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Mechanism for the increased skeletal
muscle protein degradation in the
obese Zucker rat
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Obese (fa/fa) Zucker rats showed a decreased protein content in skeletal muscle compared with their lean
counterparts. This was associated with both a decrease in the fractional rate of protein synthesis and an enhanced
fractional rate of protein degradation in skeletal muscle, as studied by pre-loading body proteins with
4C-bicarbonate. The increased protein degradation could be the result of the clearly enhanced expression for
several transcripts of the ubiquitin genes in skeletal muscle. The results suggest that the increased protein
degradation in the skeletal muscle of the obese animals may be due to increased activity of the ubiquitin-
dependent proteolytic system(J. Nutr. Biochem. 10:244-248, 199@) Elsevier Science Inc. 1999. All rights
reserved.
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Introduction be made regarding the metabolic disturbances that may
account for the decreased protein accumulation in skeletal

The Zucker fatty (fa/fa) rat appeared as a result of a muscle. First, in vivo muscle neutral amino acid uptake has

spontaneous mutation in a cross between the Merck stock M ; ; .
and Sherman rafsThe obesity is transmitted as an autoso- PEEN Shown not to be affected in animals bearing the fa/fa

mal mendelian recessive trait and animals that are homozy—ge”OtYpee'_ in spite of the marked metabolic alterations,
gous suffer the consequences of genetic obesity, accumudncluding insulin resistance, that are present in the obese

lating fat progressively throughout their lives (see%ébr animals? However, we have observed that after an intra-
review). gastric administration of amino acids in the obese animals,

Nitrogen balance studies have shown that the obesethese compounds are preferentially channeled into fat rather
Zucker rat, when given the same amount of dietary protein than taken up by the skeletal muscle for protein synthesis.
as its lean counterpart, tends to deposit amino acid carbonin relation with muscle protein synthesis, fractional rates
skeletons in the form of fat rather than muscle profein. have been found to be lower in the obese versus the lean
fact, it has already been reported that the muscles of obeseanimals® On the other hand, the rates of protein degradation
Zucker rats are smaller and contain less protein, DNA, and (as estimated by urinary 3-methylhistidine excretion) have
RNA than those of their lean counterpattisean body mass  been found to be higher in obese rats than in their lean
is also lower in the obese genotyp&everal points should  counterpart$.As a result of the referred changes in protein
metabolism, the obese Zucker rat has a decreased rate of
protein deposition in skeletal musce

Bearing all this in mind, it was the aim of the present
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guimica i Biologia Molecular B, Facultat de Biologia, Universitat de . - -

protein turnover is altered and therefore influences muscle
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Materials and methods
Animals

Female lean+{/?) and obese (fa/fa) Zucker rats, aged 12 weeks,
were fed ad libitum on a chow diet (Panlab, Barcelona, Spain)
consisting (by weight) of 54% carbohydrate, 17% protein, and 5%
fat (the residue was nondigestible material). Animals had free
access to drinking water and were maintained at an ambient
temperature of 22t 2°C with a 12-hour light/12-hour dark cycle
(lights on from 8:00am to 8:00pm).

Biochemicals

All enzymes and coenzymes were obtained from either Boehringer
Mannheim, S.A. (Barcelona, Spain) or Sigma (St. Louis, MO
USA). *C-bicarbonate (53 mCi/mmol) was obtained from Amer-
sham (Amersham, Buckinghamshire, UK).

Protein turnover

Protein turnover rates were determined by a method that, as
previously discusse®? is highly suitable for the livet® but
suffers from considerable label recycling in skeletal mustle.
However, despite this limitation, it offers the best compromise for
simultaneously monitoring protein synthesis and degradation in
the same animaf Briefly, apparent rates of synthesis and degra-
dation for proteins of the slow turnover pool were evaluated by
measuring the decay in specific and total protein radioactivity after
labeling in vivo with a single intraperitoneal dose of sodium
14C-bicarbonate (250 mCi/kg body weight). Fractional rates of
protein degradation (f, synthesis (K, and accumulation (kk,')
were calculated as follows:

kq = 1n (total protein radioactivity)/t

ks = 1n (specific protein radioactivity)/t
k, = 1n (total protein)/t

kél = Ks — kd

and expressed as percent per day. Tissue protein was determine
by the method of Lowry et at3 using bovine serum albumin
(BSA) as working standard.

