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During the last years, data have frequently reported on 

mitochondrial protein and nucleic acid synthesis, and on the 

presence of DNA in mitochondria of various organisms (Simpson, 

1962; Roodyn, i962; K&f, 1964; Kroon, 1963; Nass and Nasa, 

1963; Schatz et al., 1964; Wintersberger, 1964; Luck and Reich, 

1964; Neubert and Helge, 1965). Recently we also published 

some results concerning this problem (Graffi et al., 1965). 

In the present paper experiments are described on differences 

between mitochondrial protein synthesis in tumour and normal 

tissues. We were particularly interested in the problem, sinoe 

our previous studies had shown that canoerogenic hydrooarbons 

me preferably accumulated in these organelles, and it appeared 

possible that the malignization might be based upon a mutation 

of mitochondria (Graffi, 1940). 

Methods 

The methods used are largely those desoribed in our ear- 

lier publications. Particular care was taken to observe steri- 

lity during isolation and inoubation of mitochondria. The mito- 

chondria were isolated and washed twice at h 4500 g. They were 

incubated at 37' C, while being shaken in single dosages of 
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I ml of mitoohondrial suspension eaoh (approx. 0.5 - I mg of 

protein) using the incubation medium of Wintersberger (1964) 

n:.th 0.2 PC of 14C-labeled amino acid for each single sample. 

A hot extraction (15 min, 90' C) with 5 per cent PCA was made 

o:I each sample. 

Results 

Table 1 presents the incorporation of 14 C-leuoine and 

-a&nine (guanidine label), and of uniformly 14C-labeled algal 

protein hydrolysate into mitochondrial proteins of different 

tissues. This constitutes an average of a great number (about 

i.SO> of different mitochondrial preparations. The tumour mito- 

ohondria showed a low incorporation rate for leucine and, in 

general, a markedly increased inoorporation rate for arginine. 

The latter, moreover, applies to mitoohondria from the kidneys 

of mice, rats and cows, as well as from bovine liver (in con- 

trast to mouse and rat liver). Mitochondria from embryonic tis- 

sues are characterized mainly by high incorporation rates of 

leucine and algal protein hydrolysate. The low leucine- and 

at the same time high arginine-inoorporation for almost eaoh 

tumour tested results in a very low leucine/arginine ratio as 

compared with embryonic and postnatal normal tissues, with the 

exception of renal tissues and bovine liver. For the remaining 
14 C-labeled amino aaid used so far in fewer single experiments 

(alanine, saline, lysine, glycocoll, methionine, citrulline) 

and for 35S-labeled aysteine and %-labeled ornithine, no spe- 

cifia pattern of incorporation of the different tissues could 

be demonstrated as yet. The specific activities here were ge- 

nerally lower than for leucine with the exception of apsteine, 

which yielded extremely high incorporation rates in the mito- 

chondria of all normal and tumour tissues so far investigated, 
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Incorporation of 14C-labeled algal protein hydrolysate, 

leucine and arginine into the proteins of mitoohondria of 

different tissues (o/IO min/mg protein) 

tissue protein leu- arginine leuoine/ 
hydro- tine 
lysate 

arginine 

=I===I=tP===E=====S=======~================================ 

isologous mouse sarcoma 1481 122 
(methylchol., W light, 

2198 

plastics) 
(96) (30) (20) 

0,06 

epithelial mouse tumours 1813 222 
( m-9 lung) 

809 
(41 (5) (5) 

0,27 

mouse: virus-induced 603 222 2070 
ohloroleukemia (j > (?I (7) 

0,ll 

Ehrlich Ca, S 37 237 Z) 1520 
(3) (3) 

0,05 

mouse: primary methyl- 2010 96 
cholanthrene sarcoma (-0 (1) 

0,lO 

rat tumours 1128 60 
(Jensen Sa, Walker Ca) 

549 
(7) (6) (5) 

0,ll 

embryonic tissue 
of mouse and rat 

1950 648 
(20) (10) 390 

embryonic tissue 
of chicken 390 

mouse: 
(liver, 

normal organs 
heart, brain) 

542 
(41 

217 90 
(3) (4) 

2,4 

rat: normal organs 1570 
(liver, heart, testicle) 

559 272 
(13) (97) (9) 

290 
-"-- 

.---.._ 
. ..--... .,_.......-. . . . ..__. I . . . . -.--XI-- 

-.- - 
..I_ -. 

kidney 1120 
(mouse, 

222 4084 
rat, cow) ("1 ('0) (42) 

0,054 

bovine liver 1414 64 
(5) (31 

qd438 
(6) 

0,006 

( ) number of mitochondrial preparations 

experiments: mitoohondrial suspension in incubation medium 
acoo ding to Wintersber err saooharose (0.25 m), versene 
(IO-3 M), MfCl$ (0.01 My, KC1 (0.04 M), tris (0.02 M), 
pH 7,4 + 0, p of radioaotive amino acid/ml, 10 min, 37’ C 
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as well as also in the nuclear and microsomal fraction. 

