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Abstract

Histones and polyamines are important determinants of the chromatin structure. Histones form
the core of nucleosome particles and their modification by acetylation of N-terminal tails is
involved in chromatin structural changes and transcriptional regulation. Polyamines, including
spermidine, are also targets of both cytoplasmic and nuclear acetylation, which in turn alters
their affinity for DNA and nucleosomes. Previous studies report the interplay between
polyamines metabolism and levels of histone acetylation, but the molecular basis of this effect
is still unclear. In this work, we have analyzed the in vitro effect of spermidine on histone H3
acetylation catalyzed by P/CAF, a highly conserved histone acetyltransferase (HAT) (E.C.
2.3.1.48). We have observed that spermidine at very low concentrations activates P/CAF, while it
has an inhibitory effect at concentrations higher than 4 mM. In addition, the in vitro bimodal
effect of spermidine on histone H3 acetylation was also distinctly observed in vivo on polytene
chromosomes of Drosophila melanogaster. We also performed kinetic studies indicating that the
activating effect of low spermidine concentrations on P/CAF-HAT activity is based on its
involvement as a substrate for P/CAF to produce N8-acetylspermidine that is able in turn to
increase the enzyme activity up to four fold.
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Introduction

The polyamines are aliphatic cations involved in a large number
of cellular processes, including nucleic acid packaging, DNA
replication, transcription, translation and apoptosis. These multi-
valent cations are able to form complexes with negatively charged
groups of DNA, RNA and proteins, resulting in chromatin and
nuclear enzymes stabilization1. Tight regulation of polyamines
intracellular pools is fundamental for cell homeostasis; insuffi-
cient levels of polyamines result in growth defects and, in some
cases, cell death, whereas high polyamines levels can lead to
cellular transformation2. Cellular polyamine homeostasis comes
as a result of their biosynthesis, catabolism and transport
processes. The main polyamine catabolic enzyme, spermidine/
spermine N1-acetyltransferase (SSAT or SAT), located into the
cytoplasm, is responsible for the excretion of polyamines3 by
providing them as N1-acetylderivatives to the downstream
polyamine oxidase4. Specificity and kinetics of rat liver SSAT
have already been reported5. The over-expression of SSAT, along
with the reduction of polyamine pools, has been associated with
cell growth inhibition6.

In addition to the cytoplasmic polyamine acetyltransferase,
mammalian cells also have a nuclear enzyme of unclear function
that acetylates the N8-amino group of spermidine7. Acetylation of
spermidine to N8-acetylspermidine was first reported with the
identification of a nuclear acetyltransferase, highly related to
HATs8, providing an intriguing link between spermidine metab-
olism and histone acetylation8–10. Interestingly, an inverse rela-
tionship between the nuclear spermidine N8-acetyltransferase and
histone acetyltransferase activities was evidenced during the
process associated with liver regeneration11. Another interesting
finding is that APAH, an inhibitor of N8-acetylspermidine
deacetylase, has been reported to induce a significant increase
of L1210 cell growth12. In terms of polyamine function in
the nucleus, several studies have also implicated polyamines in
the formation of high order chromatin fibers. Indeed, spermidine
has been shown to facilitate condensation of chromatin fragments
in in vitro experiments13. Furthermore, polyamines have also been
reported to interact specifically with nucleosome core particle and
DNA in vitro14.

Nucleosome folding and oligomerization are dependent on
histone N-terminal domains and affected by histone hyperacetyla-
tion. P/CAF-HAT is a member of one of the many classes of
histone acetyltransferases15, often associated to transcriptional co-
activators or repressors16,17. P/CAF activity, targeting preferen-
tially histone H317, has been considered important in histone
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acetylating events that regulate gene in order to modulate
transcription18.

In the present work, we have explored the potential role of
spermidine in histone acetylation by P/CAF-HAT. In particular,
we show that spermidine acts as bimodal modulator of histone H3
acetylation in both ‘‘in vitro’’ and ‘‘in vivo’’ model systems.

