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1. Introduction 

It has been repeatedly shown that both protein 
synthesis and ribosomal aggregation are facilitated by 
ammo acids [l-3] or glucose feeding [3] while 
fasting or diabetes lead to a consrderable disaggrega- 
tion of polyribosomes [l-4]. It has been demonstrated 
[S] that both free and membrane bound polysomes 
undergo disaggregatron m liver cells of fasted animals. 

Rat liver cytosol Penolpyruvate carboxykinase 1s 
mduced by fasting and its mtracellular level rapidly 
dechnes after glucose feedmg [6-91 or administra- 
tion of msuhn to diabehc rats [7-81. This occurs 
despite the enhancement of total protein synthesis m 
response to glucose feeding [lo], suggesting a specific 
decrease in the amount of functional mRNA coding 
for the enzyme. Indeed, we have recently shown that 
glucose feedmg caused a marked decline of the trans- 
latable activity of the mRNA for Penolpyruvate 
carboxykinase as determined by an heterologous cell- 
free system [9]. However, when measured separately, 
the translational activity of this message from total 
liver RNA declined twice as fast as that from poly- 
somal RNA [9]. It was assumed that glucose feeding 
promoted the aggregation of liver rrbosomes [3,4] , 
thereby enabhng the Penolpyruvate carboxykmase 
message to become more effectively expressed prror 
to its degradation. To test this assumption, the 
synthesis of Penolpyruvate carboxykmase m vrtro by 

Abbrevrattons Penolpyruvate carboxykmase, phosphoenol- 
pyruvate carboxykmase (GTP) (EC 4 1 .1.32); poly(A)‘RNA, 
RNA containing a polyadenylic actd sequence, S-17, post- 
mitochondrial supematant, SDS, sodium dodecyl sulfate, 
Hepes, N-2-hydroxyethylplperazme-N’-2ethanesulfomc acid 
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postmitochondnal liver supematants was determined 
at short intervals after glucose feeding. In addition, 
template activity of total and polysomal RNA was 
determined before and shortly after glucose feeding. 
The results of these experiments and their rmphca- 
trons are discussed here. 

2. Experimental 

2.1. Animal and materials 
Week 7 male Sabra rats from the Hebrew Unrvernty 

breeding center were used throughout. Rats deprived 
of food for 24 h were either used as such or tube fed 
with glucose, 5 g/kg body wt, for the times mdicated 
m the text. Diabetes was produced by injecting 
alloxan (19 mg/lOO g body wt) subcutaneously. 
Insulm (glucagon-free), a gift of Eh Lrlly and Co., 
Indianapolis, IN. (5 pg/lOO g body wt) was injected 
subcutaneously. Ohgo cellulose type T3 was from 
Collaborative Research Inc., Waltham, MA. NCS 
tissue solubihzer was from Amersham/Searle Corp., 
SDS from BDH was recrystallized. Sucrose (RNase 
free) was from Schwartz and Mann. L-[4,5-3H]Leucine 
(30 Ci/mmol) was from Nuclear Research Centre, 
Negev, and the wheat germ was a gift of General Mls, 
Inc. 

2.2. Determination of bver leucine concentratron 
This was as m [8] 

2.3. Preparation of postmitochondrial supematants 
and polysomes 

Livers were qurckly removed, rmsed in me-cold 
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stenle solutron cont~~g 5 mM Mg acetate, 60 mM 
KCl, 0.375 M sucrose, m 20mM Hepes buffer (pH 7.6), 
blotted and pressed through tissue press porous plate 
with 1 mm diam. pores. This method was required to 
preserve the mtactness of the polysomes (fig.1). The 
resultant mash was weighed and homoge~zed m 
3 vol. of the above solutron conta~ing 0.4 mgjml 
heparin wrth 3 strokes using a loosely-titting Teflon 
homogenizer. The homogenates were spun for 10 mm 
at 17 000 X g and the upper 4/5th supematants were 
carefully aspirated (denoted S-l 7). Polysomes were 
Isolated from S-l 7 by centrifugation throu~ a drs- 
contmuous sucrose gradient as in [9]. 

2.4. Preparation of poly(A)%hCA 
S-l 7,5 ml, or a suspension of polysomes Isolated 

from 10 ml S-l 7 were phenol extracted as m [1 l] 
except that no salt was added to the phenol washes 
and the LiCl step was carried out for 90 mm at 4%. 
The eluted poly(A)%NA from ohgo cellulose 
column was made 0.2 Mm Na-acetate and precipitated 
m 2 vol. ethanol at -70°C for 90 mm. The RNA was 
then treated as in [ 111. 