RNA isolation and Northern blot analysis

Total RNA from gastrocnemius muscle was extracted using the
acid guanidinium isothiocyanate/phenol/chloroform methbd.
RNA samples (2Qug) were denaturated, subject to electrophoresis
in 1.2% agarose gels containing 6.3% formaldehyde, and trans-
ferred to Hybond N membranes (Amersham). RNA was fixed to
membrane by illuminating with ultraviolet light for 4 minutes. The
RNA in gels and in filters was visualized with ethidium bromide
and photographed by ultraviolet transillumination to ensure the
integrity of RNA, to check the loading of equivalents amounts of
RNA, and to confirm proper transfer. RNA was transferred in
20 X standard saline citrate (SSC; 0.15 M NaCl and 15 mM
sodium citrate, pH 7.0). Hybridization was done at 65°C overnight
in the hybridization buffer (0.25 M N&PO,, 7% SDS, 1 mM
EDTA, 1% BSA, and 10% dextran sulphate), and denatured
labeled probes (f810° cpm/mL) were added. Radiolabeled
probes were prepared by the random primer method (Boehringer
Mannheim). The ubiquitin probe used was a cDNA clone contain-
ing 12 pairs of the second ubiquitin coding sequence plus complete
third and fourth ubiquitin coding sequences and 120 basepairs of
the 3-untranslated region of the chicken polyubiquitin gene
UBI.Y® Filters were exposed to Hyperfilm-MP (Amersham)
at —70°C for 2 to 4 days and the films quantified by laser
densitometry.
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Table 1 Muscle weights and protein content in Zucker rats
Weight Total protein content
(mg) (mg)
Gastrocnemius
Lean (n = 5) 618 = 15 989+ 24
bese (n = 5) 530 = 12 80.6 = 1.8%
Soleus
Lean (n = 5) 56.0 = 0.7 9.35+ 0.2
Obese (n = 4) 51.9 + 1.0 7.99 + 0.27
Extensor digitorum longus
Lean (n = 4) 5563+ 1.6 9.29 =+ 0.3
Obese (n = 4) 50.2 = 0.4* 8.08 +0.1"

For more details, see materials and methods. Weights are corrected by
100 g of initial body weight. Data are means = SEM for the number of
animals indicated in parentheses. Statistical significance of the results
(Student’s t-test): lean vs. obese: *P < 0.05, TP < 0.01, P < 0.001.

Statistical analysis

Statistical analysis of the data was performed by means of the
unpaired Student'stest. Significant differences of fractional rates
of protein turnover were calculated by analysis of variance on
linear regression¥’

Results and discussion

The obese Zucker rat is hyperphagic and has a propensity
for a differential partitioning of nutrients into adipose fat
and body protein. From this point of view, when compared
with the non-obese animals, the obese rat incorporates more
carbon into adipose tissue and has a reduced rate and total
amount of protein accretion, in addition to many alterations
in protein metabolism. Bearing this in mind, we investi-
gated the mechanism(s) accounting for the reduced protein
accretion.

Muscle weights and protein content

As can be observed from the results presentetahle 1,
obese animals had lower muscle weights and total protein
content compared with their lean counterparts (14% for
gastrocnemius, 7% for soleus, and 9% for extensor digito-
rum longus).

Protein turnover rates

We studied whether the smaller muscle mass and protein
content was associated with changes in the fractional
constants of protein turnover. Indeed, obese fa/fa rats
presented a larger fractional degradation rate and a smaller
fractional synthetic rate compared with their lean counter-
parts Table 2. The result of these changes affected protein
accumulation in skeletal muscle, which was clearly lower in
the obese animals. Conversely, no significant changes were
observed in relation to these constants in the liiet(e 2.
These results are in agreement with previous studies that
have shown decreased rates of protein synthesis in the
muscle of fa/fa rat§,and no changes have been found in the
liver® Several studies involving urinary excretion of
3-methylhistidine also have indicated that the muscle of the
obese animals shows a higher rate of protein degradation.
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Table 2 Fractional protein turnover rates in Zucker rats turnover of short-lived proteiﬁ% or for abnormal proteins
formed during stress such as heat shbtklbiquitin is an
Skeletal muscle , 8.6-kDa peptide that is involved in the targeting of proteins
(gastrocnemius) Liver

undergoing cytosolic adenosiné-tsiphosphate (ATP)-de-
pendent proteolysis. In the cell, ubiquitin can be found free

