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Mirtazapine is an approved antidepressant, with other 
studies exploring its use to treat sleep apnea, substance 
abuse withdrawal symptoms, and as an antihistamine.  
The (S) enantiomer, esmirtazapine, was under investigation as 
a treatment for insomnia and vasomotor symptoms associated 
with menopause. For these reasons, it would be helpful to 
establish an effective chiral analysis allowing for rapid and 
accurate quantification.

Although there are already several methods published 
in the literature for the separation of mirtazapine, they all 
present some less-than-ideal characteristics, whether it 
be a large particle size, unnecessarily long analysis time,  
or poor resolution.

Daicel’s newest immobilized chiral stationary phase 
(CSP), CHIRALPAK IK-3, has been found to provide a better 
alternative to these published methods. CHIRALPAK IK-3 is 
an immobilized cellulose-based CSP functionalized with tris 
(3-chloro-5-methylphenyl) carbamate selectors, and offers 
unique separations characteristics not available in any other 
commercially available chiral phase. The added robustness 
coming from the immobilization process increases its utility as 
a result of expanded solvent compatibility.

Experimental

Mirtazapine and diethylamine (DEA) were purchased from 
Sigma Aldrich, and used as is. The solvents used were all 
purchased from Pharmco, were HPLC-grade or higher,  
and were used as is. Specifically, the hexanes (Hex) contained 
95% n-hexane. The ethanol (EtOH) was reagent alcohol, which 
contains 90% ethanol, 5% methanol, and 5% isopropanol 
(v/v/v). Initial screening and optimization were performed on 
an Agilent 1200 equipped with a quaternary mixing pump and 
utilized a DAD.

Discussion
Mirtazapine was prepared as a 2.0 mg/mL solution in ethanol, 
and screened on Daicel’s library of 3 µm immobilized CSPs 
with Hex-EtOH-DEA = 80-20-0.1 (v/v/v) and Hex-IPA-DEA 
= 70-30-0.1 (v/v/v). This produced several partial or near-
baseline separations. Of those separations, CHIRALPAK IK-3 
exhibited more favorable characteristics of a chiral separation, 
that being good peak shape and selectivity with a reasonable 
retention time. Other columns showed longer retention 
and/or a greater degree of tailing. The separations on IK-3 
were optimized by increasing the retention by decreasing 
the percentage of alcohol. For Hex-IPA, it was found that 
10% isopropyl alcohol yielded a baseline separation of the 
enantiomers, with an analysis time of less than 6 min.

For Hex-EtOH, 10% alcohol also produced a baseline 
separation in under 4.5 min, with good peak shape and 
selectivity. Typically, a smaller percentage of ethanol is 

Separation of Mirtazapine on CHIRALPAK® IK-3
Weston J. Umstead,  Daicel Chiral Technologies
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Figure 1: mirtazapine

Table I: Chromatographic Conditions for the Separation of 
Mirtazapine

Column CHIRALPAK IK-3 (150 mm × 4.6 mm i.d.) Part #: 91524

Mobile 
Phase

Hex-IPA-DEA =  
90-10-0.1 (v/v/v)

Hex-EtOH-DEA =  
90-10-0.1 (v/v/v)

Flow Rate 1.0 mL/min

Detection UV 230 nm ref. 450 nm

Temperature 25 °C

Sample 2.0 mg/mL in EtOH

Injection 
Volume

2 µl

http://www.chiraltech.com
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required to produce a similar separation to IPA, as it is a 
stronger eluting solvent. However, in this case, ethanol helps 
improve the peak shape (less tailing), and thus 10% can be 
used to further reduce the analysis time.

Conclusions
The unique separation characteristics of CHIRALPAK 
IK-3 yielded new baseline separations for mirtazapine not 
previously reported in the literature. These should serve 
as important methods for the analysis of mirtazapine and 
esmirtazapine going forward. It also shows that continued 
development of new chiral stationary phases is important. 
The best way to affect selectivity and separation performance 
is by changing the phase system (solvents or CSP).  

With mobile phase combinations well established, the greatest 
potential for finding new separations is with the release of new  
chiral selectors.

