at slightly over 3200 cm—!. These bands
are present in the mixture but absent in
the spectrum of each component. This
can be seen by plotting the intensity of
these bands against the mole ratio
(Fig. 5). The optical densities were ob-
tained by adjusting the transmittance of
the pure cyclohexyluracil and pure
ethyladenine solutions to have the value
zero. The solid circles represent ex-
perimental points, and the dashed lines
form a smooth curve through them
in the upper two graphs of Fig. 5.
The solid lines are drawn approxi-
mately as tangents to the experimental
curve at either end. There is a maxi-
mum rise of optical density in a 1:1
mixture of the wuracil and ade-
nine derivatives.

The stoichiometry of polynucleotide
reactions has been studied in the ul-
traviolet absorption spectrum by anal-
ogous methods (9). Data of this type
may be used to learn something about
the equilibrium constant of the reac-
tion. For example, if the species are
interacting fully, then one obtains data
which follow the solid tangential lines.
The fact that the experimental points
fall below the solid line is an indica-
tion that the molecules are not all
hydrogen bonded into 1:1 dimers. In
the lowest curve of Fig. 5, the change
in optical density is too small com-
pared to the scatter of the points to
demonstrate this.

If data of the type shown in Fig. 5
are sufficiently accurate, it is possi-
ble to interpret the figure quantitatively
to obtain an equilibrium constant. The
data for the 3330 cm—! band sug-
gest a value of the order of 103 liters
per mole if we assume that the interval
between the solid lines and the experi-
mental dashed line represents the un-
reacted species. However, more accu-
rate data will have to be obtained at
the two extremes of the mole-ratio
coordinate in order to be certain that
the solid lines actually represent the
experimental behavior in that region.

Uracil can dimerize with adenine by
two different modes of hydrogen bond-
ing. The amino group of adenine can
bond with a carbonyl oxygen atom of
uracil, but the N—H group of uracil
can bond with either nitrogen-1 of the
adenine or the nitrogen-7 of the imid-
azole ring. This was first indicated
when polyadenylic acid was found to
combine with two moles of polyuridylic
acid to form a three-stranded helical
molecule (70). X-ray diffraction studies
of single crystals containing adenine
plus either thymine (/1) or uracil 12)

25 JUNE 1965

derivatives have shown pairing through
two hydrogen bonds by way of the
imidazole nitrogen (N-7). From our
studies we cannot choose between these
two types of hydrogen bonding, since
both types involve formation of an
N—H - - -+ O hydrogen bond and an
N—H - - * N hydrogen bond. How-
ever, it is not surprising that in our
study of the hydrogen bonding, the
monomers form a dimer complex of
one adenine and one uracil but not
a trimer of one adenine with two uracil
derivatives. Entropic effects with small
molecules make it very unlikely that
the stabilizing energy of the hydrogen-
bonded trimer would be large enough
to permit formation of detectable
amounts of such a trimer.

Although adenine derivatives and
uracil derivatives can form hydrogen
bonds with themselves in deuterochloro-
form, they do so only to a limited
extent compared to the fairly pro-
nounced association of the adenine and
uracil derivatives with each other to
form 1:1 hydrogen-bonded pairs. This
infrared study provides the first direct
evidence that these monomeric mole-
cules are hydrogen-bonding when pres-
ent together in solution. In view of
the nature of the solvent, it is unlikely
that there is much stacking of the
bases in solution, and therefore the
amount of hydrophobic bonding is
minimum in this solution. '

Our work suggests that there are
factors stabilizing the hydrogen-bonded
association of adenine and uracil deriv-
atives other than simply the number
and type of hydrogen bonds. The self-
dimerization of either the adenine or
the uracil derivatives involves two hy-
drogen bonds, as is the case in the
adenine-uracil dimer. Nonetheless, the
latter is more stable than the former.
This suggests that the purine-pyrimi-
dine pair may be stabilized by forces
such as dipole-dipole or dipole-induced
dipole interactions in addition to the
hydrogen bonds themselves.

Roy M. HAMLIN, Jr.
R. C. Lorp
ALEXANDER RICH
Departments of Chemistry and Biology,
and Spectroscopy Laboratory,
Massachusetts Institute of Technology,
Cambridge
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Thyroid and Parathyroid Roles in
Hypercalcemia: Evidence for a
Thyrocalcitonin-Releasing Factor

Abstract. Extirpation of either the
parathyroids or the thyroid in rats
acutely impaired their ability to coun-
teract hypercalcemia induced by exog-
enous parathormone. Thyroidectomy
had the greater effect, and in rats sub-
jected to both parathyroidectomy and
thyroidectomy  the calcium-lowering
mechanism was not further impaired,
which suggests that the parathyroids
secrete a humoral factor that releases
calcium-lowering thyrocalcitonin from
the thyroid. This hypothesis reconciles
previous conflicting reports.

