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Editorial
dear reader
Dear reader, welcome to the second issue of the Tosoh Bioscience customer magazine. 
The motto of this issue is science –  service – solutions. It is featuring some aspects of 
the scientific or technological background of our products for liquid chromatography. 
These topics are presented by the members of the Tosoh Bioscience technical sup-
port group. Three technical specialists, Dr. Werner Conze, Volker Noedinger and Achim 
Sprauer are covering the technical support for HPLC columns and process resins. The 
technical group, headed by P.D. Dr. Egbert Mueller, located in Stuttgart, Germany, of-
fers technical support on the phone, by mail, in workshops, on customer site or at one 
of our tradeshow booths e.g. at the upcoming event HPLC 2009.

The HPLC application of this issue, the combination of non-denaturing HPLC modes 
like SEC with biochemical detection, was established at the Westfälische Wilhelms-
University of Münster by Nils Helge Schebb, group member of Professor Dr. Uwe Karst. 
The group of Professor Karst is highly respected in the field of analytical chemistry, not 
only for the high quality of scientific output, but also for the perfect organisation of ISC 
2008 and other conferences in Münster.

If you would like to read more about our products, search our application data- 
base or contact the technical support group, we invite you to discover our website: 
www.tosohbioscience.com. The website has been relaunched this year with a new lay-
out and extended content. 

Enjoy reading and stay informed. 

Regina Roemling | Marketing Manager 

Tosoh Bioscience GmbH
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      TSK-GEL HILIC Columns: Hydrophilic interaction liquid chromato-
graphy [HILIC] is the method of choice for the separation of very polar 
compounds. The TSKgel Amide-80 series is the industrial standard for 
the separation of Glycans by HILIC or HILIC-MS. Now, Tosoh Bioscience 
developed a new, robust amino phase: TSKgel NH2-100. The new amino 
columns expand the selectivity range of TSK-GEL HILIC solutions. It is 
well suited for all separations requiring amino functional groups. In con-
trast to many other amino phases the new column offers expanded sta-
bility under HILIC conditions. The new amino type HILIC phase is based 
on a 3 µm silica particle with 100 Å pores, which is treated with a pro-
prietary endcapping procedure. Amino groups are introduced step wisely 
after endcapping and act as HILIC functional groups. Due to a high ligand 
density and large surface area TSKgel NH2-100V 3 µm columns show 
high retention for very polar compounds. For a comprehensive overview 
about the features of HILIC phases and applications the new brochure on 
TSK-GEL HILIC columns is available.

      TSK-GEL IEX Columns: TSK-GEL STAT ion exchange columns, intro-
duced in autumn 2008 turned out to be a very well accepted alternative to 
conventional or monolithic ion exchange columns currently used in quality 
control of biopharmaceuticals. The TSK-GEL STAT series comprises anion 
[quaternary ammonium] and cation exchange columns [carboxy & sulfo]. 
Dimensions and particle sizes are optimized either for highest throughput 
or for highest efficiency. Especially the 10 cm long high efficiency cation 
exchange columns [SP-STAT & CM-STAT] convinced users by offering at 
shorter analysis times a resolution similar to established methods. The 
first QC methods on TSK-GEL STAT columns are already under validation.

     Read more about TSK-GEL columns on 

www.separations.eu.tosohbioscience.com / Products /HPLCColumns

NEW PRODUCTS
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WHAT’S 
NEW   
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     RESOLUTION AND ANALYSIS TIME FOR FIVE ANTIBODIES ON TSK-GEL CM-

STAT AND A COMPETITIVE WCX COLUMN.  A: TSKgel CM-STAT 7 µm, 4.6 mm ID x 

10 cm L;  B: Competitor WCX, 10 µm  4.0 mm ID x 25 cm L

     COMPARISON OF SELECTIVITY: ANALYSIS OF WATER SOLUBLE VITAMINS 

ON TSK-GEL AMIDE-80 AND TSK-GEL NH2-100

1 = Nicotinamide | 2 = Vitamin B2 | 3 = Pyridoxine | 4 = Nicotinic acid | 5 = Vitamin C |  

