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AMPK: AMP-activated kinase

ASR: absolute synthesis rate

Atf4: activating transcription factor 4
Ddit3: DNA damage-inducible transcript 3
elF2a: eukaryotic initiation factor 2a

FSR: fractional protein synthesis rate
GCN2: general control non-derepressible 2
HP: high-protein

KO: knock-out

LP: low-protein

mTOR: mammalian target of rapamycin
NP: normo-protein

P: protein content

P20: 20% protein diet

Trib3: tribbles homolog 3

TSC1.: tuberous sclerosis complex 1
TSC2: tuberous sclerosis complex 2

ULK1: Unc-51 like autophagy activating kinase

WT: wild-type
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Abstract

Purpose

Protein synthesis and proteolysis are known to be controlled through mTOR (mammalian target of
rapamycin), AMPK (AMP-activated kinase) and GCN2 (general control non-derepressible 2) pathways,
depending on the nutritional condition. This study aimed at investigating the contribution of liver AMPK
and GCNZ2 on the adaptation to high variations in protein intake.

Methods

To evaluate the answer of protein pathways to high or low protein diet, male wild-type mice and
genetically modified mice from C57BL/6 background with liver-specific AMPK- or GCN2-knockout
were fed from day 25 diets differing in their protein level as energy: LP (5%), NP (14%) and HP (54%).
Two hours after a 1 g test meal, protein synthesis rate was measured after a *3C valine flooding dose.
The gene expression of key enzymes involved in proteolysis and GNC2 signaling pathway were
quantified.

Results

The HP diet but not the LP diet was associated with a decrease in fractional synthesis rate (FSR) by 29%
in the liver compared to NP diet. The expression of mMRNA encoding ubiquitin and Cathepsin D was not
sensitive to the protein content. The deletion of AMPK or GCNZ2 in the liver did not affect nor protein
synthesis rates and neither proteolysis markers in the liver or in the muscle, whatever the protein intake.
In the postprandial state, protein level alters protein synthesis in the liver but not in the muscle.
Conclusions

Taken together, these results suggest that liver AMPK and GCNZ2 are not involved in this adaptation to

high and low protein diet observed in the postprandial period.

Keywords : protein synthesis; proteolysis; knock-out mice; high-protein diet; low protein diet; liver
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Introduction

The question of the adequate protein content in the diet to satisfy metabolic functions and sustain protein
turnover has been extensively debated regarding the metabolic adaptation to low or high protein diets
[1, 2]. Among them, protein fluxes are of interest as key determinants of organ protein pools.

Protein synthesis and proteolysis are two highly controlled processes influenced by amino acid
availability. Studies have reported that feeding a low-protein diet for 15 days decreased protein synthesis
in the muscle of male rats in the fed state [3, 4]. Similarly, a protein deficient diet is associated with
decreased protein synthesis in the fed state in the liver, the intestine and the skin of pigs of both sex [5].
Yoshizawa et al. have shown that compared to a 20% protein diet, refeeding male Sprague-Dawley rats
with a protein-free diet is associated with a 40% decrease in protein synthesis rate in the muscle and in
the liver [6]. Inversely, increasing protein content to a certain extent can stimulate protein synthesis, but
this process rapidly reaches maximum levels and paradoxical effects were observed with high protein
diets. Indeed, increasing the amount of protein in the diet from 12.7 to 20.7% for 14 days increased
protein synthesis rate in the liver, kidney, pancreas and muscle in male and female piglets during the
postprandial period [7]. However, the effects of very high-protein diets on protein synthesis are more
variable. In the muscle, some studies have shown that high protein diets had no effect on muscle protein
synthesis in the fasted or fed states in rats [8] or could decrease it after adaptation periods of 21 or 30
days [9, 10]. In visceral organs, especially in the liver, high protein diet was reported to lower protein
synthesis rate in fasted and fed states in rats adapted for 14 days to the diet [11, 12] but the mechanisms
are not elucidated. Concerning proteolysis, feeding rats for two weeks low [3, 4] or high protein diets
[11, 13] decreased the activity of ubiquitin-proteasome, cathepsin and caspase systems in rodents in the
fed state. In these adaptation processes, the liver plays a central role in the channeling of amino acids in
energy and protein pathways.

