1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

%

EA/{
S

O

R HE

,NS

N4

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
FEBSJ. 2013 November ; 280(22): 5570-5581. d0i:10.1111/febs.12373.

Structure and mechanism of non-histone protein
acetyltransferase enzymes

David R. Friedmann® and Ronen Marmorstein?2
2Program in Gene Expression and Regulation, The Wistar Institute, Philadelphia, PA 19104

Abstract

Post translational modification (PTM) of proteins is ubiquitous and mediates many cellular
processes including intracellular localization, protein-protein interactions, enzyme activity,
transcriptional regulation and protein stability. While the role of phosphorylation as a key PTM
has been well studied, the more evolutionarily conserved acetylation PTM has only recently
attracted attention as a key regulator of cellular events. Protein acetylation has been largely studied
in the context of its role in histone modification and gene regulation, where histones are modified
by histone acetyltransferases (HATS) to promote transcription. However, more recent acetylomic
and biochemical studies have revealed that acetylation is mediated by a broader family of protein
acetyltransferases (PATS). The recent structure determination of several PATs has provided a
wealth of molecular information regarding structural features of PATS, their enzymatic
mechanisms, their mode of substrate-specific recognition and their regulatory elements. In this
minireview, we will briefly describe what is known about non-histone protein substrates, but
mainly focus on a few recent structures of PATSs to compare and contrast them with HATS to
better understand the molecular basis for protein recognition and modification by this burgeoning
family of protein modification enzymes.
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Introduction

Posttranslational modification (PTM) of proteins provides an essential mechanism for
organisms to react to external and internal stimuli, resulting in a myriad of cellular responses
[1]. The importance of phosphorylation as a key PTM cannot be understated, as evidenced
by the over 500 protein kinases that catalyze this reaction, the even larger number of known
substrates, and the diverse array of biological pathways that are regulated by these enzymes
[2]. The oncogenic properties of several kinases have also made them attractive
pharmacologic targets that continue to be probed with new, more specific and potent
enzyme modulators [3].
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Protein acetylation has recently emerged as a significant rival to phosphorylation in its
biological scope and significance, although our molecular understanding of protein
acetylation and the enzymes that catalyze this reaction has lagged behind kinases [4, 5].
Much of our basic understanding has grown out of the investigation of histone acetylation
and the histone acetyltransferases (HATS) that mediate this modification [6-8]. The
correlation between histone acetylation and gene activation has been known for nearly half a
century, but some of the enzymes responsible for these modifications have only been
discovered over the past 20 years [9-12], with many other protein acetyltransferase enzymes
that are yet to be discovered. To date, many HATS have been identified from yeast to
humans, resulting in at least five distinct subfamilies based on sequence and structural
divergence: HAT1, Gen5/PCAF, MYST (MOZ, Ybf2, Sas2, and Tip60), p300/CBP, and
Rtt109 [13-22]. With the structure elucidation and biochemical characterization of members
of each of these HAT subfamilies, structural and biochemical similarities and differences
have been derived. Each of these HAT subfamilies contain a structurally-conserved core
region comprised of a three-stranded Psheet and helix on one side of the sheet that
participates in AcCoA cofactor binding and templating the respective substrate protein for
acetylation. Remarkably, this core region has little to no sequence homology between the
different HAT subfamilies. The different HAT subfamilies contain structurally-divergent
regions that flank the core region and also use different chemical strategies to acetylate their
substrates (reviewed in [5]). These structurally-divergent regions and catalytic strategies
appear to participate in HAT-specific activities such as substrate-specific binding and
regulation by cofactor proteins (reviewed here, [5]).

