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SUMMARY 

High-performance anion-exchange chromatography (HPIEC) and high-per- 
formance size-exclusion chromatography (HPSEC) were used to purify serum IgM 
and IgG from sheep and cattle. Pooled serum from normal cattle and sheep and 
serum from sheep, infected with two different viruses, were prepared for HPIEC by 
chromatography on CM-Al&Gel Blue. After HPIEC, fractions containing IgG and 
IgM were pooled and concentrated and further purified by HPSEC. The purity of 
fractions from HPIEC and HPSEC were evaluated by immunoelectrophoresis, pro- 
tein-A-Sepharose affinity chromatography, and sodium dodecyl sulphate-polyacryl- 
amide gel electrophoresis. Monoclonal antibody specific for bovine IgG2 was used 
to assay for IgG2 and IgG2 contamination of other fractions. The antibody activity 
to ovine adenovirus 5 and to ovine progressive pneumonia virus was assayed by 
neutralization and immunodiffusion. Antibody activity was retained against both 
viruses in the fractions containing IgGl and IgM. This high-performance liquid chro- 
matography procedure was a rapid preparative method to produce specific immu- 
noglobulins and could be used to evaluate the purity of immuno-reagents. 

INTRODUCTION 

The development of size-exclusion gelslm3 and ion-exchange resins4, suitable for 
high-performance liquid chromatography (HPLC) of proteins has reduced the time 
required for separation and has enhanced resolution. Improvement over conventional 
chromatographic methods used to purify ruminant immunoglobulins was needed. 
After long elutions from size-exclusion columns and many cycles on ion-exchange 
resins, poor yields, cross contamination, and dimerization of IgGl were persistent 
problem9. 

To improve upon these methods, we used two preparative high-performance 
columns (a DEAE ion-exchange column and a size-exclusion column) to purify both 
bovine and ovine immunoglobulins. By combining these two techniques, we were 
able to resolve IgM preparatively and to obtain the subclasses of IgG in good yields. 
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MATERIALS AND METHODS 

Sera 
Sera from the blood of ten or more sheep or cattle were collected and pooled 

and stored at -20°C. Serum was also prepared from a sheep persistently infected 
with ovine progressive pneumonia virus (OPPV) and a sheep infected with Masta- 
denovirus ovi 5 (OA-5). 

Aflnity chromatography 
CM-At&Gel Blue (Biorad, Richmond, CA, U.S.A.) chromatography was per- 

formed according to recommendations of the manufacturer6. A 30-ml syringe, con- 
taining approximately 20 ml of gel, was used as the column. A volume of 5 ml of 
serum was placed on the column. 

Protein-A-Sepharose chromatography (PAS) was performed by using a de- 
scending stepwise pH gradient. Buffers were made by adjusting the pH of 0.5 M 
disodium hydrogen phosphate with 0.1 M citric acid. Two gradients were formed: 
one by descending one half pH unit steps and one by four buffers with pH values of 
8.0, 6.5, 4.5 and 2.5. 

Fractions were collected and the absorbance and pH were determined. 

Sample preparation 
After CM-At&Gel Blue chromatography, the unbound fractions were pooled 

and precipitated with 50% saturated ammonium sulfate. The precipitate was col- 
lected by centrifugation and resuspended in 50 mM sodium phosphate buffer, pH 
7.0, and dialyzed against this buffer. After application to the (HPIEC) column, the 
three major peaks were collected and pooled. After precipitation with 50% saturated 
ammonium sulfate, the precipitates of the pooled peaks were collected and dialyzed 
against 0.1 M sodium phosphate, pH 7.0, 0.2 M sodium chloride for high-perform- 
ance size-exclusion chromatography (HPSEC). 

HPIEC and HPSEC 
Chromatography was performed with a system consisting of a Beckman IOOA 

pump, an Altex 210 injector, a LKB UVICORD UV detector, equipped with a HPLC 
flow cell, and a Waters 730 M data module. 

