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ABSTRACT

The Pharmacia Fast Protein Liquid Chromatography System equi-
ped with a Mono P HR 5/10 chromatofocusing column was used to
characterize the distribution of different bioactive forms of a
cynomolgus (Macaca fasciculardis ) pituitary lutropin preparation.
The results were compared with the profiles obtained after running
the preparation on a Waters DEAE anion exchange co]umn_using
eluants in the pH range from 6.0 to 8.0. The distribution of pre-
served biclogical activity were studied in respective eluted frac-
tions from the different experiments of the appliied preparation.
Seventy-six ﬂercent of the bioactivity was recovered after chroma-
tofocusing whereas preserved bioactivity after jon exchange chro-
matography ranged between 61-78 % at pH 6.5 to 7.5. No bicactivity
was restored atter elution at pH 6.0 or 8.0.

Present adress : * KabiVitrum AB Peptide Hormones,
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INTROBUCTION

Many protein and polypeptide hormones display size and charge
heterogeneity, occuring as multiple forms with different molecular
masses and different pI”s ( 1-6 ). For the most part, these forms
have been detected by fractionation using isoelectrofocusing (IEF)
and subsequent quantification by bioassay and radioimmuncassay.

A number of studies have been reported for human lutropin (hLH)
( 1-4 ) as well as for monkey LH ( 5-6 ).

Using specific radioimmunoassay systems, Van Ginkel & Loeber
( 7 ) detected nine LHa subunit components and four LHR subunit
components in a highly purified standard hLH preparation. By run-
ning another highly purified hLH standard preparation on a Pharma-
cia anion exchange column (Mono @), Stockell Hartree et al.{ 8 )
reported the elution of this standard into 14 subfractions, all
containing different levels of sialic acid and receptor binding
activity. However, after SDS gel electrophoresis, these subfrac-
tions showed at least four different molecular masses, including
the two subunits. Moreover, when a highly purified bovine LH pre-
paration was applied to a high performance liquid chromatography
(HPLC) column,the material eluted in almost a single peak at the
pH used. When this material was subjected to polyacrylamide gel
electrophoresis, nine molecular forms were detected ( 9 ).

Based on studies with highly purified human follitropin (hFSH)
{ 10 ) and monkey FSH ( 11 ) it has been suggested, however, that
the purification procedures employed by different investigators
represent a significant source of variation with regard to the
electrofocusing profiles of FSH molecular species.

In this study, the material has been handled, very mildly, and
neither denaturation nor precipitation was used to prepare LH from
the pituitaries. Moreover, this work was performed to critically
assess two different media for further isolation and for the bio-
logical characterization of monkey LH. The pituitary preparation
was subjected to either chromatofocusing on a Mono P column or
HPLC using an anion exchange resin.
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METHODS

Pituitary preparation

The pituitary glands from adult female cynomolgus (Macaca
fascicularis) were removed at autopsy. The anterior lobe was homo-
genized in 3 x 1 ml ice-cold, 250 mmol/1 sucrose solution contai-
ning 140 mmol1/1 saline and then centrifuged for 1 h at 100,000 x
g. The supernatant was immediately frozen and stored at -70°c
( 6 ). An aliquot, hereafter abbreviated cpf 1, of this superna-
tant was used.

Standard preparation

The partially purified rhesus pituitary gonadotropin standard
LER 1909-2 was provided by NICHD, Bethesda, USA.

Determination of LH biocactivity

An in vitro bioassay method based on the LH~dependent tes-
tosterone production by mouse Leydig cell suspensions was utilized
{ 12 ). The standard and the test materials produced response
lines parallel to one another in the assay. The mean index of pre-
cision ( 1 ) was found to be 0.04.

Fast protein liquid chromatography - Mono P

The Pharmacia FPLC system (Uppsala, Sweden) was used, which
included two P~500 pumps, an LCC-500 Viquid chromatography cont-
roller, an MY-7 motor valve, a UV-M monitor, a 6 ml-mixer, a pH
monitor and a flow~-through pH electrode, a FRAC-100 fraction col-
lector and an REC~482 two channel recorder. The samples were run
in a HR 5/10 chromatofocusing column equilibrated in a 25 mmol/1
triethanolamine - HC1 buffer, pH 9.4.
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The column was pre<equilibrated in 10 ml of buffer A, and the
samples were loaded in 20-200 ul of the same buffer.

The gradient was prepared using Pharmacia Polybuffer 96 -~ HCI
diluted 1/10 with distilled water, adjusted to pH 7.0 and applied
to the column, generating a gradient between 9.4 and 7.0. FPLC was
carried out with the technical parameters as follows: Mono P HR
5/10 prepacked, buffer A) 25 mmol/1 triethanolamine - HC1 pH S.4
buffer B) 10% Polybuffer 96 ~ HC1 pH 7.0, gradient 0 - 100% B
during 30 min, detection UV-280 nm, Aufs 0.05, flow rate

0.5 ml/min.

