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A B S T R A C T Antigeniic recognitioln of four anti-bo-
vine parathyroid hormone antisera was characterized by
their reactivity with bovine hormonal fragments (1-34,
1-13, 14-34, 19-34, 53-84) and human hormone extracted
from parathyroid adenomas. All antisera were found to
have antibody populations which recognized more than
one antigenic determinant and all antisera differed in
their specificity and reactivity for the fragments of bo-
-vine hormone. By modification of two antisera, GP-1 and
GP-133, by preincubation with excess concentrations of
1-34 or 53-84 fragments, antigenic recognition was re-
stricted to defined regions of the hormonal sequence.
When assays using these modified antisera were ap-

plied to the study of hormones extracted from glands,
greater immunochemical similarities were seen between
bovine and human parathyroid hormone using assays
that were specific for the measurement of amino-termi-
nal portions of the hormones than of the carboxy-termi-
nal portions.
When assays using these antisera were applied to the

study of endogenous parathyroid hormone in human
plasma, the immunoreactive hormone in the general cir-
culation was shown to substantially lack an amino-termi-
nal portion of the sequence of the intact hormone, in-
cluding an antigenic determinant requiring all or some
of the 14-19 region. This deletion accounts, at least in
part, for the immunochemical heterogeneity of plasma

This work has been presented in part at the Annual
Meetings of the American Society for Clinical Investigation
and American Federation for Clinical Research, 30 April
1972.
Dr. Habener is a Special Fellow of the National Insti-

tute of Arthritis and Metabolic Diseases of the National
Institutes of Health.
Received for publicationi 5 May 1972 and in revised form

1; Autgust 1972.

parathyroid hormonie inl man. Radioimnmunoassay of frac-
tions of peripheral plasma subjected to gel filtration con-
firms that the dominant form of the immunoreactive
hormone in the general circulation of man is a hormonal
fragment that is totally devoid of amino-terminal reac-
tivity. Because of this deletion, it can be concluded that
most of the immunoreactive parathyroid hormone in the
general circulation of man must be biologically inactive.

INTRODUCTION
In studies employing several antisera to bovine parathy-
roid hormone (BPTH),' Berson and Yalow (1) re-
ported that, with one of these antisera, the slope of in-
hibition of tracer binding by successively increasing
aliquots of immunoreactive parathyroid hormone (PTH)
in the plasma of patients with hyperparathyroidism dif-
fered from that seen with hormone extracted from human
parathyroid adenomas. This indicated that PTH in man
was immunochemically heterogeneous and that certain
antisera recognized antigenic differences, presumably
reflecting structural differences, between the plasma
and stored hormone. A preliminary report by Canterbury
and Reiss (2) indicated that several immunoreactive
fractions could be detected after gel filtration of circu-
lating PTH in man and studies in this laboratory (3)
have shown that PTH in the venous effluent both of hu-
man parathyroid adenomas and normal bovine parathy-
roid glands is indistinguishable from hormone extracted
from glands, but that PTH in the general peripheral
circulation consists largely of a hormonal fragment which
is immunochemically distinct from hormone extracted

'Abbreviations used in this paper: BPTH, bovine para-
thyroid hormone; HPTH, human parathyroid hormone;
PTH, parathyroid hormone.
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from glands and has ani estimated molecular weight that
is 2000 daltons less than that of intact hormone. These
latter results, in vivo, indicated that cleavage of the
stored form of the hormone occurred after release from
the gland and not at the time of release as had been sug-
gested by earlier organ culture studies done in vitro (4,
5). More recent studies, by Martin, Greenberg, and
Melick (6), using human parathyroid monolayer cell
cultures, have shown that the secreted hormone is in-
distinguishable from the hormone extracted from hu-
man adenomas by gel filtration and by polyacrylamide
gel electrophoresis. These results are consistent with the
findings observed in vivo (3).
To further evaluate the immunochemical properties of

endogenous, circulating PTH in man, it was necessary
to develop radioimmunoassays using antisera that react
specifically with defined regions of the hormone. The
recent determination of the complete amino acid se-
quence of BPTH (7, 8) and the availability of both
natural (7) and synthetic horimioinal fragments (9) of
BPTH have permitted us to characterize the antigenic
recognition of several antisera. Antibody populations
within these antisera are then selectively blocked by pre-
incubation with excess concentrations of the appropriate
fragments of the BPTH sequence. Antigenic recognition
is thereby restricted to specific regions of the hormonal
molecule. Use of these modified antisera enabled us to
develop radioimmunoassays that measure specific regions
of the hormone and apply them to a study of the immuno-
chemical nature of endogenous PTH in man. The results
from these studies have allowved us to further understand
the biological significance of PTH metabolism. In addi-
tion, these results have important implications for the
use of the radioimmunoassay for measuring PTH in the
circulation of man.