HPSEC was performed on a 600 x 21.5 mm I.D. column, TSK 3000 SW 
(Beckman, Palo Alto, CA, U.S.A.), by isocratic elution with 0.1 A4 sodium phos- 
phate, pH 7.0, containing 0.2 M sodium chloride (buffer A). Absorbance was mon- 
itored at 254 nm. HPLC markers (U.S. Biochemicals, Cleveland, OH, U.S.A.) were 
used to establish a molecular-weight curve. DEAE-HPIEC was carried out on a 2 1.5 
x 150 mm I.D. DEAE 545 TSK IEC column. The column was equilibrated with 50 
mM sodium phosphate buffer pH 7.0. After sample application, the column was 
washed with 30 ml of buffer. The bound fractions were eluted with a one-step gra- 
dient, using 90 ml of the above buffer, containing 0.5 M sodium chloride. Absorbance 
was monitored at 254 nm. 

Electrophoresk 
Fractions from column eluates were analyzed by sodium dodecyl sulfate- 
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polyacrylamide gel electrophoresis (SDS-PAGE)‘, using 3-27% acrylamide gradient 
gels (Separation Sciences, Attleboro, MA, U.S.A.). Samples were solubilized in 0.01 
M Tris, pH 8.0 containing 1% SDS, 0.001 M EDTA, 6 it4 urea and 5% fl-mercap- 
toethanol. SDS-PAGE markers (Bio-Rad, Richmond, CA, U.S.A.) were also tested. 
The gels were stained for 16 h in an aqueous solution, containing 0.125% Coomassie 
Blue R250 (Eastman Kodak, Rochester, NY, U.S.A.), 10% acetic acid, and 50% 
methanol. 

Immunoelectrophoresis was performed on pooled column fractions, using the 
method of Grabar and Williamsa. Two percent special Noble agar (Difco Lab., De- 
troit, MI, U.S.A.) in 0.15 M borate buffer pH 8.6 was used to form the gel, and 
either rabbit anti-normal bovine serum or goat anti-sheep immunoglobulins was used 
in the troughs. 

Virus assays 
Immunodiffusion for antibodies to OPPV was performed according to the 

method of Cutlip et aL9 and virus neutralization of OA-5 was carried out by a mi- 
crotiter testlo. 

Radioimmunoassay 
Solid-phase radioimmunoassays were performed according to the method of 

Srikumaran et al.“. HPLC column fractions of 100 ~1 were coated on polyvinyl 
plates and tested with monoclonal antibodies, produced to bovine immuno- 
globulins’ 2. 

RESULTS AND DISCUSSION 

Chromatography on CM-Affi-Gel Blue removed most of the albumin and pro- 
tease activity from the serum6. The immunoglobulins and other serum proteins did 
not bind to this column. This initial purification step eliminated contamination of 
the immunoglobulin fractions with albumin. 

The profile of HPIEC of bovine immunoglobulins is shown on Fig. 1. As 
expected from conventional DEAE ion-exchange chromatography, IgG2 (peak 1) 
did not bind13. This fraction was IgG2, as observed by HPSEC and PAS (Fig. 2a), 
and immunoelectrophoresis (Fig. 3, lane 2). 

A peak (Fig. 1. peak 2) that was often eluted after IgG2 in older samples may 
be due to dimerization, which often occurs in bovine sample@. This peak consisted 
of both IgGl and IgG2, as analyzed by immunoelectrophoresis (data not shown). 

