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PATTERN OF IMMUNOREACTIVITY AFTER REVERSE-PHASE HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY OF OVINE LUTROPIN AT DIFFERENT pH. (*)

Andrzej Madej1 and Per Hallin2
Department of Clinical Chemistry, Box 7038
Swedish University of Agricultural Sciences
2 S-750 07 Uppsala
Department of Zoophysiology, Box 560
University of Uppsala
5-751 22 Uppsala
Sweden

ABSTRACT
Unlabelled and radioiodinated ovine lutropin (oLH) was fractiomnated
using reverse-phase high pressure liquid chromatography, employing
a 5 pm Spherisorb Cyg column. Following chromatography of unlabelled
oLH at pH 3.3, 4.3 and 5.3, all eluted fractions were tested by ra-
dioimmunoassay of oLH, oLHo and oLH 3. Regardless of pH, the mate-
rial corresponding to the first peak contained only oa-subunit immu-
noreactivity. With increasing pH, the oLHa, oLH and oLH 8 immunore-
activity separated into two groups of fractions. The retention times
of the radioiodinated o-and B-subunits of oLH corresponded to those
of the first (descending part) and last peaks from unlabelled oLH,
respectively.
Following chromatography of radioiodinated oLH at pH 3.3, 5.3 and
6.5, all eluted fractions were analyzed using antiserum against ei-
ther a- or B-subunits of oLH. At pH 3.3 two radioactive peaks were
detected: the first corresponded to the fraction with maximum bind-
ing to a-subunit antiserum, and the second corresponded to the frac-
tion with maximum binding to B-subunit antiserum. At pH 5.3 and 6.5,
maximum radioactivity occurred in conjunction with maximum binding
to both antisera. A free a-subunit in the radioiodinated oLH was
even detected after chromatography at pH 6.5.
(KEY WORDS: lutropin, HPLC, subunit, radioimmunoassay)

INTRODUCTION
In recent years reverse-phase high performance liquid chroma-
tography has been used to either purify or separate lutropin sub-
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Copyright © 1986 by Marcel Dekker, Inc. 0197-1522/86/0703-018183.50/0



12: 09 16 January 2011

Downl oaded At:

182 MADEJ AND HALLIN

units (1,2,3). Bristow et al. (4) have shown that an increase in
the pH of the eluant had a significant effect on the degree of dis-
sociation of hTSH, fractionated by high pressure liquid chromato-
graphy (HPLC). In an earlier report (5) we demonstrated that frac-
tionation of bovine lutropin on a reverse-phase HPLC at pH 3.3
without any previous incubation separated it into distinct o- and B-
subunits. Here, we report on the influence of different pHs of the
eluant on the behaviour of unlabelled and radioiodinated ovine lut-

ropin (NIH-LH~S18) in a reverse-phase HPLC system.

MATERIALS AND METHODS

Reverse-phase HPLC was performed according to the method de-
scribed by Hallin et al. (5). Briefly, a Waters Associates system

with two 5 pym Spherisorb C,, columns and a solvent system consist-

18
ing of two buffers, A and B, was used. Buffer A consisted of 0.5%
trifluoroacetic acid in water while buffer B contained 80% aceto-
nitrile, 19.5% water and 0.52 trifluoroacetic acid. Both buffers
were adjusted to appropriate pH levels using concentrated ammonia
solution. The material tested, injected at 5% of buffer B, was e-
luted along a linear gradient from 5% to 637 of buffer Bfor 39 min.
The flow rate during all experiments was 1.5 ml/min. Following chro-
matography of unlabelled ovine lutropin (ca. 1 mg), the eluted frac-

tions were evaporated and the remaining solids were dissolved in 1ml

of redistilled water to determine the protein concentration. The
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protein content of the fraction was estimated by its absorbance at
280 nm in a 1 cm quartz cell; measurements were based on the absorb-
ance of 1 mg/ml of ovine lutropin (oLH) solution (0.496). First, each
collected fraction at six different dilutions was tested in duplicate
by means of a radioimunocassay of oLH using anti-bovine LH serum. The
same diluted fractions were then tested by means of homologous radio-
immunoassay of oLHa and oLHB subunits.

