Supelco. Application Note

Analytical Products

Workflow for High-Throughput
Glycoprofiling of Rituximab

Protocol for purification, reduction, and SEC-MS glycoform analysis of a
therapeutic monoclonal antibody

990D

Antibody purification Antibody reduction Chromatography Measurement
and analysis

A complete SEC-MS workflow has been developed to enable rapid glycoprofiling of
monoclonal antibodies in cell culture supernatants. In detail, it includes:

e Antibody purification using immobilized protein A

e Antibody reduction procedure

e Mass spectrometer calibration

e System suitability test utilizing a recombinant human monoclonal antibody reference

e SEC-MS method for sample separation and analysis

Life Science business of Merck KGaA,
Darmstadt, Germany.

n a
MilliporeSigma is the U.S. and Canada M.tl.poRe
SiGMa



1 Introduction to the characterization
of antibody-based drugs

Monoclonal antibodies (or immunoglobulins - IgGs)

are large glycoproteins with a molecular weight of
approximately 150 kDa (150,000 g/mol). They are
composed of two light chains (LC, molecular weight

ca. 25 kDa each) and two heavy chains (HC, molecular
weight ca. 50 kDa each) linked through covalent
inter-chain disulfide bonds. They are utilized for

the treatment of various types of cancer, and other
diseases such as multiple sclerosis, Alzheimer’s disease,
and migraine.

Careful and thorough characterization of therapeutic
mADbs is essential for ensuring drug safety and efficacy.
MAbs are typically manufactured in mammalian host
cell lines in bioreactors, generating a large number of
heterogeneous drug molecules. Establishing a number
of critical quality attributes (CQAs) for each mAb and
demonstrating that production batches are within
acceptable limits are requirements for both innovator
and biosimilar therapeutics.!?

In many cases, the characterization of an
antibody-based drug is performed using a specific
chromatographic technique (e.g., size exclusion,
reversed phase or hydrophilic interaction liquid
chromatography, respectively — SEC, RP or HILIC)3#
coupled with mass spectrometry (MS). This combination
allows for different types of analyses to be carried out,

e.g., accurate mass measurement of the intact mAb
and subunits, peptide mapping, and the determination
of post-translation modifications such as glycosylation,
oxidation, and deamidation.

Several techniques are applied to simplify antibody
analysis by either fragmentation or removal of

glycans. The latter can be performed by treatment

with PNGase F, whereas proteolysis with 1deS® or
reduction of inter-chain disulfide bonds with reducing
agents, such as dithiothreitol, result in the formation

of different antibody fragments with masses of 25

- 50 kDa. Various combinations of these techniques
can be applied. For analysis of mAbs in cell culture
supernatants, these may be combined with a preceding
affinity purification step.® These approaches are referred
to as intact mass and middle-up analysis methods.” The
former term relates to the measurement of the mass
of an intact mAb without controlled dissociation being
performed. Such an experiment reveals information
about stoichiometry, proteoforms, and modifications.
Middle-up experiments include mass measurement
after cleaving mAbs into several large fragments/
subunits via chemical reduction or proteolytic digestion.
An example of this approach is the analysis of mAb
light and heavy chains, providing insight into post-
translational modifications of the individual chains.
Figure 1 provides an overview of antibody sample
preparation and various digestion options prior to
middle-up mass analysis.
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Figure 1. Antibody sample preparation by protein A affinity cleanup and chemical and proteolytic digestion options: Proteolysis with IdeS
(formation of Fc and Fab fragments); PNGase F treatment (deglycosylation); chemical reduction (release of heavy and light chains). A combination

of proteolysis and chemical reduction is also possible.



Glycosylation is one of the most common and important
post translational modifications for mAbs. Glycans
attached to antibodies play an important role in their
pharmacokinetics, efficacy, and safety. Glycosylation
involves the attachment of glycans at specific sites on a
protein, most commonly at asparagine (Asn, N-linked)
or serine/threonine (Ser/Thr, O-linked) amino acid
residues. Both types of glycosylation are important for
protein conformation, protein activity, protection from
proteolytic degradation, and intracellular trafficking and
secretion. Based on the large influence of glycosylation
on protein function an accurate study and analysis

of glycans is essential. N-glycan composition can be
determined by the analysis of four different target
structures: intact glycoproteins, glycopeptides, released
glycans, and monosaccharide analysis.