Experimental procedures

Histone H3 acetylation analysis

Recombinant Drosophila histones were prepared as previously
described19. Effects of spermidine (Sigma S4139, Sigma,
Chicago, IL) on histone acetylation were monitored incubating
in a volume of 20 ml different spermidine concentrations with
3.5 mM recombinant H3, 0.11 mM active PCAF (Millipore, San
Francisco, CA, # 14-309) and 5 mM acetylCoA (Sigma, Chicago,
IL, # A2056) in HAT buffer (50 mM Tris-HCl pH 8, 10% glycerol,
0.1 mM EDTA, 1 mM dithiothreitol), for 30 min at 30 �C. Histone
H3 acetylation was analyzed by Western blotting analysis with
antibody against acetylated histone H3 (Upstate, Greenville, SC,
# 06-599, recognizing histone H3 acetylations on K9 and K14).
Acetyl-histone H3 (lys9-lys14) peptide (# 12-360) was supplied
by Upstate (Greenville, SC). The chemiluminescent HRP-
conjugated secondary antibody was developed using the Super
Signal West Femto substrate (Pierce, Waltham, MA) and acquired
with the ChemiDoc XRS imager (BioRad, Hercules, CA).
Densitometric analysis of bands was performed with
QuantityOne software (Biorad, Hercules, CA).

Spermidine acetylation analysis

Spermidine acetylation was monitored incubating in a volume of
200ml spermidine (0.5–40mM) 1mg of active PCAF (Millipore,
San Francisco, CA, # 14-309) and 2.5, 5 or 10 mM acetyl-CoA
(Sigma, Chicago, IL, # A2056) in 50 mM Tris-HCl pH 8.0, for
30 min at 30 �C. Polyamine analysis was performed using a
modification of our previous RP-HPLC procedure20. Briefly,
incubated samples were treated as previously reported and, after
derivatization, the dryness samples were dissolved in 20 ml of 50%
methanol, 2ml aliquots were injected into the HPLC system and
separation was performed using a gradient of solvent A (water)
and B (methanol). Polyamines were eluted from 52% B (0–2 min)
to 58% B (8–14 min) at room temperature. The gradient was then
immediately returned to 53% solvent B (14–15 min) and the initial
conditions restored in 4 min. The flow rate was 0.25 ml/min and
polyamines detected at 229 nm and 254 nm (detector sensitivity
0.01 a.u.f.s.).

Bi-substrate kinetic measurements of P/CAF-SAT activity

The bi-substrate kinetic analysis was performed at acetyl-CoA
concentrations spanning from 2.5 to 10 mM and at spermidine
concentrations spanning from 0.5 to 10 mM. The P/CAF-SAT
activity was monitored via the chromatographic assay previously
described. Data obtained at un-saturating acetyl-CoA concentra-
tions (2.5 and 5mM) were plotted and the curves drawn using the
spline method. After determination of the correct position of the
asymptote, using the procedure described by Cleland21, data at
2.5, 5 and 10mM acetyl-CoA were fitted to the sequential (ternary
complex) mechanism equation (1)22, by the computer program
Grafit version 723, using a non-linear least-square approach. Data
were plotted in double reciprocal form and kinetic constants were
determined:

v ¼ Vmax½A� B½ �=ðKiaKmBþ KmA½B� þ KmB½A þ� �A� B½ �Þ ð1Þ

At un-saturating concentration of acetyl-CoA, the kinetic
mechanism (substrate inhibition in an ordered bi-reactant system

with formation of a dead-end complex) is expressed by equa-
tion (2)22 where Ki is the dissociation constant of EB:

v ¼ Vmax½B�=KmBð1þ Kia= A½ �Þ þ B½ �ð1þ KiaKmB=Ki A½ �
þ KmA A½ � þ KmA½B�=Ki A½ �Þ

ð2Þ

In this system, the plot will be linear only at low values of [B],
and the minimum occurs at

B½ �min ¼ ½KmBKið A½ � þ KiaÞ=KmA�1=2 ð3Þ

In these equations, KmA is the Km value for acetyl-CoA, KmB
is the Km value for spermidine and Kia is the dissociation
constant for acetyl-CoA. Also, the dissociation constant for B,
Kib, is determined from the relationship Kib¼Kia (KmB/KmA).
In addition, by equation (3)22, the dissociation constant of P/CAF-
spermidine complex, Ki was determined.

