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Quantitative Determination of CIJ-Tyrosine Absorption in Melanated and 
Non-Melanated Mouse Tissues.* (25154) 

I~ALTER J .  FIMIAN,  JK.  AND GERALDINE A. Down (Introduced by B. J. Sullivan) 
Dept .  of Biology, Boston College, Mass. 

Historically the study of tyrosine metabo- 
lism is coincident with the study of genetically 
controlled alcaptonuria, a condition charac- 
terized by excretion of a tyrosine derivative, 
homogentisic acid ( 1 ) . Many investigations as 
reviewed by Knox (2), and 31eister (3 ) ,  have 
been carried out on pathways of tyrosine me- 
tabolism. More recently, radioactively la- 
belled tyrosine has been employed, with excel- 
lent results, in the study of the tyrosine me- 
tabolism mechanism (4,5:6). The role of ty- 
rosine in melanosarcoma formation has also 
received considerable attention ( 7,s) , and in 
addition the selective absorption of this tagged 
amino acid into various tissue proteins has 
been established(9). I t  is our purpose to 
study selective absorption of C1-4-labelled ty- 
rosine by both melanotic and non-melanotic 
tissues of the mouse by means of quantitative 
uptake deterniinations. S9 1 melanoma tissue 
is also included in the analyses. Since the 
method utilized provides a uniform assay pro- 
cedure and geometry, it is felt that many 
technical cl uan tit a t  ive pr obleni s are elim i - 
nated; c.g., variation in self-abscrrption be- 
tween tlissiniilar tissue sanrples. 
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illateriuls and methods.  A. The mice used 
were of the dba,'l Jackson strain subsequently 
inoculated with Cloudman S91 melanoma. 
All animals were of approximately the same 
age and weight (6  mo., 15 g) . B. Radioiso- 
tope administration. Five microcuries of dl- 
tyrosine-2-CI4 (Tracerlab, Inc.) were pre- 
pared and administered according to standard 
procedure(7) to each animal. 5 weeks after 
tumor inoculation. Twelve animals were used 
during the investigation. C. Tissue prepura- 
tion. Each animal was sacrificed 7 days after 
radioisotope injection with immediate removal 
of melanonia, liver, kidney, brain. adrenal, 
thyroid, and combined skin and hair tissue 
samples. Each sample was placed in a small 
pyrex tube, quick frozen by immersion into 
acetone-dry ice mixture, and stored at 0-4°C 
until time of analysis. D. Tis sue  analysis. 
To eliminate variabilities encountered by use 
of wet weights as measurement of tissue sam- 
ple and to put all tissues used on a compar- 
able and accurate assay basis, a modification 
of the Van SIyke-Folch ( 10 , l l )  tissue combus- 
tion procedure for det erminatiori of tissue car- 
I x ~ i  content was employed. The manometri- 
cally determined quantity of C'02 produced, 
was introduced into barium hydroxide solution 



96 QUANTITATIVE DETERMINATION OF C 1 4 - T ~ ~ ~ ~ ~ ~ ~  ABSORPTION 

TABLE T .  Selective Absorption of C14-Tyrosinc/nrg Carbon in Melaiisted and Non-melanated M o m  
Tissi1c.s. 

f 3lcwii (S) values- \ 

I I 1  I11 I V  
c/o tyrosine X 

I11 x 100 x 1000 
nip*C/ing C absorbed/mg C 

I1 
No. of  S o .  of iiig earboii Activity ~- 

Tissue 

Me1:inoina It! 24 2.433 283 .4583 9.17 
Kidney 2.913 191 . 32 i8  6.56 
Adreiinl 1 2  1.015 49 .2413 4.83 
Liver 24 3.267 135 2066 4.13 
Brain 2.706 94 .1737 3.47 
Thyroid 11 11 .583 13  .I114 2.23 
Skin & hai r  1 2  23 3.799 7 5  .0989 1.98 

9 .  , f  

,. 
9 .  

3 .  I ‘  

- 
* Corrcctioii factor (1.027) f o r  Vn1l Slyke C O I I I ~ I I L ~ ~ I O ~ I  :Ipl):lr:it11s: U S O ~ .  
t T,~rosinr stniic1ni.d: 200 c1)iii (S,  - S,, ; snniple (‘1) i i )  iiiiiiiis 1)nckgroruiil c l ) iu)  = 1 inpC activity. 

7’ot:iI tymii ic  :icti\-ity iiij./:iiijiii;il = 5 pC. 

and precipitated as barium carbonate. By this 
method, a precipitated, BaCO:: yield, repre- 
senting the carbon content of small tissue sam- 
ples (20-30 mgj could be assayed for its ra- 
dioactivity content. By similar procedure 
( 1 2 ) ,  a series of C14-tyrosine micro-combus- 
tion standards was prepared, to relate the ob- 
tained number of counts/minute in any tissue 
analysis to the actual fraction of millimicro- 
curies of C14-tyrosine present (absorbed) 
within the sample. Due to the infinitesimally 
thin BaCO:: layer produced from any sample 
of tissue, it was unnecessary to make self- 
absorption corrections between samples. Ra- 
dioassay procedures were carried out by tripli- 
cate planchet analyses of dried BaCO:< sam- 
ples wtih a windowless gas flow proportional 
counter and pre-set time scaler. After inter- 
polating the counts/min/mg of carbon (as 
manometrically determined) , specific activity 
was expressed as millimicrocuries (or fraction 
thereof j of C14-tyrosine,/mg carbon of the 

tissue sample. The “t” distribution test( 13) 
was used to determine statistical significance 
of the data. A P value of 0.05 was chosen as 
the level of significance (955% confidence in- 
terval). 