High performance ion exchange chromatography - Waters DEAE

Anion exchange chromatography was carried out according to the
method described by Hallin & Madej ( 9 ). Briefly, the HPLC sol-
vent system consisted of buffer A} 20 mmol/1 Tris -~ HC1 pH 6.0-8.0
and buffer B) 20 mmo1/1 Tris - HC1 containing 500 mmol1/1 sodium
chloride pH 6.0-8.0. Normally we used 10 ul samples diluted in
buffer A and loaded into the DEAE column (Waters Protein Pak DEAE
5PW, Waters Associates, Milford MA, USA). The loaded material was
mostly eluted with a linear gradient running for 20 min from 2
-100% of B (12.5 mmol/ml) directly after injection at a flow rate
of 2.0 ml/min. Detection of the eluant was performed at UV-210 nm,
aufs 0.5. A1l chromatography equipment was from Waters (M-6000
pumps, M-660 solvent programmer, U6K injector) but the samples
were monitored with a LDC Spectromonitor III (Laboratory Data
Control, Riviera Beach CA, USA). All experiments were carried out
at room temperature (22O C). A1l chemicals were of analytical
grade and the water was HPLC grade.

RESULTS

Fractionation of cpf 1 on Mono P

A typical elution profile of the pituitary preparation from
the adult female cynomolgus is shown in Fig.l. The protein content
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Figure 1.

Elution profile of a monkey pituitary lutropin (LH) preparation
on a prepacked Mono P electrofocusing column (HR 5/10) equilib-
rated in buffer A): 25 mmol/1 triethanolamine~HC1 pH 9.4. The pH
gradient (dotted 1ine) was run for 30 min from 0 % of buffer B to
100 % of buffer B. Buffer B): 10 % Polybuffer 96 -HC} pH 7.0.
Flow rate 0.5 mi/min, UV-280 nm, Aufs 0.05. Sam?le approx. 9.5 IU.
LH bioactivity (hatched area) in eluted material based on testos-
terone production by the mouse Leydig cell suspension.

as well as the LH bioactivity were Feso1ved into multiple compo-
nents with this procedure.

Fractions were collected every min for 30 min starting immediate-
1y after injection. The majority of the applied material (approx.
9.5 IU) was recovered (76 %) during the chromatofocusing while
retained bioactivity was eluted after a salt wash with 2 mol/1
sodium chloride at the end of the gradient. The highest LH bioac-
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tivity in a singte fraction was found after this wash. A small
part of the material, containing weak bioactivity, was eluted in
the void volume, representing pl~s above 9.4. Moreover, LH bioac-
tivity was still retained in the column at pH 7.0, because the
pituitary preparation contained materials with acidic plI forms.

Fractionation of cpf 1 on a Waters DEAE ion exchanger

A previous investigation of a cynomolgus LH standard prepara-
tion ( 5 ), showed that more than 80% of the LH bioactivity is
contained within the pH range 7 to 9. Therefore, we started the
fractionation at pH 6.5. The fractions were collected every 30 s
for 20 min starting immediately after injection (not shown). The
bicactivity was distributed over a wide range. As the pH is up to
1 pH unit higher in the microenvironment of an anion exchanger,

o
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Absorbance 210 nm

p

=]

10 20 30
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Figure 2.

High performance ion exchange chromatography of a monkey pitui-
tary lutropin (LH) preparation on a prepacked Waters DEAE 5PW
column (75 x 7.5 mm) with 20 mmol/1 Tris~HC1 buffer pH 6.0 as
buffer A. Buffer B was identical as buffer A but contained 0.5
mol/1 sodium chloride. The salt gradient was run for 20 min from 2
% to 100 % of buffer B. Sample size approximately 9.5 IU in star-
ting buffer. Flow rate 2.0 ml/min, UV-210 nm, Aufs 0.5. No biolo-
gical activity was found.
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than in the surrounding buffer ( 13 ) , it was Towered to 6.0 in
the second experiment with the anion exchanger. The flow rate was
increased to 1.0 m1 from 0.5 ml/min. The material from the eluted
fractions exhibited no LH biocactivity (see Fig.2).

By increasing the pH of the elution buffer from 6.0 to 7.0,the
same amount of material was applied to the column (9.5 IY).
A1l conditions were the same as in the previous experiments. The
elution pattern of this third experiment was changed because more
protein peaks were observed on the chromatogram {see Fig.3a). Bio-
logical activity (78 %) was found in almost all fractions. As
shown in Figure 3b, the chromatographic profile at pH 7.5 was dif-
ferent from those of all previous runs. Biological activity (61 %)
was, however, observed over a wide range.
Finally, at pH 8.0 (not shown) more material was adsorbed to the
column, and the protein peaks on the chromatogram were smailer. No
LH bioactivity was detected in the eluted material.

