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The amount of mRNA coding for the brown fat specific uncoupling protein thermogenin was followed in 
the brown adipose tissue of adult mice. As expected, cold exposure or norepinephrine injection caused an 
increase in the amount of thermogenin mRNA. However, contrary to expectation, the half-life of thermo- 
genin mRNA was dramatically reduced, from about 18 h to about 3 h, when the mice were cold exposed. 
This destabilization of thermogenin mRNA was not related to the activity of protein synthesis. It was con- 
cluded that in brown adipose tissue an unusual mechanism operates which leads to a destabilization of ther- 

mogenin mRNA under the same physiological conditions which increase thermogenin gene expression. 
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1. I N T R O D U C T I O N  

It has been the accepted view that experimental 
conditions leading to an increased expression of  a 
specific gene also increase the stability of  that gene 
(if they affect it at all). This has, for example, been 
shown for casein [1] as well as for vitellogenin [21, 
histone H3 [3] and heat shock proteins [4], all ex- 
amined in in vitro systems. We here present 
evidence that the m R N A  for the brown fat specific 
uncoupling protein thermogenin demonstrates a 
paradoxical behaviour: it has a markedly reduced 
half-life in vivo under physiological conditions 
where the degree of  expression of  the gene is 
markedly increased. 

The rate-limiting step for thermogenesis in 
brown adipose tissue is the amount  of  thermogenin 
in the mitochondria (review [5]). The total amount  
of  thermogenin is markedly increased when an 
animal is acclimated to cold [5], and this increase 
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is the molecular basis for cold acclimation in mam-  
mals. Recently, after the isolation of  cDNA clones 
for thermogenin [6-8], it has become possible to 
investigate the regulation of  the acclimation pro- 
cess at the molecular level. 

2. MATERIALS AND METHODS 

2.1. Animals 
Adult, male mice (8 weeks old, 30 g) of  the 

NMRI  strain were obtained f rom a local supplier 
(Eklunds, Stockholm). They were preacclimated to 
28°C for 1 week be fo re  experiments. 

2.2. Determination of  amount of  thermogenin 
mRNA 

Total  RNA was extracted f rom brown adipose 
tissue as in [6,9] and bound to filter paper for slot 
blotting. The blots were hybridized with a nick- 
translated thermogenin cDNA probe (10 s c p m /  
/zg). Exposed films were evaluated with a laser den- 
sitometer. 
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3. RESULTS A N D  D I S C U S S I O N  

3.1. Determination o f  thermogenin mRNA 
half-life 

In f ig . lA ,  it is shown that  in an animal exposed 
to cold, there was a very rapid increase in the 
amoun t  o f  m R N A  coding for  thermogenin  
[6,9,10]. It can also be seen that  in animals at 
28°C,  a single injection o f  norepinephrine (which 
is the neurotransmit ter  responsible for  s t imulat ion 
o f  thermogenesis)  led to  a clear increase in the 
amoun t  o f  thermogenin  m R N A  [9,10]. It is 
no tewor thy  that  the level o f  thermogenin  m R N A  
remained elevated in these animals for  more  than 
8 h, despite the fact that  the thermogenic  effect o f  
a single norepinephrine injection is transient and 
has fully disappeared after 30 min. 

In  the experiments depicted in fig. 1B we have ex- 
amined the half-life o f  thermogenin  m R N A .  For  
these experiments,  mice were cold-exposed for 
36 h, at which time a maximal  level o f  ther- 
mogenin  m R N A  is found  in the tissue [6]. The 
mice were then injected with act inomycin D, to 
block further synthesis o f  thermogenin  m R N A  [9]. 
Some mice were then retransferred to warm en- 
vironmental  condit ions,  some remaining in the 
cold. 

It is clear f rom f ig . lB that  the environmental  
temperature  had a very marked  effect on the 
stability o f  the m R N A .  Thus,  in the animals 
retransferred to 28°C, the m R N A  was very stable 
and had a half-life which could be calculated to be 
about  18 h (with 13-27 h being the 95°7o con- 
fidence interval). However ,  surprisingly, in the 