While the majority of studies on protein acetylation have focused on histones, many HATS,
such as members of the CBP/p300 and MYST families, have been shown to acetylate non-
histone proteins, and acetyltransferases have been more recently identified that exclusively
acetylate non-histone proteins [23, 24] (herein called PATS), such as the eukaryotic a-
tubulin acetyltransferase, a TAT1 [25, 26] and the Mycobacterium tuberculosis acetyl-CoA
synthetase acetyltransferase, Rv0998, [27]. In addition, the majority of eukaryotic proteins
are modified on their amino termini by a family of N-terminal acetyltransferases (NATS)
[28, 29]. Recently, the structure and mechanism of these non-histone acetyltransferases have
been characterized, now providing an opportunity to compare the molecular determinants
that differentiate these protein acetyltransferases from their HAT relatives. In this mini-
review we will briefly summarize the broad range of non-histone substrates of acetylation,
but will primarily focus on the structure and mechanism of action of non-histone protein
acetyltransferases.

Non-histone acetylation targets

Recent acetylomic studies in several different cell lines reveal that thousands of proteins are
acetylated in different cellular compartments to mediate a wide variety of biological
processes [30, 31]. While these studies reveal that acetylation maps to many different types
of proteins to potentially mediate many different types of acetylation-dependent protein
activities, we already appreciate that protein acetylation can affect transcription factor
function, protein-protein interaction, protein stability and enzyme activity.
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Several proteins involved in gene regulation are modified by acetyltransferases resulting in
specific gene regulatory events [32]. A prototypical acetylated transcription factor is the
tumor suppressor protein p53, which is acetylated by the p300/CBP HAT on several lysine
residues to promote DNA binding and transcriptional activity [33—-35]. p53 is also acetylated
by the Tip60 HAT to regulate its apoptotic function [36, 37]. Acetylation of p53 is
reversible, and deactylation by HDACL1 represses its transcriptional activity [38, 39].
Conversely, acetylation of the Yin Yang 1 (YY1) protein by p300/CBP in two different
domains results in decreased DNA binding [40, 41]. Transcription factor acetylation can
also have both stimulatory and inhibitory effects dependent on the site of modification. For
example, transcription of the interferon-beta gene that is mediated by the HMG-A1
transcription factor can be stimulated by lysine 71 acetylation by the PCAF HAT or
inhibited by lysine 65 acetylation by the CBP HAT [42, 43]. Some other transcription
factors that are known to be regulated by acetylation include c-MYC, NF-xp, MyoD, and
E2F [44-50]. A more complete review of transcription factor acetylation can be found
elsewhere [23, 24].

Other DNA transactions have also been shown to be regulated by protein acetylation. For
example, protein acetylation has been shown to play a role in DNA replication through the
direct acetylation of the cohesion protein complex that mediates appropriate separation of
sister chromatids during mitosis [51]. This acetylation is mediated by the establishment of
cohesion 1 and 2 proteins (ECO1 and 2) [52, 53], while the subsequent deacetylation of
Smc3 by Hda one similar 1 (Hos1) destabilizes the complex and allows for the separation of
sister chromatids during anaphase [54].

Protein acetylation can also affect protein-protein interaction. For example, the acetylation
of importin-a by the p300 HAT promotes its interaction with importin-p, which results in
the transport of the RNA binding protein HuR through the nuclear pore complex, and
disruption of this event has been shown to prevent the import of this mMRNA-stabilizing
protein [55, 56]. a-tubulin represents another extra-nuclear protein that has been known for
nearly thirty years to be highly acetylated, but the exact function of this modification has
remained inconclusive [57-59]. Acetylated a-tubulin has been generally associated with
highly-stable, long-lasting microtubules, with acetylation of microtubules seemingly linked
to vesicle trafficking along them [58, 60].