While evidence has rapidly accumu-
lated for the presence of a fast-acting
calcium-lowering hormone, investiga-
tors have arrived at contradictory con-
clusions as to whether the tissue of ori-
gin of such a hormone is the parathy-
roid (I, 2) or the thyroid (3, 4).
Their conflict is apparent, not real, and
all the observations reported heretofore
(I-9) can be reconciled by hypothe-
sizing the secretion of a humoral thy-
rocalcitonin-releasing factor (TCRF)
by the parathyroid gland. The parathy-
roid may respond to ambient hyper-
calcemia and secrete TCRF which has
no intrinsic calcium-lowering activity
but which is carried by the circulation
to the thyroid gland where it releases
the stores of thyrocalcitonin, a poly-
peptide with demonstrated calcium-low-
ering activity (/0). We have sought
further experimental support for this
hypothesis by observing the effect of
the specific extirpation of either
parathyroid or thyroid tissue, or both,
on the ability of a young rat to coun-
teract the prolonged hypercalcemic ef-
fect of a large exogenous dose of
parathyroid hormone.
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Table 1. Response of thyroidectomized and parathyroidectomized rats to the hypercalcemia

induced by injections of exogenous parathyroid

(PTH) hormone.

Tissue

extirpated Preparation

Group

Calcium content of
N(f)- plasma (mg/100 ml)
o

rats

Increase 6 hours
after injection®

Before
injection

None Intact

1 None Parzithyroid
autografts,
sham-operated

Parathyroid
autografts
excised just
before injection

2 Parathyroid

Parathyroid
autografts;
thyroidectomy
1 day before
injection

3 Thyroid

4 Thyroid
and
parathyroid

Thyroidectomy;
parathyroid
autografts
excised just
before injection

13 10.86 = .22 032+ .14

27 11.10 = .15 0.43 = .08

24 11.23 = .09 1.45 = .11

20 11.22 &= 24 2.88 & 41

17 11.14 = 24 2.79 + 22

#* Comparisons of groups by Student’s r-test: 2 versus 1, p < .001; 3 versus 1, p < .001; 4 versus 2,

p < .001.

Cameron and Copp (5) injected
commercial parathyroid extract into 6-
week-old rats immediately after they
had been surgically parathyroidecto-
mized or thyroparathyroidectomized.
Either procedure increased the concen-
tration of calcium in the plasma by 2
mg per 100 ml, as compared to an
increase of only 0.5 mg per 100 ml
in sham-operated controls. These au-
thors concluded that the thyroid played
no role in the response to hyper-
calcemia. Recently, Talmage et al. (7)
found that thyroidectomy in itself im-
paired the ability of rats to handle an
exogenous calcium infusion but did not
test for a similar impairment from
parathyroidectomy alone.

In our experiments we first trans-
planted the parathyroid glands to the
hamstring muscle so that thyroidecto-
my or parathyroidectomy could be per-
formed without damaging the remain-
ing gland. Parathyroids autografted in
rats regain full normal function within
I week (/7) and appear morphological-
ly intact even under the electron micro-
scope (12). Six-week-old Osborn-Men-
del rats thus autotransplanted 2 weeks
earlier were randomly assigned to three
groups. From each rat 1 ml of blood
was obtained by cardiac puncture. Im-
mediately afterward, each was inject-
ed subcutaneously with parathyroid
hormone (Lilly), 85 units per 100 g of
body weight, and 6 hours later was
bled in the same manner as before.
Group 1 had no extirpative surgery,
only sham operations. Intact rats of
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the same age were tested in the same
way as group 1 to control the
normalcy of the parathyroids after au-
totransplantation; these rats were des-
ignated group !A. Rats in group 2
were parathyroidectomized, within 5
minutes before the first blood sample
was obtained, by excising the small
portion of hamstring muscle contain-
ing the autografted glands. Rats in
group 3 were subjected to a total sur-
gical thyroidectomy | day before the
first blood sample was obtained, an
interval designed to preclude the po-
tential effects of thyrocalcitonin released
by surgical manipulation and of the
acidosis (/3) which frequently occurs
as a result of postoperative respiratory
distress. Three to five days later, the
thyroidectomized rats in group 3 were
parathyroidectomized by excision of the
autotransplants; immediately afterward
these rats were retested and were then
designated group 4. The completeness
of the parathyroidectomy resulting
from the excision of autografts in
groups 2 and 4 was assured by mea-
suring the calcium in serum obtained
from all rats 3 weeks after surgery
when they had been on a low-calcium
diet for 10 days. At that time 14 per-
cent of “parathyroidectomized” rats in
groups 2 and 4 gave evidence of
having accessory parathyroid tissue, in
that the calcium content of their serum
was more than 8 mg per 100 ml as
compared to a mean of 6.09 0.25
for the other rats in group 2 and 5.65
*+ 0.25 mg per 100 ml for the other

-+

rats in group 4. The data for these
rats with presumed accessory parathy-
roid tissue were omitted. The calcium
content of the plasma was determined
by the semi-automated EDTA (ethyl-
enediaminetetraacetic acid) method of
Copp (14).

