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Abstract  

 

Background. Sarcopenia, defined as the loss of skeletal muscle mass and function, is a major clinical 

problem in many chronic illnesses, in cancer and in the elderly.  Exercise and adequate nutrition,   peculiarly 

dependents on availability of essential amino acids, considered the primary strategies for prevention and 

treatment of protein synthetic deficits, affect  both the efficient  scavenging of aged and overused protein 

molecules and the renewal, by maintaining muscular protein synthesis. Many questions still remain about 

the regulation of protein syntheses and degradation. Degradation of inefficient proteins or organelles is 

performed by the sum of micro and macro-autophagy plus ubiquitin-proteasome system,  activities known 

as proteostasis,  necessary to preserve and promote protein masses and  consequently, the body’s 

reserves.  However, how protein synthesis is regulated, and how activation of the mTOR complex may 

modulate and transduce the flow of information provided by exercise and nutrition to balance proteostasis 

and syntheses, is far from being fully understood. We suggest that  energy production and availability, thus 

also mitochondria, may have a pivotal role in synchronizing activity and functional outcomes of protein 

syntheses, and that those syntheses, since higly energy demanding, are main effectors of AMPK dependent 

autophagy activation by consuming ATP and producing AMP.  

Conclusion.  While in normal conditions  protein syntheses drive autophagy activation by decreasing ATP to 

AMP ratio, conversely  autophagy may be inefficiently activated when chronic both low production and 

consumption of ATP would result in  lowest concentrations of AMP, and  therefore both blunted rates of 

protein syntheses and  autophagy would be observed. We suggest  that this functional hypothesis may 

explain sarcopenia in many pathological conditions , as in cancer or in aging muscles.  

 

Key words. mTOR, ATP, protein synthesis, autophagy, amino acids, nutrition, adipose tissue, muscle, 

sarcopenia, mitochondria. 
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Introduction 

The synthesis and renewal of protein structures, known as proteostasis, are intertwined with the two main 

pathways controlling identification, elimination, and partial recycling of worn-out molecules via: autophagy, 

the sum of both macro and micro autophagy (ATG) , and the ubiquitin-proteasome system (UPS) [1].   

Two tissues, skeletal appendicular muscles and skin comprise, by weight, the first and second major 

reservoirs of proteins in humans. Due to their multiple dynamic roles in various conditions, muscles should 

be considered as an organ in a dynamic view of human metabolism requirements of nitrogen, either in 

health or disease states, so also in cancer [2]. 

But, when evaluating nitrogen metabolism in the human body, it is often overlooked that the most 

abundant protein in human body is collagen, with the vast majority stored within the skin dermis, 

dismantled to refuel  energy sources by cancer cells[3]. 

Notably, the ratio between essential (E) and non-essential (NE) amino acids (AA) both in human  or  in 

alimentary proteins is largely <0.9.  This imbalance underlines that there is a lot yet to be understood in 

how “messages from environment” , that is how materials and energy [4] coming from the world we are 

living in, are transducers of information first elaborated by DNA and then adaptively modulated through 

epigenetic responses in those tissues. Indeed, since carbohydrates, lipids and amino acids have similar 

carbon skeletons, and with the noticeable exception of essential non-saturated fatty acids, sufficient 

nitrogen amounts can be introduced into mammals metabolism just by amino acids, amino acids provided 

by food are  the most important messengers through which the environment communicates with our body 

[5];  as well, both oxygen and water should be  considered as foods for cells. Therefore, an excess or 

deficiency of nitrogen in food elicits adaptive mechanisms targeting any tissue or organ and, finally, 

influencing phenotype and life span [6]. Nutrition also evidently controls the balance between protein 

synthesis and proteostasis. 

An important consideration is that energy expenditure is proportional to physical activity, which increases   

requirements  for maintenance of integrity of the body in basal, resting, healthy conditions. Epidemiological 

studies have demonstrated that even short, regular periods of non-intense exercise reduce mortality, and 
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also prolong the life span of various populations [7,8].  On the contrary, inactivity, especially with aging and 

even for medical reasons, may cause permanent damage  to muscles [9], along with muscle mass loss 

which “is predictive of all- cause mortality in older men regardless of age, BMI, lifestyle, physical 

performance, health status and body composition”[10]. 