The availability of AA in tissues is known to interfere with several kinases that upregulate or
downregulate protein synthesis and proteolysis. The two kinases AMPK (AMP-activated kinase) and
GCN2 (general control non-derepresible 2) are involved in the control of protein synthesis and
proteolysis. GCN2 was first identified as a stress kinase involved in amino acid deficiency signaling.

When the availability of one or several amino acid decreases, GCN2, in turn, phosphorylates the

4
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eukaryotic initiation factor 2a (elF2a) which leads to the blockade of translation initiation and protein
synthesis [14].

Whereas AA deficiency activates GCN2, it was shown to downregulate mTOR, probably through
AMPK pathway [15]. In addition, AMPK integrates signals related to energy availability in the cell like
glucose and glycogen concentrations leading to its inhibition [16, 17].

While the role of mTOR has been extensively studied, the role of AMPK and GCN2 in the control of
protein synthesis and proteolysis in response to the variation of dietary protein level is less documented.
Especially, the role of the hepatic sensing remains unknown. In order to evaluate the contribution of
liver AMPK and GCNZ2 on the adaptation of protein synthesis to protein intake modulation, wild-type
mice and genetically modified mice with liver-specific AMPK- or GCN2-knockout, were fed diets
differing in their protein content and different parameters related to protein synthesis and metabolism

were examined.
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Methods

The study was approved by the French National Animal Care Committee (number 14-15) and conformed

to the European legislation on the use of laboratory animals.

Animals
In total, 102 males, 27 wild-type AMPK mice (WT-AMPK) and 23 AMPK-KO liver specific mice (KO-

AMPK) and 27 wild-type GCN2 mice (WT-GCN2) and 25 GCN2-KO liver specific mice (KO-GCN2),
were generated in the light and temperature-controlled animal facility of AgroParisTech (12:12 h
reversed light/dark cycle, lights on from 9:00 pm to 9:00 am, 24 C, 55% humidity). To obtain AMPK-
KO liver specific mice, C57BL/6 albumin-Cre mice were crossed with mice bearing floxed AMPK 2.
Then, offspring were crossed with mice bearing floxed AMPK al. To obtain GCN2-KO liver specific
mice, C57BL/6 albumin-Cre mice were crossed with mice bearing floxed GCN2. Specific genomic
deletions were confirmed using and genotyping and Western-blots protein analysis.

Breeder mice were conventionally housed, were fed ad libitum a diet containing 20% of protein
throughout the test and had freely access to tap water. Pups were weaned from dams at the age of 25
days and placed in single cage at the start of the experiment. Cages were covered with woodchips and

enriched with a cardboard tube and red plastic housing.

Study Design
Two independent studies related to the liver specific gene deletion of AMPK or GCN2 were conducted.

Mice were fed for three weeks on a normo-protein diet (NP, 14 % as energy) as a run-in prior to the test.
Mice were then randomly allocated to the same NP diet or switched on low-protein (LP, 5% as energy)
or high-protein (HP, 54 % as energy) diet during another three-week period constituting the test-
period.Diets were isoenergetic by increasing the protein content at the expense of carbohydrate (Table
1). The protein content of the HP diet was chosen accordingly to that used in studies from our group
[18, 19] and others [9, 20] allowing inter-studies comparisons. The LP content in protein of 5 %
corresponds to a sufficient but not too severe deficiency at which adaptations of protein metabolism
were observed [3, 21]. A period of three weeks is considered sufficient for protein metabolism to adapt

to the protein level in the diet [18, 22, 23]. During this period, food intake and body weight were
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followed on a daily basis. At the end of the test-period, after a twelve hour fast starting from 7:00 pm,
mice were fed a calibrated meal of 1g of their test-diet at 7:00 am and returned to their home cage. One
hour and forty minutes later after making sure meal was consumed totally, mice were injected i.p. with
13C-valine (150 umol/100 g body weight), as already implemented in mice [24] and in pigs [25]. Twenty
minutes later, they were killed with an overdose of pentobarbital (50mg/kg). Sampling were therefore
performed two hours after meal onset around 9:00 am.

