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Abstract

Bispecific antibodies, or antibodies which recognize two different epitopes, are increasingly being pursued as pharmaceutical 
products due to their unique mechanism of action (1). However, the complexity of these molecules, being comprised of 4 chains 
with different sequences, adds additional challenges in their production when compared to conventional monoclonal antibodies 
(2). Herein, we describe the development of a new high-throughput approach based on the newly introduced SampleStream 
Platform for performing clone selection screening, enabling selection of clones that produce the highest amount and quality of 
the correctly assembled bispecific antibody(3). The platform yielded data with quality on par with that from conventional liquid 
chromatographic-based methods but did so with 6.5x the throughput.
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Introduction

Since the first monoclonal antibody (mAb) was approved as a therapeutic in 1986, the use of mAbs as therapeutics has grown 
exponentially (4).  At the time of this writing, the FDA just approved the 100th mAb therapeutic (5). MAbs owe their rise to 
prominence due to many positive characteristics, including the ability to tailor their specificity and their concomitant high 
therapeutic index.
Over time, new technologies have been developed to create 
new functionality using mAbs.  One major antibody technology 
is bispecific mAbs (BsmAbs) (6). In these molecules, each 
“arm” of the antibody has specificity for a different epitope.  By 
creating the potential to interact with two different epitopes, 
BsmAbs create an entirely new mechanism of action in which 
the interaction between two different molecules may be 
created or stabilized.
While BsmAbs hold great potential as therapeutics, they 
present a manufacturing challenge.  Normally, an antibody 
consists of two identical heavy chains and two identical light 
chains (Fig. 1).  This makes the assembly of these molecules 
relatively straightforward.  However, with a BsmAb, all four 
chains have unique sequences, making it difficult to put them 
all in the right spots.  Ideally, all four chains would be expressed 
separately and the intact molecule assembled stepwise in 
vitro, but this approach adds an unacceptable level of cost 
and complexity.

Figure 1: An overview of the SampleStream channel. Panel A depicts a cross secti-
on of the channel. Panel B represents a schematic depiction of the fluid flows into 
and out of the channel during focusing. Panel C illustrates the concepts of fluidic 
focusing and buffer exchange. Panel D presents a schematic depiction of the fluid 
flows during elution. Panel E illustrates the elution process and depicts a resultant 
elution peak, detected by a mass spectrometer.
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Some of this complexity has been eliminated via the 
introduction of so-called “knob and hole” technologies that 
introduce mating features (a knob and a hole) into the constant 
regions of the two heavy chains that ensure correct assembly 
(7-9). Reducing the number of possible combinations of the 
fully assembled antibody from 16 to 4, this technology enables 
expression of BsmAbs in a single cell line.  However, each 
BsmAb-producing clone has different accuracy in producing 
the correctly assembled molecule, raising the need for clone 

selection screening that monitors the relative amount of 
the correct BsmAb to the other possible combinations, the 
relative amount of the full vs. half antibody, and the overall 
amount of the antibody produced(3).  Herein, we describe 
the development of a robust and high-throughput bispecific 
screening platform using the SampleStream Platform for 
biomolecular characterization (http://www.iptinc.com/our-
technology/).

Figure 2. An overview of the SampleStream channel. Panel A depicts a cross section of the channel. Panel B represents a schematic depiction of the fluid flows into 
and out of the channel during focusing. Panel C illustrates the concepts of fluidic focusing and buffer exchange. Panel D presents a schematic depiction of the fluid 
flows during elution. Panel E illustrates the elution process and depicts a resultant elution peak, detected by a mass spectrometer.

Brief Description of the SampleStream Module

The SampleStream Module incorporates a fluidic device that 
rapidly concentrates and buffer exchanges samples, subse-
quently eluting them for downstream analysis in a highly 
concentrated sample zone reminiscent of more traditional 
chromatographic methods. Figure 2 shows a brief overview 
of the channel design and its two operational modes. A 
molecular weight cutoff membrane is compressed between 
an upper piece, with the geometry of the channel machined 
in it, and a lower piece containing a supporting stainless-steel 
frit (Fig. 2A). The compression of the membrane backing 
material creates a gasket that seals the channel, while the 
uncompressed portion of the membrane remains functional. 

The channel has two ports above the membrane at either 
end of the channel and one that communicates with the 
lower frit area that exhausts fluid passing through the mem-
brane. This fluidic circuit can be operated in the two modes 
pictured: focusing and elution. During focusing (Fig. 2B), fluid 
and sample are delivered to the ports above the membrane, 
resulting in both sample concentration and buffer exchange 
as protein travels to the location at which the two flows can-
cel (Fig. 2C). The resultant sample zone can then be eluted 
by blocking one inlet port while pushing fluid up through the 
membrane (Fig. 2D), forcing sample to exit in a peak similar 
to chromatography (Fig. 2E).