This report describes the generation of heavy chain
mass data for the rapid glycoprofiling of reduced
rituximab recombinant monoclonal antibody samples
expressed in 30 separate CHO cell clones along with an
authentic rituximab reference material. Samples were
purified using protein A resin, reduced, and analyzed
by SEC-MS. Deconvoluted heavy chain spectra were
generated, and glycoform relative distributions were
determined. In all experiments, the recombinant
human monoclonal antibody SILu™Lite SigmaMAb
(#MSQC4) was utilized as a reference antibody.

2 Procedures for mAb purification,
reduction, and SEC-MS
glycoform analysis

The target antibody purification was performed on cell
culture supernatants using immobilized protein A resin
in a 96-well format. The suggested minimum working

mAb titer is 100 pg/mL.

All procedures were conducted using both reference
and assay control samples of SigmaMAb with a
molecular mass of ~150 kDa. The reference sample
consisted of the pure antibody reconstituted in water; it
is used for the system suitability tests and instrument
check. The assay control sample contained the antibody
spiked into or delivered as a mixture with cell culture
media or spent media (cell broth including nutrients
etc.); it goes through the entire workflow and functions
as a control sample.

2.1 MADb sample preparation and
system setup

In detail, the high-throughput purification of mAbs from
cell culture media using protein A resin was performed
as follows:

1. System/Workflow suitability

As part of the workflow suitability, an assay control of
SigmaMADb in media was purified along with the samples.

Reference sample (SigmaMADb) is prepared as follows:

a. Reconstitute each vial of MSQC4 in 1.0 mL water to
obtain a solution with an antibody concentration of
1 mg/mL.

b. Prepare assay control (spent media sample)
by spiking SigmaMADb in EX-CELL® CHOZN®
Platform Medium, or equivalent, to obtain a final
concentration of 100-500 pg/mL.

2. Preparation of equilibration and
elution buffers

a. Prepare equilibration buffer (20 mM citrate, 150 mM
NaCl, pH 7) by dissolving 5.82 g trisodium citrate
dihydrate, 0.04 g citric acid, and 8.77 g sodium
chloride in 1 L water. Adjust pH of resulting
solution to 7 using 1 M NaOH or HCI as needed;
subsequently filter solution using a 0.2 pm filter.

b. Prepare elution buffer (25 mM citrate, pH 3) by
dissolving 4.8 g citric acid in 1 L water. Adjust pH
of resulting solution to 3 using 1 M NaOH or HCI
as needed.

3. Clarify samples

Centrifuge samples in tubes at maximum speed for five
minutes and samples in plates at maximum speed for
60 minutes.

4. Protein A loading

a. Add or remove water from top portion of
settled protein A slurry to obtain a 50% protein
A suspension.

b. Mix slurry by constant pipette action and gentle
shaking of reagent reservoir.

c. Use a multichannel pipette to deliver 200 pL of
protein A slurry to each well of a 96-well filter
plate. Place protein A filter plate on a vacuum
manifold. Catch any flow-through from the filter
plate by placing the filter plate on top of a used
collection plate.

5. Protein A equilibration

a. Add 200 pL of equilibration buffer to each well of
protein A and apply vacuum to void wells of buffer.

b. Repeat both steps twice.
6. mAb binding

a. Remove 750 pL of solution of sample and control,
without disturbing the pellet, and load plate.

b. Cover the plate with film and secure filter and
collection plates with a rubber band.

c. Incubate on an orbital shaker at 170 rpm for
30 minutes.

Washing bound mAb

a. Place protein A filter plate on vacuum manifold
with a waste collection plate inserted and the film
cover removed.

b. Apply vacuum to void wells of buffer media
and transfer the filter plate onto a waste
collection plate.

c. Add 200 pL of equilibration buffer to wells and
centrifuge plates at 3700 rpm for five minutes (this
step helps in clearing the sample film on sides of
filter plate wells).



d. Add 200 pL of equilibration buffer to wells and apply
vacuum to remove buffer.

e. Repeat once more for a total of three washes.

8. Eluting bound mAb

Place protein A filter plate on a new collection plate
and secure with a rubber band.

b. Add 100 pL of elution buffer to each well, incubate
filter plate on orbital shaker at 170 rpm for
five minutes.

c. Centrifuge plates at 3700 rpm for five minutes.

d. Repeat addition of elution buffer, incubation on
orbital shaker, and centrifugation for a total of three
elution steps (300 pL of total elution volume).