Daicel Chiral Technologies
1475 Dunwoody Drive, Suite 310 West Chester, PA 19380 

Tel. 800-6CHIRAL
Website: chiraltech.com
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Figure 3: Separation of mirtazapine on CHIRALPAK IK-3 with Hex-EtOH
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Figure 2: Separation of mirtazapine on CHIRALPAK IK-3 with Hex-IPA
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Extraction of Pesticides from Cucumber, 
Tomato, and Green Pepper
Maria Swasy, Candice Cashman, and Alicia Stell,  CEM Corporation

Pesticide testing is crucial to assessing the safety of fruits 
and vegetables for consumption. The traditional extraction 
method for pesticides from produce is the QuEChERS method.  
This method is tedious, manual, time consuming, and wasteful. 
Thus, there is a need for improved methods of extraction. In this 
application note, the EDGE®, in combination with Q-Matrix™ 
Hydra, a water-removing sorbent, was used to extract a panel 
of pesticides from 10 g of homogenized cucumber, tomato, and 
green pepper in less than 9 min. The recoveries of the pesticide 
panel were greater than 70% for each matrix tested, and these 
results were highly reproducible. The EDGE provides a fully 
automated extraction that combines both the sample and 
sorbent into one sample vessel, alleviating the human burden 
of extraction and the need for multiple sample transfers.

Introduction
When shopping for produce, consumers want to know that their 
vegetables and fruits are free of toxic levels of harmful compounds, 
such as pesticides. Pesticide testing is important because they are 
known to be harmful to humans and wildlife at certain concentrations. 
Currently, the industry standard method used to extract the pesticides 
from fruits and vegetables is the QuEChERS method. This method of 
extraction requires the tedious weighing of salts, imprecise manual 
shaking, and multiple sample transfers, which are all time consuming.  
Ultimately, one extraction takes between 20 and 60 min to complete.  
Also, the multi-step transfers generate substantial waste. Because of these 
pain points, food manufacturers have desired an improved method that 
is faster and automated with the same high recoveries and reproducibility.

In this application note, the EDGE extracted a panel of pesticides 
from 10 g of homogenized cucumber, tomato, and green pepper using 

a new bubbling feature and Q-Matrix Hydra, a water-removing sorbent, 
in less than 9 min. The EDGE simplifies the extraction process by using 
Q-Cup® technology, which contains both the sample and Q-Matrix 
Hydra in one sample cell, thus alleviating the need for multiple transfers 
and the generation of waste. Also, the EDGE utilizes its automated 
bubbling feature to obtain thorough sample mixing, while relieving the 
human burden of manual shaking. The recoveries of each pesticide 
were greater than 70% with RSD values less than 15%, indicating a 
thorough extraction with great reproducibility.

Materials and Methods

Reagents
Cucumbers, tomatoes, and green peppers were purchased from a 
local grocery store. Q-Matrix Hydra is a product of CEM Corporation.  
ACS Grade acetonitrile and acetic acid were purchased from Sigma-
Aldrich. A custom mix containing 1000 µg/ ml of methomyl, aldicarb 
sulfoxide, monocrotophos, dimethoate, pirimicarb, paclobutrazol, 
triticonazole, etoxazole, prochloraz, and spirodiclofen in acetonitrile was 
purchased from SPEX CertiPrep. 

Sample Preparation
The fruits and vegetables were homogenized using a Magic Bullet 
blender. A Q-Cup was assembled to contain the S1 Q-Disc® stack 
(C9 + G1+ C9 sandwich). A portion of 2.5 g of Q-Matrix Hydra was 
weighed in a Q-Cup, and 10 g of homogenized fruit/vegetable was 
layered on top of the sorbent. The sample was spiked with 500 ng 
of the custom pesticide mix. The Q-Cups were placed in a rack,  
along with 50 mL polypropylene conical tubes, and extracted on the 
EDGE using acetonitrile w/ 1.0% acetic acid (v/v). Each vegetable 
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and fruit homogenate was extracted in triplicate. Each extract was 
evaporated down to 5 mL.

EDGE Method for Pesticides in Wet Foods
Q-Disc: S1 Q-Disc stack (C9 + G1+ C9 sandwich)

Cycle 1
Extraction Solvent: acetonitrile w/ 1.0% acetic acid (v/v)
Agitation: 02:00 (mm:ss)
Top Add: 15 mL 
Bottom Add: 10 mL 
Rinse: 5 mL
Temperature: 40 °C
Hold Time: 01:00 (mm:ss)

Cycle 2 (Rinse Only)
Extraction Solvent: acetonitrile w/ 1.0% acetic acid (v/v) 
Top Add: 0 mL
Bottom Add: 0 mL 
Rinse: 10 mL
Temperature: - - - 
Hold Time: - -:- -