P/CAF kinetic measurement with the effectors spermidine
and N8-acetylspermidine

In steady-state activation and inhibition analysis, data are fitted to
equation (4)22 for ordered bi–bi systems with alternative B
(spermidine) and to equation (5)22 for the V systems where N8-
acetylspermidine is the non-essential activator. A non-linear least-
square analysis was used23:

v ¼ Vmax½B�=KmBð1þ Kia= A½ �Þ þ I½ �=KmI

þ Kia I½ �=Kii A½ �Þ þ B½ �ð1þ KmA= A½ �Þ
ð4Þ

v=Vmax ¼ � 1þ gLð Þ=ð1þ �Þ 1þ Lð Þ ð5Þ

Kinetic data processing

Leatherbarrow Eritacus Software made a provisional estimate of
kinetic constants with the aid of the Grafit version 7 program23.
The appropriate velocity equations describing the kinetic behav-
iors were verified22.

Analysis of polytene chromosomes

Df[yw] polytene chromosomes were prepared from third-instar
larvae grown at 18 �C. After dissection, salivary glands were
incubated in Grace’s Insect Medium (Invitrogen, Waltham, MA)
added with spermidine at different concentrations for 2 h at room
temperature. Then polytene chromosomes were processed as
described previously24, using the same primary antibody of
Western blot analysis (Upstate, Greenville, SC, # 06-599). DNA
was stained with DAPI.

Results

Optimization of in vitro histone acetyltransferase (HAT)
assay conditions to analyze histone H3 acetylation

In order to analyze spermidine effects on histone H3 acetylation
catalyzed by P/CAF, we tested experimental conditions to
optimize reaction specificity. We tested a broad concentration
range of acetyl-CoA (1–160 mM) on a fixed histone H3 amount
(3.5 mM) and observed that high acetyl-CoA concentrations
(20mM or higher) promote a relevant spontaneous acetylation
of H3, thus masking the P/CAF specific acetylation (Figure 1A).
Then, using acetyl-CoA concentrations yielding the highest
enzymatic H3 acetylation and the lowest aspecific acetylation
(5–10mM), the optimal histone H3 concentration was determined
as 3.5 mM (Figure 1B).
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Spermidine has a bimodal effect on histone H3
acetylation, depending on its concentration

In order to dissect the molecular mechanism inducing histone
hypoacetylation following spermidine addition25, we performed
in vitro HAT assay to monitor the effect of spermidine on H3
acetylation catalyzed by P/CAF. We observed that the addition of
spermidine in the broad concentration range from 0.5 mM to
100mM induced histone H3 hyperacetylation up to 3mM
concentration, whereas it leads H3 hypoacetylation at 5mM or
higher concentration (Figure 2A and B).

To better determine the spermidine concentration that is
critical to switch from activating to inhibitory effects, we
performed an in vitro HAT assay in presence of spermidine in

the concentration range from 0.25 mM to 16 mM. Under these
experimental conditions, spermidine showed a peak of activating
effect on P/CAF-HAT-dependent H3 acetylation at 4mM, while
we observed an increasing inhibitory effect at higher concentra-
tions (Figure 2C and D). The curve in Figure 2(D) shows the data
in Figure 2(C), analyzed using the spline method that produces a
smooth curve through the data points.