Iodination of oLH (NIH-LH-S18), the a-subunit of oLH (WRR-1-a)
and the B-subunit of oLH (WRR-2-B) was performed by a modified Chlo-
ramine-T method (6) using 8 ug of this reagent per 2 ug of protein
and an exposure time of 40 sec.

Radioimmunoassay of oLH was performed as described by Stupnicki
and Madej (7), except for the separation of free and antibody-bound
hormone, which was carried out according to Eisenman and Chew (8).
The reference standard oLHa (WRR-1-a) and oLHo antiserum (NIAMDD-
anti-oLH~0-1) at a final dilution of 1:90,000 were used in the radio-~
immunoassay of oLH o.. The reference standard oLHR (WRR-2-8) and
oLHR antiserum (NIAMDD-anti-oLH-B-1) at a final dilution of 1:90,000
were used in the radioimmunoassay of oLHR . In both radioimmunoassays
the log-logit standard curves were linear over the range of 25 pg to

800 pg/tube.

After separation of radioiodinated oLH (ca. 2 uCi or 74 kBq),
the amount of radiocactivity was measured in 0.05 ml of each fraction.
The eluted fractions &ere then concentrated and diluted with phos-
phate buffer to obtain 5000 cpm/0.1 ml. These solutions were incu-

bated overnight at room temperature with antiserum against either o-
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or B-subunits of oLH (NIAMDD-anti-oLH-o-1 and NIAMDD-anti-oLH-f-~1, re-
spectively), both at a final dilution of 1:45,000. At this dilution
level the iodinated B-subunit did not bind to the O=-subunit antiserum
and the iodinated G-subunit did not bind to the B-subunit antiserum.

All assays were performed in 0.05 M sodium phosphate buffer, pH
7.5, containing 0.457 sodium chloride, 0.01 M EDTA, 0.001% merthio-

late, and 0.27 bovine serum albumin.

RESULTS

Fractionation of unlabelled ovine lutropin (oLH) at pH 3.3 re-
sulted in two major peaks with retention times of 32.1 and 39.3 min,
respectively (Fig. 1). The eluted fractions forming the first peak
(I) did not contain any LH-immunoreactive material as assessed by
radioimmunoassay of oLH (Fig. 2). Instead, these fractions contained
o~subunit immunoreactivity and displayed linear dilution curves. No
B-subunit immunoreactivity was detected. The fractions derived from
the last distinct peak (II) revealed a nonlinear displacement curve
parallel and similar to that of the oLHB subunit (Fig. 2). Additional tests
incorporating a homologous radioimmunoassay of oLHB confirmed that
the material in question was similar to oLHB. The content of a-sub-
unit immunoreactivity in this material did not exceed 3%. The slopes
of the log-logit curve of the a- and B~subunit immunoreactivity from
oLH fractionated at pH 3.3 were very similar to their respective

standards (-1.060 vs. - 1.136 and -1.212 vs. -1.266, respectively).
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Figure 1

RP-HPLC profile of ovine lutropin standard preparation (NIH-LH-S18)
at pH 3.3 (solid line). Conditions in all experiments: 5 um Spheri-
sorb C-18 column (25x% 0.8 cm) x 2; Flow-rate 1.5 ml/min.: Sample

size 1 mg; Linear gradient 57 - 637 of buffer B during 39 min.(broken
line). Dotted areas are collected fractions tested in a radioimmuno-
assay (Fig. 2)

Buffer A: 0.57 trifluoroacetic acid in water (pH 3.3)

Buffer B: 807 acetonitrile, 19.57 water, 0.57 trifluoroacetic acid
(pH 3.3)

When pH was increased to 4.3 or 5.3, chromatography resulted in
a pattern with three distinct peaks (Figs. 3 and 4, respectively).
It was found that regardless of pH, the material corresponding to the
first peak occurred at 31.5-31.7 min after injection and contained

only a-subunit-immunoreactive material. The absorbance of this ma-
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Figure 2

LH immunoreactivity of the two fractions obtained after HPLC at pH
3.3 of the ovine lutropin standard preparation NIH-LH-S18 (see Fig.
1) and the a-(WRR-1-0) and B-subunits (WRR-2-f) of oLH in radieimmu-
noassay of oLH using anti-bovine LH serum. The displacement curves
of the bound radioactivity have been linearized by the logit trans-
formation of (B—N)/(BO—N) =y vs log dose of added protein per tube.