Wash 1
Wash Solvent: acetonitrile w/ 1.0% acetic acid (v/v) 
Wash Volume: 15 mL
Temperature: 40 °C
Hold: 0:15 (mm:ss)

Analysis
A volume of 2 µL of each evaporated extract was injected onto a 
Restek ARC-18 column (2.7 μm, 100 x 2.1 mm) and separated using 
a Waters Acquity UPLC. The UPLC program utilized a gradient of A: 
water containing 10 mM ammonium acetate with 0.2% formic acid 
and B: methanol containing 10 mM ammonium acetate with 0.2%  
formic acid. The gradient was over 7 min and started at 95% A and 

ended at 100% B. The MRM transitions for each pesticide were 
monitored using an attached Xevo TQD mass spectrometer.

Results
Table I shows the recoveries for the pesticide mix from cucumber, 
tomato, and green pepper. The EDGE efficiently extracted the 
pesticides in less than 9 min, including cooling, filtering, and system 
washing. The pesticide recoveries obtained were greater than 70% 
for all matrices, and the relative standard deviations were below 15%, 
indicating excellent recoveries and reproducibility, in only one simple 
step. Thus, the EDGE is an efficient, rapid, and automated alternative to 
the QuEChERS method.

Conclusion
The EDGE rapidly extracted the pesticides from 10 g samples of 
homogenized cucumber, tomato, and green pepper using a new 
bubbling feature and Q-Matrix Hydra. Recoveries greater than 70% 
with excellent reproducibility (RSDs less than 15%) were achieved.  
The EDGE improves upon several pitfalls of the QuEChERS method, 
such as waste generation and multiple sample transfers, by utilizing 
Q-Cup Technology and automation. Based on the variety of matrices 
tested here, the method described here is likely applicable to other 
fruits and vegetables. The EDGE is the ideal choice for food testing 
laboratories that want to automate their pesticide extraction method.

CEM Corporation
3100 Smith Farm Road, Matthews, NC 28104

Tel. (800) 726-3331
Website: www.cem.com

Table I: Recovery Data from 10 g of Homogenized Cucumber, Tomato, and Green Pepper (extracted via the EDGE)

Pesticide Cucumber RSD Tomato RSD Green Pepper RSD

Methomyl 80.64% 10.52% 86.79% 5.34% 84.56% 1.83%

Aldicarb Sulfoxide 88.41% 9.11% 92.89% 4.05% 87.50% 9.16%

Monocrotophos 94.65% 13.17% 91.89% 3.61% 93.92% 13.88%

Dimethoate 80.31% 3.80% 89.54% 3.54% 92.60% 10.26%

Pirimicarb 74.80% 11.75% 87.87% 6.82% 76.23% 9.61%

Paclobutrazol 84.34% 4.20% 83.51% 6.81% 72.90% 5.08%

Triticonazole 83.23% 5.56% 84.68% 5.43% 78.45% 5.79%

Etoxazole 81.53% 7.14% 83.23% 3.66% 73.30% 11.86%

Prochloraz 89.44% 6.10% 92.95% 4.65% 77.57% 8.82%

Spirodiclofen 87.52% 4.87% 89.65% 9.31% 77.74% 7.74%

http://www.cem.com
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MASS SPECTROMETRY

• Three times faster analysis of multiresidue pesticides in foods.  
• Simple setup using a factory-coupled, leak-free kit. 
• Ideal for fast GC–MS and GC–MS/MS methods.

Using a mass spectrometer as a gas chromatography (GC) detector 
has many advantages for compound identification and quantification, 
but there is another less-known benefit: speeding up analyses by 
using the mass spectrometry (MS) vacuum to lower pressure within 
the column. This technique, also known as “vacuum-outlet GC” or  

“low-pressure GC–MS” (LPGC–MS), can provide significant gains for 
fast GC–MS (1). For example, Figure 1 demonstrates that LPGC–MS 
using an LPGC column kit is three times faster than a conventional  
GC–MS analysis of multiresidue pesticides in food. Historically, the difficulty 
of making a manual leak-free connection has been a barrier to LPGC 
adoption but using a factory-connected kit makes leak-free installation 
simple and allows the speed gains of LPGC to be reliably achieved.

Why Use LPGC–MS for Fast GC–MS?
There are several options for fast GC–MS, so what makes LPGC–MS 
advantageous? For MS work, a 30 m × 0.25 mm column is usually used. 

