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In order to obtain monoclonal antibody from ascites fluid at sufficiently high purity using a single
hydroxylapatite chromatography (HA) a further optimization on-its operating variables was carried
out.

By adjusting the pH of the eluent, the sodinm phosphate buffer, to 6.0 from 6.8 and adding
CaC), to 1 mM at the column inlet, the elution molarities (M,4,) for the desired monoclonal antibody
and contaminating proteins can be distinguished from each other with enough resolution. Previously
these two groups of proteins co-eluted at the same time at pH 6.8 and without CaCl,. This single step
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hydroxylapatite chromatography yields the desired antibody pure enqugh for diagnostic use.

In Part I it was shown that very highly purified
McADb could be otained by the tandem use of HA
chromatography followed by GPC (7). There the
use of typically known elution conditions in the
first HA step resulted in co-elution of a few con-
taminants together with the desired McAb in the ef-
fluent from the HA column. In this second part of
the study new elution conditions for the HA step
were searched so that the single HA column alone,
without the use of GPC column subsequent to
the HA step, can give the isolated product band
without the problem of co-elution with the con-
taminants.

Although the contaminants include host IgG, at-
tention was focused on removal of contaminants
other than host IgG because it is known that host
mouse can be immunosuppressed beforehand not
to produce host IgG.

With decreasing pH of the eluent in HA chro-
matography, the elution molarities (M,,) of
molecules such as proteins and tRNAs vary to dif-
ferent extents (1-5). For example, the elution
molarity of IgM McAb is high. It is hoped that
these experimental facts may contribute to separa-
tion of desired IgM McAb from contaminants with
enough distinguishability.

The expreimental materials and produres used
in this part are the same as those in Part I (7).

Effect of pH on purity

When pH was 5.0, the elution molarity of the
desired protein 1gM-0.20M (Figure 1) as compared
with 0.15M-020M at pH 6.8, the exact value being
dependent on other conditions such as flow velocity
and salt gradient. As compared with the results for
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Fig. 1. Protein concentration profile from hydroxylapa-
tite fractionation of the ascites fluid

pH 5.0; flow rate 0.2 m/cm2/min; gradient 5.82x 10-3
M/cm; sample volume, 7 m/ of 0.05 M NaP with 0.7 m!/
of ascites fluid added. Arrows indicate McAb eluting
range.
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Fig. 2. Silver staining of the SDS-PAGE of the IgM
McAb containing fractions from hydroxylapatite chro-
matography.

pH 6.8 the purity in the case of pH 5 became poorer
(Figure 2). When pH was increased to 9.0, the elu-
tion molarity decreased too much and McAb coelut-
ed with all contaminants in the early elution step.
The best purity could be obtained when pH was 6.0
(Figure 3), although band dilution increased a little.
The elution molarities of the contaminating com-
ponents varied in a favorable direction such that
relative ratio of contaminants to McAb decreased
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Fig. 3. SDS-PAGE of IgM McAb containing fractions
from hydorxylapatite chromatography that is stained
with Coomassie Blue.
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Fig. 4. Protein concentration profile from hydroxyla-
patite chromatography of ascites fluid.

pH 6.0; flow rate 0.2 ml/cm?2/min; gradient, 5.82x 10-3
M/cm; sample volume, 7 m/ of 0.05 M NaP with 0.7 m/
ascites fluid added. Arrows indicate the McAb eluting
range.

quite substantially (Figure 4). When pH was 5.5,
the difference between elution molarities of McAb
and contaminants decreased and purity became
poorer than pH 6.8 (Fig. 5), although there was a
substantial decrease in band dilution (Fig. 6). Data
at pH 6.5 were very similar to those at pH 6.8 (data
not shown).
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Fig. 5. SDS-PAGE of the IgM McAb containing frac-

tions from hydroxylapatite chromatography, that is
stained with Coomassie Blue.

It could be concluded that the best pH value for
the highest purity was 6.0, although it accompanied
a little more dilution.

Effect of trace element CaCl, on purity.

Divalent ions such as Ca?* in the eluent make
binding between HA and acidic proteins much st-
ronger, and basic proteins never bind HA at
concentration levels down to 1 mM (6). In a preli-
minary test the IgM McAb in this study was found
to be an acidic protein. If there exist some basic
proteins among the contaminating components
coeluting with IgM McAb, the product purity can
be much enhanced by adding CaCl,.

Combining these observations pH of the eluent
was set at 6.0 and CaCl, was also included in the
eluent at 1 mM. Taking the case without CaCl, as
control, a little increase in purity and a decrease in
dilution could be noted (Fig. 7 and 8).

Thus, using the finally chosen values 6.0, 0.2
m//cm?/min, and 5.82x10°M/cm for pH, flow
rate, and gradient, respectively, together withl mM
CaCl, the McADb product of high purity and low
dilution could be obtained with a HA chromato-
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Fig. 6. Protein concentration profile from hydrox-

ylapatite fractionation of ascites fluid.

pH 5.5; flow rate 0.2 m/cm2/min; gradient, 5.8 x 103

M/cm; sample volume, 7 m/ of 0.05 M NaP with 0.7 m!/

of ascites fluid added. Arrows indicate the McAb eluting

range.
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Fig. 7. SDS-PAGE of the IgM McAb containing frac-
tions from hydroxylapatite chromatography, that is
stained with Coomassie Blue.

graphy step alone.

Recently culture of hybridoma in an in vitro
bioreactor with serum free media or low serum
media is practiced on a routine basis and this
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Fig. 8. Protein concentration profile from hydrox-
ylapatite fractions of ascites fluid.

pH 6.0; flow rate 0.2 m/cm2/min; gradient 5.8x10-3
M/cm. Arrows indicate the McAb eluting range. The
elution buffer contains 1 mM CaCl,.

Table 1. Examples of various elution conditions used
for the hydroxylapatite column chromatogrphy

Run Number 7 8 9 10 11¢

Flow Rate (m/cmZ/min) 0.2 0.2 0.2 0.2 0.2 0.2
Gradient (M/cm)x 103 5.82 5.82 5.82 5.82 5.82
pH 50 6.0 55 6.5 6.0

4: eluent contains 1 mM CaCl,

makes the single step procedure reported here a
more feasible reality, because culture supernatants
from bioreactor with serum-free media or low
serum media have low levels of contaminating pro-
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HA is autoclavable and applicable to separation
of any calss of antibody. It can also be applied to
HPLC and easily scaled up.

Because immunoaffinity chromatography needs
antigens, that are usually difficult to obtain, and
protein coupling to a substrate surface, and protein
A chromatography is applicable to only a few
classes of antibody, HA chromatography can be
claimed to have merits of its own. Almost every
separation procedure included GPC at a later stage
in order to get a very highly purified McAb product
for therapeutic use. HA chromatography may not
need desalting and buffer exchange because eluents
may not be harmful to man.

The operating conditions of the HA chromato-
graphy runs are given in Part I (7) and reproduced
here as Table 1.
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