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only ones through which feed-back control of
immunoglobulin synthesis can operate. There-
fore, under physiological conditions, the com-
bined effect on regulation of antibody syn-
thesis of all these structural features, might
still be sufficiently specific without involving
the antibody combining sites.

Summary. Regulation of immunoglobulin
synthesis by feed-back inhibition was inves-
tigated so as to test whether the specificity
of feed-back inhibition depends on recogni-
tion of allotypic specificities. This inhibition
was observed in rabbits which were pretreated
by neonatal injections with antiserum directed
against their paternal allotypic specificity. As
a result of this pretreatment, synthesis of
immunoglobulin of paternal type was reduced
(suppressed) for 3-4 months. After this time,
some of the pretreated rabbits were injected
with normal rabbit serum, containing immu-
noglobulin of the suppressed type. This re-
sulted in an inhibition of the synthesis of this
allotypic immunoglobulin lasting from 50 to
150 days. It was concluded that feed-back
inhibition of immunoglobulin synthesis may
operate through recognition of allotypic spe-
cificities and possibly through recognition of
other structural features of immunoglobulins
as well.
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Further Studies on the Incubation of Tyrosine-UL-C!* with
Beef Thyroid Tissue Slices.* (31071)
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Phenylalanine is considered to be one of
the essential amino acids, although tyrosine,
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its para-hydroxylated derivative, can substi-
tute for it. The major site at which phenyl-
alanine is converted to tyrosine is the liver.
Subsequent utilization follows several path-
ways, one of which is believed to be the syn-
thesis by the thyroid of thyroxine and its pre-
cursor analogs. The order of magnitude of



TyrosINE-UL-C'* AND BEEF THYROID SLICES

this incorporation was recently implied when
only 1 part in 50,000 of intraperitoneally in-
jected universally labeled-C'* tyrosine was
incorporated into thyroglobulin(1). This low
value raises the question of the capacity of the
thyroid gland to utilize this amino acid. These
experiments were designed to study the in-
corporation of tyrosine-UL-C' by thyroid tis-
sue slices into thyroxine and its related com-
pounds.

Procedure. Beef thyroid glands were ob-
tained fresh from a local abattoir and chilled
during 20 minutes of transport. The adventitia
was removed and tissue slices made with a
Stadie Riggs microtome. Randomized tissue
slices weighing 0.5 g were added to each of
three 100-ml flasks, each containing 50 ml of
Ringer bicarbonate buffer, pH 7.4(2) and 100
microcuries of UL-C'-tyrosine,} previously
added to ethanol to the individual flasks and
dried under air.

The experimental design was as follows:
Flask 1 contained only the material listed;
Flask II contained 11 mg of propylthiouracil,
and Flask IIT received 10 ug of chromato-
graphically pure thyronine. A control flask
without tissue slices, containing UL-C*-tyro-
sine, was also incubated. Incubation at 37°C
in a Dubnoff metabolic shaker was continued
for 2 hours under an atmosphere of 5% CO,
and 95% oxygen. The reaction was stopped
by addition of 2 M sodium hydroxide until
the pH was 8.4. Two hundred fifty mg of pan-
creatin obtained from Mann Research Labo-
ratories was added to each flask and the top
was layered with toluene. The flasks were cov-
ered and incubated 48 hours at 37°C. The di-
gests were filtered through fine sintered glass
filters and the residue washed with N-butanol
(chemically pure) until no further radioactiv-
ity was extracted.

The extracted materials were carried to dry-
ness under air. Each of the individual sam-
ples was subjected to counter current distri-
bution, paper chromatography, and finally
thin layer chromatography.

Counter current procedure. The apparatus

{ The radioactive tyrosine was obtained from New
England Nuclear Corp. with a specific activity of
0.10 millicurie per 0.0503 mg. Its purity was demon-
strated by the paper and thin layer chromatographic
systems used in other analyses in this study.
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employed was a one hundred-tube model made
by the E.C. Apparatus Co. The solvent sys-
tem was prepared by equilibrating 1500 ml of
3 N ammonium hydroxide with 1500 ml of
N-butanol for 24 hours. Ten ml aliquots of
each phase were added to each tube with the
exception of the first. To this tube was added
the sample which was transferred with 10 ml
of each of the phases. The rate of transfer
was determined by the appearance of a clean
interface. Ninety-nine transfers were carried
out. The tubes were emptied into test tubes
and 3 ml aliquots from the upper phase were
taken for spectrophotometric analysis at 280
my in a Beckman Model DU spectrophotom-
eter. Radioactivity was counted in a Packard
tricarb scintillation counter on a 0.05 ml
aliquot of the upper phase pipetted directly in
the counting vial and dried under air. The
distribution of the absorbency values was
plotted and compared to values previously ob-
tained for monoiodotyrosine (MIT), diiodo-
tyrosine (DIT), diiodothyronine (Ts), tri-
iodothyronine (Tj), thyroxine (T,), tyrosine
and thyronine, when separated from a chemi-
cal mixture containing equal quantities of
each, The radioactivity was plotted against
the absorbing values of its respective sample.