DISCUSSION

As has been reported previously ( 5 ), the highly purified
cynomoigus LH preparation (i.e. WP-XV-63-2429) exhibited a high
degree of charge heterogeneity in terms of biocactivity and immu-
noreactivity when fractionated by isoelectrofocusing.

The studies presented in this report were performed to assess
two chromatographic methods with respect to their ability to iso-
late different bioforms of a crude monkey pituitary preparation
without any prior purification.

Initial efforts to purify this pituitary preparation relied
mostly on the anion exchange procedure. Later, the chromatofocu-
sing method developed by Pharmacia was employed as an alternative
to ion exchange chromatography. This latter procedure is based on
the same principle as isoelectricfocusing, but is much more rapid.
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Figure 3. {(upper panel)

High performance ion exchange chromatography of a monkey pitui-
tary lutropin (LH) ?reparat1on on a prepacked Waters DEAE 5PW
column (75 X 7.5 mm) with 20 mmol/1 Tris-HC1 buffer pH 7.0 as
buffer A. Buffer B was identical as buffer A but contained 0.5
mol/1 sodium chloride. Otherwise with the same conditions as in
Fig.2. LH bioactivity (hatched area) in eluted material based on
testosterone production by the mouse Leydig cell suspension.

{Yower panel)

Elution with a 20 mmo1/1 Tris-HC1 buffer pH 7.5 as buffer A.
Buffer B was identical as buffer A but contained 0.5 mol/1 sodium
chloride. Otherwise with the same conditions as in Fig.2. LH
bioactivity (hatched area) in eluted material based on testoste-
rone production by the mouse Leydig cell suspension.
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Since the majority of LH-bioactive species in the cynomolgus
standard LH contain bio- and immunoreactivity in the pl range
between 7.0 and 9.5 ( 5 ), a buffer system in the same pH range
was used to elute the different LH forms from the chromatofocusing
(tertiary and quarternary amines) resins according to their pl
(Technical Booklet Series, Pharmacia, Uppsala, Sweden,1980). The
"fingerprint pattern" produced by UV-absorbing material, presented
in Fig.1, seems to be associated with the LH-bioactive profile.
Note that the molecular species with pl values between 7.5 and 8.5
exhibited highest LH potencies. This confirms the previous finding
of Khan et al. ( 5,6,14 ) with monkey and baboon LH.

By using the anion exchanger, a strong interaction between the
charged biomolecule and the amines may take place until the salt
concentration reduce this interaction, and the components elutes
from the column. This method is also very effective at separating
impurities or degradation products from hormones ( 15 ) or to iso-
late different molecular forms of the radioiodinated olH subunits
( 16 ), since the appropriate buffer composition and buffer pH is
established. Our anion exchange results (see Figs.2, 3a-b) indica-
te that the recovery of LH was maximum when fractionated at pH
7.0, compared to all other pH~s.

It takes also more time to determined the most suitable buffer
system for the ion exchange resins compared to chromatofocusing.
Moreover, there was no baseline separation, visualized as a sharp
“fingerprint pattern”, when anion exchange chromatography was used
under any of the various pH conditions employed, as was observed
with the chromatofocusing method.

Stockell Hartree et al. ( 8 )} fractionated various gonadot-
ropins {e.g. hLH, hFSH, hCG)} using a Pharmacia Mono § anion
exchanger at pH 7.8 and 9.2. In their study, about 11 % of the
applied material was not adsorbed to the column, as compared with
ca. 3 % found in our study. The cpf 1 preparation itself also
cantained much less acidic LH, compared with the hLH in the afore-
mentioned study { 8 ).
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As in other heterogeneity studies { 5,14 ) on monkey LH pre-
parations, we found a biological LH distribution similar in pH
segments as well as in recovery by using the chromatofocusing
technique. Using the high resolution IEF procedure ( 14 ) with
saline extracts of individual pituitary glands of male and female
rhesus monkeys, we also found that the LH molecule could be sepa-
rated up into nine different molecular species,that the IEF pro-
files were very similar to those from baboon pituitaries {( 6 ) and
that no sex-related differences in pI values existed. No differen-
ces were found in the chromatograms, of male and female monkey
pituitary extract when subjected to chromatofocusing under iden-
tical conditions.

Our results further emphasize that it is possible to purify
and detect different bioforms of a pituitary preparation using a
mild and simple handling procedure before fractionation on a chro-
matofocusing column.
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