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Low translational efficiency of the F,-ATPase S-subunit mRNA largely
accounts for the decreased ATPase content in brown adipose tissue
~ mitochondria
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The hallslife of the F=ATPase S-subunit (Fi-8) mRNA in ATPasc-poor brown adipose tssue (BAT) {1, = 9.5 h) was found 10 be 3-7-fold shorter
thae 0 lver (4, = 27 h) and heart (4, = 63 h) of mice, When tanslated in tetliculocyte lysate, a 2--3-fold lower efficiency appoared with 8 mRNA

from BAT than ftom other tissues. The in vitro synthesized Fio protein precutsors of BAT, liver and hoan

origin were imporied and

by mouse liver mitochondrin with equal eMelency. The results indicate that the pool of abundant Fi48 mRNA in BAT is not flly translatable,
most likely duc to its low metubolic stability,

Brown adipose tisue; ATPase: mRNA hatl-life: Translational eMiciency

. INTRODUCTION

The physiological role of specinlized energy conver-
sion in brown adipcse tissue (BAT) is to produce heat
instead of ATP. Conscquently, the cxceptionally low
content of ATPasc [1-4] and presence of the tissue-
specific uncoupling protein (UCP), thermogenin [S], are
the most characteristic features of BAT mitochondria.
While the UCP synthesis is subtly controlled at the
transcriptional level, predominantly through S-adrener-
gic receptors [6-8), the transcription of nucleus-encoded
and mitochondrially encoded genes for ATPusc sub-
units is maintained paradoxically high as shown by the
levels of Fy-ATPase S-subunit (F,-8) and ATPasc 6
mRNAs both in BAT and in cultured brown adipocytes
[4]. The F\-8 mRNA level in BAT is also insensitive to
cold exposure of animals and to norepincphrine treat-
ment of cultured cells [4], although the hormonal con-
trol of the F\-8 gene expression is possible, as docu-
mented in the liver of young rats [9] or in rat cardiomy-
ocytes [10].

Thercfore, a post-transcriptional  down-regulating
cvent must be involved in the regulation of ATPase
biosynthesis in BAT and we attempted to identify its
nature in the present report. We found that the F,-8
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MR NA hud a much faster turnover in BAT than in liver
und heart, The translational efficiency of the BAT F.8
mRNA was murkedly lowered. The Fif protein pre-
cursor of BAT origin, however, was fully recognized by
the importing machinery of the heterologous mouse
liver mitochondria.

2. MATERIALS AND METHODS

Four-week-0ld mice of the inbred strain Balb'c (Koket, Crochoslo-
vakia) were kept two per cage at 3°C for 3 days with five aovems to
food. In order to block the transcription mice were injected ip. with
actinomycin D (0.4 mg per kg bowtdand kitled X 6and 12 hlater. Mice
treated (or longer periods received additional kalf-doscs of the inhib-
itor after 3 and ¢ h, Animals were killed by cervical distortion and
excised tissugs were immaodiately frozen n liquid nitrogen.

Total RNA was isolated acconding (o the acid-phenol method [11]
Heart. interscapular BAT and tiver from cach animal were hos -
nized and processed separately. To isolate pols(A)°, RNA from 1§
control wice was pooled yiclding at kast | mg from cach tissuc. The
poly(AY RNA fraction was purified using Hybond-mAP membrane
(Amersham) following the protocol of the manufacturer. About 20ug
of poly{A) RNA was obtained from 1 mg of wotal RNA,

For Northemn blot analysis, 10 gg of tota! RNA or LS pg of
polv(A) RNA was separated in 1.0% agarose formaldehyde pel, blot-
ted onte Nylon membrane and hybridized with probes for Fiuf, COX
1 and UCP as deseribed previously [4).

