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Viral pathogens often exploit host cell regulatory and signaling pathways to ensure an optimal environment for growth and
survival. Several studies have suggested that 5-adenosine monophosphate-activated protein kinase (AMPK), an
intracellular serine/threonine kinase, plays a significant role in the modulation of infection.
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| 1. Introduction

5'-adenosine monophosphate-activated protein kinase (AMPK) is an intracellular serine/threonine kinase that acts as a
key metabolic regulator in maintaining cellular energy . AMPK is activated by metabolic stress and acts to restore
energy balance by changing cellular metabolism to generate energy through catabolic pathways such as involving
glucose uptake, and by the inhibition of non-essential anabolic processes including lipid, protein and carbohydrate
biosynthesis [&. AMPK is also involved in autophagy, mitochondrial homeostasis, and mitophagy .

Due to its important role in the cell's homeostasis, AMPK is an important cellular factor that many viruses utilize for
replication, as it involves an energy-dependent process requiring high cellular ATP levels BIRIE, viruses use AMPK to
manipulate autophagy [ fatty acid and lipid metabolism B glucose metabolism LU and many other cellular
processes.

| 2. AMPK Structure

AMPK is a heterotrimeric complex composed of a catalytic o subunit (two isoforms: al/2), regulatory B subunit (two
isoforms: 31/2) and y subunit (three isoforms: y1/2/3), which allows for the expression of 12 distinct complexes (Figure 1).
The catalytic a subunit is characterized by serine/threonine kinase domains on the n-terminus and regulatory domain
interactions occurring on the C-terminus L2314 The o1 isoform is widely expressed in all cells and accounts for 94% of
the enzyme's activity. Whereas, the a2 isoform is highly expressed in skeletal muscle, cardiac muscle, and liver 13, In
mammalian systems, activation of catalytic kinase domains occurs by the phosphorylation of a conserved threonine
residue, Thr172, located in the activation loop 2. In response to a decrease in cellular adenosine triphosphate (ATP)
levels, the AMPK pathway is activated by three distinct mechanisms:
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Figure 1. Functional domain of AMPK subunits. AMPK is a heterotrimeric complex composed of a catalytic o
subunit(al/2), regulatory B subunit (31/2), and y (y1/2/3) subunit. AMPKa: kinase domain (KD) at the N-terminal contains
Thrl72, which is phosphorylated by upstream kinases; AID, auto-inhibitory domain; a-RIM: regulatory subunit interacting
motif triggering conformational changes; B-subunit binding domain at the C-terminal. AMPKp subunit: carbohydrate-
binding module (CBM) near the N-terminal contains Ser108, which is important for the mechanism of action of some direct
activators of AMPK; C-terminal domain containing the a-subunit-binding site and immediately followed by the domain for
the y-subunit interaction. ay-binding domain: a-subunit-binding and y-subunit interaction site at the C-terminal. AMPKy
subunit: cystathione-3-synthases (CBS) domain, which forms two Bateman domains containing four ATP/ADP/AMP-
binding sites (CBS1-4).



(1) Thr172 phosphorylation by upstream kinases 1AILS|16][L7][18].

(2) Inhibition of Thr172 dephosphorylation by protein phosphatases, PP2a or PP2c (mechanisms 1 and 2 require the
presence of adenosine monophosphate (AMP) and adenosine diphosphate (ADP) [;

(3) Allosteric activation of AMPK by AMP [,

In response to decreasing AMP levels, auto inhibitory domain (AID) and regulatory subunit interacting motifs (a-RIM) on
the C-terminal of the a subunit, maintain the a-kinase domains (a-KD) in an inactive conformation (231,

The B-subunits have myristoylated carbohydrate-binding molecules (CBM) in the N-terminus and interaction domains on
the C-terminus 2314 |n mammalian cells, modifications of AMPK occur cotranslationally by myristoylation of glycine
residue 2 (Gly2) in the N-terminal of the B1-subunit 2921 This association allows B-subunits to form core complexes by
linking the o C-terminus and y N-terminus, forming an ST loop that contains phosphorylation sites for cAMP-dependent
protein kinase (PKA) and serine/threonine protein kinases such as protein kinase B and glycogen synthase kinase (GSK)
(141122 Hence, in response to AMP, myristoylation of the B-subunit is an essential requirement for AMPK signaling initiation
(21 The B1 isoform is more highly expressed in the liver than in skeletal muscle, whereas the B2 isoform is highly
expressed in skeletal muscle [23],

The y subunit contains four cystathionine-f-synthase (CBS) domains that create binding sites for adenine nucleotides,
AMP, ADP and ATP (Figure 1). Thus, the y-subunit plays an important role in AMPK regulation in response to cellular
energy levels. CBS isoforms CBS1/CBS2 and CBS3/CBS4 assemble into complexes that generate four potential ligand-
binding clefts in the center, which can be activated by AMP [L8Il14] Requlatory site 3 in the CBS complex appears to be
critical, as it binds to AMP at a greater affinity than ATP. AMP bound on regulatory site 3 facilitates interactions between o
and y subunits, leading to a compact conformational change in structure 2424 Conserved o-regulatory subunit
interacting motif (a-RIM) within the o-linker interacts with the AMPK-y subunit when AMP is bound at CBS3 113,
Interestingly, phosphorylation of Thrl172 by upstream kinases and simultaneous allosteric activation of AMPK (by binding
of AMP to CBS domains) increases kinetic activity by =1000-fold 2141251 As ATP displaces AMP on site 3, a-linkers are
released from y-subunits, reversing the conformational change. The regulatory y subunit plays a vital role in activating the
catalytic a subunit and the formation of heterotrimeric complexes 13I25], The y isoforms have the greatest variability in
structure. The y1 isoform (331 residues) is widely expressed in cells and tissues, and it is activated up to 3-fold 28],
Expression of y2 (569 residues) is restricted to the brain, placenta, skeletal and cardiac muscle, where activation by AMP
leads to a 3-fold increase. The y3 isoform (489 residues) is restricted to skeletal muscle (28],
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