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Fig. 2. Competitive inhibition of homo- 
serine dehydrogenase activity by L-threo- 
nine; double reciprocal plot of substrate 
concentration and initial reaction velocity. 
The reaction mixtures contained, in a final 
volume of 3 ml: tris(hydroxymethyl)ami- 
nomethane, pH 8.4, 270 ,tmole; EDTA, 
sodium salt, 3 /umole; NADP, 0.4 /,mole; 
L-threonine as indicated; centrifuged sonic 
extract, equivalent to 1.4 mg of protein. 
Reduction of NADP at 25 C was meas- 
ured by following absorbancy at 340 m/u 
in a cuvette with 1-cm light path. 1/V, 
reciprocal of initial reaction velocity, 
measured as increase in absorbancy per 
minute (from data obtained during the 
first 5 minutes after substrate addition). 
1/S, reciprocal of homoserine concentra- 
tion, in moles per liter. 
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Fig. 3. Reversal of L-threonine inhibition 
of homoserine dehydrogenase activity by 
L-isoleucine (A) and L-methionine (B). 
The mixtures contained 20 ,zmole of L- 

homoserine and the other amino acids as 
indicated. Other experimental conditions 
as in Fig. 2. Enzyme activity is expressed 
as increase in absorbancy (340 m/z) per 
minute per 2 mg of protein. 
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it may be noted that the D-isomers of 
isoleucine and methionine as well as 
the L-isomers of lysine, leucine, and 
valine are ineffective in reversing the 
inhibition caused by L-threonine. 

Although the biosynthetic pathways 
shown in Fig. 1 are based on studies 
with other organisms, there is no evi- 
dence as yet that they differ in R. 
rubrum. In certain bacteria, such as 
E. coli, an important control in iso- 
leucine synthesis is end-product inhibi- 
tion of threonine deaminase (8). In 
R. rubrum, however, we have been un- 
able to demonstrate inhibition of threo- 
nine deaminase activity by isoleucine 
(9). Our studies indicate that, in R. 
rubrum, isoleucine exerts control by in- 
fluencing other reactions in the bio- 

synthetic chain. Preliminary experi- 
ments have disclosed that, in addition 
to its effects on homoserine dehydro- 
genase, isoleucine also can affect the 
activity of aspartokinase, the enzyme 
which phosphorylates aspartic acid (see 
Fig. 1). L-Threonine strongly inhibits 
aspartokinase activity and the inhibi- 
tion is prevented by L-isoleucine, but 
not by L-methionine. 

Evidence indicating a physiological 
role of these effects was obtained from 
relevant growth experiments. Growth 
of R. rubrum in the medium mentioned 
previously is completely inhibited by 
addition of 3.3 X 10-4M threonine, 
presumably because of interference 
with methionine synthesis. Further 

supplementation with either methionine 
or homoserine in low concentration 
(1.6 X 10-'M) does, in fact, abolish 
the threonine inhibition; similar re- 
sults have been reported (10) with 
the photosynthetic bacterium Rhodo- 
pseudomonas spheroides. In the case 
of R. rubrum, reversal of inhibition 
of growth by threonine is also effected 
by isoleucine, but considerably higher 
concentrations are required (3.3 X 
10-4M). The foregoing results are evi- 

dently consistent with the conclusion 
that in the intact cell isoleucine can 
exert regulatory control on methionine 
synthesis by the mechanism observed in 
the experiments in vitro, namely, by 
reversing feedback inhibitions caused 
by threonine. 

The results of this investigation sug- 
gest that, in general, metabolic prod- 
ucts may exert rapid control of syn- 
thesis both by end-product inhibition 
and by reversal of feedback inhibition 
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to critical differences. in the relative 
concentrations of substrate, ultimate 
end products, and the inhibitory inter- 
mediates. A more detailed study of 
the homoserine dehydrogenase of R. 
rubrum may shed light on the mecha- 
nism of such effects, which appear to 
be examples of "allosteric" interac- 
tions (11; 12). 
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Molecular Biology, Washington 
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more loose than that of the Strong A 
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quently observed in tissue sections at 
either pole of the gland which were not 
attached to the body of the thyroid. 