Typical antibody recovery using this procedure is 60%.

2.2 Antibody reduction procedure

Partial disulfide (S-S) bond reduction was performed
as follows:

1. Prepare a 1 M dithiothreitol (DTT) solution by
dissolving 154.25 mg DTT in 1 mL water.

2. Prepare a 1 M ammonium bicarbonate (ABC)
solution by dissolving 79.06 mg ABC in 1 mL water.

3. Combine equal volumes of 1 M ABC and 1 M DTT to
prepare the reduction solution.

4. Transfer aliquots of 50 pL of each sample,
system suitability reference, and control to
autosampler vials.

5. Reduce by addition of 5 yL 0.5 M ABC/0.5 M
DTT solution.

6. Incubate for one hour at room temperature or
30 min at 37 °C.

Note: Partial reduction is performed under non-
denaturing conditions, where the inter-chain disulfide
bonds (which are more susceptible to reduction) will
break and produce the light and heavy chains, while
the intra-chain disulfide bonds within each individual
domain remain intact.

Alternatively, complete reduction of samples can
be performed by using this protocol:

1. Prepare a 100 mM solution of tris(2-carboxyethyl)
phosphine (TCEP) in 6 M aqueous guanidine
hydrochloride by dissolving 2.87 g of TCEP
and 57.32 g of guanidine hydrochloride in
100 mL of water (if less solution is needed, scale
down accordingly).

2. Combine 30 pL of the resulting solution with 10 pL
of sample.

3. Incubate for two hours at 37 °C.

Note: Complete reduction is performed under
denaturing conditions, where both the inter-chain and
intra-chain disulfide bonds will break.

2.3 Instrument calibration for mAb analysis

The Waters™ QToF Xevo® G2XS mass spectrometer
was calibrated in a mass range of 500 - 6000 m/z with
a 20 pL/min infusion of 0.4 mg/mL of cesium iodide in
water. Alternatively, calibration can be performed with
a 20 pL/min infusion of 0.4 mg/mL of polyalanine in
water prior to running the samples.

2.4 System suitability for mAb analysis

To evaluate performance of the entire workflow, an
assay control (SigmaMAb in media) was prepared and
analyzed along with the samples. Reduced SigmaMAb
reference was also tested to ensure system suitability
(see section above).

2.5 SEC-MS system setup and MS data
analysis for mAb glycoforms
2.5.1 SEC-MS system setup

The essential settings of the UHPLC-PDA
chromatography system and the qToF mass
spectrometer applied in the analysis of reduced
antibodies are listed in Tables 1 and 2 below.

Table 1. UHPLC-PDA settings.
Waters™ H-Class Acquity UPLC

Instrument Chromatography System

Software MassLynx™ 4.1

Column Tosoh TSKgel® SW3000XL, 300x2.0mm, 4 pm
Column temp Ambient

Autosampler temp 8 °C

Mobile phase Acetonitrile/water 30/70 (v/v) + 0.1% TFA
Gradient Isocratic

Flow 0.1 mL/min

Loop volume 20 uL

Injection method Partial loop or full loop

Injection volume 20 pL

Run time 10 min

Photodiode array 280 nm

Flow divert 6.7 - 9.9 min

Table 2. qToF-MS settings.
Waters™ QToF Xevo® G2X2 Mass

Instrument Spectrometer
Software MassLynx™ 4.1
Capillary (V) 3,500

Sample cone (V) 45

Extraction cone (V) 3

Ion guide (V) 3

Desolvation temp (°C) 100

Source temp (°C) 300

Scan Range (Da) 400 - 4,000

Desolvation gas (L/h) 40

Cone gas (L/h) 600

Collision energy (V) 5

Pusher (V) 930

RF Setting Autoprofile




2.5.2 MS mAb glycoform data analysis

Data were processed using the MaxEntl module

within the MassLynx™ 4.1 software to generate and
analyze deconvoluted (zero charged) mass spectra.

In general, a summed spectrum was created from the
corresponding total ion chromatogram (TIC) of the
eluted heavy chain (HC). The summed m/z spectrum
was then processed by the MaxEnt1 algorithm; detailed
parameters are listed in Table 3.

For glycoform analysis, data were processed using
UNIFI software from Waters™. Glycoforms were
matched by the software and HC glycoform glycans
are listed in the respective section below. Glycoform
relative abundance data were tabulated based on
peak intensities of the co-eluting glycoform species.