terial at 280 nm tended to decrease with increasing pH (see Figs. 1,
3 and 4). At pH 4.3 and 5.3 a second distinct peak appeared, 34.6-
34,8 min after injection, which consisted of fractions possessing oLHa
subunit , oLH and oLHB subunit immunoreactivities. A corresponding
peak was never recorded at pH 3.3, although some LH immunoreactivity
was found in the respective fractions. The retention time of the

last distinct peak ranged between 38.6 and 39.3 min. The fractions
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derived from that peak contained both oLH and oLHB subunit immunore-
activities. When pH was increased from 4.3 to 5.3 the content of a-
subunit immunoreactivity in the fraction with both maximum LH and
R-immunoreactivity increased concomitantly from 3.8% to 6.3%Z.

In short, as shown in Figs. 3 and 4, there are two peaks con-
taining LH-immunoreactive material following oLH (NIH-LH-S18) frac-
tionation at pH 4.3 and 5.3. There are also two peaks containing o-
and B-subunit-immunoreactive material, respectively (data not shown).

Although the fractions derived from the above-mentioned peaks
exhibited linear dilution curves in radioimmunoassays of native LH,
the slopes of their log-logit curves were lower than that of the
curve for native oLH (-0.770 vs -0.926).

When employing the same chromatographic system as mentioned a-
bove for fractionating iodinated a- and R-subunits of oLH at pH 3.3
(Fig. 5), the retention time of the B-subunit was identical to that
of the second peak obtained when fractionating native LH ( 39.0 vs
39.3 min ). The retention time for the o-subunit (Fig. 5) correspon-—
ded to that of the descending part of the first peak from unlabelled
oLH (cf. Fig. 1). Fractionation of iodinated oLH standard at pH 3.3
resulted in two peaks with retention times of 34.8 and 39.3 min
(Fig. 6a). The results obtained when each fraction from the separa-
tion was analyzed with antiserum against either oLHo or oLHR subunits
are shown in Figs. 6b and 6c, respectively. About 337 of the fraction
derived from the first peak and containing the highest radioactivity
was bound to antiserum against oLHa (Fig. 6b). This fraction showed

no binding to the antiserum against oLHB (Fig. 6¢).



12: 09 16 January 2011

Downl oaded At:

188 MADEJ AND HALLIN

ODST
180
£
c 60
D
N
m
& F60ng L+ 40 3
S -
P 140 ‘g
20;2
v—r ~—r -0

30 W0
RETENTION TIME (min)

Figure 3

RP-HPLC profile of ovine lutropin standard preparation (NIH-LH-S18)
at pH 4.3 (see explanation for Fig. 1). The content of LH in each
fraction was measured by radioimmunoassay of ovine LH using anti-
bovine LH serum (dotted line).

Conversely, the second peak of radiocactivity coincided with
maximum binding to antibodies against oLHRB, and this peak showed only
27 binding to oLHo antiserum (Figs. 6b, 6c). When the pH of the elu-
ant was 5.3, only one asymmetric peak of radioactivity, which eluted
after about 35 min, was recorded (Fig. 7a). Maximum binding of ra-
dioactivity occurred in conjunction with the maximum binding to anti-
sera against both a- and R-subunits (Figs.7b and 7c). The radioactive
fractions containing only o-subunit immunoreactivity appeared up to

33 min after injection (Fig. 7b).
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Figure 4

RP-HPLC profile of ovine lutropin standard preparation (NIH-LH-S18)
at pH 5.3 (see explanation for Fig. 1). The content of LH in each
fraction was measured by radioimmunoassay of ovine LH using anti-
bovine LH serum (dotted line).

Fractionation of iodinated oLH at pH 6.5 resulted in a broad
peak with highest radicactivity at 36 min (Fig. 8a). Again, the
highest radiocactive fraction possessed the highest o— and B-subunit
immunoreactivity (Figs. 8b and 8c). Fractions with a-subunit immuno-
reactivity were also detected.

Based on the distribution of radioactivity and on the specifi-
city of each antiserum, we estimated that 74.97, 20.7% and 20.97 of
the a~-subunit could be found after fractionation of iodinated oLH

(NIH-LH-S818) at pH 3.3, 5.3 and 6.5, respectively.
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Figure 5

Retention times for radioiodinated a- (WRR-1-00) and B=~subunits
(WRR-2-B) of ovine lutropin standard preparations using the same
conditions as for Fig. 1.