6 = Vitamin B1 | 7 = Vitamin B12

Recently Tosoh Bioscience introduced several new, innovative TSK-GEL HPLC columns for the analysis of biomole-

cules. These columns expand the product range for hydrophilic interaction liquid chromatography [HILIC] and ion 

exchange chromatography [IEC] mode, respectively. 
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Natural sources like plant extracts are an almost unlimited pool of phar-
macologically active compounds. Due to the complex nature of these 
samples, the identification and isolation of the individual active ingre-
dients is a laborious task. Today, powerful LC- or LC/MS-based methods 
allow rapid screening of highly complex samples. However, it is still ne-
cessary to identify the active molecules among all separated compounds. 
A novel HPLC based method delivering both, separation of compounds 
and detection of biological activity facilitates the direct identification of 
active ingredients in biological samples.

In this approach, HPLC is directly coupled to continuous-flow reactor ser-
ving as a BCD system as shown below. The biological activity is directly 
observed on-line after LC separation, allowing immediate identification of 
active fractions. Non-denaturing separation techniques as size exclusion 
chromatography (SEC) were applied to screen for enzymatic activities of 
proteases in complex mixtures. First, active samples were identified in a 
multi-substrate assay monitoring the conversion of eight substrates in 
multiple reaction monitoring in parallel within 60 seconds. Hereby, the 
product patterns are investigated and the suitable peptide as substrate 
for BCD analysis is selected. Subsequently, the active proteases are se-
parated by SEC on a TSKgel G2000SWXL column and identified online 
in the continuous-flow reactor at 40°C. For biochemical detection, the se-
lected p-nitroaniline (pNA) labelled peptide is added post-column. Eluting 
proteases cleave the peptide under release of the coloured pNA, which is 
detected at 405 nm with a second UV detector. 

The developed method was thoroughly characterized with the model pro-
teases trypsin and chymotrypsin. For trypsin, a limit of detection of 0.1U/
ml, corresponding to an injected amount of 0.4 ng protein (~18 fmol) was 
achieved. The method was also applied to analyze the proteases of pit 
viper venom and of a pathogenic amoeba. In both samples, fractions with 
proteolytic activity were identified. The chromatograms show the UV and 
BCD trace after SEC separation of the crude venom of the pit viper Bo-
throps moojeni. The arrow indicates the active fraction in the UV signal.

The BCD method allows the direct identification of bioactive fractions, 
which can be directly collected for further characterization of the con-
tained enzymes.

     Authors: Nils Helge Schebb & Uwe Karst, Institute of Inorganic and 

	A nalytical Chemistry, University of MÜnster, Germany

     Reference: : N. H. Schebb | T. Vielhaber | A. Jousset & U. Karst | 

	 J. Chromatogr. A [2009] 1216: 4407-4415

     Contact for customer applications at Tosoh Bioscience: 

		R egina ROEmling [Marketing Manager]

Identification of proteases in crude mixtures 
by combining an ESI-MS/MS based assay and 
SEC with biochemical detection
A new HPLC based methodology for the detection and isolation of proteases in complex mixtures has been develo-

ped at the Institute of Inorganic and Analytical Chemistry at the University of Münster/Germany. It combines the 

characterization of crude samples by electrospray tandem mass spectrometry (ESI-MS/MS) in a multi-substrate 

assay and the differentiated sensitive detection of the responsible enzymes by means of liquid chromatography 

hyphenated online to a biochemical detector (BCD). 
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CUSTOMER  
APPLICATION 
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     HPLC-BCD ANALYSIS OF SNAKE VENOM:  UV [280 nm, grey] and BCD [405 

nm, red]  chromatograms obtained for the crude samples [1 mg/ml] 

after SEC with subsequent UV and BCD detection.