This format generates about 120,000 theoretical plates, has optimum 
carrier gas flow rates within the MS vacuum pump capabilities, and can 
maintain positive inlet pressure, despite the vacuum at the end of the 
column. Here is a comparison of several common fast GC strategies to the 
LPGC–MS approach used in Figure 1:
1. A Shorter, Narrower Column
A 10 m × 0.10 mm column has similar efficiency (plate number)  
and resolving power to a 30 m × 0.25 mm column. But this format has 
very low column capacity, so low concentrations or injection volumes must 
be used to avoid peak distortion.
2. A 30 m × 0.25 mm Column Run at a Higher Flow
Increasing the flow rate is the easiest way to reduce analysis time.  
But, to get the 3× faster analysis shown in Figure 1, a flow of approximately 
12 mL/min is needed. This requires an inlet pressure of approximately 
63 psi, which is problematic for injection, MS data acquisition rate, and 
MS pump capacity.
3. A 10 m × 0.25 mm Column Run at Optimal Carrier Gas Flow Rate
A 3× shorter column has about 40,000 theoretical plates and should 
speed up analysis by 3–4×, but the inlet pressure required for this 
scenario is about 0.35 psi, which is very difficult to control. At such 

LPGC–MS Speeds Up Analyses Using the MS Vacuum
Jaap de Zeeuw and Jana Hepner, Restek Corporation

TIC: LPGC Column Kit and Method

8.3 min

TIC: Conventional GC-MS Column and Method:
(30 m, 0.25 mm ID, 0.25 µm Rxi-5ms)

26.3 min

Last Peak Elutes
3X Faster with

LPGC-MS

XIC

6.55 6.60 6.65 6.70 6.75 6.80 6.85 6.90

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

4 6 8 10 12 14 16 18 20 22 24 26
Time (min)

Figure 1: Compared to a conventional setup, this LPGC–MS analysis of pesticides in food is 3× faster, even though a lower efficiency column 
is used. Sensitivity may be higher because the increased linear velocity creates taller, narrower peaks. Note that even closely eluted peaks can still 
usually be resolved by MS.

http://www.restek.com
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pressures, split injection is a challenge, column trimming is barely possible 
because it affects pressure, and extremely narrow peak widths make MS 
data acquisition challenging.
4. An LPGC Column Kit
An LPGC column kit consists of a 15 m × 0.53 mm analytical column that 
is factory coupled to a 5 m × 0.18 mm restrictor column. This configuration 
produces about 30,000 theoretical plates and can be operated at standard 
flow rates of about 2 mL/min. Optimal carrier gas linear velocities are very 
high because of the vacuum inside the 0.53 mm i.d. analytical column. 
This results in very short analysis times (typically 3× faster compared to 
a 30 m × 0.25 mm column). Peak widths are 1.5–2 s, which is broad 
enough for MS data acquisition. In addition, the 0.53 mm column has 
high capacity due to the 1 µm Rtx-5ms film.

How It Works
LPGC–MS speeds up analysis by using the MS vacuum, along with a spe-
cially designed column setup, to lower pressure inside the entire column. 
As Figure 2 illustrates, a 0.53 mm analytical column is inserted directly into 
the MS system. A flow restrictor is used on the GC inlet side; this allows 
low pressure to be maintained throughout the 0.53 mm analytical column. 
The reason an LPGC column kit makes this technique easier is because 
it provides a robust, zero-dead-volume, factory coupling of the necessary 
restrictor column and the recommended analytical column (which also 
includes an integrated transfer line). The LPGC column kit has been spe-
cifically designed to install easily, and each one is tested to ensure leak-free 
performance, meaning the setup for LPGC–MS is now essentially as easy as 
changing a column.

Implementation Considerations
Although the LPGC column kit makes the technique’s physical setup 
much simpler and more reliable than manual connections, some method 
development time is still required when translating a conventional 
method. This includes setting the column dimensions (restrictor column 
only) in the GC software and adjusting the oven ramp and flow rate 
as necessary. Online method translation calculators should not be 
used because they do not allow you to directly calculate new method 
conditions for low-pressure GC. Although some method development 
work is necessary when implementing LPGC, the significant increase in 
sample throughput makes it a worthwhile investment.

Reference
(1) S.J. Lehotay, J. de Zeeuw, Y. Sapozhnikova, N. Michlig, J. Rousova Hepner, and J.D. 

Konschnik, LCGC North Am. 38, 457–466 (2020).