Samples of liver and quadriceps muscle were rapidly frozen in liquid nitrogen and then stored at -80°C
for further protein synthesis rate measurement. Other samples of liver and quadriceps muscle were

placed in TRIzol (Invitrogen) and frozen at -80°C for PCR analysis.



149
150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171
172

173

174

Measurements of in vivo protein synthesis

Protein content (Pcontent) Was estimated from total nitrogen content on lyophilized samples of liver and
quadriceps muscle using an elemental analyzer (Vario Micro Cube, Elementar, Lyon, France) and
atropine as a standard. The *3C-valine enrichments in free and protein-bound amino acids in liver and
quadriceps muscle were determined as previously described [19]. Briefly, after homogenization in liquid
nitrogen, the tissue was deproteinized with 10 % 5-sulfosalicylic acid solution. The supernatant was
collected for the determination of the **C-valine enrichment in free amino acids and the protein pellet
was hydrolyzed (6M HCI at 110 °C for 48h) to obtain individual amino acids from protein. Free and
protein-bound amino acids were purified through cation-exchange resin (AG 50X8, 100-200 mesh,
BioRad) using 4M NH.OH as elution solution. Free amino acids were analyzed as tert-
butyldimethylsilyl derivatives by GC/MS using a GC 6890N gas chromatograph coupled to a MS 5973N
(Agilent Technologies) operated in selective ion monitoring mode (ions at m/z 288 and 289) after
electron impact ionization. Protein-bound amino acids were analyzed after N-acetylpropyl derivatization
[26] by gas chromatography—combustion-isotope ratio mass spectrometry (GC-c-IRMS) using a GC
7890B (Agilent Technologies) coupled via GC5 interface with an IRMS (Isoprime, Manchester, UK)
The fractional protein synthesis rate (FSR, %/day) in tissues was calculated according to the following
formula:

Eprotein—bound valine Ebasal

FSR = x 100

Efree valine X tinc

where Eprotein-bound valine aNd Efree vatine are the protein-bound and free *C valine enrichments in the tissues
and tinc is the incorporation time of 3C-valine.
The absolute synthesis rate (ASR, g/d) was determined as ASR = FSR x P, where P is tissue total

protein content.

RNA preparation and gene expression and biochemical measurement

RNA preparation and gene expression measurement in the liver and in muscle followed the same
protocol described previously in [27]. We measured the expression of genes involved in proteolysis

(Cathepsin D, Ulk1 and Ubiquitin) and in GCN2 signaling pathway (Gcn2, Ddit3, Trib3 and Atf4). The
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primers used for qPCR are detailed in Supplemental Table 1. Data are expressed relatively to the values

of the WT mice fed the NP diet.

Statistical analysis
Data are presented as means £ SEM. The effects of the diets and genotype were tested by two-way

ANOVA with interaction using R® software. Pairwise comparisons were performed with Post-hoc
Bonferroni tests for multiple comparisons, p-values were multiplied by the number of comparisons

performed. Differences were considered significant at P <0.05.
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Results
Food intake, body weight, tissue mass and composition

In the AMPK study, final body weight was affected by the protein content in the diet (P<0.05) but it
was not correlated to food intake. Indeed, mice fed the NP diet weighed more than HP and LP-diets fed
mice (Table 2). No effect of neither the genotype nor the protein content was observed in the GCN2
study (P>0.05). Interestingly, final body weight and liver mass were lower in KO-AMPK mice
compared to WT-AMPK mice (P<0.05).