P/CAF catalyzes the acetylation of spermidine

In order to better understand the bimodal effect of spermidine on
H3 acetylation, we assumed the hypothesis that spermidine could
represent a P/CAF substrate11. In this respect, we assessed
possible spermidine acetylation catalyzed by P/CAF using a
chromatographic approach that measures the N-acetyl derivatives
of spermidine. The chromatographic profiles, in Figure 3(A),
show the N8-acetylspermidine formation when P/CAF (0.11 mM)
was incubated with 5–10mM spermidine and 5mM acetyl-CoA.
These data clearly show that spermidine acts as a substrate for the
enzyme that acetylates it at N8 position. We also determined the
activity of P/CAF spermidine acetyltransferase (P/CAF-SAT) at
fixed concentrations of acetyl-CoA (2.5, 5 and 10 mM) by
increasing spermidine concentration (from 0.25 mM up to
40 mM) in the presence of 0.11 mM P/CAF. As shown in Figure
3(B), at un-saturating acetyl-CoA concentrations (2.5 and 5mM),
as the plots approach to the 1/v-axis, they pass through a
minimum and curve up. This kinetic behavior is in agreement
with the substrate inhibition in an ordered bi-reactant system
where spermidine reacts with P/CAF as well as with P/CAF-
acetyl-CoA, in a steady-state system, with formation of a dead-
end complex (P/CAF-spermidine)22 (Figure 3C). To determine
the correct position of the asymptotes, the procedure described by
Cleland was used21. In Figure 3(D) and (E), the 1/v-axis intercept
and slope1/[B] replots versus 1/[acetyl-CoA] are shown. The
average values from two separate experiments yielded a kcat value
of 1.8� 106 ± 0.09 min�1. The Kia and KmA values for acetyl-
CoA were 20 ± 3.6 mM and 1.74 ± 0.22 mM, respectively. The Kib
and KmB values for spermidine were 26.32 ± 4.8 mM and
2.29 ± 0.41 mM, respectively. The ki dissociation constant of
P/CAF-spermidine complex was 1.51 ± 0.18 mM.

Figure 2. PCAF-HAT activity on histone is inhibited by spermidine at relatively high concentration and activated at low concentration. In (A), Western
blotting analysis of H3 acetylation by PCAF in the presence of different spermidine concentrations. Acetyl-CoA and H3 were used at, respectively,
5mM and 3.5mM concentration. In (B), quantification of the spermidine effects on PCAF dependent H3 acetylation revealed by densitometric analysis
of Western blotting bands. In (C), Western blotting analysis of histone H3 acetylation by PCAF in the presence of spermidine in the concentration range
of 0.25–16 mM. In (D), quantification of the spermidine effects on PCAF-dependent H3 acetylation, revealed by densitometric analysis of Western
blotting bands, is reported. The curve was drawn using the spline method. Data represent means ± SD from three independent experiments.

Figure 1. Optimization of PCAF-HAT assay conditions of histone
acetylation. (A) Assays of enzymatic and non-enzymatic acetylation
reactions of H3 histone were performed at variable acetyl-CoA concen-
trations with (+) or without (�) P/CAF. The immunoblotting with
antibody recognizing AcH3 shows that the production of the acetylated
histone H3 (AcH3) is actively catalyzed already at 5–10 mM acetyl-CoA
concentration. At higher acetyl-CoA concentration a non-enzymatic
acetylation event is apparent. (B) Different H3 concentrations were tested
in the presence of a fixed acetyl-CoA amount. Western blotting analysis
shows that at 5 mM acetyl-CoA concentration all the different H3 amounts
tested gave negligible non-enzymatic acetylation.

DOI: 10.1080/14756366.2016.1205045 Regulation of P/CAF by spermidine 3



Regulation of P/CAF-HAT activity by N8-acetylspermidine:
kinetic analysis

Assuming that the increment of P/CAF-HAT activity is not due to
spermidine but to N8-acetylspermidine, we evaluated its effect on
P/CAF-HAT activity measuring initial rates, without (control) and
with 0.05–0.8 mM of N8-acetylspermidine, holding constant
concentrations of acetyl-CoA and histone H3 at 5 and 10 mM,
respectively. As shown in Figure 4(A), data plotted as v versus
[N8-acetylspermidine], that represents enzyme activator, show
sigmoid trend. Considering that P/CAF is, however, active in the
absence of N8-acetylspermidine, it is possible to state that it is a
non-essential activator. So, to better evaluate its effect on the
kinetic behavior of P/CAF on histone H3 acetylation, we
evaluated the initial rates, in absence (control) and in the presence
of N8-acetylspermidine (0.05–0.8 mM), holding constant acetyl-
CoA (5 mM) while histone H3 was varied. In Figure 4(B), the data
plotted in double-reciprocal form display a line(s) pattern,
intersecting the negative share of 1/[S] axis. N8-acetylspermidine
showed an activating effect on P/CAF-HAT as evidenced by the
decrease of the line’s slope with respect to the control, when its
concentration was increased.

