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Abstract

We successfully demonstrated membrane 

technology for the removal of enzymes from 

products in a pharmaceutical project. Techno-

economic assessment(TEA) shows compared to 

the conventional filtration, the membrane process 

can significantly reduce 74% of cycle time, and 

lower the cost of goods as the shorter ‘time in 

plant’ , and offer the ability to increase daily 

throughput without further capital investment. A 

scale-up study from 0.5 L to 25 L was conducted 

in the GMP Lab and  further confirmed the 

membrane performance at larger scale.
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• We identified a separation issue in the 

biocatalytic transamination reaction, where 

post-reaction removal of the enzyme catalyst 

is time-consuming and limits cycle time.

• Membrane could enable efficient 

enzyme/product separation based on the 

large size difference between enzyme (~40 

kDa) and the product (< 500 Da).

• Compared with conventional filtration, 

membrane filtration requires no filter aids, 

reduces fouling under cross-flow conditions, 

and can separate the enzyme without 

denaturation.

• Ultrafiltration (UF) is a low-pressure 

membrane process (1–10 bar) that separates 

components mainly by size exclusion.

• UF is widely applied in biopharmaceutical 

manufacturing for desalting, buffer exchange, 

and final product concentration.

• UF Membranes with pore sizes of 0.01–0.1 μm 

retain larger species such as enzymes, 

colloids, and microorganisms, while smaller 

molecules pass through.

Schematic of UF membrane separation: the UF membrane 

retains the Enzyme while allowing the much smaller product 

to pass through as permeate.

Membrane separation in real reaction mixture

Membrane selection

Conclusions

• RC ultrafiltration enabled effective enzyme 

separation with practical flux and high catalyst 

retention

• Good product yield can be optimized by 

concentration and diafiltration.
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(*) 30 kDa RC: Regenerated Cellulose; PVDF: Polyvinylidene Fluoride; 

PAN: Polyacrylonitrile
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Membrane flux during enzyme removal @4bar 

Operating pressure optimization

Pressure effects on the flux of RC membrane

30% DMSO/water presents key challenges for UF 

performance, including low flux due to higher 

viscosity, material compatibility issues, and 

increased membrane fouling.

Higher pressure increase the fouling tendency 

and doesn’t improve the flux.

• Proposed enzyme/product separation using UF

Two step (concentration+ diafiltration) operation to achieve 

high product yield while maintaining high product purity (ie. 

low enzyme leakage to product)

• Membrane concentration + 1 DV diafiltration 

feasibility study 

Cost of goods per batch (w/ plant rent); 

(*) others fee including filter aid, membrane, capital (amortised), labour, 

utilities (energy), disposal fee.

(**) The cost of goods of the process  only calculates the two filtration 

processes

Techno-economic assessment

Scale up (from 0.5 L to 25 L in GMP lab)

The type of membrane and applied pressure are 

kept the same, but the membrane area increases.
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Scheme of the transamination reaction.

UF can dramatically reduce the cycle time and CoGs

Enzyme

30% DMSO/H
2
O

Flow diagram of the conventional filtration and cross 

flow membrane filtration

The nature of enzyme affect the flux and the enzyme in 

the reaction mixture close to partially denatured state.

Flow scheme of UF membrane cassette for enzyme removal.

Flat sheet membrane (feasibility study) to UF membrane cassette

Membrane flux during the enzyme removal.
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