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FRACTIONATION OF BOVINE THYROTROPHIN AND LUTEINIZING
HORMONE ON CELLULOSE ION EXCHANGE COLUMNS
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Nationwd Fustitute of Avihritis and Metabolic Diseases, National Instilules of Heallh, Bethesda, Md.
and Agricullural Reseavch Service, Beltsville, Md. (I7.5.A.)

{Received QOctober 24th, 1958)

SUMMARY

Chromatographic studies of the behavior of TSH on DEAE-C and on CM-C have shown
that crude TSH can be purified approximately 20 to 40 times with recovery of 30 to
50% of the starting activity. The potency of the most active fractions is 2o to 50
U.S.P. units/mg. LH can be scparated from TSH by chromatography on DEAE-C
at pH g.5. The TSH is vetai-ed on the column while the LH passes through unadsorbed,

INTRODUCTION

Early attempts to purify pituitary thyrotrophin resulted in the preparztion of
fractions which were about 100 times more potent than the bovine anterior pituitary

Abbreviations: TSH, thyroid-stimulating harmone; L, Juteinizing hormone; DFALE-C,
diethyl amina ethyl cellulose; UM-C, carboxymethylcellulosc.
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voL. 34 (1959) BOVINE THYROTROPHIN AND LUTEINIZING HORMONE 43I
powder used as starting material®-2. Subseguently, STEELMAN showed that thyroid-
stimulating hormone (TSH) behaved as a basic protein when it was purified by an
electrical transpoci method?, Following the demonstration by HEIDEMANN that bovine
TSH could be adsorbed on the weak cation exchanger IRC-30!, several groups of
investigators employed this resin to prepare fractions having potencies of 2 to 5 U.S.P,
units/mg>—7.

CM-C has been used to prepare fractions which have potencies of 5 to 10 units/mg?.
‘When examined by paper electrophoresis and in the ultracentrifuge, these preparations
appeared to be homogeneous®. The sedimentation constant of these preparations is

"2.5 S, which is close to the value reported by Prerce axp Nyc for similar materials.?.
Despite the apparent homogeneity of this 5 to 10 units/mg material, column chro-
matography on DEAE-C showed that it contains several component‘s and that TSH
activity was associated with no more than 309 of the protein placed on the columnd,

We wish to report here experiments in which TSH having a potency of 2o to 50
units/mg was prepared by solvent extraction according to the procedure of BaTes?,
followed by chromatography on CM-C and DEAE-C. In the course of chromatography

on DEAE-C, it is possible to separate TSH from LH, which is the most common
biologically active contaminant of TSH.

MATERIALS AND METHODS
Pitwitary powder

The startipg material for these experiments consisted of powders of desiccated
anterior lobes of bovine pituitaries. One batch was an acetone dried powder
No. 128,300* containing 0.03 U.S.P. unit of TSH/mg. A second batch was a lyophilized
powder which contained 0.05 to ¢.I units/mg. The TSH fractions isolated from each
batch did not differ in their chromatographic properties.

Preparation of crude TSH

The early part of this work was carried cut with a fraction prepared from bovine
anterior pituitary powder by the method of CiERESzko®. This fraction usually has a
potency of about 1 unit/ing. It contains no prolactin or growth hormone and less than
0.1 U.S.P. unit of corticotrophic activity/mg. Later in these studies, partially purified
TSH fractions having a potency of 1 to 2 units/mg were prepared by the percolation

procedure of BaTes® and were used as the starting material for chromatographic
studies.

Bicassays

Thyroid-stimulating activity was determined by depletion of 131 in the baby
chick, according to the procedure of Bates AND CorRNFIELD!?. All potencies are
expressed in terms of U.S.P. units of TSH. Luteinizing hormone was estimated in
laying hens bv the procedure of FRAps™*. Luteinizing hormone activity is expressed
as the amcun? of protein in pg which will produce cvulation in 50% of the hens
tested {ODg). The relative potency of various preparations is given in Table III as
100 times the reciprocal of 0D,

* This material was obtained through the courtesy of the Endocrine Study Section, National
Institutes of Health, Bethesda, Md.