KdL or conjugated in an isopeptide linkage to other cellular
ean 5.65 16.86 . . . ) LY

Obese 6.64* 13.93 proteins. Proteins with multiple ubiquitins are targeted for
K, degradation by an ATP-dependent prote#s&.However,

Lean 7.92 24.66 it has been suggested that the activity of this system also can
KObese 6.94 20.21 be related to the turnover of long-lived proteins, such as
*Loan 193 8.02 those found in skeletal muscté Recently, this proteolytic
Obese 0.65 8.76 system has been involved in the perturbations of protein
K. metabolism consequent to many pathologic states that affect
('—)ebaﬂ (2)-%* g-gg skeletal musclé’ During fasting, the glucocorticoids seem

ese . .

to be involved in the activation of the ubiquitin-dependent
proteolytic pathway in muscle, because adrenalectomy pre-
o A e 0 cegocen () marcunys,  vents the rise in ubiquitn conjugates afte fastfgiow-

see Ma?erials arE)d Methodsp.) Signifiopance )</)f the di;‘ferences: lean vs. ever, the mechanism is unclear bec.au_se the ChajraCter|St|C
obese: *P < 0.05. sequences found on many glucocorticoid-responsive genes
are not found on the ubiquitin gen&Wing and Banvill&°
cloned the E214k gene responsible for the synthesis of the
ubiquitin-conjugated enzyme, and they reported increases in
one of the mRNA transcripts with fasting and subsequent
decrease with insulin treatment. Thus, the mechanisms

involving insulin and glucocorticoids in the modulation of

This amino acid is derived from the catabolism of myofi-
brillar proteins and has been used to estimate protein
degradation rate¥. Our study confirms, by a different

methodologic approximation (pre-loading of muscle pro- P X )
teins withl‘%lC) tf?g increased p(r%tein degr%dation preseFr)n in ubiquitin-dependent proteolysis may be completely inde-

the muscle of obese rats. These changes are related, at Ieagfieu r::%?:r(l)tr'tig(l;[ir:j?sug? r:q”j:é'lg C?St:(l)legirsesbsottr??nsgir\?glztr:?jni r?y
to some extent, to the insulin status of obese alnimals"vitro 31 Qur grou describeg the fz)a/ct that administration of
Indeed, insulin seems to play a very important role in : group

protein synthesis and possibly degradation (see'fefor tumor nclacr05|s falltht()T'\rI]F) to.\;gts r((ja S.UItS. 'ggga n w&crﬁ ase
review). Chan et al? studied the effects of insulin admin- :,? irsnf'scsg c?é?égov{ﬁﬁ bgtth Ignwin C%rgslen i\rglt{he arr]ester?ée of
istration on lean and obese Zucker rats previously madeubi uitin_ coniudates and ubiquitin MRNA "? skeletal
diabetic by alloxan treatment in order to make them com- mugclee"‘ 1ug q

parable to insulin secretion. They found that, at comparable '

insulin levels, obese rats consistently deposited less protein b.Th?. results presen.ted 'ﬁ'gg.:c? 1 clgar:]y SBOW tha.lt |
than their lean counterparts. The hyperinsulinemia that - quitin gene expression was difierent in the obese animals
: relation to their lean counterparts. It is interesting to note

normally is seen in obese rats may be an adaptative respons N A : . i
to minimize the impaired balance between protein synthesisél‘;’;t f'i/ %ubllqlumg érar;%npgsdfwsée Ogﬁg;veeda'rﬂrggfz ghrzfl);I p:lﬁ

and degradation. The higher fractional rate of degradation : .
- : enhanced expression for three of these transcripts (2.3-fold
actually indicates that energy costs per unit of skeletal for the 1.6 kB, 2.5-fold for the 0.5 kB, and 2.3-fold for the

Imuscle sggoteri]n d(;position are g(rjee;]ter irr]' obese ratg than in0 4 kB; Figure 1). Interestingly, the obese Zucker rat (and
ean rats?’ It has been suggested that the increased energy_; ' . ) - ' .