Restek Corporation
110 Benner Circle, Bellefonte, Pennsylvania 16823, USA

Tel. 1 (814) 353 1300
Website: www.restek.com

Restrictor Column
The 5 m long, 0.18 mm ID deactivated restrictor
column allows head pressure to be maintained
in the GC inlet while pressure in the anayltical
column is reduced by the MS vacuum.

Gas Chromatograph (GC) with
Fast Oven Ramping Capability

Pre-Connected, Leak-Free
Column Connector
This insert, zero-dead-volume
connector is installed at Restek using
specialized tools and then tested to
ensure leak-free performance.

Analytical Column
15 m long, 0.53 mm ID capillary column
coated with 1 µm Rtx-5ms stationary phase.
These speci�cally chosen column dimensions
allow the MS vacuum to lower the pressure 
throughout the entire length of the
analytical column.

Integrated Transfer Line Column
1 m length of deactivated, uncoated 0.53 mm
ID capillary tubing extending past the 15 m
coated analytical column section. Housed
in the same, unbroken length of tubing,
no connector is needed between the transfer
line and analytical column.

MS Transfer Line
Mass Spectrometer
(and its vacuum pumps)

GC Oven

GC
Inlet

Figure 2: How low-pressure GC–MS with an LPGC column kit works.

http://www.restek.com
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PHARMACEUTICAL/DRUG DISCOVERY

Monoclonal antibodies (mAbs) are effective therapeutics for 
cancers, auto-immune diseases, viral infections, and other diseases.  
Recent developments in antibody therapeutics aim to add more 
specific binding regions (bi- and multi-specificity) to increase their 
effectiveness and/or to downsize the molecule to the specific binding 
regions (for example, scFv or Fab fragment) to achieve better penetration 
of the tissue. As the molecule gets more complex, the possible high 
and low molecular weight (H/LMW) impurities become more complex, 
too. In order to accurately analyze the various species, more advanced 
detection than ultraviolet (UV) is required to characterize a mAb sample.

Multi-angle light scattering (MALS) is suited to determine the 
molecular weight of sample components to better understand 
molecule aggregation as well as fragmentation. MALS detects the light 
a molecule scatters if hit by a laser beam. The intensity of scattered 
light depends on its concentration and on its molecular weight. In this 
application note, we coupled the TSKgel® UP-SW3000-LS column 
and the LenS3® MALS detector for the analysis of a mAb standard.  
We demonstrate which data can be derived from adding MALS 
detection, how robust the method is, and which equipment is suited to 
easily integrate MALS detection into the mAb analysis workflow.

Experimental HPLC Conditions
To demonstrate the benefits of MALS detection combined with 
size-exclusion analysis of a monoclonal antibody, we employed 

a reference mAb and a universal method for separation as 
described below. Adaptations were required to optimize MALS 
data quality because light scattering is more sensitive for 
particles such as salt crystals, microbes, or column shedding 
than UV detection. The mobile phase was filtered twice, and 
a light-scattering dedicated UHPLC column (TSKgel UP-
SW3000-LS) was employed. The TSKgel UP-SW3000-LS 
column had previously proven the lowest noise levels in 
comparison to two other columns. The LenS3 MALS detector 
was selected for its high sensitivity to achieve characterization of  
low-abundance impurities.

Column:   TSKgel UP-SW3000-LS, 2 μm, 
  4.6 mm ID × 30 cm 
Mobile phase:  100 mmol/L phosphate buffer, pH 6.7,
  100 mmol/L, Na2SO4 (filtered twice using a
  0.1 μm pore size PES vacuum filter)
Flow rate:   0.35 mL/min
Detection:  UV-absorbance @ 280 nm, multi-angle light
  scattering with LenS3 (RALS for MW)
Injection vol.:  10 μL
Sample:   SILu™ Lite SigmaMAb (1 mg/mL), IgG1 
  mAb standard (Sigma #MSQC4)
Instrument:  Thermo Scientific™ Vanquish™ UHPLC

SEC-MALS of Antibody Therapeutics—A Robust 
Method for In-Depth Sample Characterization
 Tosoh Bioscience
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Figure 1: Molecular weight determination of high- and low-molecular weight impurities of mAbs.
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Results
Molecular Weight Determination of High- and  
Low-Molecular Weight Impurities of mAbs
To analyze the molecular weight (MW) profile of the antibody sample, 
the system was first calibrated with BSA. A solution of 1 mg/mL was 
analyzed according to the method described above and the monomer 
peak was selected to calibrate the system. Calibration corrects for signal 
offset and band broadening due to dead volume between the detectors, 
and it determines the UV and MALS response factors, as well as the 
normalization factors of the MALS detector.