Cumulative food intake increased with the decrease in protein content of the diet in the two experiments
so that food intake of LP-diet fed mice was 1.8-fold the one of HP-diet fed mice (P<0.0001, Table 2).
There was an effect of the AMPK deletion on feed intake as shown by the increased food intake in mice
fed the NP diet. GCN2 deletion had no effect on food intake (P<0.05, Table 2).

In the two experiments, weight and protein concentration in liver increased in parallel with the increase
in protein content of the diet (P<0.05) whereas muscle weight and protein content were affected neither

by the protein intake nor by the genotype (P>0.05, Table 2).

Post-prandial tissue protein synthesis rates

Before euthanasia, mice were all fed a calibrated meal of 1g, in order to overcome the differences on
energy intake that could have impacted protein synthesis rates. We also made sure that the pellet was
ingested within 30 minutes after meal onset.

First, our results showed that the fractional synthesis rate (FSR) was more than ten times higher in the
liver than in the muscle (Figure 1). There was an effect of the protein content of the diet that decreased
the protein anabolism in the liver for low and high protein content, compared to NP diet (P<0.05). Liver
FSR decreased by 29% in HP fed mice compared to NP fed mice (P<0.05, Figure 1A). Additionally, in
the GCN2 study, liver FSR tended to be lower (P<0.06) in LP fed mice compared to NP fed mice.
Similarly, there was a trend (P=0.07, AMPK study) or an effect (P<0.05, GCN2 study) of the protein
diet on the ASR that was numerically the lowest in the HP and LP groups (Figure 1C). The effect was
especially marked in the GCN2 experiment where LP fed mice, because of their smaller liver weight

and protein concentration, exhibited a significant decrease in ASR compared to NP fed mice (P<0.05).
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Protein synthesis rate in the muscle was insensitive to dietary protein level (P>0.05, Figure 1B-1D). No
effect of liver GCN2 or AMPK deletion was noticed on both FSR and ASR in the liver or in the muscle

(Figure 1).

Postprandial gene expression involved in proteolysis

We have investigated the effect of protein intake on two markers of autophagy in the postprandial state,
Cathepsin D and ULK1 and one marker of ubiquitin proteasome pathway, Ubiquitin.

On the basis on MRNA results, gene expression in the liver remained insensitive to genotype and protein
level (P>0.05) except in the GCN2 experiment where liver Cathepsin D and ULK1 expressions were
inversely related to the protein content of the diet (P<0.001 and P<0.05, respectively, Table 3). In
particular, Cathepsin D mRNA abundance was higher in the LP group compared to the two other groups
(P<0.001, Table 3). Gene expression in the muscle was neither affected by the deletion of hepatic AMPK
or GCN2 nor by the protein content of the diet (P>0.05, Table 3). Interestingly, in the liver the expression
levels of Atf4 (encoding activating transcription factor 4 — ATF4), Ddit3 (encoding DNA damage-
inducible transcript 3 - CHOP) and Trib3 (encoding tribbles homolog — TRB3), were lower in GCN2
KO mice under the LP diet compared with WT mice (Table 4). In the AMPK experiment, the level of
expression of these genes responded mainly to the difference in protein level and exhibited an increased
expression in response to LP diet. Interestingly, the deletion of AMPK tended to increase GCN2

expression (P=0.06) and increased significantly Atf4 expression in the liver (P<0.01, Table 4).

Postprandial plasma urea and albumin:

In the two experiments, plasma urea was higher in HP fed mice in the postprandial state (P<0.01)
whereas no genotype effect was observed (P>0.05), Table 5). No effect of the deletion or protein level

of the diet was observed for plasma albumin (P>0.05, Table 5).
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Discussion

The purpose of this study was to explore the mechanisms of adaptation to low and high protein diet
regarding liver protein metabolism. For this purpose, WT mice and mice in which AMPK or GCN2 was
deleted in the liver were fed during three weeks with low, normo- and high protein diets. We observed
that, in contrast to muscle, the protein content of the diet affected liver mass and composition as well as
protein synthesis rate. Indeed, the consumption of a HP diet was associated with a marked decrease in
FSR by 29% compared to NP diet. Surprisingly, the deletion of AMPK or GCN2 in the liver did not
affect postprandial protein metabolism markers (lean mass, FSR, gene encoding for proteolysis) in the
liver or in the muscle, whatever the protein content in the diet.