2.5 . Polysome profile 
S-l 7,20 fi, fractron were diluted to 200 /.d wrth 

the homogenization solutron without sucrose, 
layered on a 11 ml 0.5-l .5 M hnear sucrose gradient 
m the above buffer and centrifuged for 90 mm at 
40 000 rev./mm m a Beckman SW 41 rotor at 4’C. 
The gradient was pumped from the bottom and 
Azs4 was monitored with a UA-4 Isco monitor and 
612 ultravrolet recorder 

2.6. S-I 7 ‘~n~f~protezn synthesis 
S-l 7 ‘run-off’ of protem synthesis was performed 

as m [ IO,1 2] except that the Trls buffer was replaced 
by Hepes buffer (pH 7.6) m total vol. 0.5 ml. 

2.7. Translation of poly(A)?WA in the wheat germ 
cell free system 

The procedure for the preparahon of the wheat 
germ extract and conditrons for the translation of 
exogenous RNA were as m [9]. 

Quantrtatron of Penolpyruvate carboxyklnase 
synthesrzed in vitro by S-l 7 ‘run-off’ system or by 
the wheat germ system was by specific immuno- 
precrpitatron followed by SDS-polyacrylamrde gel 

electrophoresis as m [9]. The specrfrc antibody 
against the enzyme [9] was a grft of Dr F. J. Ballard. 

3. Results and discussion 

3 .l . Effect of short term glucose feeding on riboso~l 
agqregafion and the extent of protein synthesis 

Feeding of glucose to fasted rats for 30 min induced 
a shift to larger size polysomes as 1s demonstrated by 
the polysome profiled in fig. 1. The intracellular pool 
of leucme was vntually unch~ged after glucose 
feedmg (0.96 pmol/g liver f 0.116 in fasted rats and 
0.71 pmolfg hver + 0.09 m rats 30 mm after glucose 
feedmg). In addition, glucose feeding had no effect 
on the rate of elongation of the polypeptrde cham as 
determmed from the rate of release of terminated 
chains (results not shown). In light of these results 
and the fact that liver postmdochondrial supernatant 
is devoid of initiation activity [ 13 ,14 1, we suggest 
that the enhancement of protein synthesis after glucose 
feeding (fig2A) 1s a result of an mcrease in the av. no. 
polypeptrde chains synthesized/mRNA molecule. 
Therefore the observed phenomenon most probably 
reflects an Increase m the translational efficiency 
in vivo [15]. 

3.2. ‘Run-off synthem of P-enolpymvate carboxy- 
kmase by S-l 7 fraction 

The effrcrent synthesis of P~nolpyruvate carboxy- 

0.4r 
Fasted 

Bottom 3 6 1 ‘op 
ml 

Fg.1. Sucrose gra&ent analysts of lwer polysomes from 
fasted rats before and 30 mm after glucose feedmg Condi- 
tlons for the gradients are as described m section 2 
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Flg.2 Glucose feedmg to fastedrats Trme course of effect on 
protem and Penolpyruvate carboxykmase synthesrs measured 
by the S-17 ‘runoff system m vitro, as described in sectron 2 
Each pomt represents the average of the incorporatron of 
] 3H]bucme mto (A) released protems; (B) P~nolpyruvate 
carboxykmase (0) dpm m enzyme, (A) % of dpm 111 enzyme. 
The bars mdrcate SEM of 10 ammals/pomt 

kmase by S-1 7 has been demonstrated [ lo,1 21. The 
radroactive peak fractrons of the lmmunoprecipltable 
synthesis products after SDS-polyacrylamide gel 
electrophoresrs corresponded to the enzyme [ lo,12 J . 
Using this criterion a 3-fold increase m the synthesis 
of the enzyme was observed 20 mm after glucose 
feedmg (fig.2B). This preceded the mcrease m total 
protein synthesis sn~cated by mcreased leucme mcor- 
poratron (fig.2A) Whrle the enhanced syntheses of 
total proteins persisted for 90 mm after glucose 
feedmg, the increase m Penolpyruvate carboxykmase 
synthesis was transient, termmatmg after 30 mm. 
Subsequently, the synthesis of the enzyme abruptly 
dechned m both absolute and relative terms (frg.2B) 
S-17 from drabetrc fed rats treated with msuhn 
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Flg.3. Insulm nqectron to drabetrc rats Time course of 
effect on protem and Penolpyruvate carboxykmase synthesrs 
measured by the ‘run-off’ system m vrtro. Each pomt 
represents the average of the mcorporation of [‘HI leucme 
mto (A) released proteins; (B) Penolpyruvate carboxy- 
kmase. (0) dpm m enzyme,(A) % of dpm m enzyme. The bars 
indicate SEM of 4-5 ammals/pomt 

exhibited a srmrlar pattern (frg.3) differing m that the 
synthesis of total proteins increased contmuously 
over the entire 90 mm after insulin inJectron (fig 3A), 
and the changes m the syntheses of P~nolpy~vate 
carboxykmase were less abrupt (fig3B) than those 
observed after glucose feedrng to fasted rats (fig2B). 