4 IngeniousNews 02/2022

The PAL Plugin System

Combining the SampleStream module with the PAL DHR ro-
bot (https://www.palsystem.com/index.php?id=840) creates 
a powerful platform for biomolecular analysis.  At the core of 
the platform is the new PAL Plugin System recently released 
by CTC Analytics.  The plugin system enables the creation 
of plugins that control 3rd party devices natively within the 
existing PAL scripting language. Uniquely, this system makes 
additional modules, even those as complex as the Sam-
pleStream Module, invisible to vendor-specific acquisition 
software.  This allows the PAL3 robot to serve as a central 
point of integration for complex workflows that involve 
multiple pieces of analytical equipment and/or software while 
presenting end-users with a simplified user interface that is 
accessed through the mass spectrometry vendor software to 
which they are accustomed (Fig. 3).  For example, IPT has 
created plugins for the Thermo KingFisher Flex robot and a 
Keyence 2D barcode reader and enabled plate motion using 
the Brechbühler Grabber D885 tool (https://www.brechbue-
hler.ch/Grabber-D885.1882.0.html).  Combined, this system 
enables an entire affinity purification to MS analysis workflow 
with barcode tracking to be controlled stepwise from within a 
typical mass spectrometry run list. 

Figure 3. The PAL Plugin System enables direct integration of complex compo-
nents by making their activities available to the PALScript language. Scripts created 
using these activities are then executed by vendor-specific hardware via existing 
PAL drivers.

Setup

• PAL DHR RSI/RSI
• LCMS-P Tool
• LCMS Wash Module
• Tray Cooler Module (Peltier Cooled Stack, 4°C for sample storage)
• 2 valve drives w/ 2-position 10-port valves
• IPT SampleStream module

Figure 4: The SampleStream Platform.
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Materials and Methods

Cell Culture and Protein A Capture.

The basic workflow developed is depicted in Figure 5. In brief, BsmAbs were produced via CHO cells in suspension 
culture using proprietary media.  Bispecific antibody products were immunoprecipitated from harvested cell culture 
fluid using Protein A cartridges on an Agilent AssayMap. Cartridges were primed with 200 µL of 25 mM Tris, 25 mM 
NaCl, pH 7.5 at 300 µL/min followed by an equilibration of 50 µL of 25 mM Tris, 25 mM NaCl, pH 7.5 at 10 µL/min. 
After equilibration, 100 µL of harvested cell culture fluid was loaded onto the cartridges at 2 µL/min. Cartridges were 
then washed with 200 µL of 25 mM Tris, 25 mM NaCl, pH 7.5 and 200 µL of water at 10 µL/min. Elution was performed 
using 25 µL of 1% formic acid, 30% acetonitrile at a flowrate of 5 µL/min. Samples were then injected onto a reversed 
phase column or the SampleStream platform.

Chromatography:
A Waters Acquity LC system was fitted with a 2.1 mm PLRP-S column (Agilent) heated to 60°C. Mobile phase A was 
0.1% formic acid and mobile phase B was acetonitrile and 0.1% formic acid.  The gradient was 0 min 20%bB; 2 min 
20%B; 4.75 min 65%B; 5 min 80%bB; 5.5 min 15%B; 5.75 85%B; 6 min 15%B; 6.25 85%B; 6.5 min 15 %B. The 
flowrate was 100 µL/min. Samples were loaded in 5 µL using the microliter pickup injection strategy.

SampleStream:
Samples were injected in 10 µL and pushed into the channel with a sample push step that directed 100 µL at 1.2 mL/
min through the sample loop. Once in the channel, samples were focused with 140 µL at 600 µL/min for each of the 
two pumps connected to the top ports. Finally, samples were eluted directly to a mass spectrometer at a flow rate of 
300 µL/min with a total volume of 140 µL. The channel was maintained at 65°C and a 10 kDa molecular weight cutoff 
membrane was used (Millipore). The system was operated in such a way that cleaning of the tool and injector as well 
as subsequent sample pickup were all performed during elution of the previous sample, yielding a total cycle time of 
53 sec/sample.

Mass Spectrometry:
All data were acquired using an Exploris 480 mass spectrometer (Thermo Fisher Scientific) fitted with a HESI-II ion 
source using a spray voltage of 2,800V, an ion transfer tube temperature of 320°C, a sheath gas flow of 25 a.u., an aux 
gas flow of 15 a.u. a sweep gas flow of 1 a.u., and a vaporizer temperature of 80°C. A source collisional voltage of 100V 

Figure 5. Bispecific antibody clone selection screening workflow.
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was used while acquiring mass spectral data from 1,500 
to 4,500 m/z with 5 uscans at a resolution of 15,000 @ 
m/z 200 using the intact protein mode.