** R. M. Fraps, nnpublished data.
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Chemtical analvses

Protein concentration was estimated sither by the absorption at 24H mp or by
the maodified binret-Folin reaction deseribed by Lowry e af.1,

Prefraration and opoeralion of columns

CM-C was prepared from Whatman powdered cellulose by the procedure of
PeTERSON AND SosEr'?. Different batches, which contained 0.7 to 0.9 mequiv. of
carboxvl groups/g of CM-C, all behaved in the same manner during chromatography
of TSH. DEAE-C was either yrepared from Solka Floc BW-200" by the procedure of
PETERSON AND SOBeER!? or was obtained through commercial channels**. TSH
behaved in the same way on all lots of DEAE-C used in thesc experiments.

Ratches of DEAE-C and CM-C were prepared for columns by washing with a
solution which was 0.5 ¥ NaOH and o.5 N NaC(l, followed by a thorough washing
with water until the pH was about 6 and the absorbance of the wash water was less
than o.o20 at 226 mg. The batch was then suspended in the appropriate buffer and
stirred at room temperature for 1 h. The cellulose was allowed to settle for a half hour
and the supernatant solution was decanted. It was then resuspended in buffer and
again stirred slowly to free the suspension of fine bubbles which tend to slow the flow
rate. The suspension was then poured inte a column of the type employed by StrIN
axd Moorzs for starch chromatography?® Each pertion settled under gravity and the
liquid standing above the column was altowed to run down to the top of the cellulose.
Additional portions of cellulose suspension were added untii the desired height was
reached. Dimensions of the columns used are indicated in the tables and figures. The
settled column was washed with the initial buffer until the pH of the influent and
effluent were the same,

Weighed samples were usually dissolved in a small volume of buffer which was
then equilibrated against the initial buffer by dialysis at 2°. Samples which were
rechromatographied without intervening lyophilization, were concentrated to the
desired volum.- by flash evaporation at less than 10° and then equilibrated at 2°.

Gradients were applicd as indicated in the figures by Roman numerals. Usually a
mixing device was used which was similar to that suggested by AiLm ef al.2, In some
experiments lincar gradients were obtained by uase of a device like that of PArRrIS,

RESULTS
Experiments «ith diethviaminocthyl cellulose

Preliminary experiments were carried out using the conditions emploved by
SosEk ef ¢l.1® for the anion exchange chromatography of plasma proteins, At pH 7.0
in 0.c03 M sodium phosphate buffer, TSH was not campletely retained on the column
and iodine-depleting activity was found in most of the fractions that were eluted.
Similar resnlts were obtained when o.01 M tris(hydroxymethyl)Jaminomethane buffer
was used over a pH range of 7.5 to 8.5. Retention of the hormone was finally achieved

on DEAE-C columns at pH g.5 in sodium glycinate buffer having an ionic strength
of 0.005, as shown in ¥Fig. 1.

" Purchased from Brown Co., Berlin, Mew Hampshire.
** Purchased from Eastman IKodak, Rochester, New York.
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Fig. r. Column chromatography of TSH on DEAF-C. oala T 5 . a4
Column size 0.9 > 15 cm, temperature 2°, fraction size ’ s Lo 4 g
) 2 » T * ¥ b
3ml O, u.v absorption at 270 my: A, TSH activity 0.2+ I _;% i -2
in U.S.P. units/ml of ~fluent. Fractions pooled as @ omﬁ s e g W
indicated Ly brackets. 2. 1o mg TSH (5 US.P. units) £ 0 50 150 200 0 250 T @
mg); solvents I, pH 0.5, I'fz = 0003, sodium glyei- @ { b A B B2 . =
nate; II, stepwise change to pH 0.5, F¥2 = oo, 205 - " ,|2;—'|ﬂ
sodinm glycinate: [T, stepwise chanpe ta .20 1F < F I -
NaH,P0O, (Expt. 6-25, Table [, b, 140 myg TSH 04 B i _'8 =
(4 U.S.P. units/mg): salvents I, pH .5, /2 — o.ons, 0.2:1 ey E} 44 =
sodium pglveinate; I, gradient to pH .5, I'f2 = o010 a ) g ; W!"E vl
sodium glycinate; I, stepwise change to o 2o 1S 0 50 100 {50 200 250 300 400 450