Fig. 1. Amount of thermogenin mRNA in brown adipose 
tissue. (A) Adult male mice either remained under 
control conditions (28°C) or were exposed to cold (4°C) 
for the indicated time, or were injected intraperitoneally 
with norepinephrine (NE) [1 mg (3/zM) norepinephrine 
bitartrate (Sigma) per kg body wt] or with saline. Brown 
adipose tissue RNA was extracted and the amount of  
thermogenin mRNA estimated as described. Values are 
means and individual values of 2 animals from each time 
point and are expressed in arbitrary units. Two-way 
analysis of variance showed a very significant effect 
(P < 0.001) of  norepinephrine at 28°C; in animals at 
4°C the effect of norepinephrine was only significant at 
4 h (P < 0.05). (B) Mice were exposed to cold for 36 h 
and then treated with 0.4 mg actinomycin D per kg body 
wt (time 0). The mice either remained at 4°C or were 
retransferred to 28°C and the amounts of  thermogenin 
mRNA analysed as above. Two mice were analysed at 
each time point. Initial mean amounts of thermogenin 
mRNA were set to 100°70. Linear regression analysis was 
performed with the logarithmically transformed values, 
including values for time points 0-8 h for 28°C 
(excluding the 3 h value); the correlation coefficient was 
0.90. For 4°C, time points 2-8  h were included, yielding 
a correlation coefficient of 0.97. (C) Mice were exposed 
to cold for 36 h and then either retransferred to 28°C or 
remained in the cold, and the amount of thermogenin 
mRNA analysed as above. In the mice remaining in the 
cold, there was no significant effect of time on 
thermogenin mRNA. Regression analysis of time points 
2-8  h of  animals retransferred to 28°C yielded a 

correlation coefficient of 0.94. 
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animals remaining at 4°C, where the demand for 
thermogenin is high, the thermogenin m R N A  half- 
life was dramatically reduced (to 3.2 h, with 
2 .7-4 .0  h being the confidence interval). 

In control experiments in which we examined the 
half-life of  actin mRNA,  we found no effect of  en- 
vironmental  temperature on this m R N A  species, 
which, as expected, was not cold-induced (not 
shown). However,  we were also unable to observe 
such a temperature-dependent change in half-life 
of  the mRNA coding for glycerol-3-phosphate 
dehydrogenase or of  the m R N A  corresponding to 
the eDNA clone CIN-7, both of  which are cold- 
induced [6,11]. It is thus clear that there must exist 
a special molecular mechanism in the brown fat 
cell which is responsible for the selective increase in 
the degradation process of  thermogenin mRNA.  

In f ig . lC we followed the amount  of  ther- 
mogenin m R N A  in animals which were retransfer- 
red f rom 4 to 28°C without any pharmacological  
treatment.  Again paradoxically, this treatment,  
which would be expected to lead to a rapid 
breakdown of  thermogenin m R N A  [12] which was 
now no longer necessary for thermogenin syn- 
thesis, did not induce an immediate disappearance 
of  thermogenin mRNA.  Rather, the decay of  ther- 
mogenin m R N A  was close to that seen after ac- 
t inomycin administration and retransfer of  the 
animals to the warm environment (the calculated 
half-life was now about  10 h with 7 -14  h being the 
confidence interval). Thus, it would seem that the 
absence of the physiological stimulus of  cold ex- 
posure leads to a rapid cessation of  thermogenin 
m R N A  synthesis and that,  in parallel with this, the 
intracellular signal responsible for accelerating the 
breakdown of  thermogenin m R N A  in the cold is 
turned off .  

3.2. Effect of inhibition of protein synthesis 
In the experiments depicted in fig.2 we have 

tested the possibility that the increased degradation 
of  thermogenin m R N A  may in some way be 
related to the m R N A  being avidly used for protein 
synthesis, perhaps with a detrimental effect on the 
mRNA.  Mice were again preexposed to cold, but 
in this experiment some mice were treated with the 
protein synthesis inhibitor, cycloheximide, at a 
dose which we have demonstrated earlier leads to 
complete inhibition of  protein synthesis in the 
tissue [13]. It was again observed that thermogenin 
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Fig.2. Effect of cycloheximide on thermogenin mRNA 
half-life. Mice were treated as described in the legend to 
fig. 1B,C, but some mice were additionally injected with 
2 mg cycloheximide per mg body wt. In each 
experimental series the initial value in the cold was set to 
100°70. Values are means _+ SE of 2-16 animals. 
Significant effects of cycloheximide are indicated by 
* P < 0.05, ** P < 0.01 and *** P < 0.001; Student's 

t-test. 

m R N A  degradation was much more rapid in mice 
remaining in the cold. Cycloheximide had a 
general stabilizing effect on thermogenin m R N A  
under all conditions (probably analogous to that 
demonstrated in some other systems; e.g. [14]), but 
cycloheximide was equally potent as an m R N A  
stabilizer in warm- and cold-exposed animals. The 
cold-induced reduction in thermogenin m R N A  
does not therefore seem to be a direct effect of  the 
m R N A  being used for accelerated protein syn- 
thesis. 

Rather, here we have an unexpected condition, 
in which the same physiological stimulus increases 
both the expression of  a gene and the degradation 
of  the m R N A  coded by that gene. The intracellular 
mechanism underlying this phenomenon,  as well as 
the identity of  the m R N A  signal which tags ther- 
mogenin m R N A  to become rapidly degraded, have 
yet to be resolved. 
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