METHODS
Preparation of hormones and hormonal fragments. Puri-

fied BPTH (10) and a parti"lly nolrified preparation of
human parathyroid hormone (HPTH) (11, 12) were used
as standards in the radioimmunoassay. Aliquots of BPTH
were iodinated with 12"I by a modification of the method of
Hunter and Greenwood (13) for use as tracer (300 Ci/g).
Bovine hormonal fragments 1-34, 14-34, 19-34, and 1-13

were synthesized by a modification of the solid phase meth-
ods previously described (9). Fragments 1-34, 14-34, and
19-34 were prepared by removing quantities of peptide-resin
at the appropriate steps in a single synthesis beginning with
resin-esterified phenylalanine. Using the test systems pre-
viously described (9), this preparation of fragment 1-34 was
found to be more active than the initial preparation both
in vivo and in vitro. In eight separate bioassays, based on
the activation of rat renal cortical adenyl cyclase (14), the
potency of the more recently synthesized preparation ranged
from 1800 to 2300 USP u/mg. Fragment 1-13 was also
prepared by a modification of the solid phase methods be-
ginning with resin-esterified lysine.

The hornmonal fragment 53-84 was prepared by tryptic
digestion of native hormone after blockade of lysine e-amino
groups with maleic anhydride as previously described (7).
Amino acid composition and precise quantitation of prepa-

rations of purified BPTH, synthetic and natural hormonial
fragments of BPTH, and partially purified HPTH were
determined by combinied acid and enzvmatic hydrolysis techi-
niques (7, 10).

Antisera. Antisera from guinea pigs that had been im1-
munized with partially purified BPTH (10) were used at
a final dilution of 1/300,000 (GP-1), 1/80,000 (GP-118),
1/6000 (GP-133), and 1/3000 (GP-144), chosen to give a
bound to free ratio of radioiodinated hormone in the ab-
seince of added hormone (antibody control) of 0.7-1.0.

Antigenic recognition of the antisera was restricted by
preincubation of GP-1 and GP-133 (dilution of 1/30,000 an(l
1/600, respectively), 6-18 hr before use in the radioimmuno-
assay with amounts of fragments 1-34 or 53-84 calculated to
give a final concenitration of 20 and 10 ng, respectively, per
assay tube. To insure that preincubation with a given frag-
ment totally eliminated antibody recognition for that region
of the sequence, binding of the antibody control was com-
pared with identically prepared tubes to which an additional
10 ng of the fragment used for preincubation was added. In
no instance was tracer binding further inhibited. Preincu-
bated antisera were used at final concentrations of 1/150,000
(GP-1) and 1/3000 (GP-133).
Radioimmunoassavs. Radioimmunoassays w\-ere carried out

by a modification (15) of the method of Berson, Yalo,
Aurbach, and Potts (16), usinig 5,000-10,000 cpm of BPTH-
'25J, 100 ,l of one of the four antisera, and(1plasma samples
or hormonal preparation adjusted to a final volume of 0.5 ml
with 0.05 M veronal buffer-15% v/v human plasma. Non-
equilibrium incubation conditions (17, 18) for 6-7 days at
4°C and a modification of the charcoal-dextran phase sepa-
ration (19) were used. In this modification, 200 ml of cold
(4°C) 0.05 3,i veronal buffer was added to each of two
beakers, one conitaining 10.0 g of Norit A charcoal (Fisher
Scientific Co., Pittsburgh, Pa.) and the other containing
1.0 g of dextran T80 (Pharmacia, Uppsalla, Sweden). After
the dextran was in solution and an homogeneous suspension
of the charcoal achieved (ly hr of continuous mixing), the
contents of both beakers were combined and mixed for 2 hr
at 4°C. While the suspension was continiuously stirring,
200-II aliquots were removed and added to the assay tubes
(10 X 75 mm flint glass). After 30-60 min at 4°C, the tubes
were then mixed on a Vortex mixer (Scientific Industries,
Inc., Queens Village, N. Y.) and centrifuged for 10 mimi
at 2000 rpm in an International refrigerated centrifuge
(model PR-2). The supernates were then carefully decanted
into clean test tubes. "2I in both the bound and free fractions
was counted in a gamma well-spectrometer (Packard In-
strument Co., Inc., Dowvners Grove, Ill.). PTH concentra-
tions in all plasma samples were measured in multiple dilu-
tions and all samples were assayed at least in duplicate.
often in quadruplicate. Appropriate controls of samples with-
out added antisera were used in each assay and for each
sample to correct for nonspecific effects due to incubation
damage of radioiodinated hormone (20).