The acetylation of certain enzymes has also been demonstrated to modulate their catalytic
activities. This is highlighted by recent studies focusing on the protein acetylome in both
prokaryotic and eukaryotic organisms, revealing that a large number of metabolic enzymes
involved in glycolysis, gluconeogenesis, the TCA cycle, fatty acid synthesis and degradation
were acetylated [61-66]. These studies also revealed that in a number of cases, the
acetylation status affected enzyme activity to control the direction of carbon flux in a
pathway. For example, in human liver cells, fatty acid production led to the elevated
acetylation of the p-oxidation multifunctional enzyme enoyl-CoA hydratase/3-hydroxyacyl-
CoA dehydrogenase and its increased catalytic activity [63]. Notably, the control of
metabolism via acetylation of enzymes includes the inactivation of the mitochondrial acetyl-
CoA synthetase, a key enzyme in the production of the AcCoA cofactor of
acetyltransferases, via the acetylation of an active site lysine [67-69]. A more complete
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review on the regulation of metabolism through protein acetylation can be found elsewhere
[64].

The majority of eukaryotic proteins are also cotranslationally acetylated on their amino-
termini by a family of proteins that have sequence homology to GNAT proteins called N-
terminal acetyltransferases (NATS). N-terminal acetylation regulates a wide range of
biological processes [70-73]. For example, Hwang et al. demonstrated that N-terminal
protein acetylation regulates the N-end rule for protein degradation [73], and Scott et al.
demonstrated that N-terminal methionine acetylation of the E2 enzyme, Ubc12, modulates
its binding mode to the Dcnl E3 ligase to promote attachment of the ubiquitin-like protein
Nedd8 to its Cull protein substrate [71]. The anti-apoptotic protein Bcl-xI has also been
shown to promote cell survival through the downregulation of AcCoA biosynthesis and N-
amino acetylation [72]. In yet another study, N-terminal acetylation was shown to inhibit
protein targeting to the endoplasmic reticulum, thus revealing that the modification also
plays a role in protein localization [74]. Taken together, the picture that is emerging is that
protein acetylation has as diverse and as important a regulatory role as protein
phosphorylation in biology.

Structure and mechanism of non-histone protein acetyltransferase

enzymes

Over the last few years we have begun to accumulate biochemical and structural data on the
enzymes that mediate non-histone protein acetylation. This now puts us in a position to
compare and contrast these enzymes with HATS to better understand the activities and
substrate-binding specificities of the broader family of protein acetyltransferases. In this
review, we will focus on four non-histone protein acetyltransferases as model systems: the
human a-tubulin acetyltransferase, a TAT1 [75], the human NAT, Naa50p [76], the
Mycobacterium tuberculosis ACS acetyltranferase, Rv0998 [77], and the Sulfolobus
solfataricus ALBA DNA binding protein acetyltransferase, SSPAT [78]. We will
specifically compare their overall structures and AcCoA binding pockets, mode of catalysis,
substrate selective binding and mode of regulation.

Overall structure and acetyl-CoA binding

The a TAT1, Naa50p, Rv0998, and SSPAT acetyltransferases are structurally most similar to
the Genb-related N-acetyltransferase fold (Fig. 1). This observation does not exclude the
possibility that other, yet uncharacterized, non-histone acetyltransferases may contain folds
similar to the other classes of acetyltransferases. Not surprisingly, each of these proteins
contains a B-sheet-helix core region that is structurally conserved among all HATSs (colored
blue in each panel of Fig. 1), despite the lack of sequence conservation in this region. Also
like the different HAT subfamilies, the structurally-conserved core region is flanked by
more variable N- and C-terminal segments (colored green in each panel of Fig. 1). Despite
the structural variability of the N- and C-terminal segments, each of these proteins contains a
binding cavity or groove over the core region that is flanked on opposite sides by helices and
loops from the N- and C-terminal segments. The shapes of the respective binding grooves or
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cavities are different and likely contribute to substrate-specific binding, as will be described
in more detail in a later section.

Like in the HATS, the central core region of the non-histone protein acetyltransferases
participates in a large number of the acetyl-CoA binding and stabilizing interactions, with
the remainder of the acetyl-CoA interactions being made by two flanking a-helices found in
each of the structures. Residues that participate in AcCoA interaction are typically not
conserved. Notably, each of the acetyltransferases appears to use CoA, not only as an acetyl
donor, but also as a molecule to stabilize the overall fold of the acetyltransferase domain. It
is difficult to imagine the folding of these domains in the absence of cofactor and it is indeed
not surprising that very few acetyltransferase structures have been reported without bound
cofactor or cofactor analog [14, 79].

