
Comment on Structural basis of DUX4/IGH-driven 
transactivation

Hideki Aihara1,*, Ke Shi1, John K. Lee1,$, Darko Bosnakovski2,3,4, and Michael Kyba2,3

1Department of Biochemistry, Molecular Biology and Biophysics, University of Minnesota, 
Minneapolis, MN, 55455, USA

2Lillehei Heart Institute, University of Minnesota, Minneapolis, MN 55455, USA

3Department of Pediatrics, University of Minnesota, Minneapolis, MN 55455, USA

4University Goce Delcev - Stip, Faculty of Medical Sciences, Krste Misirkov b.b., 2000 Stip, R. 
Macedonia

In a recent issue of Leukemia, Dong et al. reported the crystal structure of an isolated second 

homeodomain of human DUX4 (DUX4HD2) bound to a double-stranded DNA fragment 

(strand-1: 5’-TTCTAATCTAATCX-3’, X=A according to Materials and methods of the 

original paper[1], annealed with strand-2: 5’-AAGATTAGATTAGT-3’, whereas the 

sequence record of PDB entry 5z2t shows X=TT. We also note that 5’-

TGATTAGATTAGAA-3’ in Materials and methods of the original paper is the reverse 

sequence of ‘strand-2’ above, which is from the PDB.) containing the sequence that authors 

refer to as the DUX4 responsive element (DRE), 5’-TAATCTAAT-3’ [1]. The reported 

structure consisted of two molecules of DUX4HD2 bound to DNA in a head-to-tail 

arrangement, with each DUX4HD2 recognizing a TAAT motif on the same strand. We were 

surprised by this configuration, because the DUX4 recognition sequence as defined by 

ChIP-seq[2, 3] and by mutagenesis[4] is actually 11-nucleotide (nt) long, not 9 nt, namely, 

5’-TAATCTAATCA-3’. The terminal CA nucleotides are among the most highly conserved, 

but an explanation for their necessity is not provided by the structure presented. An 

additional curiosity was the fact that the apparently critical TAAT sequences are not present 

in the mouse Dux consensus sequence, which nevertheless has many residues in common 

with that of human DUX4, and also includes a strongly conserved CA at positions 10 and 

11: 5’-TGATTCAATCA-3’ [5, 6].

The authors discussed that the side chain of Arg148 makes a key sequence-specific contact, 

forming hydrogen bonds with N6 and N7 positions of an adenine base of the TAAT motif in 

the major groove of DNA (Fig. 2f in the original paper)[1]. The model refined to 2.6 Å 

resolution (PDB ID: 5z2t) indeed shows distance between the nitrogen atoms from adenine 

N6 amino group and Arg148 guanidinium group of 2.9 and 3.0 Å for the two DUX4HD2 

molecules. However, we note that this is not a favorable interaction in physiological 
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conditions, as both these groups would have positive electrostatic potential and are not 

compatible with hydrogen-bonding. These unexpected structural features prompted us to re-

examine the authors’ crystallographic data available in the protein data bank (PDB: 

www.rcsb.org)[7]. Examination of the electron density map calculated from the deposited 

structure factors and atomic coordinates using the program PHENIX[8] suggested that DNA 

had been misplaced with an incorrect register, as evidenced by strong mFo-DFc difference 

densities near either end of the DNA molecule (Fig. 1a, c). We have re-modeled and refined 

the structure with a correctly placed DNA molecule (Fig. 1b, d), which better accounts for 

the electron density and improved Rwork/Rfree from 27.6/29.9 to 24.6/27.9 % 

(Supplementary Table 1). In this revised model, the two DUX4HD2 molecules both 

recognize an AGAT motif fortuitously present tandemly in the DNA substrate used (5’-

AGATTAGAT-3’) (Fig. 2). Arg148 side chain forms hydrogen-bonds with the O6 and N7 

atoms of a guanine base, which makes better chemical sense than the Arg-adenine 

interaction in the original model. We have deposited our re-refined structure in the PDB 

under the accession code 6dfy. Based on these observations, we conclude that the interaction 

of DUX4HD2 with 5’-TAATCTAAT-3’ sequence is not supported by the authors’ structural 

data. Because the interactions with AGAT do not fit into the known DRE, and furthermore 

because HD1 is not accounted for in this study, we advise caution in inferring that the head-

to-tail structure adopted by two units of the isolated second DUX4 homeodomain (HD2) in 

this crystal is representative of the structure formed by the double homeodomains (HD1-

HD2) of DUX4 in vivo, or by DUX4 fusions associated with B-cell leukemia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
2mFo-DFc (blue, contoured at 1.5σ) and mFo-DFc (green/red, 3.0σ/–3.0σ) electron 

densities for the original (a and c) and re-refined (b and d) structures for two representative 

regions, shown in wall-eye stereo views. The original and re-refined models are shown in 

yellow and cyan sticks, respectively. The red cross-hairs in a represent water molecules. 

Strong positive difference density corresponding to the missing nucleotide (a) or 

phosphodiester bond (c) is indicated by the green arrows.

Aihara et al. Page 4

Leukemia. Author manuscript; available in PMC 2019 January 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Re-refined structure of the DUX4HD2-DNA complex. The ‘AA’ dinucleotide at the 5’ end of 

strand-2 (yellow ladder, capital letters) base-pairs with ‘tt’ at the 5’ end of strand-1 (pink, 

lower case) from a neighboring complex, facilitating the formation of a pseudo-continuous 

double helix in the crystal lattice. This crystal contact involves two inter-molecular 

Hoogsteen A-T base-pairs, as shown in Fig. 1b. The 3’-terminal nucleotide(s) ‘X’ of 

strand-1 is displaced and disordered. The two guanine bases hydrogen-bonded to Arg148 

and their complementary cytosines are highlighted in red.
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