Those observations suggest that, there are some favorable modifications associated with systematically 

increasing energy expenditure, but this, in turn, requires to match nutritional intake with exercise-linked 

requirements, or exercise, peculiarly in the elderly, may not exert the expected advantages [11]   

 

Protein synthesis is required for life, but, how much is enough?   

 Protein synthesis is necessary for life, and involves increased activation of the two signaling pathways, 

extracellular signaling regulated kinase/mitogen activated protein kinase (ERK/MAPK), and mammalian or 

mechanistic target of rapamycin components (mTORCs commonly identified as C1 and C2),  necessary to 

promote translation, yet a major question is whether protein synthesis is associated with  a shorter or 

longer lifespan. The question arises from studies linked to pharmacological mTORC1 inhibition [12] and 

observations that caloric restriction reduces mTOR phosphorylation, and the presumed effects on 

prolonged lifespan. Much has changed from the beginning, and caloric restriction  actually has been 

defined as “  a reduction in energy intake below the amount that would be consumed ad libitum (AL) while 

maintaining adequate intake of essential nutrients” and increased proportions of proteins intakes has been 

suggested to be necessary for maximal safety [13] . Also, caloric restriction and mTOR inhibition by 

rapamicin has been shown to be contra-indicated in aging  [14]. 

A main positive effect ascribed to caloric restriction is activation of autophagy due to reduced energy 

availability and increased  AMP concentrations. Reduction of ATP/AMP ratios would in turn both inhibit 

mTORC1 dependent  protein synthesis and activate autophagy [15].  Autophagy is a complex cellular 

function aimed both to removal of aged structures and to recycle cellular components after dismantling, 

also funneled into   maintaining energy production. Autophagy, in turn, is inhibited when mTORC1 and 

protein syntheses are fully active and ATP is abundantly available. But, physical exercise, indispensable to 
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promote muscular protein synthesis is not only associated to reduction in mortality and extended lifespan, 

but also to increased autophagy, in evident contradiction with the rapamycin/ caloric restriction and 

blunted protein synthesis  linked predicted benefits. How to solve this conundrum?  

 The answer is complex since physical exercise, if coupled with an adequate increase in food intake, not 

only improves protein synthesis throughout the body (muscles, heart, bones, tendons and ligaments), but 

exercise also needs ATP, and ATP production by oxidation of citrate into mitochondria increases production 

of reactive oxygen species (ROS) in proportion to the increase in energy requirements (that is of ATP 

molecules) necessary for matching  both demands of workload and energetic costs of protein syntheses. A 

clue to solving the apparent dichotomy is that ROS are indispensable to activate autophagy, and this 

activation would link energy production to proteostasis [16], balancing also the availability of substrates at 

net of energy requirements for protein synthesis.  Additionally, nutrition cannot replace exercise in the 

maintenance of muscle efficiency. This is reinforced by recent research which demonstrated that 

immobilization activates a block  of mTORC1 by blunted phosphorylation of one of its component, DEP 

domain-containing mTOR interacting protein, DEPTOR, which is only poorly  activated by refeeding only, in 

absence of exercise [17]. 

 

Mitochondria, energy availability and autophagy or apoptosis: aging is a complex matter. 
 
A question still unanswered about senescence driven by mitochondria is what matters more: the number of 

mitochondria or mitochondrial dysfunction? Mitochondria are the organelle that most efficiently controls 

energy availability in cells, and certainly energy production and life are strictly connected. Indeed, 

impairment of energy production is difficult to reverse and results in rapid death[18].  Conversely, it has 

been shown that by Parkin-mediated mitochondrial autophagy (mitophagy) [19],  the generation of viable, 

but mitochondria-depleted fibroblasts have amelioration of multiple features of senescence [20],  as well as 

those induced by ionizing radiation, such as the production of ROS and the senescence-associated secretory 

phenotype, the complex of factors  including matrix metalloproteinases, growth factors, and pro-

inflammatory cytokines (SASP) [21].   
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Therefore, mTOR, mitochondrial biogenesis, ROS production, autophagy and senescence have been  are 

interrelated, and DNA damage response (DDR) has been described as a part of the “autoregulatory loop” 

driving senescence triggered through mTOR by mitochondrial biogenesis and maintained by “persistent 

DDR”. Still, those authors recognize that it is principally mitochondrial dysfunction due to impaired or lost 

mitophagy that would primarily mediate a senescent drive [22]. 