Rrsults. Selective absorption of Cl4-tyro- 
sine in tissues assayed is presented on a com- 
parative basis in Table I. The order of tyro- 
sine uptake by the tissues (/mg carbon as 
measured manometrically) was melanoma, 
kidney, adrenal, liver, brain, thyroid, and skin 
and hair. Despite some individual variations 
noted in composite assay of any single tissue, 
significant differences in uptake (Table 11) 
exist between all tissues with the exception of 
comparisons between: a )  adrenal tissue and 
kidney, liver, brain, or thyroid; b )  thyroid 
and skin and hair; c) liver and brain. Lack 
of significant difference between these tissues 
may indicate a relatively equal selective ab- 
sorption of the amino acid. I t  is important to 
note that melanoma tissue selectively ab- 

TABLE 11. Statistical Evaluation of Selective Ahuorption of C”-Tyrosine in Melanated a i d  
Non-mclanated I\Iot~sc Tissues. 

Skin & 
Tissue Cnstls Mclaiioiii;~ Kicliiey Aldix~iiiil T ive r  Brain Thyroid hair 

‘ ‘ t ’ ’ values 
Melanoma 24 1 4.03 3 . :J, x ti.63 7.59 5.84 9.21 

1.83 5.15 6.97 6.05 3.20 
.82 1.59 1.93 3.24 

Liver 24 ? ’  <.05 > . O r - l  1.85 3.23 5.97 
Adrenal 

2.33 4.69 
.46 

Brain 

I ?  

Kidney <.05 I 
12 2 )’ >.05; <.lo 1 

H 

> .05 1 
Thyroid 11  ” ” >.05; <.lo ” < .05 I 

9 7  39 9 9  > . 0 5  Skin & hair 23 ” ” <.05 I 

? ?  .. 
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sorbed a significantly greater amount oif tyro- 
sine than did any of the other tissues studied. 
The high order of activity noted in kidney tis- 
sue may be attributed to lbiological turnover of 
tyrosine, with the continual elimination of 
tyrosine's metabolic by-products by way of 
the excretory system. Although urinary activ- 
ity was noted at  its highest during the first 72 
hours after radioisotope injection, it main- 
tained a much more reduced level during re- 
maining course of experiment. 

The high level of CI4-tyrosine activity ob- 
served in melanoma tissue supports prelimi- 
nary results (7,8), where conclusive quantita- 
tive evidence rnay be lacking and considerable 
uptake variation was noted between animals. 
Of all tissues studied, values obtained for 
adrenal and thyroid tissues showed the great- 
est variability. Similar high levels of activity 
have been reported for these tissues (7 ) ,  but a 
great margin (of error ( 2  5 % ) was indicated. 
This was attrilbuted to tissue weight error and 
low counter efficiency. In  our investigation, 
measurements were made on a standardized 
basis (determination of carbon content in each 
tissue sample), thus eliminating this difficulty. 
With this procedure, the primary source of er- 
ror is the combustion of extraneous fatty tis- 
sue adhering to the desired tissue sample. Such 
error, which is readily eliminated by careful 
prleparation of the tissue sample, yields a high 
carbon determination with a correspondingly 
low radioassay activity/mg of carbon. 

Work in progress indicates a much lower 
kidney activity a t  5 weeks after radioisotope 
injection, thus supporting previous results (8) 
which indicate the biological turnover rate of 
tyrosine. It is assumed that the present activ- 
ity value obtained for kidney tissue is not due 
entirely to incorporation of tyrosine into tissue 
proteins, but to elimination by excretion of d- 
tyirosine and intermediary breakdo'wn prod- 
ucts of 1-tyrosine metabolism. 

The application of the carbon combustion 
method used demonstrates it as highly su- 
perior to other methods. Reproducibility of 
results, as dernonstrated in both analyses of 
tyrosine standards (actual carbon content ZIS. 

theoretical carbon content) and most tissue 
samples, make the technic feasible. The ra- 
dioassay of CI4 (as C1402) precipitated as 

BaC03 affords a greater reproducibility than 
previous technics (tissue slice preparation, 
etc.) where self-absorption of C14 by tissues 
is a major factor. It is suggested that the 
present procedure can be employed to further 
elucidate, on an accurate quantitative basis, 
numerous metabolic relationships other than 
that of tyrosine metabolism either in vivo or 
in zjitro. 

Summary. Five microcuries of dl-tyrosine- 
2-C1' were administered to S91 melanonia- 
bearing mice (dba/l strain) 7 days prior to 
time of sacrifice. Melanated and non-mela- 
nated tissues were quantitatively assayed for 
selective absorption of labelled tyrosine and, 
or its derivatives. The order of uptake (/mg 
tissue carbon as measured manometrically) 
was highest in melanoma tissue and progres- 
sively lower in kidney, adrenal, liver, brain, 
thyroid, and skin and hair tissues. The com- 
bined technic of tissue combustion and pre- 
cipitation of COZ as barium carbonate pro- 
vides an extremely sensitive and reproducible 
activity measurement of labelled tyrosine up- 
take. 
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