Mechanism of catalysis

One of the surprising findings of comparing the different HAT subfamilies is that they use
different chemical strategies to carry out the same chemical reaction of acetylation [5]. This
likely derives from the relative chemical simplicity of transferring an acetyl group from a
CoA thioester to an amine of a lysine side-chain, which likely allows these enzymes to
employ chemical strategies that best suit their respective biochemical activities. This
catalytic diversity within the HATSs appears to extend to the non-histone protein
acetyltransferases.

The Gen5/PCAF and Genb-related N-acetyltransferases have been very well characterized
structurally and enzymatically and shown to utilize a conserved glutamate residue to
function as a general base through a bi-bi ternary complex mechanism [79-81] (Fig 2A). In
this mechanism, both the acetyl-CoA and the substrate protein must be bound to the
enzymes before catalysis can occur, and the turnover number for Gen5 (Kqy) is very efficient
at ~210 min~1 [82]. Interestingly, although SsPAT also contains a glutamate residue (E76) at
the equivalent position in 3-D space, it does not utilize this residue exclusively as a general
base to facilitate deprotonation, but rather a number of residues (Y38, E42, E43, D53, H72,
E76) act as a proton wire to shuttle the proton from the active site (Fig 2B) [78]. The rate of
reaction by SsPATS is significantly slower than Gen5, keg= 2 min~L, but we note that this is
the in vitro measured value at 75 °C for a thermophilic organism, so the naturally-occurring
rate may be different. Studies on Naa50p also suggest that catalysis does not rely on one
specific residue, with a tyrosine and histidine (Y73 and H112) fulfilling the roles of the
general base (Fig 2C) [76]. This reaction appears to occur slightly more efficiently than
SSPAT (kegi= ~7 min~1 for Naa50p), but still not as efficiently as Genb.

Through the structural analysis of Rv0998, it was observed that E235 was positioned in a
location similar to the conserved glutamate of Gen5 (Fig 2D), and when mutated to an
alanine, catalysis was ablated [77]. However, a more thorough enzymatic analysis has yet to
be completed, so it is possible that the catalytic mechanism of Rv0998 may be more
complicated.

The simultaneous reporting of the structure of the a TAT1/acetyl-CoA complex revealed
structures with nearly identical overall folds [75, 83]. However, the investigators’
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interpretations of the catalytic properties of a TAT1 were different. Previous work had
suggested that a conserved aspartate (D157), not a glutamate, acted as a general base for
catalysis (Fig 2E). Friedmann et al. showed that mutation of this residue resulted in a
catalytically-defective enzyme. Furthermore, mutation of this residue to a glutamate
(D157E) failed to rescue activity, suggesting that the bond distances in the catalytic pocket
are crucial for effective catalysis. Also identified in this study was a cysteine residue (C120)
in close proximity to the catalytic pocket. Mutation of this residue to either an alanine or
serine also resulted in a catalytically-defective enzyme, thus suggesting a role for this
residue in catalysis as well. To probe whether a TAT1 employed a bi-bi ternary complex
mechanism like the Gen5 HAT or a ping-pong catalytic mechanism that might employ this
cysteine residue to form an acetyl-enzyme intermediate, as is the case with the MYST HAT
proteins [84], Friedmann at al. performed bisubstrate kinetics under steady state conditions.
This revealed that the mechanism proceeded through a bi-bi ternary complex mechanism.
Based on this data, Friedmann et al. proposed that a TAT1 uses D157 and C120 as general
bases for catalysis. The kinetic analysis performed here also supported the previous claim of
a very inefficient enzyme (kezr= ~.12 min~1). This observation may suggest why acetylated
tubulin is only found in long-lived microtubules, as dynamic microtubules are not stable
long enough for a TAT1 to act upon them. Contrary to the observations of Friedmann et al.,
Taschner et al. showed that D157 and a nearby glutamine residue (Q58) were both
mutationally sensitive for acetylation activity (Fig. 1E), suggesting that these two residues
may cooperate for general base catalysis [83]. While further studies of a TAT1 will be
required to address this discrepancy, it appears that a. TAT1 uses yet another chemical
strategy for substrate acetylation, again highlighting the diversity of chemical strategies used
by acetylation enzymes.