Gel filtrationt. Portions of 0.1-0.8 ml of plasma and
marker (BPTH-'"I-20,000 cpm, 40 pg) were chromato-
graphed at 25°C on a 0.8 X 60 cm Bio-Gel P-10, column
(100-200 mesh, Bio-Rad Laboratories. Richmond, Calif.)
at a flow rate of approximately 8 ml/hr, using an eluting
buffer of 0.05 at veronal-0.01 At disodium ethylenediamine-
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FIGURE 1 Comparison of the fall of antibody-bound to free BPTH-"I tracer from antibody
control (bound to free ratio in the absence of unlabeled hormone) in assays using four antisera
as a function of increasing concentrations of BPTH and BPTH fragments 1-34 and 53-84.
Concentration is expressed in moles X 10". A. GP-1 (1/300,000) ; B. GP-133 (1/6000); C.
GP-118 (1/80,000); D. GP-144 (1/3,000).

tetraacetate-0.05% Merthiolate-10%o (v/v) human plasma
by methods previously described (3).
Plasma samples. Venous blood was collected in heparin-

ized tubes from the antecubital vein from 24 patients in the
fasting state. 19 had hyperparathyroidism and 5 were normal
subjects (21). Samples from veins draining the parathyroid
glands were collected at the time of diagnostic transfemoral
catheterization in five patients with surgically proven para-
thyroid adenomas and in two patients without disorders of
parathyroid function (cases 23 and 27 in reference 22). The
latter blood samples contain hormonal concentrations that
were as much as 50-fold greater than were found in the
general peripheral circulation (22).

RESULTS
Characterization of antigenic recognition of anti-

BPTH antisera. Fig. 1 compares the inhibition of bind-
ing of BPTH-'I tracer to four antisera by BPTH and
fragments 1-34 and 53-84. The partial inhibition of
tracer binding by both fragments with all four antisera
shows that all the antisera contain antibodies of high
affinity to antigenic determinants within the selected se-
quences. The concentration of each fragment required

for inhibition of tracer binding differs for each anti-
serum, as does the per cent of total inhibition ob-
served with addition even in marked excess of each frag-
ment. The carboxy-terminal fragment inhibits tracer bind-
ing more effectively with all antisera, but where the
slopes of inhibition of tracer binding by fragments are
sufficiently alike to permit comparison of the concentra-
tion of fragments required for equivalent inhibition of
tracer binding the ratio of concentration of fragments
1-34 to 53-84 varies from 1.2/1 for GP-133 to 50/1 for
GP-118 (Fig. 1 B,C).
When PTH in the general circulation is measured in

assays using GP-133, the slopes of inhibition of tracer
binding by successively increasing aliquots of sample
are identical with that caused by HPTH, but when GP-1
is used there is evident nonidentity of these two slopes
(see below). Therefore, these antisera were chosen for
further characterization.