Peaks 3 and 4 contained bovine IgGl and IgM, but no IgG2. This was readily 
observed on PAS (Fig. 2b) and by the reaction of monoclonal antibody specific for 
IgG2 (Table I). Rechromatography of peak 4 (Fig. 1, inset) enriched IgM, but IgGl 
was a major contaminant. IgGl and IgM were readily separated by HPSEC, as 
analyzed by immunoelectrophoresis. In addition, as observed on SDS-PAGE (Fig. 
4), heavy chains from IgM did not contaminate the IgGl fractions and IgGl heavy 
chains did not contaminate the IgM fractions. If dimerization of IgGl occurred, it 
could be readily discerned on HPSEC by observation of a peak with a molecular 
weight of 320000 daltons. The percent of recovery for immunoglobulins on both 
columns was 75% or greater. Pooled ovine serum gave results similar to bovine 
serum. 
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Fig. 1. DEAE-IEC of bovine immunoglobulins. (-) Peak fractions that were pooled. (------) Peak that 
occurs some of the time. Chromatographic conditions: sample, 2 ml of pooled bovine serum; column, 
DEAEIEC 15 x 2.1 cm I.D.; mobile phase, 50 mM sodium phosphate, pH 7.0; step gradient, O-O.5 M 
sodium chloride; flow-rate, 1 ml/min; run time, 120 min. 
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Fig. 2. (a) PAS of HPIEC peak No. 1. (b) PAS of HPIEC Nos. 3 and 4. 
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Fig. 3. Immunoelectrophoresis pattern of bovine immunoglobulins. Lanes 1 and 5, CM-A&Gel Blue 
sample; lane 2, HPIEC peak 1; lane 3, HPIEC peak 3; lane 4, HPIEC, peak 4. Rabbit anti-normal bovine 
serum was used in the troughs. 

TABLE I 

BINDING OF MONOCLONAL ANTIBODY TO HPIEC COLUMN FRACTIONS OF BOVINE IM- 
MUNOGLOBULINS 

Starting material (cpm)* cpm Peak I cpm Peak 3 cpm Peak 4 

4All+* 870 1050 70 105 
lH7- 1935 1170 1270 1230 

l Sample cpm - background cpm. 
** Monoclonal antibody, specific for bovine IgG2. 

** Monoclonal antibody, crossreactive to bovine IgG and IgM. 

Antibody activity was studied in sera from two individual sheep, one of which 
was infected with OA-5 and another with OPPV. These antisera, processed on 
CM-At&Gel Blue, were applied to HPIEC (Fig. 5a and b). The pooled peaks were 
tested for antibody activity for the respective viruses (Fig. 5a and 6). The first HPIEC 
peak (IgG2) gave a low titer to OA-5, but peaks 2 and 3 (IgGl and IgM) gave high 
titers to the virus (Fig. 5a). The total recovery of neutralization activity to this virus 
was cu. 80%. Antibody activity by the immunodiffusion test for OPPV was negative 
for the IgG2 peak (Fig. 6, well No. 1). This was probably due to the much lower 
levels of OPPV antibody present in the IgG2 fraction and the inability of the im- 
munodiffusion test to detect low levels of antibody activity. Pool Nos. 2 and 3 both 
gave precipitin lines for OPPV (Fig. 6, well Nos. 3 and 7). The HPIEC pools were 
further processed on HPSEC. Peak 1 from HPIEC gave only one peak on HPSEC 
(Fig. 7a) and no precipitin line (Fig. 6, well No. 2). Peak 2 from HPIEC gave two 
peaks on HPSEC (Fig. 7b). HPSEC peak 1 had no immunodiffusion activity, but the 
second HPSEC gave a strong precipitin line (Fig. 6, well No. 5). After PAS of this 
peak (Fig. 8), only one peak was observed in the IgGl binding region. This PAS 
peak also gave a strong precipitin line (Fig. 6, well No. 6). The profile of peak 3 from 



230 M. J. F. SCHMERR er 01. 

Fig. 4. SDS-PAGE of fractions from HPSEC of peak 3 from HPIEC of bovine immunoglobulins. Lane 
A: Peak fraction which eluted first in HPSEC, cu. 2 pg of protein were applied to the gel. Lane B: Peak 
fraction which eluted second in HPSEC, ca. 5 pg of protein were applied to the gel. Arrows indicate 
estimated molecular weights as determined from a standard curve. 85 kdaltons represents the MW of the 
heavy chain of IgM; 55 kdaltons that of IgG; 27 kdaltons is the MW of light chains. 
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Fig. 5. DEAE-IEC of ovine sera. (a) Serum 2473 (infected with OA-5). Chromatographic conditions: 
sample, 2.5 ml sheep serum No. 2473; column DEAE-IEC 15 x 2.1 cm I.D.; mobile phase, 50 mM sodium 
phosphate, pH 7.0; step gradient, O-O.5 M sodium chloride; flow-rate, 1 ml/mm; run time, 110 min. Virus 
neutralization titers of the pooled fractions are given. (b) Serum 1242 (infected with OPPV). Chromato- 
graphic conditions as in a, except sample volume was 3.0 ml sheep serum 1242. 