Nall, 0, (Expt. 661, Table IT). EFFLUENT VOLUME - ML

Fig. 1 illustrates a pair of experiments in which the conditions of adsorption were
the same but the manner of elution was different. Fig. ra {Expt. 6-25, Table I1) shows
that when clution was carried out by the stepwise change of solvents indicated, the
TSH, having a potency of 5 units/mg, can be resolved iiito the 3 components labelled
A, B, and C in the figure. Peak I3, which was eluted by raising the ionic strength to o.1,
contained 809% of the TSH and it was estimated that the highest potency at 131
effluent ml, was about zo units 'mg. When gradicnt elution was carried out, as shown
in Fig. 1b, peak B was partly resolved into two components. The highest p tency at
207 effluent ml was again estimated to be about 2o units/mg. When the peaks wer
pooled and recovered by dialysis and lvophilization, Fraction Bz {Table 11, Expr. 6-61)
was found to have a potency of 15 units'mg or over three times the poteacy of the
starting matcrial.

Table I summarizes the results of experiments in which crude fractions, most of
which had potencies of about 1 unit/me, were used as the starting material. In most

TABLE

RECOVERY OF TSH FROM CRUDE FRACTIONS BY CHROMATOGRAFE . ox DIEAE-C

- . - Nterrtisrg mertorir!
Experiment No. * 5 ddtern

TSF elnted
. [ T I o S G —— e e Yrodd , I
usid elutinn ot st Fodal TSH Potencv ap podh Totad TSH o Purijication
fraction 'SP u wme Rl s NI ome EIS T parrts
a-6g " 0.9-10 1.2 AN 10 100 N3 b
uf:]-()_r,.l'i'vl'r 1.3 25 i1 TV H00 ENH SN0 1 2.0 .
H2 0 3,800 51 .3
Bj 3.2 fryes ) g 7
7 * 3 2,7 .3 L 4] =
7-3131 3.4°13 1.1 2,700 .5 23 ‘

B2 3.0 1,500 30 3.5
se121 " 34715 1.0 3,000 4.0 2,360 =0 1.0 ™
813"" 3.4-15 o4 1.Eh0 3. 1,070 92 7.5
5-3_:,' 347153 1.0 3,000 5.0 0,400 28 3
843" 10-12 0. 58 5,200 .0 (3,000 113 10
8-ro1132"" to-12 11 12,000 .00 2,600 2z 5.5 =

B3 2.0 4,000 33 |
JEX 1.6 1,300 11 —

* Starting material prepared by acetone fractionation.
** Starting material prepared by percolation,

Referenzes p. £35.
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Fig. 2. Columnchromatography af TSH
on DEAE-C, Column size 1.6 X 25 cm,
temperature 2°, fractionsizes ml. Solid
line, u.v. absorption cof the efluent at
276 mu; & TSH activity in TLS.P.
units/m] of efflucnt. Gradient elution
according to Parr?®. Fractions pooled
as indicated by brackets. Solvoats: I,
pH 9.5, I'iz == 0.003, sodium glycinate;
11, Linear gradient to pH 9.5, I/2 =
o.10, sodium glycinate; III, Linear
gradient to pH 9.5, I'fz = o0.20, sodium
glycinate; IV, Stepwise change to
0.z0 M NaH,PO,. a. 6.8g TSH (1.1
U.S.FP, units{mg) applied to the column
in 100 ml of the initial buler, (Expt.
6-g5, Table 1.} b. Rechromatogram of

fraction 6-95Bz2 (550 mg, 6.9 units/mg). The TSH was applied to the column in 63 ml of the
initial buffer. (Expt. 6-107, Table IL.}

experiments about 50% of the TSH activity was recovered in fractions such as
6-95Bz (Fig. 2za) in which there was at least a 5-fold increase in potency. Most of the
remaining activity could be accounted for in adjacent fractions of lower potency.
Table II summarizes the experience with rechromatography on DEAE-C of
fractions previously purified by chromatography on CM-C or DEAE-C. The experi-