A deconvolution filter setting employing a base

peak intensity of 2% was utilized to preclude noise
incorporation, and an output resolution setting of 5 Da
was used.

Table 3. Deconvolution parameters.

Heavy Chain

m/z range 1,200 - 3,000

Damage model Gaussian, FWHM 0.5 Da
Resolution (Da/channel) 1

Mass Range (Da) 40,000 - 60,000
Minimum intensity ratios, L and R (%) 33

Iterations 12

3 Results of mAb purification,
reduction, and SEC-MS
glycoform analysis

The analysis objective was to perform rapid
glycoprofiling of a set of reduced rituximab samples

by SEC-MS. 30 cell culture supernatant samples

from separate CHO clones expressing rituximab were
received in 1.5 mL microcentrifuges tubes and stored at
-20 °C prior to analysis. An authentic rituximab sample
was also tested for comparison. In addition, SigmaMAb
antibody reference and control samples were used to
determine system suitability.

Protein A purification and reduction of rituximab
samples and SigmaMAb antibody control was
performed as described in the previous section.
Purification was performed on 500 pL of each sample
and 750 pL of SigmaMAb control. SigmaMAb reference
underwent reduction only (no protein A purification)
and was used to determine system suitability.
Subsequently, samples were analyzed in their reduced
form via SEC-MS.

Tables 4 and 5 list all glycans searched in this work
and glycan constituent monosaccharides, respectively.

Table 4. Glycans searched as variable modifications.

Monosaccaride Modification
Glycan Composition Mass Structure*
Man5 Mans GIcNAc, 1217.1 :
GOF-N  Fuc,; Man; GIcNAc; 1242.1

.7"

GO Man, GIcNAc, 1299.2 :}._._.
GOF Fuc; Man; GIcNAc, 1445.3 I
G1F Fuc, Man; Gal, 1607.5

GIcNAc, ,[
G2F Fuc, Man; Gal, 1769.6

GlcNAC, ::}rl
G1FS’  Fuc, Man; Gal, 1914.7

GIcNAc, NeusGc, - {::)—rl
G2FS’  Fuc, Man; Gal, 2076.9

GlIcNAc, NeusGc,

*Purple square: N-acetylglucosamine, green circle: mannose,
red triangle: fucose, yellow circle: galactose, light blue diamond:
N-glycolylneuraminic acid.

Table 5. Glycan constituent monosaccharides.

Residue
Glycan Short Name Mass Representation
N-Acetylglucosamine GIcNAc 203.08 m
Mannose Man 162.05 e
Galactose Gal 162.05
Fucose Fuc 146.06 A
N-Glycolylneuraminic acid Neu5Gc 325.27

3.1 System suitability test results

10 pL of a reduced SigmaMADb reference sample was
injected on the SEC-PDA-MS system. Figure 2 displays
the photodiode array (280 nm) and TIC traces of

the SigmaMADb reference, while Figure 3 shows the
summed and deconvoluted mass spectra of the reduced
SigmaMADb reference heavy chain glycoforms. Obtained
data demonstrated that the system and assay were
suitable for glycoform mass analysis. The system
reliably measured glycoform distributions throughout
the acquisition queue, with control data falling within
historical ranges for relative composition of GOF and
G1F glycoforms and indicating proper calibration

and sample reduction conditions. In more detail, the
observed heavy chain mAb glycoform masses matched
the expected masses of SigmaMADb, as listed in Table 6.
Discrepancies between the observed masses and the
theoretical values for three glycoforms are all within
0.003% mass error or less.
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Figure 3. Summed (left) and deconvoluted (right) mass spectra of heavy chain of reduced SigmaMAb reference.

Table 6. Observed and theoretical masses of reduced SigmaMADb reference heavy chain glycoforms
(theoretical mass was calculated based on NIST Physical Reference Data).