Fig. 6. Immunodiiusion activity of purified fractions from serum 1242. A, Glycoprotein from OPPV. Well 
Nos: (1) HPIEC peak (pk) 1; HPSEC pk 1; (3) HPIEC pk 2, (4) HPSEC pk 1 of HPIEC pk 2; (5) HPSEC 
pk 2 of HPIEC pk 2; (6) PAS of pk 2; (7) HPIEC pk 3; (8) HPSEC pk 1 of HPIEC pk 3; (9) HPSEC pk 
2 of HPIEC pk 3; (10) HPSEC pk 3 of HPIEC pk 3; (11) CM-Afh-Gel Blue sample; (12) serum 1242. 

HPIEC on HPSEC was slightly different with three peaks: an excluded peak, an IgG 
peak, and a peak at a molecular weight of cu. 100 kdaltons. Of these three peaks, the 
two peaks with smaller molecular weights gave weak immunodiffusion lines. 

Immunoelectrophoresis patterns of peaks from HPIEC and HPSEC are shown 
in Fig. 9. Peak 1 from HPIEC is IgG2. Peak 2 from HPIEC contained IgGl, IgM 
and two other components that were not identified. After HPSEC of the HPIEC 
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Fig. 7. HPSEC of pooled HPIEC peaks of serum 1242. Arrows indicate retention times of molecular 
weight standards. Chromatographic conditions: column, TSK 3000 SW 60 x 2.1 cm I.D.; mobile phase 
0.1 M potassium phosphate, pH 7.0, containing 0.2 it4 sodium chloride; flow-rate, 2 ml/min. Samples: (a) 
HPIEC peak 1 of serum 1242; (b) HPIEC peak 2 of serum 1242; (c) HPIEC peak 3 of serum 1242. 

peaks, IgGl was clearly separated from IgM and the other components. IgM was 
still contaminated. Perhaps by adjusting the gradient and the pH in HPIEC, the 
components, one of which is probably transferrin, could be separated from the IgM. 
These contaminating components were not found in the IgM fraction of the immu- 
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Fig. 8. Protein A-Sepharose chromatography of HPSEC peak 2 from HPIEC peak 2. 



Fig. 9. Immunoelectrophoresis pattern of purified serum 1242 immunoglobulins. Lanes 1 and 6, 1242 
serum; lanes 2,7 and 11, CM-A&Gel Blue sample; lane 3, HPIEC pk 1; lane 4, HPSEC pk 1 of HPIEC 
pk 1; lane 8, HPIEC pk 2; lane 9, HPSEC pk 1 of HPIEC pk 2; lane 10, HPSEC pk 2 of HPIEC pk 2; 
lane 12, HPIEC pk 3; lane 13, HPSEC pk 1 of HPIEC pk 3; lane 14, HPSEC pk 2 of HPIEC pk 3; lane 
15, HPSEC pk 3 of HPIEC pk 3 (Goat anti-sheep immunoglobulins was used in the troughs.) 

noelectrophoresis plate after peak 3 of HPIEC was chromatographed by HPSEC 
(Fig. 8, line 11). 

In summary, use of HPIEC and HPSEC gave excellent results for the purifi- 
cation of ruminant immunoglobulins. Recovery rates of protein and antibody activity 
were very high, compared to conventional procedures. In addition, these methods 
were rapid. Since a one-step gradient was used for the HPIEC, only one HPLC pump 
was necessary. These purified immunoglobulins will aid in monoclonal antibody pro- 
duction and testing and will provide good reagents for studying the immune response 
in sheep and cattle. 
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