid polymeric core particle with a grafted
hydrophilic layer containing the ion-exchange functionality, can
improve resolution. This is because the diffusion-limited band
broadening associated with a molecule penetrating the core of a
large particle is eliminated. In turn, this means smaller particles
and shorter column lengths can be used to significantly improve
throughput, greatly reducing analysis times. The benefits for
improved productivity for tasks such as fraction analysis are
immediately evident.

800 mM NaCl

—— Bio WCX 3 pm, 4.6x50 mm

e 0mM NaCl

800 mM NaCl

—— Bio WCX 5 pm, 4.6x250 mm

1 0mM NaCl

T T T T T T
5 10 15 20 25 30 min

Figure 1. Protein separation on Agilent Bio WCX 5 ym 4.6 x 250 mm
versus Agilent Bio WCX 3 pm, 4.6 x 50 mm (flow rate 1.0 mL/min).

Materials and methods

Agilent Bio IEX columns are packed with rigid polymeric,
nonporous particles grafted with a functionalized hydrophilic
polymer layer. The resultant 1.7, 3, and 5 um rigid particles
provide high resolution and high separation efficiency by reducing
the band broadening effects resulting from diffusion limitations
with totally porous particles. The chemically bonded hydrophilic
coating significantly reduces the effects of nonspecific binding
and results in greater levels of recovery.

Conditions, Bio-Monolith column

Parameter Value

Columns:  Agilent Bio WCX 5 pm, 4.6 x 250 mm SS (p/n5190-2445)
Agilent Bio WCX 3 pm, 4.6 x 50 mm SS (p/n5190-2443)
Agilent Bio WCX 1.7 pm, 4.6 x 50 mm SS (p/n5190-2441)

Sample: Ovalbumin (1), Ribonuclease A (2),
Cytochrome c (3), Lysozyme (4)

Instrument: Agilent 1260 Infinity Bio-inert Quaternary LC

Mobile A: 20 mM sodium phosphate, pH 6.5
Phase: B: A+ 1.6 M NaCl

Gradient: 0to 50 % B

Temp.: Ambient
Injection 10 pL
volume:

Conc.: 0.5 mg/mL

Detection: UV, 220 nm
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Results and Discussion

The performance of a column, as measured by plate count, is
dependent on particle size and column length. From this it may
be inferred that a shorter column packed with smaller particles
can be used to achieve the same level of performance when
compared to a longer column packed with larger particles
(Figure 1). This is commonly found in practice. However, for
gradient elution, further modifications to the method need to be
employed to provide the additional benefits of shorter run times
and greater productivity.

Converting gradient times into column volumes is a useful way
of calculating the shorter gradient program and can provide the
desired outcome in terms of higher speed separations

(Table 1). However, smaller particle sizes may require higher flow
rates to attain maximum performance. This is illustrated by the
van Deemter curves shown in Figure 2.

To maximize the separation efficiency using the Agilent Bio WCX
3 um, 4.6 x 50 mm column, the 4 minute gradient separation

was carried out at 1.0, 1.5, 2.0, and 2.5 mL/min (Figure 3). As
expected, the higher linear velocity created from higher flow rates
improved the peak shape.

5 um particle

HEPT (cm/plate)

3 ym particle

- 1.7 ym particle

Linear Velocity (u, cm/s)

Figure 2. Typical van Deemter curves.

Table 1. Gradient Time to Column Volume Conversion

Time mM #CV
(minutes) NaC

0 0 0.0
20 800 4.8
25 800 6.0
25.01 0 6.0
35 0 8.4

#CV = number of column volumes at 1.0 mL/min (4.6 A~ 250 mm column)

Time mM #CV
(minutes) NacCl

0 0 0.0
4 800 4.8
5 800 6.0
5.01 0 6.0
7 0 8.4

#CV = number of column volumes at 1.0 mL/min (4.6 A~ 50 mm column)
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In comparison, the Agilent Bio WCX 1.7 um, 4.6 x 50 mm column
provided sharper peaks under identical conditions (Figure 4).

Increasing the flow rate should mean that it is possible to further
reduce the gradient time. This was investigated using the

Bio WCX 1.7 pm, 4.6 x 50 mm column. The 0 to 800 mM NacCl
gradient was reduced from 4 to 2 minutes.

It was found that at a flow rate of 1.7 mL/min the backpressure
remained below 400 bar and still provided exceptional peak shape
and resolution (Figure 5).

1 800 mM NaCl
3 2.5mL/min

“4 0 mM NaCl

1 2 800 mM NaCl
3 2.0 mL/min

4
J\ 0 mM NaCl

800 mM NaCl

1.5 mL/min
0 mM NaCl

800 mM NaCl

1 3 7
1.0 mL/min
0 mM NaCl

0 1 2 3 4 5 6 min

Figure 3. Effect of flow rate on chromatographic performance (Agilent
Bio WCX 3 pm, 4.6 x 50 mm).
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Figure 4. Comparison of Agilent Bio WCX 3 pm, 4.6 x 50 mm versus
Agilent Bio WCX 1.7 pm
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Figure 5. Agilent Bio WCX 1.7 um, 4.6 x 50 mm for protein separations
under 3 minutes (flow rate 1.7 mL/min)

T
1 2 3 4 5 6 min 1 2 3 4 5 6 min

Conclusions

We have shown that by using shorter 5 cm columns packed with
smaller particle size (3 um and 1.7 um), Agilent Bio WCX products
can lead to significant reductions in run times from 20 or 30
minutes down to less than 3 minutes, and still retain excellent
peak resolution. This enables much higher throughput in time-
critical applications.

The backpressure of 400 bar shows that, by reducing the analysis
time dramatically from over 30 minutes to less than four minutes
for the entire gradient, a 600 bar system such as the Agilent
1260 Infinity Bio-inert LC is still sufficient.

For More Information

These data represent typical results. For more information on our
products and services, visit our Web site at
www.agilent.com/chem.
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