TABLE 11
CHROMATOGRAPHY OF PARTIALLY PURIFIED TSH ox DEAL-C
. , Starting material TSH eluled
1;:;:":;5;:5\;‘3} Urdumn size Yield Purification
Iraction o otency Tolal TSH Potency af peak  Tatal TSI %5 ifcas
: [SP ume USSP units S5 mg USP units
6-253%. " 0.9- 10 5.0 8 35 73 1.6 K
C 4 9 19 —
6-47B1"" 0.0-10 2.5 2.5 31 18 —_
B: 14 85 50 3.7 X
6-01B1°" 0915 j.0 I 22 4 ——
Bz 15 1o at 3.75 %
6-107B1°7Y 19025 6.9 3,800 4.9 1,300 34 —
B2 10.0 2,100 35 1.5
B3 3.2 jic 8 —
5-37H1§ [.09°15 ro.o 3,900 0 465 12 —
B2 21885 1,850 47 2 ¥
I3 13388 455 1z —
8-145B% 0.9-5 2 4088 180 [o]e} a x

* Stepwise elution.

-

CM-C.

"* Starting material prepared by acetone fractioration and CM-C chromatography.
Starting material prepared by acetone fractionation and DEAE-C chromatography,
§ Starting material prepared by acetone fractionation and chromatography on DEAE-C and

5§ Potency estimated hy assuy of pooled peak and spectrophotometric determination of the

protein concentration,

588 Minimum value for the potency. Higher -alues were also obtained depending on the dose

injected into the chicks.
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ment designated 6-107 shows the distribution of TSH when fraction 6-9g5B2 (Table 1)
was rechromatographed on DEAE-C under the same conditions. This experiment is
illustrated in Fig. 2b to show that the position of the TSH activity is the same in the
original and in the rechromatogram. The fractions recovered in experiment 6-107 were
subsequently placed on CM-C columns (Expts. 7-37 and 7-63 in Table IV and Fig. 3),
with results which are described later in this paper. There appears to be more than
one component which possesses TSH activity. However, it must be remembered that
individual values of the TSH concentration may be in crror by approx. 30%, which
could account for some of the irreguiarities in the TSH activity carves of the effluent
in these and in other experiments.

Separation of TSH and LH on DEAE-C

Crude TSH prepared by acetone fractionation contains cohsiderable amounts of
LH as well as TSH. Fractionation on CM-C columns fails to effect a complete
separation of the two hormaones. For example, preparation 5-47 (Table 11I), which was
prepared from 1-g5F by chromatography on CM-C, had about the same LH poténcy
as 1-95F, although the ratio of TSH to LH went up from 0.47 to 2.3. When a fraction
similar to 1-95F was chromatographed on DEAE-C as shown in Fig. za, it was found
that LH activity was located in Fraction Ar (Table 1ff, 6-93AX) -with little TSH
activity. The TSH/LH ratio was reduced to 0.01. The later TSH-containing fraction
6-g5B2 was rechromatographed on DEAE-C as shown in Fig. 2b and the fractions
6-107B1, B2 and B3 were cut as indicated. Upon assay the TSH/LH ratio was found
to have increased from 2,3 in preparation 5-47, to 8o in the case of 6-107B2, indicating
a reduction of 40 times in the contamination of TSH by LH. Thus, a good separation
of the LH and TSH activities (ratio of o.01 for 6-95A1 and of 8o for 6-r07Bz) was
obtained. Assuming the ODg, of pure LH to be no more than 4 pg, the amount of LH
present in a TSH preparation such as 6-ro07B2 would be 0.5 % (w/w}, or less. The most

