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ABSTRACT 

The partitioning of rat reticulocytes in poly(ethylene glycol) (PEG)-dextran two-phase systems increases into the PEG-rich top phase 
when the cells are incubated with transferrin covalently modified with monomethoxy-PEG (MPEG-transferrin) prior to partitioning. 
Two observations support the suggestion that such an increase in top-phase partitioning is due to the specific interaction of the 
MPEG-transferrin conjugate with the transferrin receptor on the surface of the reticulocyte: first, the MPEG-transferrin conjugate 
competes with [‘a51]transferrin for the transferrin receptor on reticulocytes (K, = 6.28 . lo6 1 mol-I); and second, the MPEG-modified 
transferrin is unable to change the partitioning of rat erythrocytes, cells lacking the transferrin receptor. This example illustrates the 
feasibility of manipulating the partitioning of a selected cell population when ligand-receptor interactions are exploited. The increase in 
the partitioning of the reticulocytes takes place within a narrow range of MPEG-transferrin bound per cell, viz., 10.2-l 1.3 fg per cell. 
The latter range corresponds to ca. 80 000-89 000 molecules of MPEG-transferrin bound per cell. 

INTRODUCTION 

The partitioning of cells in poly(ethylene glycol) 
(PEG)-dextran aqueous two-phase systems can be 
specifically directed towards one of the phases by 
coating the cells with a ligand which partitions into 
that phase [l-3]. Several examples have demon- 
strated the feasibility of this affinity partitioning 
methodology for the extraction of a selected cell 
population into the PEG-rich top phase of a bi- 
phasic system in which the bulk cells partition into 
the interface [4-91. Complete separation of artificial 
mixtures of red blood cells from two species has been 
achieved by multiple extractions with the counter- 
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current distribution procedure [4-6]. This affmity 
cell partitioning technique has been demonstrated to 
distinguish cells on the basis of the expression of the 
target protein on their surface [7]. Strategies for 
isolating cells present at low abundance (1%) have 
been identified [9]. In all these examples the ligands 
were antibodies raised against one or several pro- 
teins on the surface of the targets cells. The anti- 
bodies were covalently linked to monomethoxy- 
PEG (MPEG) to produce MPEG-antibody conju- 
gates with high partitioning into the PEG-rich 
phase. More recently, soluble metal-chelate-PEG 
conjugates have been used to increase the parti- 
tioning of erythrocytes from different species [lo]. 

Ligand-receptor interactions, however, have not 
been exploited to manipulate the partitioning be- 
haviour of a selected cell population. A positive 
selection of cells in the top phase of the biphasic 
system by using a natural ligand might have advan- 
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ferrin receptor because first, the increased parti- 
tioning only takes place with the cells expressing the 
receptor, and second, the MPEG-transferrin conju- 
gate retains affinity for the receptor. 

The reduced affinity of the MPEG-transferrin 
conjugate for the transferrin receptor was not un- 
expected, although its molecular basis is unclear. It 
is well established that the covalently linkage of 
MPEG to enzymes leads to a severe reduction in 
their activity, presumably by preventing the forma- 
tion of the substrate-enzyme complex owing to 
steric hindrance [19-211. It is also known that the 
apparent binding activity of a monoclonal anti- 
rabbit Fc fragment antibody is considerably de- 
creased when PEG-1900 is covalently attached to 
the molecule [22], but this is the first study in which 
the affinity of the protein for its receptor after 
covalent linkage of MPEG is reported. 

Although these results demonstrate the principle 
of affinity cell partitioning, the experimental ap- 
proach adopted here does not provide the spectacu- 
lar increase in partitioning observed when MPEG-- 
antibodies were used instead of MPEG--transferrin 
[9]. In addition, with MPEG-antibodies the in- 
creased partitioning did not decrease at high concen- 
trations of the ligand [9]. The BSA added in a large 
excess to quench the unreacted TMPEG might be 
responsible for the reduction in partitioning of rat 
reticulocytes at concentrations of MPEG-transfer- 
rin of 2 pg per cell or higher. It is known that BSA 
partitions into the bottom phase of the biphasic 
system used in this study [14]. The cells coated with 
the BSA will then partition towards the bottom 
phase, thereby opposing the aftinity effect of the 
MPEG-transferrin. A decrease in the partitioning of 
liposomes with MPEG covalently linked to their 
surface has been observed when the liposomes were 
exposed to plasma, and this effect has been attri- 
buted to absorption of albumin to the lipid bilayer 
[23]. The number of transferrin receptors per reti- 
culocyte is much lower than the number of antigenic 
determinants per erythrocyte used for the immuno- 
affinity approach [9]. This difference might explain 
why the negative effect of BSA was not seen in the 
latter. 

The immediate alternative to quenching with BSA 
is the isolation of the MPEG--1igand from the excess 
of activated TMPEG. However, this is not a trivial 
issue, as the MPEG in the mixture interferes with the 
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resolution of chromatographic techniques such as 
gel filtration [24,25]. In addition, despite the low 
molecular weight of the MPEG, its exclusion radius 
is substantially greater than that of proteins of even 
greater molecular weight [26] and this complicates 
the use of other conventional molecular sieve meth- 
ods such as dialysis or ultrafiltration. Quenching 
with other small nucleophiles rather than BSA will 
affect the osmolarity of the preparation and then 
again isolation of the PEG-ligand conjugate will be 
required. These problems have not yet been re- 
solved. New chromatographic media incorporating 
PEG in the matrix [27] might help to isolate the 
PEG-transferrin conjugate from the reaction mix- 
ture (and this might increase the effectiveness of the 
ligand for affinity cell partitioning). 

To summarize, we have shown the feasibility of 
taking advantage of ligand-receptor interactions for 
affinity cell partitioning. Despite the drastic reduc- 
tion in the affinity of the MPEG-transferrin for the 
transferrin receptor, the MPEG-transferrin conju- 
gate can efficiently increase the partitioning of the 
reticulocyte. This model system has demonstrated 
the feasibility of using affinity cell partitioning to 
change the partitioning of a cell when about SO 000 
molecules of the PEG--1igand are attached to the 
surface. To optimize affinity cell partitioning fur- 
ther, suitable methodologies to produce individual 
MPEG-ligand conjugates free of spent TMPEG or 
quenching agent will be required. 
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