The accumulation of oxidative damage is the basis of Harman’s free radical theory of aging [23]. 

One of the main sources of ROS in the cell is oxidative phosphorylation within mitochondria, so the 

free radical theory of aging should be essentially considered a mitochondrial theory of aging, and is so 

applied from plant seeds [24] to humans, obviously encompassing mouse models [14].  

Concurrently,  there are studies showing that  aging animals have less mitochondrial area/cell volume  in 

muscles and heart [25], and this can be reversed with specific nutritional procedures connected to 

improved lifespan [26].Excess antioxidants may interfere with longevity [10] and muscle -positive 

modifications (induced by exercise) as improved insulin sensitivity since also would blunt ROS dependent 

autophagy [27].  In apparent contradiction of the studies demonstrating that mitochondrial deletion 

improved senescence [14],  most recently, an inverse correlation was reported between mitochondrial 

mass and senescence in human T lymphocytes, but indeed, this mass was largely composed of defective 

mitochondria overproducing ROS [28].  Also, recent studies have demonstrated the necessity of ROS-

dependent remodeling and mitochondrial biogenesis in order to achieve maximal remodeling and regain of 

function, following a myocardial infarction [29]. Is it possible to connect those apparently opposite 

findings? There are two observations that would help in managing this conundrum: first of all, it is  evident 

from all those studies that ROS are indispensable mediators promoting maintenance of any necessary kind 

of autophagy, thus, including mitophagy.  In our opinion, it is not only quantity, i.e. not just number nor 

volume of mitochondria, but quality of activity and function that matters. Indeed, it is the efficient 

interconnection between mitochondria efficiency and metabolism that would  optimize control  of  flows 

among intermediates of different origin  (glycolysis or lypolysis) entering citric acid flux, since those ratios 

may improve or  damage energy production both affecting efficiency of cell activities or also ruling 
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inflammatory response or DNA damages.  This “qualitative” interpretation of mitochondrial function has 

multiple consequences. For example, an increase in mitochondria number and volume throughout the cell 

may spread ROS in areas where native anti –oxidative systems are not sufficiently present, thus locally 

triggering unwanted damages. Additionally, an increased number of mitochondria, possibly a consequence 

of reduced mitophagy, may be a compensatory response to reduced efficiency. This may  occur particularly 

in conditions of impaired AMPK -dependent activation of  sirtuin 1 (SIRT1), a  deacetylase in turn controlling 

activation of the transcriptional regulators PGC-1α and FOXO1, finally culminating in the transcriptional 

modulation of mitochondrial and lipid utilization genes, along with oxygen availability coupled with eNOs 

expression in endothelia,  as well as antioxidant availability [19, 20].  Various conditions impairing 

deacetylation of SIRT1 have been previously described [30], and changes in concentrations of some 

biochemical mediators may have dramatic consequences on cell behaviors, since metabolic pathways  may 

control  activation or inactivation of upstream-controlling gauges. We can simplify the concept by clustering 

SIRT1 activity when NAD+ / NADH would be at the opposites. In presence of the lowest concentrations of 

NAD+, that is when NADH production would be largely prominent, even large numbers of molecules of 

sirtuins would be ineffective in deacetylating target molecules. Conversely, a small number of sirtuins 

would be sufficient to elicit a large response if prevalence of NAD+ concentrations would be constantly and 

abundantly maintained. NADH is transformed in NAD+ and energy (ATPs)  by a well-functioning and active  

respiratory chain, specifically complex I. Deficiency of NAD+ elicits a pseudo-hypoxic state also even in 

normoxic conditions [31], so NAD+ deficiencies or excesses following normalization of NAD+/NADH 

imbalances are particularly connected with diabetic cardiomyopathy [32], excess alcohol intake  [33], and 

also reduced lifespan [34].   

These considerations are summarized as follows: 1) some aspects of aging are related to inefficient 

mitophagy; 2)  rather than being mainly considered as a mitochondrial theory of aging, Harmann’s free 

radical theory of aging should have a modified interpretation, considered as an anti-oxidants and 

autophagy inefficiency-linked theory of aging; and 3) impairment of the balance between activities of both 
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mitophagy and biogenesis of renovated and most efficient mitochondria may affect senescence and life 

span.  