TABLE III
SEPAKATION OF TSI axp LEH ox DEARE-C

Luleinizing hormane
I'SH palency U —

Freparation USP wimg b, Relatice TSHILH
He petency
1-95F 0.7 63 I.5 .47
5-47 5.0 45 .2 2.3
6-95 AT 0.05 25 4.0 0.013
6-107Bt 4.9 100 .25 20
B 10.0 Joo @125 S0
133 3.3 400 0,25 I3
0-61 A a.05 3 125 .00
6B 0.5 15 2.2 o.41
612 I3 130 a.77 za
7-49\ 0.03 50 2.0 0.025
46131 I.1 43 2.2 ©.5
3982 5 FU0 0.z 25
40B3 2 500 0.2 10
49C 1 O350 0.15 6.7
Armour 227-80" .36 + 25 0,014

* This preparation has a potency of zoo Weaver Finch Units/mg'?.
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potent LH preparations described in this report appear to be about half as potent as
Armour preparation 227-8o, but they contain considerably less TSH. The high TSH
content of this potent Armour LH preparation indicates that further purification can

be expected. Additional studies on the chromatography of LH will be reported in a
later publication.

Experiments with carboxymethyleellulose

Fractions from DEAE-C chromatograms can be further purified on carboxy-
methylcellulose columns. Fig. g illustrates the rechromatography of the Fractions Bx
and Bz in Fig. zb (Table II: 6-107B1, 6-10732) on CM-C columns. The conditions
previously reported? of absorption at pH 6 at low ionic strength followed by gradient
elution with 1 M NaCl were used in both experiments. Similar patterns were obtained
in each case and the potency of the material recovered in the main peak was at least

4 - .

3 £ ) .

2 lage Fig. 3. Rechromatography of TSH on CM-C. Column
n w size 0.9 + 20 em, temperature 2°, fraction size 3 ml. O,
Z1 10 O u.v. absorption at 276 mu: A, TSH activity in U.8.P.
o 0 g £ units/m! of efilvent. Fractions pooled as indicated by
a2 2 brackets. Gradient elution according t¢c ALy ef all4,
26 - Solvents: I, pH 6.3, o.01M, sodium phasphate; IT,

4 140D gradient to 1t M NaCl, a. 237 mg TSH (4.9 units/mg,

1op= Expt. 7-37 in Table IV) applied to the column in 2 ml
215 Y g 15¥"  of the initial buffer, b, 100 mg TSH, (1o units/mg,
0 aeisReonnhanclaokalil  Daciog () Expt. 7-63 in Table 1V) applied to the column in z ml
Q 40 80 120 160 of the initial bufier.
EFFLUENT VOLUME - ML
TABLE [V
CHROMATOGRATHY OF PARTIALLY FURIFIED " TSH ox CM-C
. . Starling malerial TSH ehuted*®
Lapt, da. Column size - ¥icli e

at:flr_‘;""::m o Poiency Tuotal TSH  Potency of peak Tutal TSH ;rr Lurifteatson

aeto 'S8 wome U8 wniis USSP uimg CSP units
7-37B1 0.g- 20 4.9 1,100 2 30 3 -_—

132 T 370 32 4.3 %
T332 a9 15 10 1,000 gttt 300 30 1.8 x
T-103 G015 2.9 et i 10 400 45 3.5 X
7e117 0G5 3.2 1,000 10.5° " 256 26 3.3 %
Z-141 1.g 15 1 3,000 15 2,180 73 3.7
8-57 34715 5 15,000 1t 3,900 26 %

H-11 4131 1.9°15 3 1,300 5 200 g 1.7 X
B 2377 700 74 7.7 X
B3 5 40 15 5%

* Starting material prepared by acetone fractionation and chromatoegraphy on DEAE-C,
"* Elution carried out at pH 6 with a gradient to 1 37 NaCl.

