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Abstract

Background: Albumin, one of the most important plasma proteins, has a
difficult process of synthesis and production. We compared two different
methods for albumin purification: Carboxymethyl cellulose (CM cellulose)
resin exchange and Diethylaminoethyl cellulose (DEAE cellulose) resin
exchange in order to determine which resin could be more beneficial.
Materials and Methods: two ion exchange resins were used DEAE
cellulose resin and CM cellulose resin. All resins were recruited according to
the standard preparation protocol. The final results were analyzed using SDS-
PAGE technique.

Results: in DEAE Cellulose resin, nearly more than 75% of the
purified protein was albumin; while, in CM cellulose resin, more
than 90% was albumin.

Conclusion: albumin purification using CM cellulose resin is much more
efficacious compared to DEAE cellulose resin. Though significant laboratory
findings were demonstrated in this study, clinical studies are needed to
confirm clinical outcomes.
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Introduction

Albumin is a one of the most important plasma
proteins with essential roles in the perioperative
period and in patients undergoing anesthesia or in the
critical care setting; a number of well documented
roles are considered for albumin including:

e Carrier of proteins, hormones, vitamins, drugs
(including anesthetic drugs)

o Volume expander with oncotic properties

o Prevention of interstitial fluid accumulation due to
its oncotic properties(1-4)

However, synthesis and production of albumin

is not an easy task; it takes time and needs
sophisticated methods; often, mandating great
monetary fund (1, 5, 6). A number of methods have
been proposed to refine albumin from vital fluids,
including ion exchange chromatography. lon
exchange chromatography has a very potent property
to differentiate proteins with even one amino acid
difference (7).

In this study, we compared two different
methods for albumin purification: Carboxymethyl
cellulose (CM cellulose) resin exchange and
Diethylaminoethyl cellulose (DEAE cellulose) resin
exchange. The results were compared using SDS
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PAGE to determine the degree of albumin purity and
to assess which resin could be more beneficial (8-13).

Methods

Two ion exchange resins were used in this
study: Diethylaminoethyl cellulose (DEAE cellulose)
resin with CAS Number: 9013-34-7; particle size of
60-130 um; PubChem Substance ID 24894457,
source: Sigma-Aldrich Chemie GmbH, Germany (8-
10) and Sodium Carboxymethyl cellulose (CM
cellulose) resin with CAS Number: 9004-32-4;
average molecular weight of ~90,000; MDL number:
MFCDO00081472; source: Sigma-Aldrich, Saint Louis,
MO, USA (8-10). All resins were prepared and
recruited according to the standard preparation
protocol provided by the manufacturer.

Buffer preparation

Since the pH of buffer should be 1 unit
different from the product and also, the pH of serum
human albumin is in the range of 4.8-5.6; so, the pH
of DEAE cellulose resin should be above 6.6 and the
pH of CM cellulose resin should be below 3.8. It has
been demonstrated that the CM cellulose resin forms
insoluble complexes with serum albumin with a
maximum precipitation at pH 4-5 (9, 11).

For preparation of solutions, the following
steps were used:

e For DEAE cellulose bis-tris buffer or bis-tris
propane buffer with 20 molar concentration and ClI- as
its counter-ion are considered the best buffers;
however, we used tris buffer with 20 molar
concentration in pH of 7.6 and CI- as its counter-ion

e For CM cellulose resin, the best buffer is lactic
acid or formic acid buffer with 50 molar
concentration in pH of 3.6 and Na* as its counter-ion;
we used this preparation with formic acid
Determination of counterion concentration

For DEAE cellulose, the concentration of
counterion is 0.05 to 0.25 molar. So, five different
concentrations (0.05, 0.1, 0.15, 0.2 and 0.25 molar) of
tris buffers were created. Then, 0.5 milliliter of each
of these 5 buffers was added to 0.5 milliliter of DEAE
cellulose. Afterwards, 0.5 milliliter of plasma is added
and the resulting mixture was stirred by shaker to
create a suspension. The resulting suspension was
centrifuged for 5 minutes with 13000 rpm. Then, the
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extracted fluid was assessed for its protein content
using SDS-page to find out the exact concentration of
protein in which human serum albumin (HSA) was
attached to the resin; i.e. the starting concentration of
counterion; then, to find out the concentration in
which HSA was detached from the resin; i.e. the
concentration for counterion washout.

For CM cellulose the concentration of
counterion is 0.05 to 0.2 molar. The same process of
suspension production and washout which was
described above for DEAE cellulose was done for
CM cellulose by using 50mM formic acid for
producing 0.05, 0.1, 015 and 0.2 molar
concentrations.

For DEAE cellulose, starting buffer
concentration was 0.1 molar Chloride (CI°) solution in
order to disappear HAS. However, for CM cellulose
buffer, starting buffer concentration was 0.05 molar
Sodium (Na*) solution in order to disappear HAS.
Technique of albumin purification

First, the resin was washed with 3 fold of the
primary buffer volume. Each vial of resin contained
0.5ml of resin; so, at first, 0.5ml of tris buffer with
0.1M Cl-concentration was added to resin and mixed
with 2500 rpm shaker to create a suspension; then, the
yielding suspension was centrifuged for 5 minutes
with 1300 rpm to achieve the resin through the final
sediment. Again, the supernatant was removed and
the above centrifugation process was repeated.