Certainly, mTOR activation is connected to mitochondrial biogenesis, and depression of mitochondrial 

biogenesis is detrimental to cells; thus, mitochondrial activity, ROS production, and naturally occurring 

antioxidant defenses should be tightly balanced to achieve optimal results [35]. 

Interestingly, positive activation of mitochondrial biogenesis may occur with metformin. Although 

metformin can cause an  increase in NADH resulting in an alteration in the NAD+/NADH, there is a potent 

alternative biological instrument for increasing NAD+/NADH ratio. Indeed, a reduction of NADH and the 

same effects obtained by metformin can be achieved by regular and significant implementation of oral EAA 

intakes which is accompanied by an increased expression and efficiency of cytochrome-C  oxidase in 

cardiomyocytes [36]  and in kidneys [37]. There is a recognized need for studies aimed at understanding 

why mitochondrial biogenesis is possible when there would be loss and failure of efficient mithophagy and 

focusing on the many modulators that have been found deregulated in cancer cells [38], including  in non-

neoplastic senescent cells. Noticeably, in normal cells, metformin may stimulate both sirtuin1 controlled 

mitochondrial biogenesis as well as EAA.  Although it is unknown whether EAA supplementation in normal 

cells results in activation of the parkin-mediated mitophagy by decreasing inhibitory interaction with and 

suppressing cytosolic p53 [39], in ob/ob mice enhancement of autophagy by EAA exposure was described 

in HCT116 cells [40],  and EAA proved to be extremely efficient in restoring mitochondrial efficiency in 

skeletal muscles and hearts [25] or kidneys [37] of aged animals. 

 

Regulation of protein syntheses: a provocative functional view dictated by lifespan studies. 

 While certain  components of aliments positively contribute to protein synthesis [41], autophagy [40], 

mitochondrial biogenesis, and also reduce  renal [37], cardiac and muscular fibrosis and increased life span 

[26],   other components (non essential amino acids: NEAA) acts in an opposite manner, resulting in 

reduced lifespan  [6] 
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Indeed, such lifespan studies introduce another level of complexity, since those studies evidenced that it is 

not just a question of adequate intake of sufficient amounts of EAA, but of intake relative to NEAA 

introduction, which, if in excess,   blunts EAA effects. Also, not all formulations providing EAA  exert the 

same effects. For instance, this important point was emphasized  by data from our laboratory,  

demonstrating that just inverting leucine to isoleucine ratios in some tested EAA composition (without 

altering any other component) was sufficient to markedly shorten   lifespan of mice (unpublished personal 

data).  

Despite eating up to 60% more food, with quantity to compensate for the lack of quality of AAs, rapid 

wasting leading to a mortal cachexia occurred in animals fed 30% EAA and 70% NEAA, an amount just 15% 

less EAA than those provided by the vast majority of alimentary proteins. Animals that had the choice 

among different pellets, always largely  selected the most NEAA-rich, and also the most deadly content [6].  

In those animals, a marked alteration of connective tissue and disarrangement of collagen fibers in skin 

were observed, similar to findings in studies of wound closure [42,43]. The rapid mobilization of amino 

acids from skin in conditions of nitrogen-qualitative malnutrition is important to consider, since there was a 

very abundant NEAA intake, with the formulation particularly rich in glutamine and arginine, the so called 

“conditionally essential amino acids”.  Of notice, very recently it has been shown that availability of  

sufficiently elevated  EAA prevents metabolic deficits of any NEAA, conditionally essential ones included 

[44]. 

Collagen, by far the most abundant protein in the body, is vastly composed of NEAAs glycine (33%) and 

proline or OH-proline (25%) [45]. Moreover, within the collagen sequence, the most common AA is lysine, 

mainly present in its hydroxylated form, OH-lysine, which is considered the dead end of lysine metabolism 