In vitvo transtation was dono using the rabbit reticuiocyte lysate
(Promega) according to manufacturer's instruct.ons. 400 gl of the
optimized Lysaie was programmed with 12 ug of a specific polv(A)
RINA and incubated at 30°C in the noosi e of [Slmetkiomuc {am:
sham, final radioactivay 1 mCi/ml) After $0 min the acudples wok
chilled on ice and centrifuged for 1 h at 120,000 x g. For direct
immuneprecipitation the ssmples were heated for 3 min at 100°C with
1 0.2 vol. 20¢% SDS. dituted with 50 mM Tris-HCL, 1% Triton X-100,
0.3 M NaCl, S mM EDTA, pH 8.0, containing 250 U TrasyloVml and
centrifuged at 100,000 x y for 45 min. The supermatants were incu-
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Fig. |. Relative decrease of COX 1, F|-f and UCP mRNA levels in heart, liver and brown adipose tissue of mice after transeriplion block. Northern
blot analysis of the mRNA content was performed 3, 6 and 12 h after injection of actinomycin D and the densitometric valugs were plotted in
sernilogaritimic graphs. Each point represents the mean * 8§ E.M. of 2-3 mice,

baled with 30 gl of antiserum sgainst F-2 al 4°C overnight, The
immune complexes were recovered using Sepharose-Protein-A in ex-
c2ss as deseribad in [12)

Precursor processing by isolaled mitochondria was carried out as
in [12]. The labeled lysate wis equilibraied with 50 mM HEPES, 90
M KCL, 5 mM KH,PO,, 0.5 mM EGTA, pH 7.5, and then adjusted
10 1 mM ATP, 1 mM ADP, 5 mM succinate, 5 mM MaCl, and 0.5
faity acid-free BSA, Freshly isolated [13] mouse liver mitochondria
were added (1 mg protein/ml) and the mixture was incubated for 30
min at 25°C. Atter incubation, the whole Iysale ingluding mitoghon-
dria was boiled with SDS ard processed as detailed above.

The immunosndsorbed malerial was sepurated on 10% SDS-poly-
acrylamide gels [14] and the gels were fluorographed using salicylate
(15], Autoradiograms were scanned on Shimadzu TLC Scanner C5
930.

3. RESULTS AND DISCUSSION

Following gene transcription and splicing of the tran-
script, the first potential regulatory step of a protein
biogenesis may occur at the level of mRNA degrada-
tion. In order to examine the stability of the F-#
mRNA in different tissues we measured the half-life of
this mRMNA in heart, liver and BAT of mice after inhibi-
tion of the RNA synthesis. The samples obiained 3, 6
and 12 h after the transeription block were tested aiso
for the content of the mitochondrially encoded COX I
mRNA to evaluate the mRNA turnover inside mita-
chendria. In addition, the UCP mRNA was quantitated
in BAT (Fig. 1).

4s seen in Table I, the half-lives of erpastoplasmic
F\-f and mitochondrial COX T transcripts are very
close in liver (1, = 27 h and ¢, = 29.5 h, respectively) as
well as in heart (#, = 03 b and 1, = 58 h, respectively)
where the rate of anabolic reactions is genecrally lower.
In BAT, the F - mRNA half-life was only 9.5 &, which
represents about 0,33 and 0.66 of the values found for
the liver and heart, respectively. However, the COX 1
mRNA half-life in BAT was 27.5 h, suggesting that the
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decrease of F-ATPase mRNA 1, in this tissue is selee-
tive. The UCP mRNA which had been shown to be
markedly destabilized in the cold-adapted animals [10]
exhibited a half-life as short as 3.7 b (Fig. ).

The portion of the transcripts that can be actually
translated is most probably different from their steady-
state level estimated by Northerr blot. Both 5 and 3’
mRNA stryctures which greatly influence the transli-
tional efficiency of a mRNA [17,18] are neccessarily
more vulnerable to a nucleolytic artack if the mRNA
turnover is fast. The specific mRNA pools which differ
in their half-lives may, therefare, be translated with dif-
ferent efficiency.

To estimate the translational capability of the F,-f3
mRNA pool in BAT we performed in vitro translation
using poly(A)" RNA from the tissues tested. The con-
tent of the F -8 mRNA was checked in aliquots of the
purified mRNAs, as well as in the original total RNAs.
As evident from Fig. 2, the relative abundance of the
F 47 transcripts has not been changed by the poly(A)*
RNA preparation,

Fig. 3A shows the -8 precursors translated [rom

Table }

Relative steady-siate levels and half-lives of COX | and F,-0 mRNAs
In mouse tissues

Tissue mRNA level (%) {; mRNA
COX 1 F-3 COX 1 F.-8
Heart 100 160 58 63
Liver 12.0 5.0 29.3 275
BAT 120 223 27.8 0.5

