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Crystal structure of TraN, a regulator of
conjugative DNA-transfer, in complex with
its cognate DNA binding site
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Bacterial conjugation is the most prevalent route of DNA
transfer between bacteria and mediates the rapid spread of
bacterial resistances within bacterial communities. Type IV
secretion system (T4SS), elaborate molecular machines,
are responsible for the efficient transport of nicked, sin-
gle-stranded plasmid DNA across the cell walls of the
donor as well as the recipient cell [1]. We investigate the
T4SS from the antibiotic resistance plasmid pIP501, which
is encoded within a single operon comprised of 15 puta-
tive transfer factors. The 14™ open reading frame encodes
TraN, a specific double-strand DNA binding protein, which
recognizes a 34 bp long stretch of DNA positioned 72 bp
upstream of the oriT nick site [2]. The structure of unbound
TraN has been determined previously [2]. Here we present
the TraN-DNA complex structure determined at 1.93 A and
show that TraN acts as a repressor of the pIP501 encoded
T4SS. The repressor function of TraN has been shown in in
vivo experiments: an E. faecalis traN deletion strain exhibits
highly increased transfer rates, as well as elevated mRNA
and protein levels of the all tested tra-operon components,
including the putative T4SS complex member TraM. Based
on the detailed analyses of the TraN-DNA interaction we
identified a further high-affinity binding site within the
tra-operon (upstream of the traN gene). Furthermore, we
show that related plasmids of the Inc18 family that encode
a TraN homolog also harbor at least one conserved TraN
binding site. We therefore conclude that the proposed reg-
ulatory role of TraN is conserved in the related plasmids.
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RNA-binding proteins regulate a myriad of biological path-
ways by tightly controlling the fate of ribonucleic acids. For
this purpose, nature has evolved an arsenal of different RNA
binding domains specialized to specifically associate with a
variety of target RNAs. While some of these protein domains
show preference for a defined RNA sequence motif, others in-
teract primarily with structured RNA elements. For both cases,
examples for recognition of single-stranded or double-stranded
RNA stretches have been identified. Only very recently, the
NHL domain of TRIM-NHL protein family members, which
include some of the key regulators of cell proliferation and dif-
ferentiation, has been added to the repertoire of RNA-binding
folds. The TRIM-NHL family member Brat from Drosophi-
la melanogaster has been shown to specifically bind, via its
NHL domain, a short single-stranded RNA stretch containing
a defined sequence motif [1]. However, it remains largely un-
explored how the many other family members featuring the
WD40-like beta-propeller of the NHL domain interact with
RNA. Here we present a completely different solution for rec-
ognition of an RNA element by the NHL domain of another
TRIM-NHL family member. The Caenorhabditis elegans
LIN-41 protein, a well-studied target of the let-7 miRNA, regu-
lates developmental processes in the soma and has been shown
to reprogram germ cells into pluripotency during the oocyte
to embryo transition. Similarly, its human homolog TRIM71
plays a role in cellular plasticity by regulating the transition
from differentiated to pluripotent cells. In both worms and
mammalian cells, LIN-41/TRIM71 function has been linked
to degradation or translational repression of specific mRNAs,
but how these RNA molecules are recognized has remained
a mystery [2]. By combining computational analysis, X-ray
crystallography, and in vivo studies in worms and human cells,
we find that the NHL domain of LIN-41/TRIM71 binds a short
stem-loop RNA element, which is present in multiple copies
in the 5°- or 3’-UTRs of well-established LIN-41/TRIM71
mRNA targets. Based on the computational and structural
data, we suggest a LIN-41 RNA response element of varying
sequences capable of folding into the correct 3D RNA-hair-
pin structure to achieve specificity by shape and electrostatic
complementarity to a positively charged, shallow pocket in the
NHL domain of LIN-41/TRIM71 [3].
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