     HPLC-BCD SYSTEM:  The proteins are separated under non-denatu-

ring conditions by size exclusion chromatography [SEC]. After UV- 

detection [280 nm], the eluent is mixed with the substrate solution  

delivered by a superloop. In the following reaction coil, the substrate 

is converted to the product as monitored by UV/VIS absorbance detec-

tion at 405 nm.
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ENHANCING COLUMN LIFETIME IN AQUEOUS SIZE  
EXLUSION CHROMATOGRAPHY 

A frequently observed problem in SEC of proteins is their tendency to 
stick to the column matrix. This is leading to abnormal chromatograms 
and poor recovery and will finally shorten the lifetime of the column as 
well. Various approaches have been proposed to reduce non-specific bin-
ding of proteins to the stationary phase. Applying high ionic strength by 
using NaCl or phosphate at high concentrations is one option to reduce 
electrostatic interactions between protein and column matrix. The draw-
back of this approach is an increase in hydrophobic interaction, which 
may cause either non-specific adsorption to the column matrix or prote-
in aggregation. The addition of urea or organic modifiers to the mobile 
phase inhibits hydrophobic interactions, but at the same time it increases 
ionic interactions.

Arginine has the ability to disrupt weak non-specific protein-protein in-
teractions. It is often used as an additive assisting in protein refolding and 
solubilisation, suppression of protein aggregation and dissociation of 
antibodies from protein A. An aqueous arginine solution suppresses 
non-specific interactions between proteins and silica- or polysaccharide-
matrices of SEC columns as well. The chromatogram below shows the 
separation of a common protein standard on a TSKgel G3000-SWXL co-
lumn performed with 0.2 M arginine in 0.1 M PBS [red] compared to the 
same separation in 0.1 M PBS only [grey]. In addition to the suppression 
of non-specific binding of proteins to the stationary phase even slight 
increases in resolution and theoretical plates is achieved when adding 
arginine. 

Arginine is able to suppress both ionic and hydrophobic interactions. 
Hence the lifetime of SEC columns will improve when applying arginine 
containing mobile phases. Adding 0.2 M arginine to the mobile phase 
was found to be sufficient to improve separation of various proteins and 
their soluble aggregates on a TSKgel G3000SWXL SEC column*.

Another recommendation of our technical specialists in order to improve 
lifetime of SEC columns is to use guard columns to protect the analytical 
column from early degradation. In systems consisting of analytical and 
guard columns a loss in performance is often related mainly to the degra-
dation of the guard column. Hence, separation performance can often be 
retained after exchanging the guard column only. 

* DAISUKE E. ET AL. | J CHROMATOGR. A [2005] 1094 1-2: 49-55

     For HPLC column related technical support contact 

	  Dr. Werner Conze or Volker Noedinger 

	  mailto: techsupport.sep@tosoh.com 

  		  www.separations.eu.tosohbioscience.com/ServiceSupport/

	  TechSupport/MeetTheTechServiceTeam

Aqueous size exclusion chromatography [SEC] is one of the most frequently used techniques for analysis and 

quality control of proteins. Especially for therapeutic proteins a thorough characterization of the product by 

SEC and complementary methods is a prerequisite for clinical use and market approval. Our silica based TSK-GEL 

SWXL columns are the industry standard for HPLC separation of proteins by size exclusion chromatography.
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TIPS & 
ADVICE 
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     SEPARATION OF PROTEIN STANDARDS BY SEC

	  UV@280 nm, 0.2 M arginine in 0.1 M PBS [red], 0.1 M PBS [grey]
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The latest progress in GPC column technology was the invention of multi-
pore particle synthesis technology. Multipore stationary phases are used 
in GPC columns with extended linear calibration range. A linear molecular 
weight calibration curve can be obtained in three ways: [1] The simp-
lest way is to  couple different columns, each containing particles with 
distinct pore size distributions. It is inevitable that the resulting calibrati-
on curve will deviate from linearity between each pore size range, resul-
ting in irregularities in the chromatogram. [2] These irregularities occur 
less frequently in the case of  mixed-bed columns. Mixed-bed columns 
are prepared by mixing batches of particles each containing a narrow 
pore size distribution. However, inflection points in chromatograms can 
still arise due to a mismatch of pore sizes. [3] Inflection points are no 
longer observed with columns packed from particles prepared by multi-
pore technology. Using this proprietary technology, Tosoh can manufac-
ture particles containing a broad range of pore sizes. This innovative ap-
proach essentially creates a linear calibration curve within each particle.
Recently Tosoh Bioscience introduced the EcoSEC GPC system, the 7th 
generation of dedicated GPC instruments. This all-in-one system delivers 
top performance, reliability and superior results when coupled with TSK- 

GEL GPC or SEC columns. The columns of choice for use with the 
EcoSEC GPC system are referred to as semi-micro columns since their di- 
mensions are smaller than conventional GPC columns in terms of internal 
diameter as well as in length: 4.6 mm or 6 mm ID x 15 cm length versus 
7.8 mm ID x 30 cm L. Semi-micro column dimensions are advantageous 
in terms of shorter analysis time, lower solvent consumption and reduced 
solvent disposal cost. The EcoSEC GPC system is designed to achieve the-
se benefits. Other GPC systems must be optimized with respect to delay 
or dead volume. 

