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Abstract. The AML1-ETO fusion protein is responsible for 15% of the acute myeloid leukaemias due to its interference with
transcription activation by E-proteins. The eTAFH region of the AML1-ETO competes for the AD1 domain of E-protein,
thereby preventing wild-type transcription activation. The structural details concerning the eTAFH–bound AD1 domain are not
known. We have previously shown that the eTAFH–AD1 interaction is strong (Kd = 28 nM, H. Porumb, Spectroscopy 22
(2008), 251–260). The secondary structure prediction algorithms are undecided as to the conformation of bound AD1 peptide.
Here we demonstrate by circular dichroism that the bound AD1 peptide is fully helical. This will facilitate modeling of the
interaction and launches a challenge as to using synthetic peptides to out compete the eTAFH–E-protein interaction.
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Abbreviations

bHLH: Basic helix–loop–helix
CD: Circular dichroism

CBF: Coactivator protein cyclic AMP response element-binding protein
ETO: ‘Eight–twenty-one’ protein

Kd: Dissociation constant
NHR1: (Drosophila) nervy-homology region 1 domain
TAFH: TATA-binding protein (TBP)-associated factor (TAF) homology
TFIID: Transcription factor IID

1. Introduction

E-proteins are a family of DNA-binding transcription factors involved in regulating cell growth, dif-
ferentiation, and apoptosis. In particular, they are active in B- and T-cell differentiation. E-proteins are
members of the basic helix–loop–helix (bHLH) family, recognize the consensus binding site (E-box)
CANNTG, and participate in regulating lineage-specific gene expression through the formation of het-
erodimers with other bHLH proteins [12].
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Fig. 1. Wild-type transcription activation and AML repression. E-protein (in the centre) binds DNA using a basic
helix–loop–helix domain and recruits co-activators CBP/p300 via two activation domains, AD1 and AD2 (right). The eTAFH re-
gion of AML1-ETO fusion protein (left) binds to the LxxLL motif of the E-protein AD1 domain, thereby preventing CBP/p300
to bind and to subsequently activate transcription [14,25]. A possible intramolecular interaction between eTAFH and NHR2
regions of AML1-ETO was suggested by our previous work [17].

Normally, E-proteins interact with the KIX domain of the histone acetyltransferase p300/CREB bind-
ing protein [1], leading to the formation of a (wild-type) complex involving CBP/p300, which causes
histone modifications that facilitate transcription (Fig. 1, redrawn after [14]). Incidentally, p300 is known
to acetylate p53 in response to DNA damage [5].

On the other hand, AML1 (or RUNX1) is a DNA-binding transcription factor. The 8;21(q22;q22)
reciprocal chromosomal translocation is one of the most common chromosome abnormalities identified
in leukemia. The AML1-ETO fusion protein resulting from this translocation is responsible for 15% of
the acute myeloid leukaemias [9,10], usually in the presence of a second class of genetic alterations [24].
It is thought that AML1-ETO recruits transcription activators such as the E-protein and inhibits the nor-
mal E-protein-mediated transactivation of transcription by physically displacing the wild-type coactiva-
tor proteins that usually bind to the latter [14,22,25].

The N-terminal domain of AML1-ETO, ETO-TAFH or eTAFH, is related in sequence to TAF4, a com-
ponent of TFIID. The structure of eTAFH is comparable to that of yeast Rpb4 and of Escherichia coli
sigma, this being the first TAF-related protein with structural similarity to the multisubunit RNA poly-
merases [22].

AML1-ETO has been shown to interact with E-protein via the eTAFH domain of the former [25],
which binds to the E-protein (N-terminal) activation domain, AD1 (Fig. 1). The AD1 domain [15]
contains 99 amino acids incorporating an LxxLL motif. Peptide AD1, representing a 17 amino acids
fragment of AD1 (positions 12–28), is the object of the present investigation.

The 3D solution (NMR) structure of eTAFH [22] and of the AD1-bound state of the human ETO-
eTAFH domain (eTAFH) are known [15], but the molecular details concerning the bound AD1 segment
could not be determined. A helical conformation of AD1 [15] was inferred from sequence conserva-
tion and secondary structure predictions based on analogies [1,6]. In this work we have undertaken the
elucidation by circular dichroism of the structure adopted by peptide AD1 upon binding to eTAFH, hop-
ing that the information obtained will facilitate the modeling of the local structure of the eTAFH–AD1
complex, unclear at the time of writing. The possibility of targeting eTAFH by synthetic peptides or
peptidomimetics is also discussed.
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2. Results

The CD spectrum of the AD1 peptide, with its negative band at wavelengths below 200 nm, shows
that free AD1 is unstructured in solution (Fig. 2A). Protein eTAFH alone shows an important helical
content (of the order of 60%; typical negative bands at 208 nm and 222 nm), as indeed confirmed by its
known structure [22].

