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ABSTRACT 

The continuous separation and purification of proteins by recycling isotachophoresis (RITP) is described. By operating the RITP 
fractionation process under counterflow conditions with immobilized sample zones, a configuration is available which allows the 
continuous feed of crude sample and withdrawal of the purified product. The concept is demonstrated by anionic RITP of bovine serum 
albumin (BSA) and by cationic RITP purification of ovalbumin (OVA) and lysozyme (LYSO) from a commercial OVA product 
containing LYSO and conalbumin as major proteinaceous impurities. For the OVA and LYSO purifications, continuous RITP 
provided a higher sample throughput and comparable product purity compared with batch RITP. In the BSA and LYSO separations 
the compounds to be purified established their isotachophoretic zones at the front of the sample stack, which represents the simplest 
example of continuous RITP operation. Continuous purification of OVA as a compound located at the rear of the isotachophoretic 
zone structure is more complex. With prolonged processing time the removal of proteinaceous impurities which accumulate in the front 
part of the cell, i.e. near the counterllow inlet, is required. Components which do not form their isotachophoretic zone at or near the 
edges of the zone structures can only be partially purified by continuous RITP. For such compounds a semi-continuous mode of 
operation in which sample infusion and the withdrawal of purified product are alternated is proposed. 

INTRODUCTION 

Recycling isotachophoresis (RITP) is a relatively 
new free fluid approach for preparative isotacho- 
phoresis (ITP) [l-6]. In this method the fluid flows 
rapidly through a narrow channel and the effluent 
from each channel is reinjected into the electropho- 
resis chamber through the corresponding input 
port. The residence time in the separation cell is of 
the order of one second per single pass, which does 
not allow complete separation. Thus recycling is es- 
sential to attain a steady state. Immobilization of 
the advancing zone structure is obtained via a con- 
trolled counterflow. RITP has been shown to be an 
attractive purification method for egg white pro- 
teins [6]. 

between the leader and terminator [l-6]. This paper 
reports a continuous mode of operation in which 
the sample is continuously infused, the individual 
components come to rest at their appropriate posi- 
tion in an ITP stack held stationary by counterflow 
and a particular product of interest is steadily with- 
drawn from the appropriate channel. 

MATERIALS AND METHODS 

Chemicals 

In its simplest implementation, RITP is used as a 
large-scale batch process with a specified amount of 
sample solution being injected near one end of the 
separation cell, at the location of the initial interface 

All chemicals used were of research grade purity. 
y-amino-n-butyric acid (GABA), 2-amino-2-meth- 
yl- 1,3-propanediol (ammediol) and /?-alanine were 
from Sigma (St. Louis, MO, USA). Bovine serum 
albumin (BSA) was purchased from Fluka (Buchs, 
Switzerland). Ovalbumin (OVA) from chicken egg 
(5 x crystallized, lot No. 11840/D8) and tetrapro- 
pylammonium bromide (TPAB) were from Serva 
(Heidelberg, Germany). Potassium acetate, formic 

0021-9673/92/$05.00 0 1992 Elsevier Science Publishers B.V. All rights reserved 

















RITP OF PROTEINS 

edge compound would be another, but two-stage, 
approach worth considering. 

The investigated purification of LYSO (about 40 
mg/h) and OVA (about 500 mg/h) from a commer- 
cial OVA sample show the capability of using RITP 
to continuously isolate a minor component (here 
approximately 3% of the protein content) and puri- 
fy a major sample constituent, respectively. With- 
out the optimization of the various running param- 
eters, the purities of the products were determined 
to be equal and the achieved throughputs were 
higher than those obtained in batch mode operation 
[6]. Scaling-up of the procedure to even higher 
throughputs and full automation of the continuous 
process are currently being studied. 
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