












Table 1. Summary of Purifications of Six Human Erythrocyte Enzymes 

Lysate* Final 
Enzyme (l :2) Product 

Cata 1 ase Slope/mg = 0.053 Slope/mg = 2.72 

Carbonic Anhydrase 0.0009 uM/min/mg 1 .75 uM/min/mg 

G-6-P-OH 0.005 39.66 

HPRT 0.0024 23.33 

LOH 0.043 15.69 

Pyruvate Kinase 0.016 79.38 

* 

Overa 11 
Puri fi cati on 

51.3 

194.4 

7932.0 

9720.8 

364.9 

4961 .3 

Total protein of lysate based upon a hemoglobin concentration of 300 mg/ml 
of packed cells. (Reprinted by permission of Blood �~�t� 1121-1132, 1979). 

Analysis of the human erythrocyte membrane by two-dimensional electropho­
resis has been complicated by the aggregation of some membrane components 
(particularly spectrin and actin) when solubilized in SOS. Other cell 

types have been solubilized by SOS and the membranes subsequently mapped 

with excellent results (4, 13). These investigators showed that addition 
of an excess of nonionic detergent over SOS was required to be added to 

the sample prior to isoelectric focusing. Although this requirement held 

for the erythrocyte membrane, some aggregation of the spectrin-actin com­
plex frequently occurred resulting in both vertical and horizontal streak­
ing in our gels. The aggregation problem was not solved until we used the 

method of Harell and Morrison (8), which involved extensive heating of the 

sample. Figure 3 shows the results of our efforts to use this solubiliza­
tion procedure and apply it to the separation of erythrocyte membranes 
utilizing the ISO-OALT system. Many of the spots seen in the map can be 

directly related to the bands seen on conventional one-dimensional gels. 
A total of about 75 spots can be seen with only moderate loading of the 

sample. The broad diffuse region labeled band 3 in one-dimensional sys­
tems is also not well defined in the two-dimensional map, indicating as 
previously suggested, that band 3 is composed of a very heterogeneous 
population of protein units (2). 



390 

'. . .. -
A B 

.. - - .. -
~ - K! -

_ J - " . ~ -

• ••• -. 
·c D 

.. 
- . E F 

G 

Fig, 2. Sections from two-dimensional gels showing the protein subunit 
patterns of seven purified human erythrocyte soluble proteins. A, pyruvate 
kinase; B, catalase; C, glucose-6-phosphate dehydrogenase; 0, lactate 
dehydrogenase; E, hypoxanthine phosphoribosyltransferase; F, carbonic 
anhydrase ; G, actin . (Reprinted by permission of Blood 53, 1121-1132, 
1979). -

Erythrocyte spectrin is currently the focus of much attention because of 

its role in maintaining membrane shape, because it may contain the attach­

ment sites for membrane protein and interact with band 5 (erythrocyte actin), 

and because of its heterogeneity as determined by isoelectric focusing and 
N-terminal analyses (14, 15). Figure 4 shows the charge heterogeneity com­

monly seen in two-dimensional separations of this protein, One possible 

explanation for the lack of clearly defined resolution of spectrin is the 

lack of solubility at its isoelectric point in the focusing gel (15). 
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Fig. 3. Two-dimensional separation of human erythrocyte membrane proteins. 
Isoelectric focusing with ~ide range ampholytes (Brinkman 2-11) was from 
right to left and molecular weight separation from top to bottom. Numbers 
correspond to the designation of proteins in one-dimensional patterns as 
adopted by Fairbanks et al. (16). 
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Another possible explanation for the lack of resolution in the first dimen­

sion separation may be due to degradation caused by residual protease ac­

tivity inherent to the red cell membrane or from contaminating leukocytes. 

This problem is currently being investigated. 

Fig. 4. Two-dimensional separation of human erythrocyte spectrin. (Band 1) 

Conclusions 

This paper demonstrates the feasibility of using two~dimensional electro­

phoresis as an analytical method for mapping both the soluble and the mem­

brane bound proteins of the human erythrocyte. The resolution of these 

proteins obtained by this method extends the already valuable use of the 

human erythrocyte as a tool for the study of many metabolic disorders. 

Furthermore, the use of the lSO-DALT system, with its mu1tisample capabil­

ity, provides a method for the full utilization of the erythrocyte for 

genetic screening purposes. 
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