Fig. 2 shows the inhibition of binding of BPTH-'I
to each antiserum by fragment 1-34 and subfragments
1-13, 14-34, and 19-34 after each antiserum was preincu-

Parathyroid Hormone in Human Plasma 3165



I*-BPTH , 0-1-34 , A-14-34
*-19-34 , --13

0

llJ
LJ

LL

0
z

0
m

0.1 1.0 10 102 1o3 to5

MOLES PEPTIDE x10-> 5

FIGuRE 2 Comparison of the inhibition of biniding of BPTH-
'25I tracer by increasing concentrations of BPTH, fragment
1-34, and subfragments 1-13, 14-34 and 19-34 from A. GP-1
(1/150,000) preincubated with excess 53-84; B. GP-133
(1/3,000) preincubated with excess 53-84. Concentration is
expressed in moles X 10-'.

bated with excess fragment 53-84. In assays with GP-1
equimolar concentrations of 1-34 and 14-34 give identical
curves of inhibition of tracer binding, whereas subfrag-
ments 1-13 and 19-34 do not inhibit tracer binding in
concentrations as high as 6 X 10-" M and 5 X 10-1" M,
respectively. This demonstrates that the major antigenic
determinanit wvithin the amino-terminal 34 residues for
GP-1 requires all or some of the 14-19 region of the mole-
cule (Fig. 2A).

In assays using GP-133, equimolar concentrations of
fragments 1-34 and subfragments 14-34 and 19-34 give
identical curves of inhibitionl of tracer binding. tlhus
demonstrating that a major antigenic (leterminiailt ((s)
within the amino-terminal 34 residues for GP-133 must
be within the 19-34 sequence (Fig. 2B). Subfragment
1-13 fails to inhibit tracer binding in concentrations as
high as 6 X 10'1 M. These findings indicate that the first
18 residues, at least, are of no immunological importance
for GP-133. Of course, it cannot be excluded that the

region of recognition may include a portion of the se-
quence which is carboxy-terminal to position 34. There-
fore, a longer fragment which is extended to include this
region might inhibit binding of BPTH-YI tracer more
effectively.

In addition, when saturating concentrations of frag-
miients 1-34 and 53-84 are added together, they inhibit
95% of binding of BPTH-YI to GP-1, but only 85% of
tracer binding to GP-133. This indicates that antigenic
(leterminant(s) are present within the 35-52 regioln
which are recognized by both antisera. Since neither
fragment 1-34 or its subfragments cani compete witl
BPTH-'"I for this additional antigenic recognitioln
site(s), this probably explains the more effective inhibi-
tion of tracer binding by BPTH than by the hormonal
fragments seen in Fig. 2 (1-34 and 14-34 in the case of
GP-1 and 1-34, 14-34 and 19-34 in the case of GP-133).

Studies of BPTH and HPTH using GP-1 and GP-138
and each antiserum after preincubation. Fig. 3 com-
pares the relative curves of inhibition of binding of
BPTH-"I tracer by BPTH and HPTH in assays using
GP-1 and GP-133 and each antiserum after preincuba-
tion with excess 1-34 or 53-84 fragment. \Vith all six
assay systems, detection for BPTH is better than for
HPTH. In assays with both anitisera, before preincuba-
tion (Fig. 3A,D), four to five times more HPTH thani
BPTH is required to produce a 50% depression of the
bound to free ratio. However, the reactivity of HPTH
relative to BPTH is increased by 2- to 2a-fold in assays
using GP-1 and GP-133 after preincubation with excess
concentrations of 53-84 (Fig. 3B,E). In contrast, in as-
says using GP-1 preincubated with excess concentrations
of 1-34 fragment, eight times more HPTH than BPTH
is required for 50% depression of the bound to free ratio
and in assays using GP-133 preincubated with excess
1-34, the slopes of inhibition of tracer binding by the two
hormones are no longer identical (Fig. 3C,F). Althouglh
BPTH and HPTH clearly differ immunochemically, the
lower ratio of cross-reactivity of HPTH to BPTH ob-
served in assays using both antisera preincubated with
excess 53-84 indicates that greater immunochemical simi-
larities exist in the amino portion of the sequence.
Radioimmunoassay of endogenous PTH in man. Un-