Our results on the effect of a HP diet are in line with our previous works in rats that reported that the
consumption of HP diet lowered protein synthesis rates in the liver but did not affect muscle protein
turnover [11, 12]. Moreover, we have reported that the main metabolic response to HP diet concerned
the stimulation of AA oxidation, leading to a large rise in urea production [18]. Using *N-*3C dietary
amino acids, the dietary AA cumulative deamination 4h after meal was reported to be about 8 times
higher in rats adapted to HP than in those adapted to NP diet and the dietary AA cumulative oxidation
was doubled in HP rats in comparison with NP rats [28]. Accordingly, in the present study we have also
observed that plasma urea was increased in HP conditions. Thus, because of the rapid saturation of
protein anabolic process [18], the excess of dietary amino acids provided by HP diet were deaminated
and further oxidized.

In the present study as in previous ones, we observed both a decrease in protein anabolic rate in the liver
and an increase in protein content in the liver. We previously explained this paradox by a higher decrease
of proteolysis fluxes in the postprandial state after a HP diet compared to NP in rats. This was associated
with a decrease in Cathespin D and Ubiquitin expression in the liver [29]. In other studies, a LP diet
was associated with a decrease in caspase and proteasome systems in the muscle [3, 4] and an increase
in autophagy in the liver [30]. In our work, the proteolysis indicators that we studied were mostly
insensitive to dietary protein content and genotype with the exception of Cathepsin D in LP-fed mice

and ULKZ1 in HP-fed mice in the GCN2 experiment. This observation together with the downward trend
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of protein synthesis in LP diet could explain why these mice exhibited an important decrease in their
liver protein content.

LP diet intake is known to decrease tissue protein synthesis [3-5]. Consistently, we observed such an
effect in the GCN2 study, where LP diet intake tended to decrease FSR compare to NP and had a
negative effect on ASR in the liver, without any effect on muscle protein synthesis rate. This effect was
less marked in the AMPK study. We have no logic explanation for the differences between the WT mice
of both studies, except the lab origin of the mice that differs. In the present experiment, no effect of the
protein level of the diet was observed for plasma albumin, suggesting that the protein deficiency was
not too severe. Perhaps a longer dietary intervention would have resulted in more severe effects as LP
diets are usually associated with decrease in plasma protein content [5].

We did not observe any effect of the deletion of AMPK or GCN2 on protein synthesis rate. Although
surprising, these results can be explained by the experimental conditions as animals were studies in the
fed state. First, we can hypothesize that in the postprandial state, because of the load of amino acids and
energy provided by the meal, both kinases are not highly phosphorylated and activated in the liver of
WT mice. In this context, it is not possible to observe any difference in protein synthesis rate between
WT and genetically modified mice. Moreover, it has been reported that GCNZ2 is activated when the diet
is deprived in indispensable amino acids (-leucine or — tryptophan) [31]. Although we explored a low
protein level, the amino acid concentration after a 1g meal may be not low enough to induce the
activation state of these stress kinase. Second, we can also hypothesize that adaptation mechanisms
compensate for the KO of GCN2 and AMPK. Indeed, GCNZ2 is known to mediate the different effects
of a LP diet [32]. It was reported that KO-GCN2 mice do not exhibit any increase in food intake and
energy expenditure in the first days after the introduction of a LP diet compared to WT mice [32]. The
same team reported that in KO-GCN2 mice, two weeks after being on a LP diet, an adaptation
mechanism compensated for the absence of GCN2 and restored the effects of a low protein diet on food
intake and energy expenditure [33]. In our study, KO-GCN2 mice were fed during three weeks on a LP
diet and this adaptation mechanism could have taken place. This might explain for the absence of any
difference on protein synthesis rates and proteolysis between WT-GCN2 and KO-GCN2 mice despite

the fact that KO-GCNZ2 failed to induce the expression of Atf4, Ddit3 and Trib3 in response to LP diet.
13
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However, in our study, the difference in food intake between the groups was visible from the start of the

experiment suggesting that food intake regulation is not controlled by GCN2 at the liver level.