Aberrant thyroid tissue is known to 
occur in man and a variety of lower 

to critical differences. in the relative 
concentrations of substrate, ultimate 
end products, and the inhibitory inter- 
mediates. A more detailed study of 
the homoserine dehydrogenase of R. 
rubrum may shed light on the mecha- 
nism of such effects, which appear to 
be examples of "allosteric" interac- 
tions (11; 12). 
EMMAPAOLA STURANI, PRASANTA DATTA 

MAYSIE HUGHES, HOWARD GEST 

Henry Shaw School of Botany and 
Adolphus Busch 111 Laboratory of 
Molecular Biology, Washington 
University, St. Louis, Missouri 

References and Notes 

1. H. S. Moyed and H. E. Umbarger, Physiol. 
Rev. 42, 444 (1962). 

2. J. C. Gerhart and A. B. Pardee, J. Biol. 
Chem. 237, 891 (1962). 

3. R. G. Martin, ibid. 238, 257 (1963). 
4. M. Hayashibe and T. Uemura, Nature 191, 

1417 (1961); J.-P. Changeux, J. Mol. Biol. 
4, 220 (1962). 

5. H. Gest, J. G. Ormerod, K. S. Ormerod, 
Arch. Biochem. Biophys. 97, 21 (1962); the 
medium was modified only in that the nitro- 
gen source was 0.1-percent L-glutamate. 

6. K. D. Gibson, A. Neuberger, G. H. Tait, 
Biochem. J. 84, 483 (1962). 

7. J.-C. Patte, G. LeBras, T. Loviny, G. N. 
Cohen, Biochinm. Biophys. Acta 67, 16 (1963). 

8. H. E. Umbarger and B. Brown, J. Biol. 
Chem. 233, 415 (1958). 

9. P. Datta, M. Hughes, H. Gest, Federation 
Proc. 22, 476 (1963). 

10. K. D. Gibson, A. Neuberger, G. H. Tait, 
Biochem. J. 83, 550 (1962). 

11. J. Monod and F. Jacob, Cold Spring Harbor 
Symp. Quant. Biol. 26, 389 (1961); J. Monod, 
J.-P. Changeux, F. Jacob, J. Mol. Biol. 6, 
306 (1963). 

12. Supported by grants from the National Sci- 
ence Foundation (G-9877) and the National 
Institute of Allergy and Infectious Diseases 
(E-2640). We thank Dr. E. Adams for ad- 
vice and a gift of aspartic /f-semialdehyde, 
initially prepared by Dr. Simon Black [see 
J. Biol. Chem. 213, 39 (1955)], and also 
Catherine Brenneman for expert technical 
assistance. 

20 May 1963 

Aberrant Thyroid Tissue 

in the Mouse 

Abstract. Aberrant thyroid tissue 
was observed at the base of the heart 
in seven of 2634 mice of the BALB/c 
strain. Such tissue was not seen in any 
of 1033 mice of the Strong A strain. 
The normal thyroid gland of the 
BALB/c mouse was observed to be 
more loose than that of the Strong A 
mouse and isolated follicles were fre- 
quently observed in tissue sections at 
either pole of the gland which were not 
attached to the body of the thyroid. 

Aberrant thyroid tissue is known to 
occur in man and a variety of lower 
animals. Most aberrant thyroids result 
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thyroid anlage to descend from the 

SCIENCE, VOL. 141 

animals. Most aberrant thyroids result 
from the failure of all or part of the 

thyroid anlage to descend from the 

SCIENCE, VOL. 141 

0 NO THREONINE 
* 1.66x 10'3M L-THREONINE 
A 3.32x10'3M L-THREONINE 

A REVERSAL BY L.ISOLEUCINE 

12 

08 >= 

04 

0 NO THREONINE 
* 1.66x 10'3M L-THREONINE 
A 3.32x10'3M L-THREONINE 

A REVERSAL BY L.ISOLEUCINE 

12 

08 >= 

04 

0.01 

0.00 

0.01 

0.00 

0.0o 0.0o 



Fig. 1. A group of thyroid follicles within 
multilocular fat near, but not immediately 
adjacent to, the aorta. Hematoxylin and 
eosin stain (x 90). 
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floor of the pharynx to its normal 
cervical position, or from its descending 
beyond its normal adult location (1, 2). 
In the first case aberrant thyroid tissue 
may occur at any median point from 
the tongue to its normal position and 
in the second case it occurs caudal to 
the normal position to include its loca- 
tion within the thoracic cavity. In man 
the thoracic thyroid has been described 
in the mediastinum behind the sternum, 
adjacent to the aorta, within the upper 
part of the pericardium, and in the 
interventricular septum of the heart 
(2). Another form of aberrant thyroid 
is the result of an anomaly of develop- 
ment of the fetal tissues as a whole. 
In man this is most common in the 
ovary and is considered a teratoma (3). 
Aberrant thyroid has been described in 
the rat (4), guinea pig (5, 6), dog (7), 
rabbit (6), and baboon (8). I am not 
familiar with any reports of its occur- 
rence in the mouse. 