Theoretical Mass Intra Disulfide Theoretical Mass (Da) Observed
Species Molecular Formula (Da) Fully Reduced Bonds Partially Reduced Mass (Da) Error (%)
Heavy Chain/GOF C2237H3485N5910702516 50,403.2 4 (-8 Da) 50,395.2 50395 +0.001
Heavy Chain/G1F C2243H3495N5910707S16 50,565.3 4 (-8 Da) 50,557.3 50556 +0.002
Heavy Chain/G2F C2249H3505N5910712S16 50,727.5 4 (-8 Da) 50,719.5 50718 -0.003

3.2 Rituximab monoclonal antibody sample test results

30 rituximab monoclonal antibody samples from spectra of the glycoform composition of two exemplary
separate CHO clones were analyzed for their glycoform antibody samples (clones 8 and 27). Typical protein
composition by SEC-MS along with an authentic adducts surrounding the major species are at low but
rituximab reference. Figure 4 displays deconvoluted appreciable levels; hence, care should be taken when
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Figure 4. Exemplary deconvoluted SEC-MS spectra of rituximab from clones 8 (left) and 27 (right). The MS peak annotations correspond to
glycoform glycans listed in Tables 7 and 8.



considering glycoforms with composition values less
than 3%. Tables 7 and 8 show observed and theoretical
masses of the two reduced rituximab samples from
clones 8 and 27. The mass errors between the observed
masses and the theoretical values for the different
glycoforms are in the range of 0.004 to 0.023%.

Table 8 summarizes the results for all 30 samples and
authentic reference and Table 9 provides an overview
over the glycan composition of all 30 clones analyzed.
GOF, G1F and G2F were the main glycans observed.

In addition, a small fraction of the samples was also
bearing GO, GOF-N and Man glycans.

Table 7. Observed and theoretical masses of reduced rituximab from clone 8 heavy chain glycoforms
(expected mass was calculated based on NIST Physical Reference Data).

Observed Expected Mass error Mass error
Component name mass (Da) mass (Da) (mDa) (ppm) Error (%)
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation GOF N [1/301] 50,505.0 50,514.0 -9,087.6 -179.9 -0.018
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation G1F N [1/301] 50,666.6 50,676.2 -9,583.8 -189.2 -0.019
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation G2F N [1/301] 50,827.4 50,838.3 -10,902.4 -214.5 -0.021

Table 8. Observed and theoretical masses of reduced rituximab from clone 27 heavy chain glycoforms
(expected mass was calculated based on NIST Physical Reference Data).

Observed Expected Mass error Mass error

Component name mass (Da) mass (Da) (mbDa) (ppm) Error (%)
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation Man5 N [1/301] 50,275.6 50,285.8 -10,230.4 -203.5 -0.020
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation GOF-GIcNAc N 50,308.5 50,310.9 -2,348.8 -46.7 -0.004
[1/301]

Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation GO N [1/301] 50,357.1 50,367.9 -10,775.3 -214.0 -0.021
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation GOF N [1/301] 50,503.8 50,514.0 -10,269.1 -203.3 -0.020
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation G1F N [1/301] 50,665.3 50,676.2 -10,856.8 -214.3 -0.021
Rituximab Pyroglutamic Acid Q N-TERM [1/1], Glycosylation G2F N [1/301] 50,826.7 50,838.3 -11,597.5 -228.2 -0.023
Table 9. Percent sample composition (ND = not detected).