Protein substrate recognition

The structure of Gen5 bound to an 11-residue histone H3 peptide centered on a cognate
H3K14 lysine substrate provided the first atomic view of how a HAT recognizes its cognate
protein substrate for acetylation [80]. This structure and subsequent structures of Gen5/
PCAF with longer histone or non-histone peptide substrates revealed that protein substrate
binds across an enzyme groove formed by the core on the bottom and flanked on opposite
sides by the N- and C-terminal segments (Figs. 2A and 3A) [82]. Residues in the a2 and a4
helices of the N- and C-terminal segments, respectively, mediate the majority of interactions
with peptide. Interestingly, few substrate side chains participate in interactions with the
enzyme, and the majority of interactions are made to the substrate backbone. This may
explain the ability of Genb5 to acetylate diverse histone and non-histone lysine residues.

Although the overall structure of Naa50p superimposes well with Gen5 with a root mean
square deviation of Ca atoms of 4.1 A, the Naa50p protein substrate-binding site shows
significant differences that appear to correlate with its ability to acetylate an N-terminal
amino group instead of a lysine side chain amino group [76]. Specifically, a long loop in the
C-terminal segment occupies one end of what would be the peptide-binding groove of Genb.
This makes the substrate binding region of Naa50p much more “closed” than Gen5, having a
width of only ~9A, instead of ~ 17A in Gen5. This appears to prevent protein segments from
lying across Naa50p to insert lysine side chain residues. Instead, the narrower width of the
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Naa50p binding cleft creates a “tunnel” that allows the amino-terminal end of the cognate
substrate to extend into the enzyme active site in an orientation that is roughly perpendicular
to the protein substrate for Gen5 (Fig 3B). In addition, a hydrophobic pocket that is created
by the a1-a2 helices and the p6-B7 strands of the N- and C-terminal segments that surround
the active site, accommodate the Met-Val sequence that is located at the peptide N-terminus.
These residues are conserved among Naa50p enzymes, but not the other classes of N-
terminal acetyltransferases, and explain why Naa50p has such defined substrate specificity.
Structural characterization of the other NATs will likely reveal similar overall active site
architectures to accommodate N-amino protein substrates, but differences in the substrate
active site will likely specify their respective N-terminal cognate sequences.

The lack of structural data on other PATs bound to their respective cognate substrates
precludes a detailed analysis of the determinants of substrate specificity. However, the
available data on the unliganded enzymes does make possible some predictions that are
worth noting. a TAT1 displays a strict specificity for a-tubulin, which may be mediated in
part by a large positively-charged surface near the presumed substrate binding cleft (Fig.
3C) [75, 83]. This positively-charged surface potential, which is flanked by small apolar and
acidic residues, would seemingly prohibit histone binding and may help coordinate a.-
tubulin K40 recognition,. The a TAT1 structure revealed structural elements flanking the
conserved core that when mutated affect catalysis and a wide substrate binding cleft of
~20A. Additionally, mutation of a novel B-hairpin structure located in the C-terminal
segment was shown to have debilitating or activating effects on catalysis in vitro and tubulin
acetylation in cells (Fig. 3C) [75], which further validates the importance of these structural
elements for substrate recognition by a TAT1.