- . ; . 2Yother experimental obesity models) shows increased expres-
efficiency seen in the obese Qmmals \mféfay be explained in sion of trﬁ)e TNF gene in aé/ipose tis)sif’e/yhich is related top
part by slower rates of protein turnoverHowever, the the insulin resistance found in these animals. Furthermore,

contribution of protein turnover to energy efficiency of the : . .
obese Zucker rat depends on the balance between the energthe circulating levels of TNF also are elevated. Because this

conserved by the slower rate of protein synthesis and éﬁfgkgée gr?dsegfe?Ofggwgst?nigg\éaééﬁﬁe&%%am USIC;G ; big-
increased energy cost due to the larger degradation rate. | P P y ’ y piay

addition, Chatzidakis et &P extensively studied substrate rtﬁ:ae c')% égz 'Qﬁgiﬁerd atmlljr? C;% é)i:ic())tr? mi: eogbrgtsjgtggti];onutgd ;rr]]
cycling in lean and obese Zucker rats (with the goal of : : ' . '
accounting for energetic efficiency) and found that neither g\éﬁrei?pﬁzzs'gzg ENZCE?;ebdeiﬂaf?l{tﬂg |r(1: s;l;ekliﬁteal nTzl;SCLGé
glucose cycling nor protein synthesis and breakdown rates P Y Y

were significantly different between lean and obese Zucker Lzst%?qqggle for the insulin resistance found in these
rats. '

Ubiquitin gene expression Conclusions

We investigated whether the ubiquitin-dependent proteo- This is the first study that involves expression of proteolytic
lytic system could be involved in the enhanced protein systems in the skeletal muscle during obesity. Our results
degradation observed in the muscle of obese Zucker rats.allow us to suggest that the activity of the ubiquitin-

This proteolytic system is postulated to account for the dependent proteolytic system may be responsible for the
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Figure 1 Expression of ubiquitin genes in the skeletal muscle of
Zucker rats. Northern blots of gastrocnemius muscle extracts from lean
and obese Zucker rats. Expression of ubiquitin genes in skeletal gas-
trocnemius muscles from lean (+/7?) and obese (fa/fa) Zucker rats was
determined after hybridization with cDNA probes containing a region of
the chicken polyubiquitin gene UBI (see Materials and methods).
Ethidium bromide was used as a control of sample loading. Autoradio-
graphs were subjected to scanning densitometry. The results of the
densitometric analysis of five different animals are shown in the lower
panel and are expressed as arbitrary units. Significance of the differ-
ences: lean versus obese, “P < 0.1.

Zucker rat protein metabolism: Argilés et al.

protein breakdown during pathologic states that involve
muscle wasting® In addition, these compounds seem to
modulate the activity of the ubiquitin-dependent sysf@m.
From this point of view, the higher levels of these amino
acids found in the obese Zucker rat may constitute a
mechanism for controlling, to some extent, an even greater
rate of skeletal muscle protein degradation.

Interestingly, TNF is one of the main activators of
muscle proteolysis in pathologic states (and of the ubiquitin-
dependent proteolytic system in particul2#F6-2741and it
has been found to be overexpressed in adipose tissue in
different models of obesity including the Zucker ?at*?
This cytokine seems to be responsible for the insulin
resistance found in these obesity models (see “efor
review). Therefore, one could speculate that the overexpres-
sion of the cytokine during obesity may signal the activation
of the proteolytic system in skeletal muscle. This may be a
good starting point for designing therapeutic strategies
based on the re-channeling of nutrients (amino acids in
particular) to skeletal muscle instead of adipose tissue
during obesity. However, it must be emphasized that in spite
of the genetic defect responsible for this experimental
model of obesity, much work remains to be done to define
the actual pathogenesis of obesity.
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