Results

Due to the sensitive nature of the molecules undergoing 
this screening, the data presented here are from a 
calibrator set that is routinely used to validate system 
performance prior to running unknowns.  These samples 
were created from two stocks, one containing a majority 
of the half antibody, and one containing a majority of 
the full antibody.  Mixing these stocks in different ratios 
creates the calibrator set. 
Figure 6 demonstrates the output of the overall screening 
platform. On top, the elutogram captures the signal 
intensity vs. time for the 7 samples containing different 
ratios of half and whole antibody plus a single blank at 
the end that shows virtually no carryover. We refer to this 
as an elutogram to distinguish it from a chromatogram 
since there is no chromatography, or from a fractogram 
which results from conventional AF4 separations. The 
middle panel shows the averaged mass spectral data from 
each of the seven peaks with the half and whole antibody 
signals highlighted. The bottom panel shows a zoomed in 
region around the +50 charge state of the intact species. 
Several species are visible in addition to the base peak 
corresponding to incorrectly assembled BsmAbs. 
The entire platform was validated by comparison to 
the conventional chromatographic approach. Figure 7 
summarizes the key metrics from both platforms. The 
theoretical columns refer to the volumetric percentages of 
the two stocks.  However, as can be seen from the 100% 
whole spectrum, it is contaminated with a small amount 
of half antibody.  The actual column presents the expected 
values after adjusting for imperfect stock solutions. The 
observed vs. actual ratios are slightly improved with the 
average difference to theoretical dropping from 5.4% to 

4.9% when using the SampleStream-based approach. More importantly, the total runtime for acquiring the calibrator 
set dropped to 7.5 minutes from 50 minutes, yielding a throughput gain of ~6.5x.

Conclusion

The SampleStream Biomolecular Analysis Platform, enabled by the PAL DHR robot and the PAL Plugin System, 
represents a powerful new platform for workflow integration and high-throughput screening in the biopharma 
industry. Serving as a new gateway to mass spectrometry or UV-Vis spectroscopy, the system easily replaces existing 
workflows that rely on chromatography not for separation, but as an automated sample introduction method, and 

Figure 6. The elutogram resulting from 7 sample injections and 1 blank injection 
(top). The mass spectral data for each sample with a known ratio of whole to half 
antibody (middle). A single charge state of the whole antibody showing contami-
nation with a small amount of incorrectly assembled mAbs.
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Figure 7: Comparison of a calibrator set run with SampleStream and liquid chromatography coupled to mass spectrometry.
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enables new workflows that demand high concentration factors and extensive buffer exchange. While this application 
demonstrated clone selection screening for BsmAbs, the SampleStream platform can be adapted to any post-capture 
mAb workflow.
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New Tools & Options for LC-MS 2022

Speed up, 
Carryover down
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Increase your LC-MS throughput while maintaining a low carryover and a low 

solvent consumption!

Our new LCMS pump was designed to deliver accurate 
solvent volumes. That guarantees consistent washing 
performances over time.

New LC-MS scripts available in Q3: keep your system up 
to date, from basic to more advanced scripts.

Thanks to the precision dispensing, the pump can also be 
used for other applications:
• LCMS wash pump
• dilutions

• µSPE elution
• online SPE

Features
• Volumetric operation precise and reproducible flow 

rate
• Stable performance: consistent results over the 

instrument lifetime

Specifications

• Flow rate: 1 - 250 µL/s

• Pressure rating: 50 bar

• Service intervals: > 200 k samples
Conventional LCMS Injection Direct µSPE Injection

LCMS script Carryover (ppm) Cycle time (s)

Volume-based* 40 60

Time-based* 80 50

High-Throughput** 60 
1Vlv, 2 pumps,  AWC

40

High-Throughput (DHR)** 60 20

*Based on old membrane washing pumps

**with new LCMS pumps
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Maximise your LC-MC throughput with the active wash cup and Dual Head PAL!

Active wash cup option

Reversed washing of injection valve available with 
a dedicated pump module. Faster washing when 
compared to LCMS Wash station, with low carryover.

PAL DHR

Double your throughput by using a PAL3 DHR system. 
Reduce LC-MS injection cycle time down to 20 s per 
sample

LCMS Tool options

LCMS tools are available with 100 µL and 250 µL 
syringes. Available with 57 mm and 80 mm needles.