The mitochondrial origin of protein synthesis as found in 

our studies resulted from the fact that admixture of micro- 

solties (isolated at 100000 g) to the mitochondrial fraction did 

not increase the incorporation of protein hydrolysate, leucine 

and arginine. Moreover, the microsomal and nuclear fraction 

shcwed nearly without exception and very strongly for arginine 

a lower incorporation than the mitochondrial fraction, by using 

the same conditions as for the mitochondria. 

Incorporation of amino acids into proteins of mitochondria 

in vitro is absolutely insensitive to RNase, and can be inhi- 

bited by actinomycinD to a certain extent only and irregular- 

ly. A more pronounced, but also irregular inhibitory effect is 

exerted by chlorampheniool and puromycin, in contrast to the 

strong effect of these substances on the protein synthesis in 

microsomes and nuclei. Addition of substrates of respiration 

such as a-ketoglutaric acid, B-oxibutyric acid, succinic acid, 

pyruvate, citrate etc. caused very seldom an appreciable in- 

crease of leucine- and arginine-incorporation, whereas protein 

hydrolysate was even weakly inhibited by the addition of a- 

ketoglutaric acid. 

KCI! (4 l 1O-2 M) strongly inhibited the arginine incorpo- 

ration, especially in the presence of high incorporation rates 

(t umours, kidneys, bovine liver), in contrast to the incorpo- 

ration of leucine and protein hydrolysate. Addition of dinitro- 

phenol, however, had praotically no effeot regarding all three 

aotive substances. This leads to the conolusion that arginine 

incorporation is connected with an oxidative step, which, how- 

ever, in all probability does not become effective via ATP 

formation. 
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In contrast to leucine and protein hydrolysate incorpora- 

tion arginine incorporation is inhibited by the following addi- 

tives: strong inhibition by ornithine (0.1 mb!), glycine (from 

0.1 mM); moderate inhibition by citrulline and lysine (from 

1.0 mM); weak inhibition by histidine (from j.0 mM). The re- 

maining amino auids tested had no effect, neither did guanidine 

NH4' and Cog'* ions. 

Only arginine labeled at the guanidine C atom, shows such 

high incorporation into the protein of the mitochondria of tu- 

mour kidney and bovine liver, while C5-labeled arginine, IQ- 

citrulline and ornithine caused only a low incorporation. This 

suggests that not predominantly the unchanged arginine moleoule 

is incorporated into the mitoohondrial protein, but that one 

or more amino acids are newly snythetized from the guanidine 

portion in the mitoohondria, which, in a seoond step, are in- 

cluded into the mitochondrial protein synthesis. It is, further- 

more, improbable that arginine in mitochondria is utilized to 

a greater extent to build up basic proteins of the histone or 

protamine type, as the activity bound to mitochondrial protein 

is extractable neither by HCl/alcohol, nor by citric aoid. 

After decomposition of the mitoohondrial protein according to 

Sanger, there are found, following incorporation of protein 

hydrolysate, leuoine and arginine, approximately 80 to 90 per 

cent of the activity in the residual ohains of,peptides, and 

only a minor portion in the end groups (thus demonstrating 

this incorporation to be a real protein synthesis). 

We regard as essential result of our studies the high ar- 

ginine incorporation into the mitoohondrial protein of malig- 

nanttumourt3, compared with a low leuoine inoorporation. The 

former is probably related to malignancy in such a manner that 
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owing to the increased arginine incorporation due to the high 

nitrogen content in the guanidine portion, the prerequisite 

conditions for an increase of intracellular production of 

amino acids and possibly of nucleic acid bases are created in 

the tumour cell, thus enabling an autonomic growth. In these 

findings we see a further evidence for our views concerning 

the possible role of the mitochondria in the process of malig- 

n&cation (Graffi, 1940). 

The high arginine incorporation into mitochondria of kid- 

ney and bovine liver is obviously connected with the urea meta- 

bo:Lism, in that the valuable nitrogen is being economically 

re.;ained by incorporation into the proteins instead of ex- 

creting it as urea. 
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