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Current Trends Downstream Processing

� Challenge of high titers in upstream processing

� Bottleneck in productivity of downstream process

� Increasing regulatory demands for process materials

� Maturing technologies � Lean, cost-effective processes

� Use of disposables and convenient solutions

Need for highly productive and reliable solutions

Need for higher productivity in chromatography !

Productivity = (capacity x recovery x purity)/ time
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High productivity resin can have high resolution
even at high flow rates
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DBC (10% breakthrough) of 
purified mAb03 at pH 9.5 at 2 
min residence time (CV = 1 ml)

� save costs by an up to 130 % 
more concentrated target

� reduce spendings on buffers
by up to 60 % smaller elution
volumes
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High productivity resin can provide sharp 
elution profiles
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� Base Matrix defines parameters such as:

• Mechanical stability
• Porosity (influenced by surface chemistry)
• Biocompatibility (influenced by surface chemistry)
• Chemical stability
• Ease of modification

� Surface Chemistry defines parameters such as:

• Capacity (together with porosity)
• Selectivity (influenced by base matrix)
• Biocompatibility
• Chemical stability

Influence of Base Matrix & Modification
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Fractogel ® EMD media- Reliable portfolio

Ion exchange
media

Hydrophobic
media

Affinity
media

Size exclusion
media

Fractogel® EMD TMAEHicap
Fractogel® EMD TMAE 
Fractogel® EMD DEAE 
Fractogel® EMD DMAE  
Fractogel® EMD SO-

3

Fractogel® EMD SE Hicap
Fractogel® EMD COO-

Fractogel® EMD Chelate
Fractogel® EMD Epoxy

Fractogel® EMD 
BioSEC

Fractogel® EMD Propyl
Fractogel® EMD Phenyl

Eshmuno TM S
Eshmuno TM Q

Merck process media based on 
tentacle technology...
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Antibody example:

Traditional resins bind biomolecules to active surfa ce 
groups. These might not be ideally positioned for m aximum 

capacity.
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Tentacles provide optimum exposure of functional gr oups 
while carefully engulfing the Biomolecules

for maximum capacity.
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Tentacle-type Ion Exchange Sorbents give
Flexibility for multi-point Interactions

� Ligands have to be presented in 
a flexible and easy accessible
way

� Tentacles IEX present the ionic
group along the tentacle
polymer

� The tentacle IEX-groups are
forming a three-dimensional ion
exchange network

� 20 years of experience in 
tentacle grafting technologies for
biochrom resinsBase bead matrix

Ionic tentacles

Proteins
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Eshmuno™ S - The smart resin

Active tentacle adsorption

� Ligand density changed; different charge distribution in graft polymer layer –
less repulsion between segments

� Longer ligands (analysed via SEC); thicker functionalised layer
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Combination of advanced tentacle technology and new  
base beads - Eshmuno™ ion exchangers

� Very hydrophilic vinylether
polymer beads

(Fractogel®: polymethylacrylate)

� No aggregates

� Mean particle size: 75-95 µm no shell
formation

� Good pore accessibility

� Mean pore size: 80 nm

� High rigidity due to high cross-linking level
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4 min 8 min 16 min2 min

Fractogel ® EMD SE Hicap (M)

Eshmuno™ S 

32 min

Fractogel ® EMD SO3 (M)

20 h

Batch adsorption of dyed mAb02 observed by CLSM at pH 5 

Doped tentacles show even higher antibody 
uptake rate 

Urmann et. al., Aug 2010, mAbs 2:4, 1-10. Landes Bioscience
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Comparison of static binding capacity under 
different pH values 

Urmann et. al., Aug 2010, mAbs 2:4, 1-10. Landes Bioscience

Fractogel®
EMD SO3

-

EshmunoTM S
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mAb02 DBC , 5% breakthrough, 4.3 mS/cm, pH 6.0, 
[mAb02] = 0.62 mg/ml, 5 min residence time, 
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Superior mAb binding capacity in direct capture

Urmann et. al., Aug 2010, mAbs 2:4, 1-10. Landes Bioscience
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Increasing ligand density

Increasing ligand density

DBC for BSA in 50 mM Tris/HCl pH 8.0 at 10% 
breakthrough.