blocked GP-1 and GP-133 anld the 1-34 and 53-84 pre-
incubated modifications of both antisera -were used, si-
multaneously, to assay PTH in parathyroid effluent and
peripheral plasma from normal subjects and from patients
with hyperparathyroidism. Fig. 4 shows that the slope of
inhibition of tracer binding caused by increasing ali-
qiuiots of PTH from the parathyroid effluent plasma of onle
of these patients with hyperparathyroidism (Tu) is iden-
tical with that caused by HPTH. The concentration of
imlmunoreactive material as measured in all six systems
is virtually identical (range 18-25 ng/ml) indicating that
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1FIGURE, 3 Comparison of the inhibition of binding of BPTH-'I tracer by increasing concen-
trations of BPTH and HPTH, from A. GP-1 (1/300,000) ; B. GP-1 (1/150,000) preincubated
with excess 53-84; C. GP-1 (1/150,000) preincubated with excess 1-34; D. GP-133 (1/6,000) ;
E. GP-133 (1/3,000) preincubated with excess 53-84; F. GP-133 (1/3,000 preincubated with
e-xcess 1-34. Concentration is expressed in moles X IO-`~. -

all antigenic determinants recognized by these antisera
are present in equal concentrations. When PTH sam-
ples from the general circulation of this patient are as-
sayed using GP-133 and its two preincubated modifica-
tions, the slope of inhibition of tracer bindinig by in-
creasing aliquots of sample is again -identical with that
caused by HPTH (Fig. 4D, E, F). In contrast, in assays
using GP-1, the two slopes of inhibition of tracer binding
are clearly different (Fig. 4A). However, in assays us-
ing GP-1 preincubated with either excess 1-34 or 53-84

fragmlents, the two slopes become essentially identical
(Fig. 4B,C). The identical slopes of inhibition of tracer
binding given by samples from the general circulation
and HPTH can be better appreciated when peripheral
plasma from patients, Me and Sh (Table I) with higher
concentrations of immunoreactivity are examined (Fig.
5). Over a wide range of depression of the bound to
free ratio (over 90% depression in assays using GP-1
preincubated with excess 1-34 (Fig. 5A) and over 70%
in assays using GP-1 preincubated with excess 53-84
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FIGURE 4 Comparison of the immunoreactive PTH in seri-
ally diluted plasma samples from parathyroid effluent and

peripheral veins from patient, Tu, in assays using, A. GP-1
(1/300,000); B. GP-1 (1/150,000) preincubated with excess
1-34; C. GP-1 (1/150,000) preincubated with excess 53-84;
D. GP-133 (1/6,000); E. GP-133 (1/3,000) preincubated
with excess 1-34; F. GP-133 (1/3,000) preincubated with
excess 53-84. Concentration is expressed in picograms of
HPTH.

(Fig. 5B), samples from both patients give slopes of
inhibition of tracer binding which are identical with
that given by HPTH. Therefore, accurate quantitation
of the immunoreactivity in peripheral plasma samples is
possible.

In the peripheral plasma from patient, Tu, the con-

centration of immunoreactive material measured in as-

says with GP-1 preincubated with excess 1-34 fragment
is identical with that measured using GP-133 and its pre-
incubated modifications (range 7.7-8.5 ng/ml), (Fig. 4B,
D, E. F). However, the concentration measured in as-
says with GP-1 preincubated with excess 53-84 fragment
is only 1.4 ng/ml, or one-sixth as much (Fig. 4C).

TABLE I
Immunoreactive PTH in Plasma Measured by GP-1

Alternately Preincubated with Excess 1-34
and 53-84 Fragments

Ratio
Hormone concentration* GP-1 + 1-34

Patient and
plasma source GP-1 + 1-34t GP-1 + 53-84§ GP-1 + 53-84

ag/ml
1. Parathyroid vein
A. Patients with hyperparathyroidism (5

Cl 8.1 7.2
De
Si
1ru
Ve

6.0
20.0
25.0
40.0

5.1
20.0
18.0
40.0

B. Patients with norimial parathyroid functioln (2)
Fe¶ 10.0 10.6
Ha¶ 12.0 11.0

II. Antecubital vein
A. Patients with hyperparathyroidism (19)

Al 20.0 1.8
13B 15.3 2.1
Br 4.0 0.3
Co 22.( 2.0
G1-

Gro
Hi
Mc

Me

Pe
Ry
San
Sh
Tu
l'uc

'run
Va
Ve
\o'o

6.7
7.2
8.4
16.4
11.1
4.0
14.5
19.5
12.1
8.1

12.4
25.0
6.7

15.8
19.6

1.0

1.8
2.3
2.3
3.0
0.2
2.0
2.6
3.1
1.4
2.6
2.5

1.1
1.2

2.5

I

1

1
1

11
7

13
1 1
7
4
4

7
4

7
4
6

10(
6

13
8

B. Patients with normal parathyroid function** (5)
Range 0.5-0.8 N.D.tt

* Mean of 4-10 assay determinations.
t GP-1 preincubated with excess fragment 1-34.
§ GP-1 preincubated with excess fragment 53-84.