Chromatography of radioiodinated oLHa at pH 3.3 recovered more
that 957 of the radioactivity. For radiolabelled oLHR and oLH, about

57% of the radioactivity was recovered.

DISCUSSION

The results of this study demonstrate that an increase of pH
from 3.3 to 5.3 without any pre-incubation clearly changes the dis-

tribution of LH-immunoreactive material and its chromatographic pat-
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Figure 6

a- upper panel, RP-HPLC profile of radioiodinated ovine lutropin

(NIH-LH-S18) at pH 3.3 (conditions as for Fig. 1)

b- middle panel, each fraction was evaluated as to its ability to
bind to antiserum against the oLHo subunit an a final dilution of
1:45,000 and expressed as a percentage of the total radioactivity
added

c— lower panel, each fraction was evaluated as to its ability to

bind to antiserum against the oLHB subunit at a final dilution of
1:45,000 and expressed as a percentage of the total radioactivity
added.
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Figure 7

a- upper panel, RP-HPLC profile of radioiodinated ovine lutropin
(NIH-LH-S18) at pH 5.3 (conditions as for Fig. 1)

b- middle panel, each fraction was evaluated as to its ability to
bind to antiserum against the oLHo subunit at a final dilution of
1:45,000, and expressed as a percentage of the total radioactivity
added

c- lower panel, each fraction was evaluated as to its ability to
bind to antiserum against the oLHB subunit at a final dilution of
1:45,000 and expressed as a percentage of the total radioactivity
added.
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Figure 8

a- upper panel, RP-HPLC profile of radioiodinated ovine lutropin

(NIH-LH-S18) at pH 6.5 (conditions as for Fig. 1)

b- middle panel, each fraction was evaluated as to its ability to
bind to antiserum against the oLHo subunit at a final dilution of
1:45,000 and expressed as a percentage of the total radioactivity
added

c- lower panel, each fraction was evaluated as to its ability to

bind to antiserum against the oLHB subunit at a final dilution of
1:45,000 and expressed as a percentage of the total radioactivity
added.
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tern after reverse-phase HPLC fractionation of unlabelled oLH. This
agrees well with the findings of Bristow et al. (4), who reported

that the reverse-phase chromatographic pattern of hTSH varies with
the pH of the eluant. However, their results demonstrated that the
resolution between f- and a-subunits decreased as the pH increased.

In this study the difference in retention time between the two
major peaks was independent of pH and averaged 7.1 min. Moreover, we
found that the LH-immunoreactive material appeared in-between these
peaks when the pH of the eluant was increased from 3.3 to 5.3
Bewley et al. (9) found that dissociation of oLH at pH 3.6 is essen-
tially complete in 3-4 h, Furthermore, Salesse et al. (10) reported
that oLH is entirely dissociated at pH 2.8 and completely re-associ-
ated at pH 5.3. Their results also suggest that within the pH range
2.8 to 5.3, a thermodynamically reversible equilibrium exists between
an associated, native state and a dissociated, partially unfolded
state with a half-transition pH of 4.3 at 26°c.

It has been suggested that non-parallel dilution curves signify
immunologically similar but non-identical antigenic components (11,
12,13). In our study the slope of the log-logit curve of the LH-im-
munoreactive fractions was lower than that of ovine LH, which might
tally with the above-mentioned suggestion.

The very small peak in radioactivity corresponding to maximum
binding to B-subunit antiserum found here after chromatography of
labelled oLH at pH 3.3 agrees with studies by Yang and Ward (14).
These authors reported that the relative iodination of the a-subunit
in the native lutropin was 12.5 times greater than that of the B-sub-

unit.
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The present results might suggest that about 217 of a-subunit
in iodinated NIH-LH-S18 represents either contaminated unlabelled
hormone or products of iodination. It seems, however, that the latter
alternative is the more probable, particularly in light of the find-
ings of Benveniste et al. (15) who reported that amounts of a-subunit
increased by up to 207 after iodination of hLH (IRC-2). Moreover,
Sairam (16) found that NIH-LH-S19 contained only 0.5%7 of the free a-

subunit.
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