Fractogel: 1 ml scout columns with 8 min 
residence time.

Eshmuno™ Q: column of 16 mm i.d. x 100 mm 
bed height at 1 min residence time

(for a 20 cm bed height column 8 min residence 
time  corresponds to a flow rate of 150 cm/h, 1 
min to 1200 cm/h).

� High binding capacity at high flow rates

High binding capacity for Eshmuno TM Q
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Excellent HCP removal in cell culture
supernatant

mAb02 HCP clearance factor , 5% mAb02 breakthrough, 
4.3 mS/cm, pH 6.0, [mAb02] = 0.62 mg/ml, 5 min resid ence time, 

1 ml Scout Column
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Urmann et. al., Aug 2010, mAbs 2:4, 1-10. Landes Bioscience
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High binding capacities for mAb
over a wide range of conductivities

DBC of mAb03 (3mg/ml) on EshmunoTM S, residence time 2 min, 
column 50mm L x 10mm i.d.) 
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Easy packing

� Flow packing Ö

� Axial compression packing Ö

� Packing in salt or buffer solutions Ö

� Packing in water Ö

� Packing in NaOH Ö

� Good column efficiency:

– plate numbers > 2500/m

– asymmetry 0.9 – 1.5

� In 10 & 20 cm diameter columns Ö

� 100 L (76 cm i.d.) column has successfully been packed Ö

� Packing protocols available Ö
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Excellent column efficiency achieved easily 
even when packed with water

Column demension: 200x90mm i.d. 8% 
compression

Packing method: axial compression in water

Flow rate: 100 cm/h

N/m =  16129; Asy = 0.935

Column demension: 200x200mm i.d. 8% 
compression

Packing method: Flow packing with water

Flow rate: 150 cm/h

N/m =  14925; Asy = 1.26
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Pressure vs Flow curve

* flow packed in 0.15 M NaCl, 20 cm bed height, 8 % compression
** flow packed in 0.01 M NaOH, 20.5 cm bed height, 10.5 % compression
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Scalability of new Eshmuno™ media

Operating range
Eshmuno™
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Fractogel®
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Eshmuno™ S: High resolution at 
high process load and fast elution
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Superior stability against acidic and alkaline
solutions

� High binding capacities after exposure to acidic and alkaline solutions

Static BSA binding capacity 
of Eshmuno™ Q after 
storage in 0.1 - 1.0 M 
sodium hydroxide or 1 M 
hydrochloric acid.
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Eshmuno™ Q is Stable selectivity against 0.1M 
NaOH solution

� Standard separation: 2.5 mg BSA + 

2 mg conalbumin in buffer A 

� Buffer A: 50 mM Tris/HCl pH 8.0, 

B: A plus 1 M NaCl pH 8.0

� Column: 16 mm i.d. x 100 mm 

10 % compression

� Elution: 0-100 % B in 8.5 CV

� Flow rate: 150 cm/h
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� Unchanged selectivity after 6 month exposure to 0.1 M NaOH
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Eshmuno™ Q is stable against 1.0 M HCl

Standard protein separation:

Conditions as given before.

� Unchanged selectivity after exposure to 1.0 M HCl
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100 Cycle Chromatographic Stability of Eshmuno S
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No changes even after 100 protein separation cycles (incl.  1 h CIP with 1 
M NaOH per cycle)

High cycle numbers (cycling study)
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Eshmuno™ S and Q - The Smart Resins

� S uperior productivity for biomolecule purification

� M ore selectivity & stability

� A ctive tentacle adsorption

� R obust and safe packing

� T angible savings in cost and development time

Eshmuno™ S strong cation exchanger

Eshmuno™ Q strong anion exchanger
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Eshmuno™ S and Q – main application areas

Fast and highly productive manufacturing processes

� Monoclonal antibodies

� Rec. proteins/peptides

� Blood plasma proteins

� DNA/plasmids

� Virus removal

� Vaccines
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Eshmuno™
Discover the SMART side of process economy
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