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KAZIMIERZ PASTERNAK

The effectiveness of the bonding of amino acid by tRNA 
of livers of rats experimentally exposed 

to cadmium and barium
Zdolność wiązania aminokwasów przez tRNA wątroby szczurów 

doświadczalnie narażonych na kadm i bar

The process of amino acid activaction takes place in the presence of specific aminoacyl-tRNA 
synthetases. These enzymes, together with ATP, catalyse the bonding of tRNA and amino acids (5). 
The effectiveness of binding amino acid by tRNA has a direct influence on the intensity of protein 
biosynthesis. This effectiveness varies in various metabolic states of the cell (16). Heavy metals influ
ence cellular metabolism. They usually reduce enzyme activity, block chemical reactions, bind with 
proteins, interact with other elements and even break certain bonds (1,8,9,11,14). Experiments in the 
present work were conducted in order to determine changes in the effectiveness of amino acid binding 
by tRNA of the livers of rats receiving heavy metals such as cadmium and barium in their feed.

EXPERIMENTAL PROCEDURES

The experiment was conducted on white Wistar rats of both sexes. The animals 
were divided into groups of ten rats each. They received cadmium or barium in 
their drinking water for six weeks. The first group received 100 mg/1 of cadmium 
(cadmium chloride solution), the second received 100 mg/1 barium (barium chlo
ride solution), the third was the control and received redistilled and deionized wa
ter. All animals were fed the same LSM feed and watered ad libitum. After the 
experiment the animals were killed using ketamine and the livers were harvested 
for further testing.

Preparations of tRNA were obtained by phenol extraction by the method of 
Sein and Zubay. The tRNAs used by this method were cleaned by chromatography 
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on DEAE-52 column (18, 20). Additionally, the tRNA was deaminoacylated by 
the method of Denney (6). The concentrations of tRNA were determined spectro- 
photometrically at 2 = 260 nm and next were used to test the effectiveness of bond
ing for ten amino acids. They were: arginine, threonine, aspartic acid, asparagine, 
serine, isoleucine, lysine and phenylalanine.

Preparations of aminoacyl-tRNA synthetases necessary for aminoacylation were 
obtained from the rabbit liver. These preparations were obtained from the salted 
out protein fraction in the range of 40-70% ammonium sulphate after the salt was 
removed by dialysis (4). Protein was determined by Bradford method in these en
zyme preparations (3).

The effectiveness of the bonding of amino acids by tRNA was tested by using 
marked amino acids (Dupont Company, Boston, USA). The incorporating system 
consisted of the following components in total of 200 pl: 100 mM Tris/HCL buffer, 
pH 7.5, 10 mM MgCl2, 10 mM ATP, 10 mM KC1, 0.4 mM dithiothreitol, 0.1 mM 
phenylmethylsulfonylfluoride, 1.0 A260 units of tRNA, 50 pl of enzymes, and 14C- 
amino acids (18.5 kBq). In controls the tRNAs were omitted. The incubation was 
carried out at 37°C for 20 min. Next, the samples of 100 pl were applied onto 
Whatman 3 MM discs which were rinsed four times in cold trichloroacetic acid 
and then in Hokin fluid (0.8 ml 10 M NaOH + 62.4 ml glacial acetic acid + ethanol 
to 1 liter) and ether, and dried. Radioactivity was measured in a Beckman scintilla
tion counter. The effectiveness of the bonding of amino acids by tRNA was deter
mined by the binding of labelled 14C-amino acids by tRNA. The effectiveness of 
the bonding of amino acids was expressed by quantity of impulses per minute (cpm) 
in a tested sample per 1.0 ODU of tRNA.

RESULTS

The experiment showed that the addition of heavy metals influence the effec
tiveness of binding amino acids by tRNA (Table 1).
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Tab. 1. The influence of cadmium and barium on the effectiveness 
of binding amino acid by tRNA in rat’s liver

Binding of amino acids by tRNA

pmole/1 ODU

Amino acids Cd

x ± SD

Ba

X ± SD

Control

X ± SD

Arg 23.84 ±4.15 29.46 ±5.51 31.76 ±6.14

Thr 14.32 ±3.11 15.67 ±3.61 17.19 ±3.95

Asp 9.12 ±2.52 10.82 ±2.80 12.35 ±2.38

Asn 14.39 ± 4.20 14.65 ±3.13 19.55 ±3.46

Ser 21.41 ±5.45 27.46 ± 5.82 30.35 ± 5.91

lie 14.58 ±3.64 16.65 ±4.10 18.50 ±3.45

Ala 11.42 ±2.56 16.14 ±3.56 16.58 ±4.10

Leu 6.54 ± 1.98 8.75 ±2.12 10.44 ±2.45

Lys 14.52 ±3.68 15.40 ±3.54 18.48 ±3.35

Phe 14.32 ±4.10 15.20 ± 4.82 23.18 ±4.18

X - average from ten animals, SD - standard deviation

tRNA of the livers of rats receiving cadmium and barium displayed a reduction 
in effectiveness of binding amino acids compared to control animals (Fig. 1).

35
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Arg Thr Asp Asn Ser lie Ala Leu Lys Phe

Fig. 1 The influence of Cd and Ba on the effectiveness 
of binding amino acids by tRNA in rat’s liver
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DISCUSSION

The effectiveness of amino acid binding by tRNA has a direct influence on the 
process of amino acid activation and an indirect influence on the process of trans
lation. The influence of cadmium and barium added to the feed varies the effective
ness of amino acid binding by rat liver tRNA. In the case of cadmium the reductions 
were greater. Exposure to heavy metals is greater in the contemporary world (2,10, 
17). The reduction in binding effectiveness of amino acids by tRNA caused by 
heavy metals will lead to a reduction in protein synthesis. It is known that the 
biological effects of certain factors, including heavy metals, on the organism vary 
(11,13, 19). In large part they are dependent upon the state and age of the organism 
(7, 12, 15). Of capital importance is the type of metal and the dose and the pos
sibility of influence on tRNA.

CONCLUSION

1. Heavy metals such as cadmium and barium added to the feed influence 
the effectivenes of binding amino acids by tRNA of rat livers.

2. The influence of tested heavy metals varied according to the various amino 
acids and also depended on the type of metal.
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STRESZCZENIE

W procesie biosyntezy białka ważną rolę pełni tRNA, który bierze udział w aktywacji amino
kwasów przy udziale specyficznych enzymów. Zdolność wiązania aminokwasów przez tRNA zmie
nia się w różnych stanach metabolicznych komórki związanych z procesami fizjologicznymi 
i patologicznymi. Celem pracy było okresTenie zmian zdolności wiązania aminokwasów przez tRNA 
wątroby szczurów narażonych doświadczalnie na kadm i bar. Z wątroby szczurów doświadczalnych 
i kontrolnych preparowano tRNA, a następnie in vitro badano zdolność wiązania aminokwasów. Wyka
zano, że pod wpływem podawanego kadmu lub baru następowały zmiany zdolności wiązania amino
kwasów przez tRNA wątroby szczurów. Działanie badanych metali ciężkich było zróżnicowane dla 
poszczególnych aminokwasów, jak również zależało od rodzaju metalu. Kadm powodował znaczniej
sze niż bar obniżenie zdolności wiązania przez tRNA wszystkich badanych aminokwasów.