Paper chromatography. Following counter
current distribution, the fractions were pooled
into 4 groups as follows: Group I—tubes 3 to
20; Group IT—tubes 21 to 55; Group III—
tubes 56 to 80; Group IV—81 to 100. Tubes
one and two had very little radioactivity and
contained the residual protein following diges-
tion. They were excluded from analysis. The
pooled fractions were dried under air and
spotted on Whatman No. 1 paper for chroma-
tography prepared in 23-inch lengths and 6-
inch widths that were cut into one-inch fingers
to avoid cross contamination. Chemical con-
trols of tyrosine, MIT, DIT, thyronine, T,
T, and T, were applied as a mixture on strips
between the experimental samples. The sol-
vent system employed was 50 ml tertiary bu-
tanol and 50 ml 2 N NH,;OH. The paper was
placed into a conventional glass chromatog-
raphy tank and mobile phase(3) added. Mi-
gration was allowed for 12 hours at room tem-
perature. The paper was removed, dried in
air, and the radioactivity localized by scan-
ning in a Packard model 7200 strip scanner.
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Chemical controls were located with ninhy-
drin reagent.

Thin layer chromatography. Following lo-
calization of radioactivity from the paper
chromatography, the strips were sectioned into
the individual peak areas, eluted with alkaline
N-butanol, dried under air, and spotted on
glass plates prepared for chromatography(4).
The supporting medium used was cellulose
and the solvent system in which the plates
were developed was an ascending system of
tert-butanol (326 ml):2 N ammonium hy-
droxide (74 ml):chloroform (60 ml). Be-
tween each sample a chemical control mixture
identical to that for paper chromatography
was spotted. The plate was equilibrated in a
saturated tank for 2 hours. Mobile phase was
carefully poured into the bottom and allowed
to ascend for 10 hours. The plate was re-
moved and dried in air. The areas correspond-
ing to the samples were covered with alumi-
num foil and the remainder of the plate
sprayed with ninhydrin. The sample areas,
defined as one-inch strips from three-eighths
of an inch below the origin to the top of the
plate, were then exposed. This width was sub-
sequently divided crosswise into one-eighth-
inch lengths. Each area was scraped from the
plate, put into counting vials, scintillator
added and counted in the scintillation counter.
The resulting counts were graphed and the
location of the radioactivity was compared
with the location of the ninhydrin spots of the
intermixed chemical controls. All three ex-
perimental extracts were treated identically.

Results. Following the extraction of the di-
gested incubation mixture with N-butanol, the
recovery of radioactivity was greater than
99.9% for each of the individual flasks. Fol-
lowing counter current separation the radio-
activity was found principally in 3 areas,
when pooled referred to as Groups I, 11, and
1V. No difference in the results between the
3 experimental designs was apparent. Each
column was evaluated as to ultraviolet ab-
sorption (represented by the heavy line) and
radioactivity (represented by the light line)
(Fig. 1). Three major radioactive peaks are
demonstrated: Group I—tubes 3 to 20;
Group IT—tubes 21 to §5; Group IV—8I1 to
100. Tubes 56 to 80 referred to as Group III
had no radioactivity but was analyzed fur-

TYROSINE-UL-C'* aAxDp BEEF THYROID SLICES

<1700

11600

1500

<1400

41300

<1200

41100

o
{000 8
z
&
osf {900 o
m
>
0.8 4800 T
z
o7 {700
2z 06 1600
Q ]
2 |
3 osT 500
Q
@
a
<04 400
o
° o3 300
02 200
Olk 100
° " \ s L Lo