After resin was prepared, the sample was
added in the following process:

e 0.5ml of the start buffer was added to the resin

e 0.5ml of plasma was added to this mixture

e The combination was mixed with shaker for 1
minutes with 2500 rpm

e The final suspension was centrifuged for 5
minutes with 1300 rpm

e The yielding supernatant was procured

e 0.4ml of this solution was obtained and the
remaining was wasted

e 0.5 of the start buffer was added to the above 0.4
ml solution and mixed with shaker for 5 minutes with
2500 rpm

e The latter suspension was centrifuged with 1300
rpm for 5 minutes and the supernatant was obtained

e 0.4ml of this last solution was mixed with 0.5 ml
of the start buffer inside vial number 1 and the
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remaining fluid was wasted
e This latter solution was mixed with shaker for 1
minutes with 2500 rpm and then, centrifuged with
1300 rpm for 5 minutes
o 0.4 ml of the solution in the latter stage was added
to 0.5 ml of washing buffer and again mixed with
shaker for 1 minutes with 2500 rpm; then, was
centrifuged with 1300 rpm for 5 minutes
e 0.4 ml of the above solution was spilled to vial
number 2
e The above process of shaking and centrifugation
was repeated twice
Now it was the turn for separation of all resin-
attached proteins through the following order:
o 0.5ml of 1M tris buffer was added to resin and was
mixed with shaker for 1 minutes with 2500 rpm; then,
centrifuged with 1300 rpm for 5 minutes
e 0.4ml of the supernatant was spilled to vial
number 3 and the remnant was wasted
e The above process was repeated twice
o the same steps were done for CM cellulose resin
with its own buffers

The results were finally analyzed with SDS-

PAGE technique, using 60 volts current for 3 hours.

Results

As seen in figures 1 and 2, in all tests
performed with the start buffer, the extract of the first
column contained large amounts of albumin and other
proteins (the large blue bands). Higher amounts of
albumin could be contributed to older versions of
resins and also, its low capacity (Figures 1 and 2).

As seen in Figure 1, the three lanes which were
related to the extraction phase were from DEAE
Cellulose resin; however, other proteins were
attenuated significantly, denoting that albumin
contributed to more than 70% of all proteins; in other
words, the purification process was successful. In the
39 stage, which was resin retrieval phase, nearly all
resin attached proteins were washed out and nearly
more than 75% of the purified proteins were albumin.

On the other hand, as seen in Figure 2, in the
three lanes related to protein extraction from CM
cellulose resin, nearly all the other proteins other than
albumin were washed out from the bands; meaning
that albumin comprised more than 80% of the protein
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Fig. 1. Results of SDS page analysis of samples on DEAE Cellulose resin(The lanes are numbered from right

to left)
e Lane 1 is representative of protein marker.

e Lanes 2, 3 and 4 are representatives of extracted proteins from first, second and third stages of adding

samples to the columns

e Lanes5, 6 and 7 are representatives of washed proteins from first, second and third stages of washing

the columns

e Lane 8, 9 and 10 are representatives of extracted proteins from first, second and third stages of

protein retrieval of the columns.
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contents; in other words, albumin purification was
done successfully. In the 3™ phase, i.e. resin retrieval

however, in our study, CM cellulose resin yielded
better than DEAE cellulose resin.

| o0 | 9 s | 7] 6 | s ] als [ 2] 1|
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Fig. 2. Results of SDS page analysis of samples on CM Cellulose resin (The lanes are numbered from right

to left)
e Lane 2 is representative of protein marker.

e Lanes 1, 3 and 4 are representatives of extracted proteins from first, second and third stages of adding

samples to the columns

e Lanes 5, 6 and 7 are representatives of washed proteins from first, second and third stages of washing

the columns

o Lane 8, 9 and 10 are representatives of extracted proteins from first, second and third stages of

protein retrieval of the columns.

phase, all resin bound proteins were washed out.
More than 90% of the CM Cellulose-bound proteins
were albumin

Discussion

The results of our study demonstrated the
improved efficacy of albumin purification using
Sodium Carboxymethyl cellulose (CM cellulose)
resin compared to Diethylaminoethyl cellulose
(DEAE cellulose) resin.

DEAE and CM cellulose, are two exchangers
which can be used for protein separation. DEAE
cellulose is an anion exchanger while carboxymethyl
cellulose is a cation exchanger (8-10). In one study, it
was found that "DEAE ion-exchange and Protein G
affinity columns in tandem" are useful methods with
fast and reproducible results for separation and
purification of proteins, especially albumin (12);
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One of the most probable explanations for the
results of this research could be related to the size of
pores in these two different kinds of resins and also
the isoelectric point of HSA (14, 15). The pore size of
CM cellulose resin could be different from 150-180
pm to 250-350 pum which is higher than DEAE
cellulose resin's pore size (60-130 um). As the PI of
HSA is 4.8, in the pH of 3.8 which is related to CM
cellulose resin, the human albumin serum has positive
charge. In this pH other impurities are deleted better
from the albumin which resulted in high purity of
HSA. The role of buffer and pH in ion exchange
chromatography is more important regarding pore
size and in this case, if we had bis-tris or bis-tris
propane buffer the DEAE Cellulose could yield in a
better purifying effect.

This study though had significant laboratory
findings and vivid protocols, could be completed with
clinical studies in order to confirm clinical outcomes
of the current research.
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Conclusion

This study demonstrated that albumin
purification using CM cellulose resin is much more
efficacious compared to DEAE cellulose resin.
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