Ratio of mean values expressed to nearest integer.
Fe is case 23 and Ha is case 27 in reference 22.

** Normal subjects in reference 21.
tt N.D. = not detectable.
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Six additional parathyroid effluent samples and 23
p)eripheral venous samples were assayed using GP-1 al-
ternately preincubated with excess 1-34 and 53-84 frag-
ments (Table I). Four parathyroid effluent samples were

from patients with hyperparathyroidism and two were

from patients who were free of disorders of parathyroid
function. 18 peripheral venous samples were from pa-

tients with hyperparathyroidism and five were from nor-

iial subjects.
PTH in the parathvroid effluent plasma from all pa-

tients has equivalent concentrations of immunoreactive
nmaterial in both assays. However, in all 23 peripheral ve-

nous samples higher concentrations are found in assays

using GP-1 preincubated with excess 1-34 than in assays

using GP-1 preincubated with excess 53-84. In the sam-

ples from the patients with hyperparathyroidism, the con-

centration of immunoreactive material measured in the
two assays differs from 4- to 20-fold. In assays using
GP-1 preincubated with excess 1-34, the samples from the
five normal subjects give a concentration range of 0.5-
0.8 ng/ml. However, even though assays using GP-1 pre-

incubated with excess 53-84 are of sufficient sensitivity to
easily detect 0.5 ng/ml, none of the samples were mea-

surable. Thus, the observations made from examination
of peripheral venous samples from patients with hyper-
parathyroidism are confirmed, qualitatively, by analysis
of peripheral venous plasma from normal subjects.

These observations are further clarified when parathy-
roid effluent and peripheral venous plasma samples are

subjected to gel filtration and each fraction assayed with
these two preincubated modifications of GP-1. Parathy-
roid effluent samples from 7 patients and peripheral ve-

nous samples from 10 patients were studied. Five para-

thyroid-effluent and all peripheral-venous plasmas were

from patients with hyperparathyroidism. Two parathy-
roid-effluent samples were from patients who were free
of disorders of parathyroid function. Representative elu-
tion patterns are shown in Fig. 6. In all patients, re-

gardless of their parathyroid status, PTH in the para-
thyroid effluent plasma elutes as a single peak, coincident
with intact hormone marker, and contains equivalent
concentrations of immunoreactive material in both assays

(Fig. 6A). In contrast, most.,of the immunoreactive hor-
mone in the general peripheral circulation sample elutes
later than the BPTH marker and is measured only in
assays using GP-1 preincubated with excess 1-34 (Fig.
6B). The peak of immunoreactivity measured in assays

using GP-1 preincubated with 53-84 is much smaller, and
is coincident with the peak of intact hormone. Preincu-
bation of the plasma sample in 8 M urea before gel filtra-
tion did not alter either the elution characteristics or the
immunoreactivity of the hormone in the sample. Thus, it
is qtuite tunlikelv that conformational change of the hor-
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FIGURE 5 Immunoreactive PTH in serially diluted periph-
eral venous samples from patient Sh and Me in assays using,
A. GP-1 (1/150,000) preincubated with excess 1-34 and B.
GP-1 (1/150,000) preincubated with excess 53-84. Concen-
tration is expressed in picograms of HPTH.

mone in the circulation, rather than cleavage, could ac-
count for these observations.