The difference CD spectrum of AD1 (eTAFH–AD1 complex minus eTAFH), when expressed in terms
of molar differential absorptivity per AD1 residue, displays the features at 208 and 222 nm characteristic
for a helix, which shows that, when bound to eTAFH, peptide AD1 adopts a helical conformation. The
molar differential absorptivity per residue at 222 nm, εΔ222 ∼ 10 M−1 cm−1 is close to the largest
theoretically possible value. This value indicates that the bound AD1 peptide has in fact become fully
helical.

Fig. 2. Elucidation of the secondary structure of peptide AD1. (A) Circular dichroism difference spectral analysis of the inter-
action of peptide AD1 with protein eTAFH (the color code is indicated). (B) AGADIR prediction of the helix propensity of
peptide AD1 in solution. (C) GOR IV prediction of the helicity of peptide AD1 within a protein environment. (D) PROF analy-
sis of peptide AD1, predicting as secondary structure 71% helix (H) vs. 29% loop (L), disposed as: LL–HHHHHHHHH– – –L,
where “–” means undecided feature. The plotted curve indicates the reliability of the prediction at each residue (scale from 1
to 9).
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3. Discussion

Our laboratory has been involved in developing spectroscopic tools for quantifying ligand–
macromolecule interactions [16] and for fingerprinting (mostly) secondary structural features present
in nucleic acids and proteins [7,8,18–20].

In a recent work, we looked by optical spectroscopic techniques (CD, ANS fluorescence and intrinsic
fluorescence) at protein eTAFH and at peptide NHR2, issued from AML1-ETO, and at peptide AD1, is-
sued from E-protein, respectively [17]. We described the nature of the oligomerisation process involving
the NHR2 region of AML1-ETO. We have also shown that, separately from binding to AD1, the eTAFH
domain of AML1-ETO might recognize the LxxLL motif of the NHR2 domain, the first likely interac-
tion of eTAFH thus being intramolecular, within the AML1-ETO protein itself. Furthermore, a possibly
accidental, weak interaction of NHR2 with AD1 was also revealed. We obtained dissociation constants
for the self-association of peptide NHR2 (Kd = 2.8–4 µM), for the binding of peptide NHR2 to eTAFH
(Kd = 1.28 nM) and to AD1 (Kd = 240 nM) and, last but not least, for the eTAFH–AD1 interaction
that concerns this work (Kd = 28 nM).

The CD spectrum of peptide AD1 shows that the helical content of the free peptide is negligible
(Fig. 2A). This is consistent with the AGADIR prediction (helical content below 3%, Fig. 2B), as indeed
this algorithm predicts helix propensities for free polypeptide chains in solution. On the other hand, both
secondary structure prediction algorithms GOR IV and PROF are rather “uncertain” in so far as the
helical content of the peptide in a protein environment is concerned. GOR IV algorithm, which predicts
the helical content of a peptide segment within the protein context, tells that peptide AD1 would be
structured to a large, but not full extent, its helical content reaching 80% in the middle of the sequence
(Fig. 2C). Likewise, with not very high reliability (Fig. 2D), the PROF algorithm predicts 71% helix
vs. 29% loop.

The present CD results show that upon interacting with the eTAFH partner, the structuring effect on
peptide AD1 is even greater than that predicted by GOR IV and PROF algorithms for the situation where
the peptide were buried in its own protein environment. Indeed, the molar differential absorptivity per
bound AD1 residue at 222 nm reached the limiting value of 10 M−1 cm−1 [3,26] (Fig. 2A). We inferred
that, when bound to eTAFH, peptide AD1 changed from random to a fully helical conformation. The
small Kd value of the eTAFH–peptide AD1 complex (28 nM) indicates that the interaction is strong.
It is remarkable that upon binding, in spite of the major unfavorable entropic term associated with the
passage of peptide AD1 from coil to helix, the Kd of the interaction is still so low. We expect that, when
in the full protein context, this interaction be even stronger.