[46], no longer useful for protein synthesis, driven to catabolism when released. Therefore, collagen 

dismantling occurring in malnourished and cancer bearing patients would lead to an overflow of NEAA, that 

may enter energy production cycles as substrates, but may also blunt favorable epigenetic effects exerted 

by EAA;  thus both EAA and NEAA act as metabokines  [47], although often in opposite directions. Based on 

those observations, two different hypotheses are proposed: 1) in the balance of body protein 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 January 2021                   doi:10.20944/preprints202101.0120.v1

https://doi.org/10.20944/preprints202101.0120.v1


10 
 

disarrangement secondary to insufficient EAA introduction, dermal collagen dismantling may contribute 

significantly to NEAA increase availability, but only minimally to EAA supply; 2) reduction of EAA/NEAA 

ratios due to qualitative malnutrition and mobilization of body protein reserves may rapidly modify 

(epigenetically) metabolic responses in different organs, promoting inhibition of some synthesis and 

activation of others resulting in growth of cancer [3] and increase damage of some organs  [48] already at 

risk in case of adjuvant chemotherapy.  

 Our lab has documented a very rapid onset of hypoalbuminemia in healthy animals, despite being fed a 

diet adequate in calories and a 20% nitrogen content, but deficient in EAA, providing  only 30% of EAA (15% 

less than control diets). A  rapid wasting with accompanying decline in albumin occurred in the absence of 

increased proteinuria or other signs of inflammation due to illnesses.   Therefore, we think that in the 

setting of inflammation with subsequent development of malnutrition, treatment of hypoalbuminemia 

should carefully incorporate metabolic needs and increased intake of EAA, while avoiding  NEAA as much as 

possible.  

 

Autophagy and the balance with protein syntheses  

 Since autophagy is a process necessary to any cell, if this process is compromised, cellular function is 

subsequently affected. Muscle cells have been specifically studied since efficiency of autophagy is 

indispensable in the  promotion of beneficial effects by exercise. As previously stated,  autophagy is 

controlled by energy production and the necessary signaling promoted by ROS is not only functional  in 

autophagy efficiency, but also in the obtaining positive effects of exercise, including enhanced insulin 

sensitivity [27]. Myocardial training and increased PI3K/AKT/SIRT1/PGC1α and mitochondrial biogenesis-

induced ROS production  were shown to be indispensable for optimal remodeling and myocardial 

protection after ischemic  lesions; the balance between autophagy and synthesis of proteins was important 

to reduce the risks of cardiac fibrosis [49].  

PI3K/AKT/SIRT1/PGC1α and mitochondrial biogenesis-induced ROS is well balanced by anti-oxidant 

production in hearts and muscles of animals treated with EAA formulations; specifically tailored to 
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mammals’ requirements,  diets  must also provide significant amounts of leucine, isoleucine and valine, the 

neutral and branched-chain amino acids [36,37].  On one hand, PI3K/AKT axis activates and coordinates 

protein synthesis by mTOR [50];on the other hand, PI3K/AKT activates PGC1α and mitochondrial biogenesis 

even in catabolic conditions (denervation, fasting,  heart failure, aging and sarcopenia) similar to the effect 

of constitutively expressed FOX-O3  [51]. Those elements are connected by the extreme  energy 

requirements of protein synthesis processes, 4 ATPs any peptidic bond between two AAs [52], and  a 

decline in the ATP/AMP ratio activates AMPK  which in turn, blunts synthesis and activates both  autophagy 

and mitophagy  functional to maximizing optimal energy availability [53]. Therefore,  mTOR activation 

promotes also its own inactivation continuously alternated to re-activation, and rhythm is given to 

syntheses by patterns of energy production. When evaluating mTOR and AMPK phosphorylations, we 

suggest consideration of median values for calculation as too often inappropriate, since it would 

underestimate the tightly tuned dynamic alternance of states of activation and inactivation forcing the 

clouds of results in a switched on-switched off interpretation of data. To further support this view, recent 

findings on a major component of mTOR, mTORC2, which seems to have an mTORC1-independent capacity 

of triggering autophagy when activated by deficiencies of some AA, particularly deficiencies in glutamine, a 

NEAA easily produced into any cell when mitochondrial citric acid cycle would be anaplerotic [54]. Since,  

alimentary proteins always have a EAA/NEAA ratio  significantly lowest than  0,9 [55], it is important to 

consider the evidence of prolonged cohort survival observed in both mice fed only EAA since the end of 

lactation [37], and in old animals fed for most of their lives with laboratory pellets and thus fed 

predominantly EAA (EAA/NEAA > 1) only in the final part of their lives [56].In our viewpoint since dietary 

modifications have important effects on animal phenotype and lifespan,  focus on a particular target is 

warranted, with our focus on the expression of glutamylprolyl-tRNA synthetase (EPRS), a critical mTORC1 –