The mRNA levels are averages of densitometric values of two North-
ern blots expressed in relation to the heart levels, The mRNA half-lives
were caleulated from the graphs in Fig. 1.
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Fig. X In vitro teansiation (&) and progessing (B) of F -8 hy mouse
Tiver mitochondria, In A, aliquots of poly(A) RNA from Fig, 2 were
translated in vitro in the presence of [“Simcthionine, the F-8 was
immunoadsorbed, electrophoresed and autorpdiographed. In B, the
radiolabelled protetns prepared as deseribed in A were incubated with
isolnted mouse liver mitochondrir, nnd batk the precursor (pre-f1 and
1he mature form (myB) of F-ATPaze S-subunit were immwmoadsorbed
and electrophoresed. To compensate for 1he tissue-dependent difter-
cnces between the intensity of the amoradiographic spots [see A),
ditTerent exposares of individuad lunes were combined in the figure, As
A negative control, mitochondria uncoupled with 8 uM carbonyloya-
nide m-flucrophenyl-hydrazone (FCCP) were used. L. liver; H, heart;
BAT, brown adipose tissve.

poly(A)” RNAs which were characterized in Fig. 2. The
cvalwated amounts of F -8 mRNAs and their respective
translational products in two independent experiments
were used to caleulate the translational efficiency (Table
). A several-times lower efficiency was found in both
experiments with the BAT F\-f mRNA us compared to
the liver and heart F,-8 mRNA. This finding apparently
reflects the mRNA iutegrity and provides further evi-
dence that an elevated mKNA nstability significanily
down-regulates ATPase biosynthesis in BAT.

As depicted i Fig. 3B the precursor proteins derived
from BAT, liver and heart are converted equally well
into the mature form by mouse liver mitochondria, irre-
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Traoslational efficiency of F-# mRNA isolated from different mouse
1issugs
Tissue - Immunoadsorbid  Franstational
mMRNA level Fuf efficiency
Expertment 1
Henrt 100 i 1
Liver IRD 256 142
DAT 2044 §9.7 044
Experiment 1T
Henart 100 100 1
BAT a4 %02 0.33

Aliguots of polyiA) RNA were used to program translation in eabbit
reticulocyte lysate, The F\-8 was immunpadsorbed from the labetted
lysate by spacific antserum, electraphoftsed and awtoradiographed.
Demsitomettic vilues of the autoradiographic spots for heart wers =2
to 100 and teanslntional efficiency (F 71 - mRNA) was calculaled.

spective of the above described translntional cfficicn-
cies. Roughly the same percentage of cach pre-F,-8 was
processed, giving rise to the mature F (-8 protein. The
addition of an uncoupler completely prevented the
processing (Fig. 3B).

This indicates that the transiated pre-F,-f proteins of
BAT. liver and heart can be equatly imported and proc-
essed by mitochondria. In accordance with the highiy
conserved and relatively nons-specific character of the
protein importing machinery processing a large number
of different precursor proteins it would be difficult to
envisnge a tissug-specific block at the level of Fy-8 pre-
curser transport into BAT mitochondria.

The cffect of mMRNA stability on the protein concen-
tration at steady state was investigated by mathematical
modcling [19]. 1t strongly indicates that the protein level
is directly proportional to the half-life of its mRNA,
Thus, extrapolating from our data for the F,-f subunit.
the low ATPase content in BAT may be largely attri-
buted to the short half-life of the corresponding
mRNAs.

Since the observed decrease in translational efficiency
of the Fi-8 mRNA in BAT docs not catirely account for
the low content of ATPase, it is possible that other steps
might also be involved in the control of ATPase biosyn-
thesis. The content of the enzyme may be regulated at
the level of the enzyme complex assembly via avaitabil-
ity of other nucleus-encoded subunits, e.g. F\-¥ or F-&
[20.2t]. Interestingly. a clear differenc ¢ between Fpf
and F;-z mRNA levels was found in rat liver {9].

In addition. the regula’ ~u: suight ooCur 5. e proicin
degradation level, A fast turnover of newly synthesizedd
but as yet unassembled UCP was observed in cultured
brown adipocytes stimulated by norepinephrine [22].
and a similar mechanism might operate also in the case
of the F,-ATPase f-subunit.
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