We acknowledge that our study has some limitations. First, we failed to report the level of
phosphorylation and activation of the different pathways including the mTOR pathway due to the too
long time of sample storing before performing the analysis. Second, AMPK and GCN2 are sensitive to
deficiency in energy and amino acids, respectively. These situations are most likely to occur when
animals are in the fasted state. As our measurements were performed in the postprandial period, it is
possible that this could not allow to reveal the involvement of these pathways in long-term regulations
to the modulation of diet composition. Additional measurements performed during the fasted state could

have overcome this issue.

In conclusion, our study could not evidence any effect of GCN2 or AMPK deletion on protein
metabolism in mice fed different protein levels. The modulation of protein content in diet showed
consistent effects with those already reported on LP and HP diet, especially on the protein FSR in the
liver, whereas the expression of genes involved in proteolysis were not altered. During the postprandial
period, liver AMPK and GCNZ2, did not appear to play a major role on the control of the rate of protein
synthesis in the liver and in the muscle, suggesting that in the fed state, these two kinase do not play an

important role in the control protein metabolism in response to amino acid excess or deprivation.
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322  Table 1 Macronutrient composition of the diets. Diets were prepared by the “atelier de préparation des
323  aliments”, UPAE, INRA, Jouy en Josas, France. Energy density is computed assuming a

324  metabolizable energy of 16.7 kJ/g for carbohydrates and proteins and 37.7 kJ/g for fat.

325

P20 NP LP HP
Weight content
(9/kg)
Milk proteins 200 140 50 530
Starch 570 622 700 287
Sucrose 93 100 113 46
Soy Qil 40 40 40 40
Minerals 35 35 35 35
Vitamins 10 10 10 10
cellulose 50 50 50 50
choline 2 2 2 2
Energy content (%0)
Protein 20.5 14.5 5.2 54.6
Carbohydrate 68.5 75.0 84.0 34.9
Fat 10.5 10.5 10.5 10.5
Energy NSy 54 | 348 347 349
(kcal/g)

326

327  Diets were prepared by the “atelier de préparation des aliments,” UPAE, INRA, Jouy en Josas, France.
328  Energy density is computed assuming a metabolizable energy of 4.00 kcal/g for carbohydrates and
329  proteins and 9.00 kcal/g for fat. HP, high-protein diet; LP, low-protein diet; NP, normo-protein diet; P20
330 :20% protein diet.

16



Table 2 Initial and final body weight, cumulative food intake, tissue mass and protein content of WT-AMPK, KO-AMPK, WT-GCN2 and KO-GCN2 mice fed

NP, LP or HP diets for three weeks.