3.3. i?anslatable actwlty of poly(A)+RiVA from S-I 7 
fractmn and polysomes 

Protem synthesis directed by poly(A)~NA from 
erther the S-17 fractton or polysomes, increased 
hnearly with mcreasmg amounts of RNA up to 5 pg 
added to the wheat germ system (results not shown), 
provrdmg an adequate assay of the amount of trans- 
latable mRNA. It may be seen from table 1 that the 
template actrvrty for the synthesrs of total protems 
of the RNA from both S-l 7 and polysomes, was not 
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Table 1 

Translatable actrvity of poly(A)RNA from S-17 and polysome fractrons 

Poly(A)+RNA Treatment 
of ammals 

No. of [3H]Leucine (dpm X 10e3) incorporated into 
preparations ~ 

Released protems Enzyme 

s-17 

Polysomes 

fastmg 

fastmg and 
refeedmg 
fastmg 

fastmg and 
refeedmg 

(9 2010 f 170 2.98 f 0.43 
p > 0.10 

(4) 2160 f 120 4 55 * 0.71 
(4) 3340 f 497 6.33 f 1.01 

p<oo5 

(3) 3940 f 270 11.90*196 

Poly(A)‘RNA was Isolated from S-17 and polysome fractions prepared from hvers of rats 
fasted for 24 h (fastmg) and 20 mm after glucose feedmg (fasting and refeedmg). The 
poly(A)+RNA was assayed for translatable activity as described m sectron 2. Results are the 
means in dpm of [ “Hlleucme mcorporated mto released proteins and Penolpyruvate 
carboxykmase/2.5 tig RNA f SEM of the no RNA preparations mdmated, and corrected for 
endogenous protem syntheses (900 X lo-’ dpm). The translatronal activity of the S-17 
poly(A)+RNA is 2/3rds that of polysomal RNA. Statistical significance of the effect of 
glucose feedmg on enzyme syntheses IS mdrcated 

affected by glucose feedmg. However, the actrvrty of 
the poly(A)‘RNA from S-l 7 codmg for Penolpyruvate 
carboxykmase was not srgnificantly affected by 
glucose feeding (table l), whrle that from the poly- 
somes was elevated about 2-fold (table 1). Since 
enzyme synthesis by polysomes in the ‘runoff 
system was increased even more (3-fold) shortly after 
glucose feeding (fig2B), we suggest that the results 
reflect an increase in the translational efficiency (tig.1) 
concurrent with a shift of Penolpyruvate carboxy- 
kmase mRNA mto polysomes (table 1). This provrdes 
an explanation for the observed [9] slower decay m 
the activity of polysomal mRNA relative to total 
mRNA for the enzyme subsequent to longer glucose 
feeding. 

3 4. Significance of fmduzgs 
In analyzing the present evrdence it is instructive 

to consider recent findmgs concemmgrat liver albumin 

mRNA indicating that a considerable displacement of 
this mRNA (-60%) from polysomes is induced by 
fasting [5]. Despite the fact that albumm mRNA was 
determined by hybridization [S] , it 1s concervable 
that the displaced postnbosomal mRNA is not func- 
tional. We expected maxrmally efficient synthesis of 

P-enolpyruvate carboxykmase in the fasted rat liver. 

Our fmdmgs, that feedmg glucose to fasted rats 

elicited a transrent increase m the translatable actrvrty 
of the polysomal mRNA coding for Penolpyruvate 
carboxykinase, imply that only -60% of the available 
message for P-enolpyruvate carboxykinase m the 

fasted rat 1s functronal. The other 40% becomes 
expressed only upon refeedmg the rats with glucose. 
This conclusron must awart further affirmation by 
direct hybridization experrments. The sub-optimal 
efficiency of Penolpyruvate carboxykmase synthesis 
durmg fasting probably results from an inherent 
rmpaned translational capacity of the liver. 

What 1s the mechanism by whrch the glucose exerts 
its effect? We are not in a posrtron to answer this 
question. However, evidence bearing on this problem 

has been reported [ 16,171 showmg that intermediates 
of glucose metabohsm such as FDP, are capable of 
strmulatmg the imtratron step in the process of pro- 
tein synthesis. The relatively drsaggregated polysomes 
m livers from fasted rats (fig.1) suggest an inhrbrtron 
of the urnration step This conclusron 1s m accordance 
with results obtained in other systems [3 ,l g] where 
glucose depnvatron resulted m the rmpaument of 
nutratron of protein syntheses. 
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