The structure of SSPAT did not include a protein substrate peptide, but nonetheless
suggested important components for substrate recognition. Similar to Naa50p, SSPAT
displayed a very narrowed binding cleft of 8-10A. However, the SSPAT binding cleft is
constricted because of an unusual bent helix (a.2) that sits in the space that would be
occupied by the peptide substrate as it is bound to Gen5 (Fig 3D, green). The a2 helix of
SSPAT appears to play a role in substrate recognition, as mutation of residues in this helix or
residues that contact it affected catalysis [78]. It was proposed that this helix is dynamic and
participates in substrate binding, although the mechanism for this is still not clear [78].
Taken together, like the HATS, the non-histone protein acetyltransferases appear to exploit
divergent regions N- and C-terminal to the structurally-conserved core region for substrate-
specific recognition.

Regulatory mechanisms

The structure of Rv0998 does not reveal the manner by which the protein substrate binds to
the enzyme, but it does, however, reveal how an acetyltransferase might respond to
allosteric signals. In this particular case, the acetyltransferase domain of Rv0998 is fused to
a CAMP binding domain. The crystal structures of the autoinhibited and cAMP-activated
Rv0998 reveals the mode of cAMP-mediated activation of the acetyltransferase [77].
Specifically, in the absence of CAMP, a portion of the acetyltransferase domain referred to
as the “lid” lies over the top of the catalytic glutamate, with a histidine (H173) from the loop
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positioned to mimic the cognate lysine substrate (Fig 3E, pink). Upon binding of the cAMP
to the regulatory domain over 30A away from the active site, a series of conformational
changes occur that results in significant movement of the “lid” to a position that allows the
substrate to gain access to the active site (Fig 3E, green). Many other acetyltransferases,
such at the NATS, are also regulated by the binding of other protein domains, typically from
other polypeptide chains, and it will be interesting to learn if they are regulated by similar or
distinct mechanisms to Rv0998.

Several reports have demonstrated that the autoacetylation of HATS also plays important
regulatory functions. In particular, the Rtt109, p300/CBP, and MYST HAT families have all
been shown to require autoacetylation for maximal acetyltranferase activity [14, 85-88].
Interestingly, each of these HAT families is regulated by autoacetylation in different ways.
A lysine-rich loop in the p300 protein is proposed to occlude the active site, but is displaced
when it is autoacetylated, which allows for binding and acetylation of the cognate substrate
[87]. Several reports have shown that the MYST acetyltransferases are autoacetylated [89,
90], and Yuan et al. showed that a strictly-conserved buried acetyllysine residue in the active
site makes essential stabilizing contacts with neighboring residues and facilitates substrate
binding and catalysis [14]. Rtt109 also contains a strictly-conserved buried acetyllysine [88,
91, 92], but this residue is about 8A away from the active site and has been shown to lower
the Ky, for AcCoA binding and increase the catalytic rate [93], although the mechanism for
this is unclear.

A study by Kalebic et al. identified four lysine residues in a TAT1 that were autoacetylated,
and this autoacetylation was demonstrated to increase the catalytic activity of the enzyme
towards its microtubule substrate [94]. The exact mechanism by which this operates is not
clear, as two of the lysines are distant from the catalytic domain, and the other two are at the
edge of the catalytic domain and not resolved in the crystal structure. Nonetheless, it appears
that the regulation of acetyltransferase activity by autoacetylation may extend beyond the
HATSs to the broader family of protein acetyltransferases.

Conclusions and perspectives

The study of acetyltransferases has come a long way from the first observation of acetylated
histones and the subsequent structure determination of the Gen5 HAT. To date, we have
identified a handful of HATs and we now know that they fall into subfamilies that contain a
structurally-conserved core region, more variable N- and C-terminal segments and divergent
catalytic strategies that participate in substrate-specific acetylation and HAT-specific
biochemical properties. We also now know that HAT activity is often modulated by their
interaction with other protein domains and/or proteins and by autoacetylation. Perhaps not
surprisingly, it appears that PATSs follow the same rules. Future studies on these proteins
clearly need to focus on better understanding their mode of substrate specific activities and
their regulation by other protein domains, protein subunits, autoacetylation and possibly
other post-translational modifications.