L s L
0 20 30 40 50 60 70 80 ER) 100
COLUMN NUMBER

FIG. 1. Ultraviolet absorption (heavy line) and
radioactivity (light line)} of counter current separa-
tion of hydrolysate from Exp. 1. Three major radio-
active peaks are demonstrated: Group I tubes 3-20;
Group II tubes 21-55; Group IV tubes 81-100. Tubes
56-80, referred to as Group III, had no radioactivity
but were analyzed further by chromatography.

ther by chromatography systems. Two major
absorption peaks are likewise demonstrated.
The absorption distribution was the same be-
tween the 3 experiments, but correlation be-
tween the radioactivity and its own ahsorp-
tion plot was not exact. The first of the 2 ab-
sorption peaks appeared slightly before ra-
dioactive Group II and the second peak just
beyond Group IV.

Group II from the counter current distribu-
tion of thyroid hydrolysate was applied to
paper and chromatographed in an alkaline
tertiary butanol system. The radioactivity was
distributed in many peaks (Fig. 2). The
pooled extracts from Group I, when treated
similarly, failed to move from the origin, and
those from Group IV traveled with the solvent
front. No radioactivity was present in Group
II1. Therefore, after paper chromatography
no radioactivity was localized near the thyro-
nine, iodotyrosine or iodothyronine areas in
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FIG. 2. Scan of radioactivity of Group II com-
pounds after paper chromatography from Exp. 1.
Location of chemical standards is indicated below
the trace of the scan. These read, from left to right:
di-iodo- and tri-iodothyronine, thyronine, thyroxine,
tyrosine, mono-iodotyrosine and di-iodotyrosine.

Groups I, IIT or IV. This distribution was
found in all 3 experimental designs.

When the areas of Group II following paper
chromatography were eluted and rechromato-
graphed by thin layer, no radioactivity was
detected more than two-eighths of an inch
from the origin. Although the chemical con-
trols separated well, there were no areas of
radioactivity corresponding to the iodotyro-
sine or thyronine standards.

Discussion. Under the conditions of these
experiments there is no evidence for the for-
mation of thyroxine or other iodinated de-
rivates from tyrosine. Recovery of radioac-
tivity excludes the possibility of loss through
technique. The compound was isolated un-
changed from the control flask, containing
only labeled tyrosine and no tissue slices, but
subjected to pancreatin digestion. Destruc-
tion of this group of compounds by proteoly-
sis has been suggested(5) but the amount of
thyroxine loss represented less than thirty per
cent. Thus, while breakdown during hydroly-
sis may play some role in the quantitative in-
terpretation of results it does not explain a
complete absence of the expected iodotyro-
sines or iodothyronines.

The iodinated thyronines were not expected
in the propylthiouracil experiment but failure
to isolate the thyronine skeleton suggests fail-
ure of coupling by whatever mechanism it may
occur. With the addition of thyronine to the
incubation mixture, one interpretation could
be that the chemical material was incorpo-
rated before the radioactive counterpart could
be formed. But this explanation is doubtful
since no one has demonstrated the incorpora-
tion of thyronine into thyroxine, and under
our experimental procedure no thyronine ana-
logs were formed from the radioactive sub-
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strate with or without addition of chemical
thyronine.

Instead of forming thyroxine and its ana-
logs, the tyrosine substrate molecule was con-
verted into a number of unknown compounds.
By counter current distribution there were 3
radioactive areas, but Group II was the only
one whose components separated in the chro-
matography systems used. This single group
had at least 7 distinct areas in the chromato-
gram, none of which corresponded to the thy-
roid compounds or their precursors. Since
this experiment was designed to study tyro-
sine and its incorporation into thyroid ana-
logs, only those systems which would give iso-
lation and separation of these particular com-
pounds were used. It is reasonable to con-
sider that if different chromatography systems
had been employed, Group I and Group IV
would have separated into a like series of com-
pounds; however, there is no reason to suspect
that iodotyrosines or thyronines would have
been demonstrated.

Such active metabolism by the thyroid of
the tyrosine molecule into compounds other
than thyroxine and its precursor analogs was
totally unexpected. Approximately 90 to 95%
could readily be accounted for in these con-
versions. Although the nature of these break-
down products in thyroid gland is unknown,
in the liver, deamination and various oxida-
tion-reduction attacks on the side chain ulti-
mately give compounds common to Krebs
aerobic energy cycle. From this pathway a
large number of other compounds may be
formed and this is probably what has been
observed in these experiments.