“** Minimum values for the potency. Higher values were also obtained, depending on the dose
injected inte the chicks.
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18 units/mg. This figure is a minimum value since in the case of preparation 7-63
(Table [V) a potency of 18-30 units/mg was found, depending unorn’ the dose injecced.
The yields are calculated from the minimum values. Table IV summarizes a number
of experiments of this type in which the yields were found to be quite variable due to
differences between the slopes of the dose-response curves for the standard and the
unknown. These bioassay difficulties are not encountered with less potent fractions
that have not been submitted to chromatography on both DEAE-C and CM-C.
Similar results are indicated in Table 11, Expt. 8-87Bz, in which a minimum value of
21 units/mg was found, but the maximum value was 36 units/mg.

LISCUSSION ) - .

TSH and LH appear to be similar proteins. They are both adsorbed to IRC-30 or to
CM-C at pH 6 and until the development of DEAE-C and its application to this
problem, they could not be separated without using conditions where the risk of
destroving TSH is considerable. ELLis¥, for example, has emploved metaphosphoric
acid as a precipitating agent for recovering T5H from solution, leaving LH in the
supernatant. However, in view of the inactivation or alteration of TSH in acid
solution™, it seems preferable to separaté the two hormones under as mild conditions
as possible.

The elution patterns obtained in column chrematography on DEAE-C suggest
strongly that TSH activity may be associated with two or more chemical com-
ponents®, P1ErcE, WynsTOoN AND CARSTEN have prepared high-potency TSH by a
combination of counter-current distribution and chromatography on DEAE-C, which
displays two bands in starch gel electrophoresis'®* both of which were active. ELLis
has reported that sheep TSH preparations contain two active components when
placed on IRC-50 columuns. It would appear that TSH, like other pituitary hormones,
exists in more than one chemical form. Preparations 8-87B2 (Table II) and 7-37Bz2
(Table IV), which had potencies of over 20 units/mg, were examined for N-terminal
amino acids by the technique of Sancer??, DNP-phenylalanine and DNP-threonine
were found, together with traces of DN P-serine, when a z4-h hydrolyzate of the DNP-
protein was examined by 2-dimensional paper chromatography. These same two
preparations also displayed 2 or 3 bands in starch gel electrophoresis.

The TSH potency of the most active fractions recovered from DEAE-C and CM-C
columns is at least zo units/mg. Values as high as 50 units/mg have been cobtained
in the case of one fraction (8-113B2, Table IV). Several factors have to be taken into
account, which affect the specific hiological activity. The lower limit of response is
about 2z milliunits total dose as shown by Bates anp CornNrFIELDIO, If the specific
activity of a fraction is 20 units/mg, this corrcsponds to 0.1 pg of protein, which under
the conditions of the assay is injected in a velume of 0.2 ml. At this level of protein
concentration it has been found that in a 48-h assay, the solution will have lost its
iodine-depleting ability by the second 24-h period unless an inert protein solution such
as 0.1%;, bovine serum albumin is used to make up dilntions for assay. Another factor
affecting the estimate of potency is that the slope of the dose response curve of the

* We wish to thank Dr. J. G. PIERCE for comparing .wo of our preparations wiih one of his
potent fractions, by starch gel electrophoresis. In this comparison the two bands which he has
found to be assceinted with TSH activity were observed in preparations from both laboratories.
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highly purified TSH which has been chromatographed on DEAE-C and CM-C is less
than that of the standard preparation. Thus, at a dose level of 0.1 pg/day, the
calculated potency may be 50 units/mg, but at a higher dose level of 0.5 pg/day, the
calculated potency will be only 2o units/mg. Since variation of this sort is not
cncountered in fractions that have not been subjected to extensive purification by
chiromatography, it is clear that the highly purified material is less stable and has a
different quantitative effect on iadine depletion in the thyroid than do the cruder
fractions. Similar variation in the apparent potency of other pituitary hormones has
been observed in a number of laboratories.
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