S6K effector, which correlates inversely  to either body weight by reducing adipose tissue, and also to 

increased life span. Of interest, EPRS suppression or reduced phosphorylaton at Ser999 by Eprs knock-in 

mice bearing phospho-deficient Ser999-to-Ala (S999A) has been shown to correlate with reduced binding, 
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translocation to plasma membrane and activation of  fatty acid transport protein 1 (FATP1), which 

regulates uptake of  long chain fatty acids, thus linking mTORC1-S6 kinase to phenotype and lifespan [57].  

Glutamine is a most abundant AA provided by food proteins, and of notice the effects of a glutamine-

deprived, EAA-based diets are similar to those observed on abdominal white adipose tissue of animals with 

inefficient EPRS phopsphorylation at Ser999.   Since EAA have even most pronounced effects, future studies 

should explore whether there is a relationship between EPRS expression and phosphorylation and reduced 

uptake of fatty acid and/or reduced syntheses of triglycerides in animals fed only EAA.  In agreement with 

the hypothesis that glutamine controls fatty acid synthesis in adipose tissue, glutamine deprivation 

increased expression of glutamino synthase [58]. The gene encoding glutamine synthetase (GS or GLUL, 

glutamate-ammonia ligase) has been identified as a novel transcriptional target of the signaling cascade 

activated by growth factors , glutamine deprivation surprisingly increased levels of glutamine synthetase, 

which in turn  inhibits mTOR signaling by blunting its lysosomal translocation . Also, it was observed that 

growth factor signaling through PI3K/AKT may regulate transcriptional programs through inhibitory 

phosphorylation of Forkhead Box O (FOXO) transcription factors. Conversely, FOXO activation induces 

autophagosome formation and autophagic flux in a glutamine synthetase-dependent manner [58]. 

Autophagy is important for maintaining cell survival during conditions of growth factor and nutrient 

deprivation since inhibition of autophagy induces cell death. However, as we have demonstrated, 

uncoupling autophagy and ubiquitin-proteasome pathways may trigger rapidly apoptotic death in most 

rapidly-duplicating cancer cells [40]. Therefore, GS expression and increased ATG are associated with 

activation of FOXO transcription, particularly with FOXO3 binding to GS-promoter to increase its 

transcription. Indeed, Van der Vos and Coffer, 2012 [58] have reported an apparently contrasting 

observations: addition of glutamine to nutrient-starved cells also increases GS expression. This is an 

interesting finding, worthy of further exploration, since we have studied the amount of  GS in the liver of 12 

animals, six animals fed by EAA only and six fed laboratory pellet, and found  that GS was markedly reduced 

by EAA feeding (P< 0.02), while glutaminase (an enzyme controlling the first step of metabolism of  

glutamine toward alpha-ketoglutarate) was unaffected (unpublished results kindly provided by Laboratory 
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of  Dioguardi N  , Istituto Clinico Humanitas, Milano, Italy, 2016). These observations not only suggest that 

both that mTORC1 and FOXOs activities may be sensible and modulated by imbalances among  

stoichiometric ratios of EAA and NEAA, but also that mTORC2 could be activated by reduced glutamine 

availability in conditions of elevated  plasma EAA/NEAA  ratios, when probably either FOXO transcription 

and autophagy  activity are unhooked by the unbalanced ratio between abundant EAA and scarce 

glutamine availability. Another option is that under conditions of excess NEAA or excess of only one of the 

amino acids that are most efficient in activating  translation and transcription,  this excessively elevated 

concentration  needs to be balanced by rapid availability of all other components necessary for protein 

syntheses.  Interestingly, the knockdown of glutaminase and glutamate dehydrogenase, (which together 

convert glutamine into alpha-ketoglutarate), also inhibited mTOR signaling . Accordingly, increased levels of 

alpha-ketoglutarate were reported to activate mTOR by increasing GTP loading of RRAGB and lysosomal 

translocation, resulting in mTORC1 reactivation  [58]. On the contrary, in myotubes, excess glutamine was 

shown to suppress GS expression [59]. 