The case described in this work recalls a well known situation, where a 68-residue polypeptide from
yeast, called IA3, modulates through active-site occupation the activity of its target enzyme, aspartic
proteinase. Alike with peptide AD1, the free IA3 peptide is essentially unstructured. Upon contact with
the active site of the enzyme, residues 2–32 of peptide IA3 adopt an amphipathic alpha-helical confor-
mation. The charged Lys-18 and Asp-22 on the otherwise hydrophobic face of the amphipathic helix are
key selectivity-determining residues within the inhibitor, whereas Ala-213 is the dominant selectivity-
governing feature in the proteinase. An extensive water-mediated hydrogen bond network involving
Lys-18 and Asp-22 of the peptide and the catalytic Asp-32 and Tyr-75 of the active site locked the
inhibitor inside the enzyme with an unprecedented specificity [13,23].

Since a three-dimensional structure of eTAFH is available, the structural information obtained from
the present CD spectroscopic experiments should facilitate the modeling of the eTAFH–AD1 complex.
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The modeling approach would also allow analysis of the inferred importance of the LxxLL motif for the
interaction between AD1 and eTAFH. This development is outside the purpose of the present work.

Given the ubiquity of the LxxLL motif, deeper insights are needed (and will undoubtedly become
available) in order to distinguish the factors ensuring the specificity of the interactions involved in wild-
type transcription vs. AML repression (Fig. 1). The induction of full helicity into the LxxLL-containing
AD1 peptide upon binding eTAFH, together with the understanding of the factors ensuring the specificity
of this interaction, raise the exciting possibility of using synthetic helical LxxLL-containing peptides or
peptidomimetics as competitors targeted to the AML1-ETO protein, aiming to prevent the formation of
the AML1-ETO–E-protein complex.

4. Materials and methods

4.1. Proteins

The eTAFH protein of AML1-ETO used here was a 105 amino acid region of 11.873 kDa [2,15]. It was
provided by M. Plevin and it belongs to the lot that served to the elucidation of its NMR structure (details
on how the protein was obtained and purified have been described [15]). The protein was dissolved in the
working buffer (15 mM Tris pH 7.5, 150 mM NaCl) at about 1.2 mM. Its concentration was subsequently
measured spectrophotometrically, based on a molar absorptivity value of 1280 M−1 cm−1, calculated
from the amino acid composition (the first two amino acids belong to the tag):

GSARQLSKLKRFLTTLQQFGNDISPEIGERVRTLVLGLVNSTLTIEEFHSKLQEAT

NFPLRPFVIPFLKANLPLLQRELLHAARLAKQNPAQYLAQHEQLLLDAS.

Peptide AD1 (residues 12–28 of the N-terminal activation domain, AD1, of E-Protein, GTDKELS
DLLDFSAMFS) was a 17 amino acid, 1.876 kDa peptide obtained by chemical synthesis. As it had
no chromophore suitable for UV absorption, it was put into solution by weight. The overall accuracy in
handling the concentrations is expected to be better than ±5%.

4.2. Circular dichroism of TAFH–bound AD1

CD spectra were recorded on a Jasco J-810 dichrograph, in a 0.1 mm demountable cell at 25◦C
in 0.1 nm steps in the wavelength range 190–260 nm, with 1 nm bandwidth and 4 s integration. Spectra
of eTAFH protein at 30 µM (3.15 × 104 M residue concentration) and of a stoichiometric amount of
AD1 peptide, alone and complexed to eTAFH, were recorded. The spectrum of the eTAFH protein was
then subtracted from that of the complex, on the assumption, supported by NMR data [15], that the pro-
tein did not change structure upon AD1 binding. The difference spectrum was then converted into units
of molar differential absorptivity per AD1 residue. Recall that the α-helix content of peptides can be
approximated by the relation: Pα = −[Δε222 × 10] (Pα: percentage of α helix; Δε222: differential molar
absorptivity per residue at 222 nm) [15,26].
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4.3. Secondary structure predictions

The algorithms for the secondary structure predictions AGADIR [11], GOR IV [4] and PROF [21]
were available on the web respectively from: http://www.embl-heidelberg.de/serices/serrona/agadir-
start.html, http://pbil.univ-lyon1.fr/ (Pôle Bioinformatique Lyonnais, France) and http://www.
predictprotein.org//main.php.
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