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Steady-state levels of the mtRNA encoding the subunit II of the cytochrome c oxidase were determined at several 
stages of rat T-cell differentiation. Our results showed that its abundance was higher in cells representing the early steps 
of T-cell development, decreasing in mature T-cells. The possible implications of these findings are discussed. 

Cytochrome c oxidase (EC 1.9.3.1), the terminal 
enzyme of the mitochondrial electron-transfer chain, 
catalyzes the four-electron reduction of molecular 
oxygen coupled to the generation of a proton gradient 
across the mitochondrial inner membrane. The mam- 
malian cytochrome c oxidase is composed by 13 poly- 
peptides. The origin of subunits I - I I I  is mitochondrial 
whereas subunits IV-VIII  are encoded in the nucleus. 
The mitochondrially synthesized polypeptides probably 
represent the catalytic subunits. The function of the 10 
nuclear-encoded subunits remains unknown, although a 
regulatory role has been proposed (for a review, see Ref. 
1). The amount of cytochrome c oxidase is higher in 
those tissues with an elevated oxidative metabolism [2]. 
In addition, the activity of the complex changes with 
different physiological conditions such as fertilization 
[3] and neuronal activity [4]. Thus, the subunit II mRNA 
is induced to accumulate in rat pituitary tumour cells 
stimulated by strogen [5], and in rat fibroblasts trans- 
formed by oncogenes [6]. 

During our studies on prothymosin a gene expres- 
sion in lymphoid cells [7], we have analyzed the expres- 
sion pattern of the cytochrome c oxidase subunit II 
(COIl) mRNA to test its usefulness as an internal 
control. To this end, Wistar-rat bone-marrow pre-T-cells 
were purified by bovine serum albumin gradients [8], 
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thymocytes size-fractionated by Percoll gradients [9], 
splenic lymphocytes separated by antibody-coated plates 
[10], peripheral blood lymphocytes isolated using 
Ficol l / Isopaque ( d =  1.087) [11], and their total RNA 
extracted according to Chomczynski and Sacchi [12]. 
We used ethidium bromide staining of rRNA to ensure 
that the amount of total RNA present on the gels was 
the same and to check for RNA integrity of samples. 
The COII mRNA presence was determined by North- 
ern blot hybridization using a cDNA clone coding for 
the rat COIl [6]. In all samples studied the COII probe 
hybridized to a single 0.8-kb mRNA (Fig. 1A), which 
corresponds to the size of the COII transcripts found in 
other cell types [5,6]. The levels of COII mRNA ob- 
served were higher in the early stages of T-cell develop- 
ment (Fig. 1A, lanes 1-3) as compared to mature T-cells 
(Fig. 1A, lanes 4 and 6). The quantitative evaluation of 
the mRNA changes determined by scanning densitome- 
try of blots (Fig. 1A) showed that this mRNA was most 
abundant in large thymocytes, small thymocytes (91.3% 
relative to large thymocytes) and pre-T cells (85.9%). 
Splenic Ig- and blood lymphocytes presented relative 
low quantities of COII mRNA (32% and 31.4%, respec- 
tively) while it was barely detected in splenic Ig § 
lymphocytes (5.4%). These results showed that large 
thymocytes present the highest levels of COII mRNA. 
However, these thymocytes are a heterogeneous popula- 
tion comprising both the most mature and the most 
immature cells [9]. To analyze further the presence of 
COII transcripts in the large thymocytes, they were 
fractionated by peanut agglutinin (PNA) binding into 
high (PNA hi) and low (PNA ~~ affinity thymocytes [13]. 
PNA hi thymocytes, immature cells undergoing continu- 
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Fig. 1. (A) Analysis of RNA from T-cells at different stages of T-cell development. 15 /~g of total RNA from bone-marrow pre-T cells, small 
thymocytes, large thymocytes, splenic Ig- lymphocytes, splenic Ig + lymphocytes and peripheral blood lymphocytes were eleetrophoresed in a 1.5% 
agarose/formaldehyde gel, transferred to nitrocellulose, and probed with 5-106 cpm.ml -I of the nick-translated PstI fragment of a rat COIl 
eDNA. (B) Analysis of RNA from large thymocytes fractionated by PNA binding. 15 jag of total RNA from PNA ]~ and PNA hl thymocytes were 
fractionated eleetrophoretically in an agarose/formaldehyde gel and hybridized to the nick-translated COIl cDNA. Hybridizations were carried 
out at 42 ~ C for 20 h in 10 ml of a solution containing 50% formamide, 5 x SSPE (1 x = 0.18 M NaCi, 10 mM sodium phosphate buffer (pH 7.4), 1 
mM EDTA), 2 X Deahardt's (1 x = 0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin), 10% dextran sulphate, 0.1% SDS and. 
100/~g. ml-1 denatured sonicated salmon testis DNA. Filters were washed twice at room temperature in 2 x SSPE, 0.5% SDS, three times at 65 ~ 
in 0.1 • SSPE, 0.5% SDS, and autoradiographied 6.5 h at - 70 ~ C with intensifying screens (DuPont Cronex Lighting Plus). Upper panels show the 
Northern blot analyses of the RNAs, and lower panels the quantitation of COIl mRNA levels by densitometrie analysis. PBL, peripheral blood 