The mAb sample was analyzed with UV absorbance at 280 nm and 
MALS. The UV trace (Figure 1, yellow) shows a monomer peak eluted 
at 7.6 min, high MW impurities eluted around 6.6 min, and two low MW 
impurities, one eluted at 7.9 min, another at 9.2 min.

Employing the concentration calculated from the UV signal (extinction 
coefficient = 1.5 mL/mg) and the right angle light scattering signal (RALS), 
the MW (green) for the identified species was calculated in the SECview® 
software. The MW of the monomer was determined to be 148.8 kDa, 
which is in line with the weight of the antibody without modifications  
(146 kDa) plus glycosylation modifications. The HMW species eluted at 
6.6 min was calculated to have 290.3 kDa, indicative of a mAb dimer. 
One of the LMW impurities was 122.4 kDa which may be assigned to a 
mAb missing a light chain, and the smallest peak is 48.7 kDa, the weight 
of the Fab fragment or two aggregated light chains.

Sensitivity and Robustness of SEC-MALS Analysis of mAbs
Next, the stability and sensitivity of SEC–MALS analysis of mAbs were 
determined by injecting triplicates of a 1:5 serial dilution of the mAb 
sample. Table I shows the MW determination of monomer, dimer, and 
fragment at the different concentrations that were injected. As these 
molecules are present in the sample at different weight ratios, the 
injected amounts of each of them at the given total protein concentration 
were calculated and are outlined as well.

For the monomer, we find a MW determination within +/-5% of the 
expected MW (149 kDa) for a sample as small as 14 ng. However, the 
accuracy decreases, and the standard deviation increases with decreasing 

amounts of the analyte. A similar trend is seen for the MW determination of 
the dimer. The lowest amount injected was 12 ng which led to a calculated 
MW of 317 kDa (+6 %) and a high variation of 6.3%. In contrast, at 
higher concentrations, the determination for the dimer MW was accurate  
(< 2% deviation from expected value) with a low coefficient of variation  
(% CV < 1.1 %). Similarly, the small Fab fragment (48 kDa) shows reliable 
MW determination down to 33 ng, whereas the lowest injected amount 
of 7 ng results in poor MW determination and high variations in triplicate 
measurements. This is explained not only by the low analyte amount but 
also by the lower amount of scattered light of smaller molecules.

Conclusion
Analyzing monoclonal antibody samples with SEC-MALS directly 
determines the MW of sample components. This facilitates the 
assignment of peaks to the structures of impurities. Employing the 
sensitive LenS3 MALS detector, the method is sensitive down to less 
than 50 ng of dimerized antibody. MW determination of monomer and 
impurities are possible at concentrations down to 15 ng but with less 
accuracy and higher variation.

TSKgel and Tosoh Bioscience are registered trademarks of Tosoh Corporation.

LenS is a registered trademark of Tosoh Bioscience LLC in the USA, India, and Japan.

SECview is a registered trademark of Tosoh Bioscience LLC in the USA, EU, and India; and 

of Tosoh Corporation in Japan.

SILu is a trademark of Sigma-Aldrich.

Thermo Fisher and Vanquish are trademarks of Thermo Fisher Scientific.

Tosoh Bioscience LLC
3604 Horizon Drive, Suite 100, King of Prussia, PA 19406

Tel. (484) 805-1219, fax (484) 805-1277
Website: www.tosohbioscience.com

Table I: Robustness and sensitivity of triplicate mAb MW determinations with SEC–MALS

Total protein con-
centration (μg/mL)

Weight fraction
Protein injected 

(ng)
Average MW by 

RALS (Da)
Standard deviation 

(Da)
% CV

Monomer (149 kDa)

1000

85.9%

8590 150,360 64 0.04

200 1718 149,711 39 0.03

40 344 149,681 280 0.2

8 69 153,420 1,124 0.7

1.6 14 142,839 4,562 3.2

Dimer (298 kDa)

1000

2.9%

288 295,265 3,067 1.0

200 58 302,324 2,399 0.8

40 12 316,672 20,025 6.3

Fragment (48 kDa)

1000

1.7%

166 47,158 243 0.5

200 33 48,348 175 4.5

40 60,079 11,311 18.8

http://www.tosohbioscience.com



