
Lysine acetylation is a post-translational modification (PTM) 
crucial for regulating the function and localization of many 
eukaryotic proteins.  This PTM is reversible, regulated by histone 
deacetylases (HDACs) and histone acetyltransferases (HATs). 
The first evidence of lysine acetylation was discovered in calf 
thymus histones in 19681.  In the following decades, non-histone 
proteins such as high mobility group protein 1, alpha-tubulin, 
and tumor suppressor P53 were shown to be lysine acetylated2-4. 
With the development of pan-acetyl-lysine antibodies and their 
use in mass spectrometry analyses, large scale proteomic studies 
of lysine acetylation sites revealed a previously unappreciated 
number of acetylated proteins. The first of such studies described 
37 acetylated proteins in the cytoplasmic fraction of Hela cells 
and 133 in mouse liver mitochondria5. In a more recent study 
using rat tissues, 15,474 modification sites on 4,541 proteins 
were identified6.  This study revealed that the majority of lysine-
acetylated proteins localize to the cytoplasm (30%) and nucleus 
(30%), with the remainder found in mitochondria (15%), plasma 
membrane (15%), endoplasmic reticulum or Golgi apparatus 
(5%), and extracellular region (5%)6. Here we will highlight 
examples of lysine acetylation regulating cellular processes.
      
Lysine acetylation plays a crucial role in the regulation of 
cytoskeleton-associated proteins (e.g., actin, tubulin, small 
GTPases). Stress fibers, composed of beta- and gamma-actin, are 
important for cell shape and movement. In muscle cells, alpha-
actin constitutes the microfilaments and together with myosin 
assures the traction forces required for muscle contraction and 
also for cytoplasmic streaming in non-muscle cells. All three actin 
isoforms can be acetylated5,7. Also, several regulatory proteins of 
the actin cytoskeleton are modified by acetylation. For example, 
several subunits of the Arp2/3 complex, important for actin 
nucleation, are acetylated7. Other studies have identified nine 
different lysine residues in cortactin which can be acetylated 
by HAT P300 or PCAF. Acetylation of those residues inhibits 
cortactin’s translocation to the cell periphery and reduces its 
binding capacity to actin, leading to diminished actin dynamics 
and altered cell motility8,9.  Conversely, cortactin deacetylation, 
mediated by growth factor-stimulated Rac1 activation, leads to 
cortactin’s translocation from the cytosol to the cell periphery, 

where it interacts with and enhances the formation of F-actin10,11.  
Rac1 and other Rho family GTPases have a crucial role in regulating 
actin dynamics that underlie formation of lamellipodia, filopodia, 
and actin stress fibers.  The activation of these G-proteins is 
tightly regulated by a variety of proteins, including GDIs (GDP 
dissociation inhibitors).  Acetylation of RhoGDI alpha prevents 
its inhibitory effect on Rho family members, leading to enhanced 
stress fiber and filopodia formation5.  RhoA proteins are also 
inhibited by p120 catenin, a protein found in complexes with 
cadherin adhesion molecules.  The p120 catenin is acetylated 
on at least three lysines which alters its subcellular localization 
and is important for its inhibition of RhoA5,12.  Like actin and Rho 
GTPases, the cytoskeletal protein tubulin is also acetylated, with 
the Lys40 residue on alpha-tubulin identified as the acetylation 
site3. Studies have shown that tubulin acetylation contributes to 
microtubule stabilization and allows for more efficient bundling 
of acetylation-stabilized microtubules13,14.  Microtubules are 
important for cellular transport, especially in neuronal cells 
with long extensions like axons and dendrites. Both kinesin 
and dynein-dependent microtubular transport are enhanced by 
tubulin acetylation15.
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Figure 1: Human epidermoid carcinoma A431 cells, untreated (left) 
or TSA-treated (right; 5 µM for 12 h), were stained with a pan-acetyl-
lysine antibody. Acetylated proteins in cytoplasm and nucleus were 
visualized by green fluorescence. Note that in contrast with the 
untreated control, the cytoplasmic acetylated microtubule network is 
clearly visible in a TSA-treated cell. The nuclear fluorescent intensities 
indicate the abundance of acetylated proteins in nuclei.
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Besides these structural proteins, signaling proteins unrelated to histone modification 
and transcriptional regulation also have lysine acetylation sites.  These proteins 
include Mdm2, Ku70, Stat3, Smad7, and Hsp90.  Mdm2 is a RING finger E3 ubiquitin 
ligase that promotes ubiquitination and proteasomal degradation of the p53 
tumor suppressor protein. Acetylation of Mdm2 impairs its ability to promote p53 
ubiquitination and subsequent proteasomal degradation16. Interestingly, p53 itself 
can also be acetylated, leading to the destabilization of p53-Mdm2 interactions, 
which enables the p53-mediated stress response17. Ku70 acetylation promotes 
the dissociation of Bax from the Ku70/Bax complex, freeing Bax to localize to the 
mitochondria to execute its apoptotic function18. 

In addition to influencing protein function, lysine acetylation also regulates 
the cellular localization of proteins, especially for nuclear import and export. 
Interestingly, for some proteins, acetylation favors localization to the cytoplasm19,20, 
whereas for others, acetylation will enhance the retention of proteins in the 
nucleus21,22.  The mechanism by which acetylation regulates cellular localization 
can be either the alteration of an interaction with a binding partner leading to 
localization in a particular compartment (e.g., p53-Mdm2 interaction), or a modified 
interaction with nuclear import/export factors. For example, acetylation of Lys239 
within the carboxyl-terminal nuclear localization signal (NLS) in adenovirus-
transforming protein (E1A) disrupts its interaction with importin-alpha, thereby 
enhancing its localization in the cytoplasmic compartment23.  Conversely, acetylation 
of hepatocyte nuclear factor-4 (HNF-4) at the NLS is important for its retention in 
the nucleus, thus preventing its export to the cytoplasm via the CRM-1 pathway24. 
 
Conclusion

Lysine acetylation is well known to play a key role in regulating gene transcription 
and other DNA-dependent nuclear processes. Proteomics studies have identified 
many possible substrates of lysine acetylation and a large fraction of them resides in 
the cytoplasmic compartment, implicating their involvement in regulating important 
cellular pathways. However, the functions of many of them are still not clear. 
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Research Tools
Cytoskeleton, Inc. is pleased to offer research tools to aid in Lysine acetylation 
studies.  We specialize in the production of purified proteins, antibodies, and  
easy-to-use kits to study biochemical and cellular processes.  To browse our 
researcher tools please visit our website www.cytoskeleton.com. 

Tubulin & FtsZ
Research Tools

Motor Protein
Research Tools

Small G-protein 
Research Tools

Actin Protein
Research Tools