Thus, a rationale explaining the impact of  glutamine intake on availability, and in turn the effects on many 

aspects of metabolism,  including how much a feedback mechanism on syntheses is involved, remains to be 

elucidated. We surmise that inhibition of glutamine synthesis in conditions of high intake and absorption 

would be mandatory, due to high cerebral toxicity of glutamine [60], and at normal levels of intake, there is 

no net absorption of glutamine or glutamate, thus, the extensive body glutamine pool is synthesized de 

novo in physiological settings[61]. Subsequently, an in vivo study in humans would be worthwhile, to 

examine both whether excess glutamine absorption, overwhelming intestinal efforts to prevent it would 

reduce GS expression, as we observed in animals fed diets rich in NEAA,  and also if glutamine-deficient 

EAA-based diets would improve in the liver as well as in muscles the BCAA-based glutamine synthesis, while 

restraining adipose tissue development and prolonging lifespan, as we observed in animal setting [6, 56].  

 

Authors view and future fields of research. 
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Autophagy and protein synthesis are dynamically related processes, ruled both by concentrations of ATP, 

and by levels of ATP consumption, so also by energy utilization consequent AMP concentrations raise. 

Changes in concentrations of ATP and AMP  establish depth, frequency and modulation of  functions, 

controlling tightly regulated mTORC1 and AMPK reciprocal  intensity  of inhibition and activation periods. 

Thus, the inversion of EAA/NEAA usual ratios provided by foods, and in conditions of EAA/NEAA > or >> 1, 

may provide a metabolic  strain to which cells would respond significantly. Since activation of protein 

synthesis is promoted by abundance of EAA, the process may be restrained by the reduced availability of 

enough NEAA necessary to complete synthesis. Therefore, this sort of “positive nitrogen strain” linked to 

largest EAA availability would elicit rising consumption of ATP and activation of autophagy to match NEAA 

need, similarly activated in the setting of the lack of EAA. This would  likely further modulated both by  ATP 

to AMP shift related to protein synthesis and linked to the huge energetic costs of the many peptidic bonds 

necessary for performing huge protein syntheses, as well as by the mTORC1 independent mTORC2 signaling 

to autophagy described by Vlahakis et al [62] , who demonstrated  mTORC2 being a positive regulator of 

autophagy through its downstream target kinase, Ypk1.  Vlahakis et al  also demonstrated that AA 

starvation, specifically of those AA required for auxotrophy,  induces autophagy in a manner independent 

of TORC1 activity and instead requires the general AA control (GAAC) response regulated by the eIF2α 

kinase, Gcn2 , via the Ca2+-dependent phosphatase calcineurin (which was established as being a negative 

regulator of the GAAC response and autophagy). Furthermore, knockdown of activating transcription 

 factor 4, the major transcription factor in the GAAC pathway, as well as  of SLC7A5, a leucine transporter, 

caused impaired mTOR reactivation and much higher levels of autophagy [62]. 

Conclusion 

Protein synthesis and autophagy are  tightly regulated processes and alternate reciprocal functions in cells. 

Protein synthesis, although regulated at various levels, some yet to be elucidated, provides an intrinsic 

message activating autophagy with consumption of enormous amounts of ATP necessary for completing all 

peptidic bonds and to accomplish synthesis of  many proteins, especially those of high molecular weight. 

Large proteins, as enzymes, are formed by thousands of AAs linked at the cost of huge energy expenditure. 

ATP and ADP consumption, and the resultant increase in AMP concentrations are therefore  main effectors 

of AMPK phosphorylation and activation of autophagy. Thus, we propose that synthesis of proteins controls  
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increased production of a second messenger, AMP, in turn triggering autophagy activation and then 

blunting syntheses following a reduction in energy rich compounds and necessary to replenish ATP 

availability. Autophagy and the EAA/NEAA ratios are in continuous and tightly coordinated dynamical 

balance with protein synthesis, since EAA are the main promoters of protein synthesis while NEAA 

comprise the vast majority of protein sequences in mammals. The long term consequences of those 

dynamics, that in vitro have been shown to be linked to induction of apoptosis in cancer cells [40], would 

be evaluated at best by observing cohort lifespan and evaluating the specific changes in organs after 

prolonged intakes of selected AA formulations [6, 37, 56]. 
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