Diet NP LP HP _ '
Genotype WT-AMPK  KO-AMPK WT-AMPK  KO-AMPK WTAMPK KOAMPK  Corowpe Testdiet Interaction
Initial body weight (g) 1387+0.62 14.43+0.46 14.28+0.41 13.61+047 14.200.40 14.15+0.34 NS NS NS
Final body weight (g) 2474+041 237+066 @ 2293032 22.29+0.34 2379+071 2314+073 ® <005  <0.05 NS
Cumulative food intake (g) 71.8+13 79.1+19% ¢ 0934+120 94.4x21 541+14 536+16 ¢ <0.05 <0.0001 NS
_ Weight (g) 1.00+002 088+007 ® 092+002 0.86+0.02 1.07+005 097+004 ° <005  <0.05 NS
Hiver mg of protein/100 mg of tissue  17.58 +0.76 17.39+0.45 ¢ 16.29+058 15.99 +0.65 1067+068 1848+06 ° NS  <0.001 NS
Weight (g) 0.36+001 0.36+0.01 0.34+001 0.32£0.01 0.34+001 034001 NS NS NS
Muscle mg of protein/100 mg of tissue  19.74 + 0.59 20.71 + 0.41 19.66+0.4 20.75+0.53 20.17+052 19.83+0.72 NS NS NS
Genotype WT-GCN2  KO-GCN2 WT-GCN2  KO-GCN2 WT-GCN2 KO-GCN2
Initial body weight (g) 13.99+0.38 1458+ 0.38 1479+0.33 13.95+0.29 14.68 =058 14.05+ 0.46 NS NS NS
Final body weight (g) 2317+048 2354+0.55 22.07+0.44 21.60 +0.58 22.67+0.78 2256 +0.79 NS NS NS
Cumulative food intake (g) ~ 68.26+3.16 7093+283 ¢ 93.64+274 88.45+3.16 5426+258 5237+380 °© NS  <0.0001 NS
_ Weight (g) 0.87+004 087%004 @ 075+005 0.72+0.06 1.00+0.06 1.00+0.06 * NS  <0.0001 NS
Hiver mg of protein/100 mg of tissue  20.3+0.88 18.8+0.64 ¢ 16.58+0.69 16.46+0.53 19.85+0.45 19.31+0.94 NS  <0.0001 NS
Weight (g) 039+001 0.4+0.01 0.37+001 0.38+0.01 0.38+001 0.39+0.01 NS NS NS
Muscle mg of protein/100 mg of tissue 2235+ 0.72 22.25 + 0.45 20.52+0.84 20.46 + 0.65 22.17+0.84 20.22+0.03 NS NS NS

Data are mean + SEM (n =7-9).

abe Different letters within a line mean statistically different values between test diets (post hoc Bonferroni tests for multiple comparisons, P<0.05).
* Significant difference between WT and KO within the same diet (post hoc Bonferroni tests for multiple comparisons, P<0.05).
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Table 3 MRNA abundance of Cathepsin D, ULK1 and Ubiquitin in liver and muscle of WT-AMPK, KO-AMPK, WT-GCN2 and KO-GCN2 mice fed NP, LP

or HP diets two hours after meal onset in the postprandial state.

Diet NP LP HP _ _
Genotype WT-AMPK  KO-AMPK WT-AMPK KOAMPK — WT-AMPK KOAMPK o /P Testdiet Interaction
CathepsinD  1+008  1.14+0.08 098+006 096+008  1.15+0.11 104+ 0.04 NS NS NS
Liver ULK1 14009 111011 116011 117+013  1.01£009 1.03+0.10 NS NS NS
Ubiquitin 1£009 1.22+0.10 1.06+009 094+013  1.04+009 099+ 0.07 NS NS NS
CathepsinD  1+005  0.8+0.06 085+004 091+007  098%006 0.95+0.05 NS NS NS
Muscle Ubiquitin 1017  1.05+0.08 114+004 127+008  117+010 1.28+0.07 NS NS NS
Genotype WT-GCN2  KO-GCN2 WT-GCN2 KO-GCN2  WT-GCN2 KO-GCN2
CathepsinD  1+0.10  0.97+0.07 154+028 208+031 ° 086+013 122+0.21 NS  <0.001 NS
Liver ULK1 1013  1.02+0.12 105+011 132+016 088015 0.79+0.15 NS <0.05 NS
Ubiquitin 1034 079006 093+014 117+014 097022 1.29+0.19 NS NS NS
CathepsinD  1+0.12  0.81%0.02 0.73+004 120+024  1.10+037 0.90+0.06 NS NS NS
Muscle Ubiquitin 1011 083005 081+003 091+006  096+015 0.73+0.05 NS NS NS

Data are mean = SEM (n =7-9).
abe Different letters within a line mean statistically different values between test diets (post hoc Bonferroni tests for multiple comparisons, P<0.05).
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Table 4 mRNA abundance in liver of WT-AMPK, KO-AMPK, WT-GCN2 and KO-GCN2 mice fed NP, LP or HP diets two hours after meal onset in the

postprandial state.