A remarkable feature of acetyltransferases is that they lack strong sequence homology. This
fact, together with recent acetylomic studies showing that thousands of proteins in different
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cellular compartments and with diverse biological functions are acetylated, suggests that
other PATSs exist that are yet to be identified. Indeed, the PATS that have been characterized
to date have been identified through their limited sequence homology to the GNAT proteins.
It is therefore likely that other PATs with homology to the MYST or p300/CBP exist, and
perhaps still new subfamilies of PATSs are yet to be discovered. One thing that is becoming
clear is that PATSs are fascinating biochemical machines and we are only beginning to
uncover their mechanism of action. On the biological side, an argument can be made that
PATSs are playing as important a role as protein kinases in signal transduction pathways.
Together with the correlation of altered histone and protein acetylation in various human
pathologies [95, 96], we propose that PATs may also become important drug targets as well.
Indeed, the divergent catalytic strategies that are used by PATSs should facilitate the
development of PAT-specific inhibitors for use in therapy.

Abbreviations

HAT histone acetyltransferase
PAT protein acetyltransferase
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Figure 1. Structure of non-histone protein acetyltransferases
Cartoon representation of (A) TtGen5 HAT, (B) aTAT1, (C), Naas0p, (D) activated Rv0998 (only acetyltransferase domain

shown), and (E) SSPAT. The conserved acetyltransferase core region is colored blue, and the variable flanking N- and C-
terminal segments are colored green. Ac-CoA and CoA are in stick representation and colored according to element: carbon,
yellow; nitrogen, blue; oxygen, red.

FEBSJ. Author manuscript; available in PMC 2014 May 07.



yduasnUe J0yINY Vd-HIN 1duIsNUeIN J0YINY Vd-HIN

1duosnuey Joyiny Vd-HIN

Friedmann and Marmorstein Page 16

A oTAT1

Fig 2. Catalytic pockets of non-histone protein acetyltransferases
Cartoon representation of acetyltransferases highlighting key catalytic residues colored in cyan and other important residues in

yellow. Active site pockets are shown for (A) TtGen5 with protein contact residues highlighted in yellow, (B) SsPAT, (C)
Naab0p with protein contact residues highlighted in yellow, (D) Rv0998, with mutationally sensitive residues in the active site
highlighted in yellow and (E) a TAT1 with mutationally sensitive residues in the active site highlighted in yellow. The coloring

scheme of the catalytic core and flanking domains is the same as Figure 1.
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Figure 3. Substrate specificity determinants and regulation of non-histone protein acetyltransfer ases
(A) Surface representation of the TtGen5/CoA/H3 complex. The H3 peptide is represented as a magenta ribbon. Residues

described in the text and shown in Figure 2 to interact with the substrate peptide are colored yellow. (B) Surface representation
of the Naa50p/CoA/substrate peptide complex also highlighting the peptide substrate binding residues in yellow. (C)
Electrostatic surface potential mapping of the a TAT1/AcCoA complex, with surfaces colored according to charge potential
(blue-positive, red-negative, white-neutral). The mutationally sensitive and presumed substrate interface is highlighted,

emphasizing the large basic patch and location of the B4-g5 hairpin. (D) Carbon alpha alignment of TtGcen5 (orange) and SSPAT
(green). The superimposed H3 peptide substrate from the TtGenb structure shown in magenta. The a2 helix of SSPAT that
overlaps with the H3 peptide-binding site is highlighted. (E) Cartoon representation carbon alpha alignment of the Rv0998

acetyltransferase in the inhibited (magenta) and activated (green) forms. Structurally similar regions are colored blue. The large

domain conformational change that results in the movement of residue H173 is highlighted.

FEBSJ. Author manuscript; available in PMC 2014 May 07.