Studies on inhibitory effects of spermidine on P/CAF-HAT
activity

To evaluate the inhibitory effects of spermidine on P/CAF-HAT,
we evaluated the initial enzymatic rates, without (control) and
with of 25–100mM spermidine, holding constant acetyl-CoA
(5mM), while H3 was varied. The data plotted in double-
reciprocal form display a classical pattern, describing inhibitory
effects (Figure 5A) attributable to spermidine as alternative
substrate [EAI] and as dead-end inhibitor [EI] in an ordered bi–bi
system (Figure 5B).

Spermidine administration modulates histone H3
acetylation in vivo

In order to test the relevance in vivo of the histone H3 acetylation
control by specific spermidine concentration, already showed in
vitro, we analyzed the trend of histone H3 acetylation in polytene
chromosomes of Drosophila melanogaster. After incubation of
dissected larval salivary glands in Grace’s Insect Medium added
with different spermidine concentration, H3 acetylation was
analyzed by indirect immune-fluorescence. As shown in
Figure 6, treatment of salivary glands with 3mM spermidine
clearly induces histone H3 hyperacetylation, chargeable to N8-
acetylspermidine produced by the SAT activity of P/CAF,
whereas incubation of salivary glands with 100mM spermidine
causes a net reduction of histone H3 acetylation when compared
to control glands, according to our performed ‘‘in vitro’’ analysis
(Figure 5).

Discussion

Chromatin structure plays a crucial role in the regulation of
eukaryotic nuclear reactions, most of which require chromatin
modification to work efficiently. These changes on chromatin
structure occur as the result of nucleosome remodeling enzymes
that work in concert with covalent modifiers of histone tails26. In
particular, histone acetylation is considered as a major post-
translational modification playing an important role in biological
processes such as transcription, replication and DNA repair27. The
balance between histones and acetylated-histones, in the nucleus,
is controlled by the opposite activities of histone acetyltrans-
ferases (HATs) and histones deacetylases (HDACs) and the
precise maintenance of this balance is required for both cellular
homeostasis and preventing cell cycle abnormalities and malig-
nancy development28.

Figure 3. Dual behavior of spermidine:
substrate and inhibitor of P/CAF. In (A),
chromatographic profiles show benzoic acid
(a), N8-acetylspermidine (b) produced incu-
bating spermidine 5 and 10mM at fixed un-
saturating acetyl-CoA concentration (5mM),
methyl benzoate (c), and spermidine (d). In
(B), plot of 1/v versus 1/[Spermidine] span-
ning from 1 mM to 40mM, P/CAF 0.11mM,
and acetyl-CoA 2.5 mM (filled squares), 5mM
(open squares), and 10mM (open diamonds).
Two additional concentrations of spermidine
were used (0.25 mM and 0.5 mM), but not
displayed. Data were fitted to Equation (1) for
a sequential (ternary complex) mechanism
(see Experimental procedures) using a non-
linear least-square approach. The experiment
was performed in duplicate with a represen-
tative plot displayed. The substrate inhibition
scheme of an ordered bi-reactant system with
a dead-end EB complex formation (P/CAF-
spermidine) is shown in C. In D and E, 1/v-
axis intercept, and Slope1/B replots, for KmA
and Kia calculation are shown.
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Polyamines have a multitude of functions affecting growth and
development. Several studies have demonstrated that polyamines
are involved in gene transcription, modulation of protein kinases,
control of ion channel activities and cell cycle29–35. Equal to
polycations, polyamines are involved in chromatin stabilization
and binding to specific nucleosome location, especially at
‘‘TATA’’ elements on DNA1.