Diet NP LP HP
Genotype Testdiet Interaction
Genotype WT-AMPK KO-AMPK WT-AMPK KO-AMPK WT-AMPK KO-AMPK
GCN2 1+0.14 1.32 +0.09 1.28+0.10 1.63+0.14 141+013 1.28+0.13 0.06 0.06 NS
CHOP 1+0.25 140+0.23 =@ 170+ 025 1.83+0.17 ® 1.21+0.29 0.93+0.15 ? NS <0.05 NS
TRB3 1+£0.10 218+0.27 @ 119+393 11.1+966 ® 1.34+0.19 098+0.19 @ NS <0.0001 NS
ATF4 1+£0.11 1.76 £0.15 151+012 162+016 ® 1.18+0.14 1.19+0.09 ° <0.01 <0.05 <0.05
Genotype WT-GCN2 KO-GCN2 WT-GCN2 KO-GCN2 WT-GCN2 KO-GCN2
GCN2 1+£0.23 0.16 £ 0.02 0.84+£0.09 0.25+0.03 0.92+0.14 0.20+£0.04 <0.0001 NS NS
CHOP 1+0.16 0.90+0.08 2 7.28+211 133+029* ® 127+021 1.69+0.28 *@ <0.01 <0.01 <0.01
TRB3 1+£0.10 096+0.17 @ 35.1+124 223+088* ® 1.20+042 280+1.19 @ <0.01 <0.01 <0.01
ATF4 1+0.18 0.98 £ 0.08 215+ 043 1.09+0.15* 1.25+046 1.17+0.14 0.08 0.07 NS

Data are mean = SEM (n =7-9).
ABC Different letters within a line mean statistically different values between test diets (post hoc Bonferroni tests for multiple comparisons, P<0.05).

* Significant difference between WT and KO within the same diet (post hoc Bonferroni tests for multiple comparisons, P<0.05).
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Table 5 Plasma urea and albumin of WT-AMPK, KO-AMPK, WT-GCN2 and KO-GCN2 mice fed NP, LP or HP diets two hours after meal onset in the
postprandial state.

Diet NP LP HP
Genotype Test diet Interaction

Genotype WT-AMPK KO-AMPK WT-AMPK KO-AMPK  WT-AMPK KO-AMPK

Plasma Urea (mmol/l) 1456+0.8 1292+0.67 * 934+0.63 9.51+062 P 2219+0.91 25.16+243 °© NS <0.0001 NS
Plasma Albumine (g/) 27.54+0.83 25.3+1.37 2542+08 26.35+0.79 26+133 26.12+1.35 NS NS NS
Genotype WT-GCN2 KO-GCN2 WT-GCN2 KO-GCN2 WT-GCN2 KO-GCN2

Plasma Urea (mmol/l) 15+1.88 17.09+1.94 & 1566+1.76 11.04+1.77 ® 27.46+3.07 29.4+477 ° NS <0.001 NS
Plasma Albumine (g/)  27.99+49 31.66 + 4.23 27.65+254 24.72+4 28.53+3.65 29.1+4.37 NS NS NS

Data are mean + SEM (n =7-9).
abe Different letters within a line mean statistically different values between test diets (post hoc Bonferroni tests for multiple comparisons, P<0.05).
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Fig. 1 Fractional synthesis rate (FSR) and absolute synthesis rate (ASR) in liver (A and C) and
muscle (B and D) in WT-AMPK, KO-AMPK, WT-GCN2 and KO-GCN2 mice fed NP, LP or HP
diets. 2>¢ Different letters within a line mean statistically different values between test diets (post

hoc Bonferonni tests for multiple comparisons, P<0.05). Data are mean £ SEM (n =7-9).
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