By integrating HPLC system design and semi-micro column dimensions 
with the innovative multipore particle synthesis technology the EcoSEC 
GPC system allows faster molecular weight determination at a lower cost 
per analysis.

     To learn more about EcoSEC, semi-micro GPC and multipore

technology visit our website  www.ecosec.eu

Semi Micro GPC and multipore technology: 
Fast polymer analysis at low costs
Tosoh has a long history in developing GPC technology. The first TSK-GEL HPLC columns ever, introduced in 1971, 

were GPC columns. The first GPC instruments were introduced in 1972. Ever since, Tosoh scientists have made im-

portant contributions to advances in polymer analysis by Gel Permeation Chromatography (GPC). 

06  
SIZE
MATTERS  

Large Pore Medium Pore Small Pore Multiple Pore Size

Pure packings
with multi-pore size distribution
[TSKgel MultiporeHXL column]

Blend [mixed bed]  packings
of different grades

[TSK-GEL GMH series]

Connect columns with
different grades of packings

[TSKgel G5000H+G4000H+G2000H]

Conventional Strategy New Strategy

     Strategies for SEC separation of polymers with wide molecular weight distribution
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The primary motivation for setting the specified maximum pressure limit 
for Toyopearl to 3 bar was in order to protect the chromatographic system 
[including column hardware]. Experimentally, the pressure drop across a 
column of typical length 20 cm, filled with Toyopearl M grade particles 
[40- 90 μm] usually does not reach 3 bars pressure, even at high linear 
flow velocities. To estimate the mechanical stability of a packed chroma-
tographic column, it is usual to record the pressure at various flow rates 
and so construct a pressure-flow curve. These curves are linear at low 
velocities but above a certain velocity, deviations from the linear pressure 
v. flow relationship occur up to the point where the resin fully collapses. 
The physical state of the particles at / near to collapse is not clearly under-
stood. In order to better understand and predict the stability of chromato-
graphic polymeric particles, the mechanical properties of single particles 
were characterized by a micromanipulation technique.
 
The principle of this technique is to compress single particles between two 
parallel surfaces in a micromanipulation rig as shown in the drawing. The 
force imposed on the particle and it’s deformation under compression are 
measured simultaneously in the following way: Single particles are placed 
on a glass slide and compressed between a probe connected to a force 
transducer and the glass slide. The slide is mounted onto the stage of an 
inverted microscope. Experimentally, 10–30 particles from each sample 
were compressed up to a particle deformation of minimum 70% in order 
to generate statistically representative data. 

     Micromanipulation rig 

[1] force transducer; [2] probe; [3] stepping motor; [4] data acquisition; 

[5] bottom-view microscope; [6] side-view microscope; [7] video recorder; 

[8] resin particle in water and [9] glass chamber

 

The table below shows the pressures that are required to cause irreversible 
deformation of the particles. For the highly cross-linked TSK-GEL particle, 
a deformation of more than 90% is possible before the point of irreversible 
deformation is reached. This physical testing also indicated that hydro-
phobic interaction chromatography resins are physically more stable than 
ion exchange resins. 

Resin	M ean particle 	I rreversible	C ompression

	 size [m]		 deformation [ID] 		  [%]	

				    [bar]				  
				  

TSK-GEL 		  20 		  290		  94

Phenyl-5PW 		   

Toyopearl 	 	 65 		  180		  81	

Butyl-650M	 					     	

Toyopearl 		  65 		  180		  70

DEAE-650M					     	

A mechanically stable particle is easier to pack and does not shrink or 
swell during the chromatographic cycle. As a consequence, the life time 
of a packed bed column is also a function of the mechanical stability of 
a resin. This study has shown the exceptional rigidity of the methacrylate 
base materials of TSK-GEL and Toyopearl resins. 