The functional interaction between histone acetylation pro-
cesses and polyamines has been studied in relation to oligomer-
ization of nucleosomal arrays. Reconstituted nucleosomal arrays
with intact hypo-acetylated histone octamers fully oligomerize at
200mM spermidine, whereas 50% more spermidine is required to
condense hyper-acetylated nucleosomal arrays16. Therefore, the
contribution of polyamines to transcriptional regulation in vivo
may also be controlled by balancing histone acetylation and
deacetylation reactions. Acetylation of polyamines reduces their
affinity for DNA and nucleosomes and it is thought that
polyamines acetylation and histones acetylation act synergistic-
ally to modulate chromatin structure36.

The relationship between polyamines and histone in vivo has
been considered in various models of ageing through epigenetic
modifications, induction of autophagy and suppression of necro-
sis. Mechanisms responsible for the cytoprotective autophagy
induced by spermidine have been partially elucidated in yeast. In
this model, spermidine inhibits the activity of HATs, causing

histone H3 hypoacetylation, which in turn epigenetically affects
gene function, allowing the induction of autophagy relevant
transcripts25.

Our data highlight the inhibitory effect of spermidine on P/
CAF HAT activity in vitro, with the consequent histone H3
hypoacetylation, confirming previous observation in vivo25. In
particular, we have observed that the inhibitory effect of
spermidine on P/CAF activity is dependent on its concentration:
we observed in fact a substantial activation of H3 acetylation at
spermidine concentrations lower than 5mM.

Previous studies have reported that the interferon regulatory
factor 2 (IRF2) has an inhibitory effect on p300 and P/CAF
histone-acetylating activities through its action as a competitive
substrate37. Likewise, our data suggest that the inhibitory effect of
spermidine on histone acetylation at relatively high concentra-
tions (45mM) could be ascribed to the behavior of this polyamine
as competitive substrate for the P/CAF active site both in vitro and
in vivo.

It is known that spermidine can be acetylated to N8-
acetylspermidine and that this modification is important for
polyamine catabolism as it induces the removal of spermidine
from cell nucleus38. Nevertheless, there is evidence supporting a
role of N8-acetylspermidine itself in the regulation of cell growth
and differentiation. Accumulation of N8-acetylspermidine in
L1210 cell cultures results in stimulation of their growth12,
whereas increased N8-acetylspermidine levels in PC12 cells have

Figure 4. P/CAF-HAT activity: regulation by N8-acetylspermidine. In
(A), the sigmoidal curve describes the activity of P/CAF-HAT as a
function of N8-acetylspermidine (0.05–0.8mM), at fixed concentrations
of acetyl-CoA (5 mM) and histone H3 (10 mM). In (B), kinetic data of P/
CAF-HAT activity relative to the assay performed incubating histone H3
(1–10mM) and acetyl-CoA (5 mM) in absence (gray triangle) and in
presence of fixed N8-acetylspermidine concentration (gray squares,
0.1mM; gray diamonds, 0.2mM; filled circles, 0.4 mM). The experiments
were performed in triplicate, data elaborated using a non-linear least-
square approach, and one of the double reciprocal plots displayed. In this
graph, velocity data obtained at 0.05 and 0.8 mM of N8-acetylspermidine
are not displayed.

Figure 5. P/CAF-HAT activity: inhibition by spermidine. In (A), the plot
in double-reciprocal form of enzymatic rate data related to the inhibitory
effect on P/CAF-HAT of spermidine in the concentration range 2.5–
100 mM, is shown. Samples containing 0.11mM P/CAF, 5mM acetyl-
CoA, and 2.5–10 mM histone H3 were incubated in 50 mM Tris-HCl pH
8.0 at 30 �C for 30 min. The experiments were performed in triplicate and
data elaborated using a non-linear least-square approach. In (B), scheme
relative to the two different inhibition mechanisms of spermidine on
P/CAF-HAT, operating as alternative substrate or dead-end inhibitor, is
reported.