Part number Description

PAL3-LCMS-Pump2ch 2-channel wash pump for LCMS applications
1 Pump Module, 2 Pistons, 2 fixed solvent channels

PAL3-LCMS-PumpCont Continous flow pump for LCMS applications
1 Pump Module, 2 Pistons and a 3/2 way selector valve for continous solvent dispense 

PAL3-LCMS-PumpContHT Continous flow pump for high-throughput LCMS applications
2 Pump Modules, 4 Pistons

PAL3-TH-SLCMS-100 LCMS tool with smart 100uL syringe

PAL3-TH-SLCMS-250 LCMS tool with smart 250uL syringe

 

Ordering Information All pumps are configured with Active wash cup as default.
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For more information on the PAL System visit:

www.palsystem.com

Distributed by:

PAL is a registered trademark of CTC Analytics AG, Switzerland   P
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New Tools and Options for LC-MS Sample Prep 2022

µSPE for Clean-up &
Direct Injection
Filtration
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PAL System µSPE: one cartridge for everyone’s application

µSPE Clean-up of samples
• Clean-up of QuEChERS extracts for pesticide and veterinary drug analysis
• Clean-up of protein and peptide samples (removal of excess reagents, desalting)
• µL elution volumes, no evaporation step required

µ Filtration of samples
• Filtration as part of a workflow
• Direct elution from µ Filter into LC valves
• Remove particles prior to injection into LC

µSPE Enrichment
• Analyte enrichment as in conventional SPE
• Methods can be easily adapted from existing SPE workflows
• Less solvent consumption thanks to the reduced format

µSPE pick-up

Direct injections into LC valves: save on consumables and increase your analysis throughput

µSPE direct injection
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µSPE: µ volume, mega result!

Specifications and features
• Small dead volume (< 20 µL): small sample loss
• 15 bar pressure tolerance: small particle sorbents can be used.
• Wide range of sorbent mass: 5 -1 50 mg
• Chemically stable (PP/HDPE) and robust: multiple injections on 

one cartridge, safe transport.
• Fully automated production: labelling and QC available

µSPE workflow based on dual head provide maximum 
flexibility,and reduced cycle time.

 
RSD % Cycle time

Conventional µSPE workflow (syringe) < 1 5 min

Direct µSPE injection (Syringe) 1 - 2 % 2min

Direct µSPE injection (Pipette) 2 % 2 min

Customize your µSPE workflow and get precise 
results with conventional syringe, or with faster direct 
LC injection workflows
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For more information on the PAL System visit:

www.palsystem.com

Distributed by:

PAL is a registered trademark of CTC Analytics AG, Switzerland   P
AL
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PAL Tray Cooler
One fits all samples

www.palsystem.com
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PAL Tray Cooler –
Temperature controlled storage for all samples

The PAL Tray Cooler keeps samples safely at temperatures ranging from 4°C to 40°C. The proprietary (Pat. pending) ventilation 
system makes sure that no condensation occurs on top of the samples vials, preventing cross contamination.

Highlights:

– Temperature controlled storage of vials up to 20 mL and MTPs
– Temperature range 4 - 40 °C
– No condensation on vial caps, even in humid environments

Technical data:

Dimensions:    446 mm / 213 mm / 187 mm (l/w/h) 
Temperature range:   4 - 40 °C 
Sample formats:   1 mL, 2 mL, 10 mL, 20 mL vials, MTPs using different inserts (see below) 
Capacity:   3 sample racks, also mixed formats 
Required PAL3 Firmware: 3.1.21 or higher

Ordering Information:
Part number Description

PAL3-TrayCooler Tray Cooler incl. power supply

PAL3-TrayC-Ins-1mL Insert required for 1mL vials (for VT70 racks)

PAL3-TrayC-Ins-2mL Insert required for 2mL vials (for VT54 or VT54-AI racks)

PAL3-TrayC-Ins-10mL Insert required for 10mL vials (for VT15 racks)

PAL3-Tray-C-Ins-MTP Insert required for MTPs 14.5 mm high

© 2021 CTC Analytics AG. All rights reserved. Neither this publication nor any part hereof may be copied, photocopied, reproduced, translated, distributed or reduced 
to electronic medium or machine readable form without the prior written permission from CTC Analytics AG, except as permitted under copyright laws.

CTC Analytics AG acknowledges all trade names and trademarks used as the property of their respective owners.

PAL is a registered trademark of CTC Analytics AG | Switzerland

CTC Analytics AG, Industriestrasse 20, CH-4222 Zwingen, Switzerland, T +41 61 765 81 00, Contact: info@ctc.ch

Circulation of temperature controlled, dry air, keeping 
vial caps free of condensation (blue)

Excess heat vented at bottom (red)
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