*E. Mueller | J.-T. Chung | Z. Zhang  & A. Sprauer | J. Chromatogr. A 

[2005] 1097 1-2: 116-123

     For more information about the practical use of Toyopearl and

TSK-GEL resins contact our technical specialists Achim Sprauer or

Volker NOEdinger at techsupport.sep@tosoh.com or register for one

of our chromatographic workshops.

 

The mechanical stability of Toyopearl and 
TSK-GEL particles
Chromatographic particles should not only possess desirable surface chemical properties but also good me-

chanical properties. The latter determine the deformation of the particles under hydrodynamic conditions of 

packed beds and further the pressure drop. Toyopearl and TSK-GEL resins for biopurification are made of polyme-

thacrylate, a very rigid polymer with proven excellent pressure flow characteristics. Tosoh is frequently asked, 

“what is the maximum pressure that can be applied to Toyopearl resins without any irreversible damage.” In col-

laboration with the University of Birmingham [UK] we identified the pressure that is necessary to irreversibly 

deform a single Toyopearl or TSK-GEL particle*. 

07  
How far 
can you go?
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6th HIC/RPC Bioseparation Conference 2009

Meet Tosoh BIOSCIENCE at Tradeshows and conferences or join one of our renowned Workshops  

upcoming events

     June 	 22	 - 	 24  	 |  2009	      16th Arbeitstagung Mikromethoden in der Proteinchemie | Martinsried [Germany]

     June 	 28 	 - 	 July 2 	 |  2009	      HPLC 2009 | Dresden [Germany]

     Aug.	 30	 - 	 Sep.  4 	 |  2009	      IMSC 2009 | Bremen [Germany]

     Oct. 	  6	 - 	 8  	 |  2009	      Biotechnica 2009 | Hanover [Germany]

     Nov. 	  8 	 - 	 10  	 |  2009	      20th Joint Glycobiology Meeting | Cologne [Germany]

     NOV. 	  9 	 - 	 10  	 |  2009	      Novia HPLC Tage 2009  | Frankfurt [Germany]

trainings | Workshops

  	 June 	 16	 -	 17  	 |  2009	    	Chromatography in Process Development & Production  |  Advanced Course  |  Stuttgart [Germany]
  	 June      23	 -	  25            |  2009          	Chromatography in Process Development & Production  |  Basic Courses  |  Stuttgart [Germany]
  	 July 	 7	 -	   9             |  2009
  	 July 	 14	 -	 16  	 |  2009	

news & Events | Meet Tosoh Bioscience   

08  
CONFERENCE
REVIEW

In the previous issue of this magazine we announced the 6th HIC/RPC Bioseparation Conference which was held 

from March 15-19, 2009 at the Silverado Resort in Napa, California. The scientific program covered both, fundamen-

tal science/engineering and important industrial advances and applications. 

Internationally recognized speakers from academia and industry provided 
insights into their expertise in the area of hydrophobic interaction, re-
versed phase and mixed mode chromatographic purification steps as well 
as a range of related new technologies. A round table discussion of the 
scientific committee members addressed latest trends in HIC and mixed 
mode chromatography. This time the scientific committee was headed by 
Steven M. Cramer, Rensselaer Polytechnic Institute. The Journal of Chro-
matography A will publish a special edition on the conference. 

In addition to the scientific program the conference offered several op-
portunities to network with colleagues and expanding the industry’s 
knowledge base on hydrophobic techniques for process purification. The 
Californian landscape, the beautiful conference venue, tasty meals and 
famous Californian wines further contributed to making this conference 
an unforgettable event for all participants. Tosoh Bioscience is the sole 
sponsor of this conference series and provides support for logistics and 
organisation for the scientific committee. The biannual HIC/RPC Biosepa-
ration Conference series alternates between Europe and the US. The 7th 
HIC/RPC Bioseparation Conference will be organized by Tosoh Bioscience 
GmbH and will take place in Estoril, Portugal, from 21-24 March 2011.

     The conference website www.hic-rpc.org will keep you updated

 


