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ABSTRACT 

The resolution of continuous-flow electrophoretic separations is determined by the relative importance of the migration of the 
products and of the widening of the corresponding peaks, both of which depend on the operating conditions and on the chamber 
geometry. This paper provides a separation criterion that gives a relationship between these two parameters that should be obeyed for 
the products to be recovered pure at the outlet of the chamber. From previous theoretical work this criterion is expressed as a function 
of all the’operating conditions and of the chamber geometry. The theoretical calculations are first compared with experimental results 
for single protein samples. Both the theoretical and experimental results are found to be in good agreement in terms of migration and of 
peak width. The separation criterion is then further used for some model proteins in order to predict the conditions under which a 
complete separation could be achieved. Again, the experimental results for the separation of different proteins show that the conditions 
under which a total separation is achieved are very close to those expected from the calculations. 

INTRODUCTION 

Continuous-flow electrophoresis is a process that 
enables any products, such as proteins or cells, to be 
purified. This process has undergone considerable 
development owing to the possibility of converting 
electrophoresis, which is a high-resolution separa- 
tion method, from an analytical to a preparative 
scale. The separation is carried out in a thin-film 
flow of carrier buffer, into which the sample con- 
taining the species to be separated is continuously 
fed. Using an electric field in a direction perpendic- 
ular to that flow, the charged particles move as a 
combination of two main velocities, the carrier buf- 
fer flow velocity and the electrophoretic migration 
velocity. Particles having different electrophoretic 
mobilities should therefore have different trajecto- 
ries inside the chamber. Using a fraction collector at 
the outlet of the separation chamber, one can then 
recover the separated fractions. 

Unfortunately, the first trials dealing with the use 
of continuous-flow electrophoresis to purify biolog- 

ical products were very disappointing. The resolu- 
tion was found to be very poor compared with that 
which was expected from extrapolating the results 
obtained on an analytical scale. Among other re- 
sults, it was observed that increasing the operating 
conditions, e.g., the electric field or the residence of 
the products inside the electrophoretic chamber, 
does not necessarily lead to an improved separa- 
tion. Consequently, many theoretical studies have, 
been undertaken in order to investigate the different 
phenomena involved in that process, which could 
be responsible for the observed results. Such studies 
have dealt either with hydrodynamic and thermal 
problems [l-3] of with transport phenomena [4-S]. 

Very few experimental results have been publish- 
ed recently compared with the large amount of the- 
oretical work that has been done in the last few 
years. Most of them have dealt with the separation 
of cell suspensions [9-l I] or latex particles [l&13] 
and only few have concerned the purification of 
protein samples [6,14]. Moreover, usually it is very 
difficult to interpret or compare the results owing to 
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Fig. Il. Influence of electric field on the percentage of pure pro- 
tein. Operating conditions: as in Fig. IO. x = BSA: + = a-lac- 

talbumin. 

pure protein increases as the electric field is in- 
creased and reaches 100% at cu. 7000 V m-l. This 
is in good agreement with the theoretical predic- 
tions. Indeed, under these conditions, for which R/d 
was measured to be 0.3, eqn. 6 predicts that a total 
separation of these two proteins is reached as soon 
as the electric field exceeds 6500 V m-‘. 

CONCLUSION 

Any electrophoretic separation is based on the 
difference between the electrophoretic mobilities of 
the compounds concerned. When performed in the 
continuous-flow mode, the migration is generally 
accompanied by a widening of the corresponding 
peaks. In this work we have defined a separation 
criterion that gives a relationship between the mi- 
gration distance and the peak width that should be 
met for the products to be recovered pure at the 
outlet of the chamber. 

From previous theoretical work, we have used an 
analytical relationship that relates both the migra- 
tion distance and the peak width to the operating 
conditions and to the chamber geometry. In a first 
step an experimental study was carried out with sin- 
gle protein samples. It was found that in the range 
of operating conditions investigated both the mi- 
gration and the peak width follow linear variations 
with ET. Using an appropriate protocol, the elec- 
troosmotic mobility was estimated, thus making it 
possible to obtain the values of the electrophoretic 
mobilities of the proteins. For each set of conditions 
the value of R/d was measured using a previously 
developed visualization system. The experimental 
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results were then compared with the calculated val- 
ues and good agreement was obtained. 

In a second step, the separation criterion was 
used in order to predict the operating conditions to 
be used to perform separations of proteins of 
known mobilites. Again, the operating ranges for 
which a total separation was expected were found 
to be very close to those given by the experimental 
results. Under some operating conditions a total 
separation of BSA and a-lactalbumin, with a differ- 
ence in mobility of 3 . IO-” m2 V- ’ se ‘. was ob- 
tained. 

To achieve the purification of proteins of closer 
mobilities one has to operate either with more se- 
vere conditions, i.e., higher voltages or higher resi- 
dence times, or with lower values of R/d. When 
working under severer operating conditions, some 
other dispersive effects, e.g., convection or electro- 
hydrodynamic phenomena, can become predomin- 
ant. In that event no prediction can be made direct- 
ly from the results presented in this paper as the 
operating conditions were intentionally restricted to 
those making both convection and electrohydrody- 
namic phenomena negligible. On the other hand, 
whereas using lower values of R/d should improve 
the purity of the collected products, it will also re- 
sult in a decrease in the production rate, which is 
another important parameter to consider for this 
process to remain on the preparative scale. 

Further work will concern the choice of the most 
suitable compromise between production and puri- 
ty and the study of the purification of proteins from 
real protein mixtures. 
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