From the point of view of the data of these
in wvitro studies, certain questions may be
asked of the iz vivo studies(1). Following
intraperitoneal injection of UL-C'-tyrosine,
only one part in fifty thousand of the radio-
activity was incorporated into the gland. At-
tempts to identify the amino acid carrying
this radioactivity were not performed. To
assume that it was tyrosine or an analog would
be unwise. In view of the fact that most of
the tyrosine had to pass through the liver in
Maloof’s experiment, a large amount of cata-
bolic products would be expected, and it is
reasonable to postulate that a very small
amount of tvrosine remained for incorporation
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into thyroxine and its precursor analogs if,
indeed, any such incorporation occurred.

Summary. 1. Beef thyroid tissue slices were
incubated in the presence of 100 microcuries
UL-C*-tyrosine with 3 variations: a) no ad-
ditions, b) propylthiouracil addition, c) non-
radioactive thyronine. 2. Following digestion,
analysis proceeded through counter current,
paper and thin layer chromatography. The
results for each of the experimental designs
were the same. 3. Of the 3 major areas of
radioactivity seen after counter current, only
one could be further subdivided by the sys-
tems usually used for separation of iodotyro-
sines, and iodothyronines, and this yielded at
least 7 peaks in the systems used. 4. No evi-
dence was found for in vitro formation of
thyroxine or any of its precursors using tyro-
sine as the labeled substrate.

Since this work was completed, Nunez,
Mauchamp, Macchia and Roche (Biochim.
Biophys. Acta, 1965, v107, 247) have also re-
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ported that they were unable to demonstrate
incorporation of tritiated tyrosine into the
iodotyrosines of thyroglobulin formed by
sheep thyroid slices. Since the tritium label
of tyrosine is stable only on the alanine side-
chain, this observation is specific only for the
alanine chain on the tyrosyl residue attached
to the thyroglobulin skeleton. The use of
ULM™C-tyrosine in our experiments also af-
fords information about the ether-linked dis-
tal iodophenol.

1. Maloof, F., Sato, G., Soodak, M., Medicine,
1964, v43, 375.

2. Umbreit, W. W., Burris, R. H,, Stauffer, J. F,,
Manometric Techniques, Fourth Edition, 1964,

3. Dillard, M., Hollingsworth, D. R., Bondy, P. K.,
Proc. Soc. Exp. Biol. and Med., 1965, v119, 905.

4. Hollingsworth, D. R., Dillard, M., Bondy, P. K.,
J. Lab. & Clin. Med., 1963, v62, 346.

5. Rosenberg, L. L., LaRoche, G., Endocrinol,
1964, v75, 776.

Received November 8, 1965. P.S.EB.M., 1966, v122.

Collagen and Hexosamine Changes in Subcutaneous Granuloma
Irradiated Locally with a Co% Source.* (31072)
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We have recently reported that y-radiation
from sealed sources of Co®'" embedded inside
developing granulomas was able to decrease
the amount of soluble collagen at this site
(1). Although this reflected a drop in collagen
synthesis it did not seem to affect the amount
of insoluble collagen present, presumably be-
cause the level of radioactivity used was rela-
tively low (55 and 180 uc of Co%").

In the present series of experiments we in-
tended to pursue this study using a more ra-
dioactive source of Co" and in addition to
investigate changes in the skin just above the

* This research was supported by Grant AT(11-1)-
113 from U. S. Atomic Energy Commission and
USPHS Grant DE 00626-08.

t Post Doctoral Fellow USPHS 5-T1-DE-94-02.

t Recipient of Career Development Award from
Nat. Inst. of Dental Research.

subcutaneous granulomas as well as remote
from the area of implantation.

Methods. Radiation source. Stainless steel
capsules, 6 mm long and 1.5 mm in diameter,
were loaded with 1 mC of Co%. Fig. 1 shows
diagrammatically the radioactive capsule posi-
tioned in the center of a plastic sponge. The
isodose radiation curves were calculated on
the basis of theoretical attenuation and ex-
perimental data compiled by Fletcher ef al
(2). Empty capsules were used as controls.$

Experimental procedure. Adult Holtzman
male rats weighing 360 to 400 g were im-
planted  subcutaneously with  polyvinyl
sponges (Ivalon) weighing 100 mg == 2 mg.
The sponges were sterilized by autoclaving,
allowed to dry and at this time a small hole

§ Capsules supplied by U.S. Nuclear Corp., Bur-
bank, Calif.