It is of importance to recognize the 
occurrence of aberrant thyroid tissue in 
experimental animals, for, as in man, 
unusual clinical pictures and thyroid 
function tests can result from the 
presence of aberrant tissue. In labora- 
tory animals aberrant thyroid must be 
considered when unusual results are ob- 
tained from extirpation or other experi- 
mental procedures. Complete removal 
of the thyroid gland does not insure 
removal of all functional thyroid tissue. 

Microscopic examination of tissues 
representative of all organ systems was 
conducted on 2634 mice of the 
BALB/c strain (without the milk fac- 
tor) and 1033 mice of the Strong A 
strain. The heart of each mouse was 
serially sectioned from the apex to the 
base including the great vessels enter- 
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ing and leaving the heart. In seven 
BALB/c mice (five female, two male) 
aberrant thyroid tissue was observed 
at the base of the heart (Fig. 1). In 
six of these, the tissue occurred within 
the multilocular fat at the base of the 
heart near but not immediately adja- 
cent to the aorta. In the other animal 
the tissue was within the pericardium 
at the base of the heart. In each of 
these mice a thyroid gland was present 
in the normal adult position. The 
aberrant tissue was identical in micro- 
scopic structure to normal thyroid tissue 
and in all probability was functional. 

It is of interest that aberrant thyroid 
tissue was observed only in the BALB/c 
strain. In a comparison study on the 
normal thyroid gland of the two strains 
of mice, it was observed that in both 
strains the capsule is extremely thin 
or inapparent. In the Strong A mouse 
the thyroid gland is well confined and 
ends abruptly on all surfaces whereas 
in the BALB/c the thyroid is more 
loose and frequently strings out at the 
anterior and posterior poles of the 
gland. Small groups of follicles and 
occasional single follicles are frequently 
seen at either pole away from the body 
of the gland separated by multilocular 
fat and occasionally by striated muscle. 
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Deformability and resilience are ma- 
jor properties of articular cartilage that 
provide shock absorption and reduce 
friction in the functioning of joints. 
The elastic behavior of cartilage is, to 
a large extent, dependent upon mechan- 
ical extrusion and repenetration of tis- 
sue fluid, and is influenced by the con- 
centration of salts in the milieu (1, 2). 
In this study, the disarticulated heads of 
the tibias from 38 freshly killed dogs 
were used to test the effects of various 
ions and the viscosity of the immersion 
medium on the elasticity of the carti- 
lage. 

The cartilage was first equilibrated in 
physiological saline solution at 37 ? 
1?C for 75 to 90 minutes. A compres- 
someter (1, 3) was then used to apply 
a static load of 83 g/mm2 to the surface 
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This may indicate that portions of the 
thyroid anlage of the BALB/c mouse 
frequently do not descend with the en- 
tire structure or descend beyond the 
normal adult position. 

Unfortunately, tissues were not re- 
moved from the pharynx or the base 
of the tongue, hence it could not be 
determined if lingual thyroid masses 
were present. 

RONALD D. HUNT 

U.S. Army Medical Research and 
Nutrition Laboratory, Fitzsimons 
General Hospital, Denver, Colorado 
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of the cartilage for 12 minutes. Linear 
deformation was recorded as a function 
of time, as was recovery when the load 
was removed. The measurements were 
repeated thereafter at the same site 
after the cartilage had again been equili- 
brated in the different solutions. The 
solutions, except where noted, were iso- 
tonic, calculated (4) as NaCl equiva- 
lents without correction for activity 
coefficients. The divalent cation solu- 
tions were 0.11M CaC12, BaCL2, and 
MgC12; the trivalent solutions were 
0.085M AIC13, LaC3, FeCl, and 
[Co(NH3)6] Cl3 (5). Monovalent cati- 
onic substitutes for Na+ were 0.15M 
KCl, LiCl, and NH4Cl. Tetramethyl 
ammonium chloride was used to pro- 
vide a large cation that would be less 
firmly bound to the polyanions (6) of 
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Elasticity of Articular Cartilage: 
Effect of Ions and Viscous Solutions 

Abstract. The deformability of articular cartilage is increased by cations, more 
so by polyvalent than monovalent ones. Trivalent cations also depress elastic 
recovery. Failure of viscous solutions to alter the elastic behavior suggests ultra- 
filtration by cartilage as a possible mechanism in synovial lubrication. 
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