lymphocytes. 

ous divisions, were found to contain about 2-fold more 
COII  m R N A  than PNA ]~ mature thymocytes (Fig. 1B). 
All these results indicate that the COIl  m R N A  levels 
decrease from immature cells (pre-T-cells, small 
thymocytes and immature thymocytes) to mature T-cells 
(mature thymocytes, splenic I g -  lymphocytes and cir- 
culating lymphocytes). 

Previous reports have shown that several enzymes 
change during T-cell development. Thus, adenosine 
deaminase, deoxycytidine kinase, and terminal de- 
oxynucleotidyltransferase are maximal in immature 
thymocytes and decrease in the final steps of T-cell 
differentiation [14-17]. In contrast, purine nucleoside 
phosphorylase increases in the course of T-cell matura- 
tion [14,18]. In the present study we have demonstrated 
that the COII  m R N A  levels decrease throughout the 
maturation of T-lymphocytes. This pattern of expres- 
sion could be explained on the basis of the intense 

proliferative activity occurring within the thymus which 
would require an elevated oxidative metabolism. In this 
sense, the expression of proliferating-cell nuclear anti- 
gen /cyc l in  and prothymosin a, two proteins linked to 
cell proliferation [19,20], was found to be similar in rat 
thymocytes [7] to that observed for COIl  mRNA.  How- 
ever, the presence of relative high levels of COIl  m R N A  
in small thymocytes, a non-proliferative cell population, 
does not agree with such a hypothesis. Furthermore, it 
has been found that variations in COIl  m R N A  are 
independent of proliferative activity in 3T3 fibroblasts 
[6] and GH4C i cells [5], and that cytochrome c 0xidase 
activity in neurons is correlated with ion pumping rather 
than with cell growth [4]. On the other hand, prolifera- 
tive and non-proliferative thymocytes share higher de- 
oxyribonucleoside triphosphate levels than mature T- 
lymphocytes [21]. It has been suggested that the higher 
ratio of adenosine deaminase to purine nucleoside phos- 



phorylase activities in thymocytes compared to mature 
cells may be partially responsible for maintaining the 
intracellular levels of deoxyribonucleoside triphosphates 
in thymocytes [22]. In this view, the cytochrome c 
oxidase activity could supply the energy requirements 
for the generation and maintenance of these pools. 

We are very grateful to Dr. N. Glaichenhaus (De- 
partment of Microbiology and Immunology, University 
of California, Berkeley, CA) for providing us with the 
COIl probe. 
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