DISCUSSION

In their recent review, Berson and Yalow (23) have dis-
cussed many aspects of the immunologic specificity of
peptide hormones, re-emphasizing that antisera to a
given hormone contain antibodies directed to different
antigenic determinants and that a single antiserum may
have several distinct antibody populations directed to
more than one antigenic site. This has been clearly dem-
onstrated by Aubert and Felber (24) in studies of the
inhibition of binding of labeled ACTH to several anti-
sera by a variety of synthetic fragments. Our studies of
four anti-BPTH antisera demonstrate similar hetero-
geneity among antisera to BPTH. An antiserum can con-
tain antibody populations with high, but varying, affini-
ties to multiple antigenic determinants within the se-

quence and antisera from different animals differ in their
specificity and reactivity for the determinants they
recognize.
By preincubation of antisera with excess concentra-

tions of selected fragments, we have developed antisera
which recognize defined regions of the hormonal mole-
cule. Use of these highly specific reagents has permitted
studies that have not been possible with antisera of un-
determined specificity.
The lower ratio of cross-reactivity of HPTH to BPTH

when using GP-1 and GP-133 preincubated with excess
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FRACTION NUMBER
I"IGURE 6 Comiiparisonl of immiiunioreactivity in fractions after gel filtrationi of plasmla samiiples
on Bio-Gel P-10, A. paratlhyroid effluent vein; B. peripheral vein, in assays using GP-l
(1/150,000) preincubated with excess 1-34 (0 O) and GP-1 (1/150,000) preincubate(d
with excess 53-84 (0 O). Concentration is expressed in naniograms of HPTH/0.2 ml
fraction sample. BPTH-15I was cochromatographed as marker (- ---e). Vo marks the void
volume. The cross-lhatched area rel)resents the sensitivity limits of the radioimmunoassavs.

53-84 fragment, than when these antisera are preinctu-
bated with excess 1-34, indicates that greater immuno-
chemical similarities exist in the amino, than the carboxy,
portions of the hormones. Since at least the first 21
amino-terminal residues are required for biological ac-

tivity (25), these observations may mean that the im-
munochemical similarities are due to a greater degree of
chemical homology between limited amino portions of
the two hormones and that this, in turn, reflects the fact
that, in all probability, certain amino-terminal regions

cannot be markedly altered without loss of biological ac-

tivity. Clearly, however, the significance of these im-
munochemical observations must await more information
concerning the sequence of the human hormone, the
structural requirements for biological activity and the
amino acid substitutions which can be tolerated without
loss of biological activity.
These observations may explain the finding that al-

though four to five times more HPTH than BPTH is
usually required for equivalent inhibition of tracer

binding to GP-1 and GP-133, this ratio may vary from
2 to 8 (11). The ratio of cross-reactivity of HPTH to

BPTH depends on inhibition of tracer binding to anti-
body populations which recognize multiple determinants
with varying reactivities. Therefore, alterations' of

tracer during labeling which influence the reactivity of

certain antigenic determinants of tracer more than
others, will have different effects on the slopes of in-
hibition of tracer binding by the two hormones. For

example, if the amillo-terminal recognition site of GP-1
is less reactive with a given tracer, the amount of
HPTH required for equivalent inhibition of tracer

binding will increase, relative to BPTH (Fig. 3). This
indicates the inherent inadequacies of the heterologous
axssay system and re-emphasizes the need to standardize
assays against homologous plasnma standard, as has usut-

ailly been donie (20-29). or against homologons ex-

tracted hormone (21, 22).
In addition to improved specificity, assays using pre-

incubated antisera show improved sensitivity. Invari-
ably, lower concentrations of BPTH are required to
inhibit tracer binding to GP-1 preincubated with excess

1-34 than to GP-1 before preincubation. Similarly, HP-
TH more effectively inhibits tracer binding to GP-133
l)reincubated with excess 53-84 than to GP-133 prior
to preincubation. In both instances sensitivity is usually
improved by about 20% (Fig. 3). This demonstrates
that preincubation of antisera can select higher affinity
antibodies from a population which is heterologous with
respect to specificity and affinity, and is of particular
interest because it confirms the theoretical predictions
of Ekins, Newman, and O'Riordan (30).
The limitations of the radioimmunoassay, employing

antisera of undetermined specificity, become apparent
wvhen applied to the study of immunoreactive PTH in
man. Antisera are usually judged acceptable to measure

concentrations of endogenous hormone if measurements
can be made with adequate sensitivity and if slopes of
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inlhibition of tracer binding by increasing aliquots of
standard and sample are identical. Studies with GP-133
prove, however, that in the radioimmunoassay for PTH,
these criteria can be met by peripheral plasma PTH
which consists predominantly of a hormonal fragment
lacking a major, critical portion of the sequence of the
ilitact p)eptide. Clearly, the nature and significance of
I'TH metabolism can be better understood by use of
(lefined antisera.