Sample Man5 GOF-N GO GOF G1F G2F

Clone 1 ND ND ND 61.8 30.0 8.1

Clone 2 ND ND ND 59.7 31.7 8.6

Clone 3 ND ND ND 69.4 24.6 6.0

Clone 4 1.4 ND ND 67.9 24.6 6.1

Clone 5 ND ND ND 67.8 26.0 6.2

Clone 6 ND ND ND 68.7 25.3 6.1

Clone 7 1.4 ND 1.3 66.8 24.3 6.2

Clone 8 1.5 ND ND 68.3 23.9 6.3

Clone 9 ND ND ND 73.7 21.3 5.1

Clone 10 ND ND ND 73.9 21.3 4.9

Clone 11 ND ND ND 63.3 29.4 7.3

Clone 12 ND ND ND 60.6 31.5 7.9

Clone 13 ND ND ND 47.4 41.0 11.6

Clone 14 ND ND ND 46.5 41.1 12.4

Clone 15 ND ND ND 50.9 38.2 10.9

Clone 16 ND ND ND 50.2 38.4 11.4

Clone 17 ND ND ND 45.5 41.9 12.6

Clone 18 ND ND ND 47.0 41.0 12.0

Clone 19 ND ND 1.8 65.3 25.7 7.1

Clone 20 ND ND 1.7 64.2 26.6 7.5

Clone 21 ND ND 2.2 75.0 19.3 3.6

Clone 22 ND ND 2.1 75.1 19.1 3.7

Clone 23 ND ND 2.7 71.0 22.3 4.0

Clone 24 ND ND 2.6 70.2 23.1 4.1

Clone 25 ND ND 3.6 74.5 18.9 3.0

Clone 26 ND ND 3.3 73.6 19.6 3.6

Clone 27 3.1 1.8 4.0 67.1 20.2 3.8

Clone 28 3.0 1.8 3.9 67.6 19.9 3.8

Clone 29 ND ND 4.7 59.7 29.9 5.7

Clone 30 ND ND 4.7 60.0 29.8 5.4

Reference 1.6 0.9 0.7 38.0 45.0 13.7

~N



4 Conclusions on therapeutic mAb
glycoform analysis workflow

The objective of this work was to develop a CHO

clone screening workflow using an SEC-MS middle-

up mass analysis of reduced rituximab recombinant
monoclonal antibody samples, to generate protein mass
data for the antibody heavy chains and to determine
their glycoform compositions. Samples were purified
from spent media, reduced, analyzed by SEC-MS and
deconvoluted heavy chain spectra were generated for
the determination of glycoform relative distributions.

The workflow was comprised of an antibody purification
process using immobilized protein A, a mAb reduction
procedure, a mass spectrometer calibration method and
a system suitability test utilizing SILu™Lite SigmaMAb
Universal Antibody Standard human. In addition, an SEC
method suitable for sample separation and analysis of
reduced mAbs was utilized.

A total of 30 rituximab cell culture supernatants from
separate CHO clones underwent a protein A purification
and a reduction procedure and were then subjected

to SEC-MS analysis, along with an authentic rituximab
reference. In addition, SigmaMAb was utilized as a
reference and was treated in the same way.

Experiments utilizing a reduced SigmaMADb reference
sample revealed that the observed mAb heavy chain
glycoform masses matched the expected masses of
the antibody fragments. In this case, discrepancies
between the observed and the theoretical values for
three glycoforms are all within 0.003% mass error or
less, proving the system and assay were suitable for
middle-up mass analysis. Control data falling within
historical ranges for relative composition of GOF and
G1F glycoforms indicated proper calibration and sample
reduction conditions.

Glycoform composition of rituximab from 30 CHO
clones was determined by SEC-MS. Results reveal
significant variation in the glycoprofiles of individual
clones, with GOF being the most abundant glycan for all
clones screened in this experiment. The most abundant
glycan observed in the authentic reference rituximab
was G1F.

All generated data display that the implemented
workflow can be used for reduced monoclonal antibody
sample glycoform analysis, with accurate results
allowing for an unambiguous identification and relative
quantitation of six different glycans.
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6 Product list

Antibodies
SILu™Lite SigmaMAb Universal Antibody Standard MSQC4
human
HPLC columns
TSKgel® SuperSW3000 HPLC Column phase diol, L x 821485
I.D. 30 cm x 2 mm, 4 um particle size
Solvents & reagents
Ultrapure water from Milli-Q® IQ 7 series water Milli-Q®
purification system or LiChrosolv® UHPLC-MS IQ 7000 or
grade water 1.03728
Acetonitrile for UHPLC-MS LiChrosolv® 1.03725
Trifluoroacetic acid eluent additive for LC-MS, 80457
LiChropur™
Tris(2-carboxyethyl)phosphine BioUltra 68957 /
75259
Guanidine hydrochloride solution 6M, manufactured SRE0066
under cGMP controls
Guanidine hydrochloride BioUltra 50933
Ammonium bicarbonate BioUltra 09830
Protein A—Agarose Fast Flow 50%, aqueous suspension P3476
EX-CELL® CHOZN® platform medium 24330C
Trisodium citrate dihydrate, meets USP testing S1804
specifications
Citric acid ACS reagent 251275
Sodium chloride ACS reagent S9888
Dithiothreitol BioXtra D5545
Cesium iodide analytical standard, suitable for mass 21004
spectrometry
Poly-DL-alanine P9003
Consumables
Microcentrifuge tubes volume 0.6 mL T5149
Autosampler vials volume 0.3 mL 29661-U
Stericup Quick Release-GV Sterile Vacuum Filtration S2GVUOS5SRE
System
PlatePrep 96-well Vacuum Manifold 575650-U
MultiScreen® Solvinert 96 Well Filter Plate MSRLN0410
Corning® Costar® reagent reservoirs CLS4870
BRAND® 96-well deep well plate, stackable BR701346
AlumaSeal® 96 film 2721549
EZ-Pierce™ films 2721581
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