The results are shown in Table 1.
It is evident that intact rats and rats
autografted with parathyroids were
equally able to counteract to a large
extent the hypercalcemic effect of ex-
ogenous parathormone, but significant-
ly higher increases in calcium con-
centrations (p < .001) were found in
rats lacking either the parathyroids or
the thyroid glands. Furthermore, in
rats both parathyroidectomized and
thyroidectomized (group 4), no fur-
ther impairment of the ability of rats
to combat the hypercalcemia was ob-
served. This suggests that the part
played by the parathyroid in this re-
sponse is nullified by the absence of
thyroid tissue, as would be the case
if the parathyroid produced a TCRF.

The statistically greater increase in
the calcium concentration of the plas-
ma after extirpation of thyroid tissue
alone, as compared to that after para-
thyroidectomy alone, may indicate that
even in the absence of TCRF there
is some output of thyrocalcitonin from
the rat thyroid. But the calcium con-
centrations before the injections of hor-
mone in rats without thyroid glands,
groups 3 and 4, were not higher than
those with the thyroids present, groups
1 and 2, as might be expected if there
was such a continuous output of thy-
rocalcitonin. Another explanation might
be that in the few hours after surgical
manipulation and removal of the para-
thyroid autografts, some TCRF is still
circulating and can act through the
intact thyroid.

This first demonstration of the need
for both parathyroid and thyroid tissue
in the normal response to a hypercal-
cemia in rats, and the apparent media-
tion of the parathyroid effect by the
thyroid, supports the hypothesis of a
TCRF and thus reconciles the apparent
contradictions of previous reports. Ac-
cording to this hypothesis, Copp and
Henze were able to find that the hyper-
calcemic perfusion of anatomically iso-
lated parathyroid tissue in situ (2) in-
variably caused a drop in the total con-
centration of calcium in the plasma
because their animals always had an
intact contralateral thyroid lobe which
responded to the TCRF in the per-
fusate. Maclntyre et al. (4) perfused
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the parathyroid tissue alone in totally
thyroidectomized animals and therefore
observed no effect. Again, hypercalce-
mic perfusion of thyroid tissue alone
in dogs or sheep has consistently failed
to elicit a hypocalcemic response (Z,
2), but the simultaneous perfusion of
both thyroid and parathyroid in dogs,
sheep, and goats (I, 2, 4, 6) has con-
sistently produced a drop in the cal-
cium concentration of the plasma. Fur-
ther, this hypothesis allows for the
observation of Copp (/) that some
extracts of parathyroid glands produced
a momentary drop in the concentra-
tion of calcium in the plasma of intact
dogs and explains their effect as that
of extracted TCRF, mediated by the
dog’s own thyroid tissue.

Care recently found that both the
hypercalcemic perfusion of parathyroid
tissue alone in some surgically thy-
roidectomized sheep (9) and the hy-
percalcemic perfusion of surgically iso-
lated thyroid tissue in two pigs (8)
produced a drop in the plasma cal-
cium. In neither case, however, was the
elimination of the other tissue ascer-
tained by the demonstration of subse-
quent deficiency states or by serial sec-
tions of the perfused tissue. In view of
our hypothesis it seems desirable that
any further perfusion experiments
should completely rule out the pres-

ence of one or the other tissue in the

system.
RuBeN F. GITTES
GEORGE L. IrRvIN
Surgery Branch, National Cancer
Institute, Bethesda, Maryland 20014
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Configuration of Inactive and Active Polysomes of the
Developing Down Feather

Abstract. Inactive four-ribosome polyribosomes, insensitive to ribonuclease,
have the form of tight symmetrical squares and appear in feather cells during
the early and intermediate periods of development. When, on the 13th day of
incubation, the inactive polyribosomes become sensitive to ribonuclease and can
then synthesize protein, the squares open up so that the four-ribosome polysomes
are strung out in the configuration characteristic of functioning polysomes.

Inactive ribonuclease-resistant poly-
somes which are converted to long-
lived, functioning, ribonuclease-sensi-
tive polysomes are found in chick
down feathers during their differentia-
tion (/). This conversion takes place

during the critical transition period
when “keratinization” of the feather
begins around the 13th day of incu-
bation of the egg. This is the time
when disulfide bonds can be first de-
tected histochemically; the feather first
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Fig. 1. Optical density at 260 mu of cytoplasmic extracts of feathers or whole embryos
as displayed in sucrose gradients. Numbers refer to electronmicrographs of the fraction.
Where indicated, extracts were of feathers treated in vitro with 60 wg of actinomycin
D per milliliter of Waymouth medium for 18 hours. Others were untreated, and
some untreated extracts were incubated at 4°C for 30 minutes with ribonuclease
(4 wg/ml). Extracts were layered on a linear sucrose (15 to 30 percent) gradient and
centrifuged for 3 hours at 24,000 rev/min in an SW 25 rotor (model L Spinco). The
optical density of gradients was read at 260 mu in a Gilford continuous-flow spectro-
photometer. Treatment of 14-day control feathers (E) or 3-day whole embryo (H)
extracts with ribonuclease resulted in complete loss of optical density due to the
polysomes whereas treatment of 12-day feathers dispersed all polysomes except those
which sedimented at 158S.
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