DOI: 10.1080/14756366.2016.1205045 Regulation of P/CAF by spermidine 5



Figure 8. Metabolism of spermidine and its N-acetylderivatives: schematic representation. In cytosol the well-known metabolism of polyamines is
reported. In the nucleus, the relationship between spermidine and P/CAF is shown highlighting the role and the effects of this polyamine on the enzyme.
Spermidine at concentrations higher than 15mM exerts a marked inhibitory effect on P/CAF acetylating activity versus histone H3. On the contrary, at
lower concentrations (55 mM) it plays a net increase of the P/CAF-HAT activity. This activating effect of spermidine at low concentrations is explained
by the evidence of its conversion to N8-acetylspermidine, catalyzed by P/CAF (P/CAF-SAT activity). Thus, in the nucleus, the acetylation of
spermidine will result in the decrease of the inhibitor (spermidine), and in the availability of the activator N8-acetylspermidine.

Figure 7. Steady-state kinetics of a bi-reactant enzyme: regulatory role of spermidine and N8-acetylspermidine on P/CAF-HAT and -SAT activities. In
the reaction scheme shown below, I (spermidine) is substrate of the enzyme E(T) that leads to the production of S (N8-acetylspermidine) behaving like
an alternative substrate for enzyme E(T) which substitute B (histone H3) in the ordered bi–bi mechanism. The product S can bind to E(T), at non-
catalytic site, by activating the enzyme which will change into E(R). When the concentration of I is high, it can substitute for A (acetyl-CoA) in the
binding either with E(T) or E(R), acting as dead-end inhibitor.

Figure 6. In ‘‘in vivo’’ effects of spermidine on H3 acetylation\r\nImmuno-fluorescence analysis of Drosophila melanogaster polytene chromosomes:
control (A) and after treatment with 3mM (B) and 100 mM (C) spermidine.\r\n.
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been associated with the inhibition of growth and differenti-
ation39. In this respect, both nuclear localization and substrate
specificity suggest that spermidine N8-acetyltrasferase can be
considered as a histone acetylase11.

We have hypothesized that P/CAF has a role in spermidine
acetylation, specifically at N8-position. Here we report for the
first time that P/CAF is implicated in the biosynthesis of N8-
acetylspermidine through an alternative spermidine acetyltrans-
ferase activity (P/CAF-SAT) (Figure 7). Considering that P/CAF
contains a bromodomain, consisting of amino acid residues 745–
815, that is known to interact with acetyl peptides derived from N-
terminal H3 and H4 histones40 and also that GNC5 bromodomain
displays a strong preference for positively charged ligands over
negatively charged ones41, we speculate here that the seeming
activating effect of spermidine on H3 acetylation, observed at
lower concentration (55 mM), is likely due to binding of N8-
acetylspermidine to the P/CAF bromodomain and the resulting
histone acetylating activity. In particular, we suggest that P/CAF
is present in two different forms (T and R states) and that binding
of N8-acetylspermidine to its bromodomain produces the enzyme
conversion from a less active T state to the more active R state. At
higher concentrations (45mM), spermidine competes with histone
H3 as an alternative substrate, triggering the inhibition of P/CAF-
HAT activity (Figure 7). Furthermore, the inhibitory effect of
spermidine on P/CAF-HAT at very high concentration (415 mM)
is based on a distinct mechanism, as indicated by kinetic analysis
in in vitro and direct evaluation of the activity in in vivo
(Figure 6). Under these conditions, spermidine interacts with P/
CAF at the catalytic site for acetyl-CoA, eventually leading to the
production of a P/CAF-spermidine dead-end complex (Figure 3C
and 7).

Our data provide new insights on the role of polyamines on
nucleosome modification, supporting the regulation by spermi-
dine of P/CAF activity, on one hand, and the conversion of
spermidine into N8-acetylspermidine by P/CAF, on the other hand
(illustrated in Figure 8). Further studies are required to better
define the complex interplay between histones and polyamines in
the epigenetic regulation of gene transcription during cell
proliferation and differentiation processes.
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