Since the antibody populations of GP-1 principally
recognize two widely separate major antigenic determi-
nants, preincubation with selected fragments allows
separate analysis of the concentration of each determi-
nant. When applied to the assay of samples from the
,oeripheral circulation of patients with hyperparathy-
roidism, these assays show that PTH in the circulation
lacks an amino portion of its sequence, containing all
or some of the 14-19 region. Since PTH in parathyroid-
venous effluent and in extracts of human adenomas give
identical slopes of inhibition of tracer binding, the im-
miiunochemical heterogeneity of PTH in the circulation
of man observed with GP-1 can be attributed to the
(leficiency of the determinant requiring this region. By
using the preincubated modifications of GP-1 in assays
of the fractions after gel filtration of plasma samples,
these observations are clarified. Whereas, there is
equivalent immunoreactivity of the material coeluting
with BPTH marker using the two modification of GP-1,
the late eluting peak is completely devoid of amino-
terminal reactivity. Since concentrations of immuno-
reactivity are equal when assayed with unblocked GP-
133, GP-133 preincubated with excess 1-34 and 53-84
aind GP-1 preincubated with excess 1-34, the immunore-
activity of this large fragment is probably not altered
by the cleavage step. Thus, our calculations which
show that less than 5-25% of the immunoreactivity in
general circulation is due to intact hormone are prob-
aLbly accurate. The high concentration of the large frag-
ment compared with that of intact hormone indicates
that its metabolic clearance rate must be considerably
slower than that for intact hormone. These observations
suggest that some of the conflicting reports concerning
concentrations of PTH in circulation (21, 26-29) may re-
late to the use of antisera which are heterologous with
respect to specificity and reactivity with the multiple
determinants of the-bovine hormone.

Furthermore, since this large fragment contains the
major antigenic determinant recognized by GP-133
wvhich requires all or some of the 19-34 region, but lacks
the determinant recognized by GP-1 which requires all
or some of the 14-19 region, the location of the cleavage
site can be delimited immunochemically. Cleavage must
occur at a site which is carboxy-terminal to position 14
and amino-terminal to position 34.

Since this large fragment lacks a portion of the se-
quence of intact hormone known to be necessary for
biological activity (25), one can conclude that it can-
not be biologically active. Therefore, less than 5-25%
of immunoreactive PTH in the general circulation of
man, as detected by our antisera, is due to biologically
active peptide. In addition, since all antisera thus far
studied have been shown to have antibody populations
which recognize multiple determinialnts, it seems most
likely that an unblocked antiserunm to native hormone
Nvhich gives identical displacemenit slopes in assays for
HPTH and samples froni the peripheral circulation,
must have antibodies which are sensitive to determi-
nants, all of which are present in the large hormonal
fragment. Therefore, such an antisera could not distin-
guish between biologically active, intact hormone and
the biologicallv inactive, large fragment which is the
dominant form of the hormone in the circulation.
Thus far, no immunoreactivity, other than for that

present in intact hormone, has been identified in the
assay of gel filtration fractions with GP-1 preincubated
with excess 53-84. Inability to detect an amino-terminal
fragment may be due to complete destruction of this
sequence at the time of cleavage, or this fragment may
re-enter the circulation, but be rapidly cleared. Lack
of detection of this fragment, however, does not neces-
sarily indicate its absence from the circulation. Cleav-
age may occur sufficiently near the antigenic determi-
nant in the 14-19 region to lower the immunoreactivitv
of this fragment and thereby, increase the concentrationl
needed for detection in assays with GP-1 preabsorbed
with excess 53-84, or cleavage may occur, possibly,
through this antigenic determinant, thereby destroying
its immunoreactivity in this assay system.

It is impossible, at present, to predict whether this
amino-terminal fragment could contain the structural
requirements for biological activity.

Resolution of these problems must await the develop-
ment of antisera with antibodies reactive with other
amino-terminal determinants, such as those in the 1-13
region, which will permit further studies for the pres-
ence of this fragment, more precise localization of the
cleavage site by applying antisera with more accurately
characterized recognition sites, and more detailed anal-
ysis of the structural requirements for biological
activitv.
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