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Genes are supposed to stay in one place.  However, cells carry pro-
teins that are powerful antagonists of this founding principle of
molecular biology. These are transposases that catalyze the move-
ment of DNA segments, and the associated genes, to new DNA
sites.  These proteins have dramatic biological and evolutionary
consequences that shape the genomes of organisms.  Remarkably,
we have just learned that a full 45% of the DNA in the human
genome is transposable element-derived sequence1.  Although
there are several classes of transposition proteins, the best under-
stood are members of the transposase/retroviral integrase super-
family.  These proteins are responsible for the movement of most
DNA elements and the virus-like (LTR) retrotransposons, as well
as for retroviral integration.  The new millennium has brought
the first structure of a transposase–DNA complex, as well as sev-
eral new retroviral integrase structures and the structure of a
transposase-associated nuclease.  These data, along with recent
biochemical experiments, reveal sophisticated new views on the
mechanisms used by transposases to assemble multimeric pro-
tein–DNA complexes and catalyze recombination.  Here, we pre-
sent an overview of the chemical reactions catalyzed by
transposases and integrases, and review the Tn5
transposase–DNA co-crystal structure.  After this summary, we
use information from the Tn5 structure and other available struc-
tures, along with biochemical and genetic data, to discuss aspects
of the active protein–DNA complexes that are likely to emerge as
shared features among members of this protein family.

Introduction to transposases and transposition
Transposases and retroviral integrases (hereafter transposases)
share structurally related catalytic domains (Fig. 1).  They are
members of a larger superfamily of polynucleotidyl transferases
that includes RNaseH and RuvC.  The latter two enzymes are both
nucleases: RNaseH cleaves the RNA strand of hybrid RNA-DNA
duplexes and RuvC cleaves the Holliday junction DNA intermedi-
ates formed during homologous recombination2,3.  Transposases
promote three central steps in recombination4 (Fig. 2). These pro-
teins (i) recognize specific DNA sequences at the ends of the
mobile element and pair them to form a synaptic complex; (ii)
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Transposases and retroviral integrases promote the movement of DNA segments to new locations within and
between genomes.  These recombinases function as multimeric protein–DNA complexes. Recent success in
solving the crystal structure of a Tn5 transposase–DNA complex provides the first detailed structural
information about a member of the transposase/integrase superfamily in its active, DNA-bound state.  Here, we
summarize the reactions catalyzed by transposases and integrases and review the Tn5 transposase–DNA co-
crystal structure.  The insights gained from the Tn5 structure and other available structures are considered
together with biochemical and genetic data to discuss features that are likely to prove common to the catalytic
complexes used by members of this important protein family.
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Fig. 1 A conserved catalytic core. Single subunits or fragments of four
family members are shown with conserved secondary structure ele-
ments colored in rainbow order from red to violet. Shown are: one
subunit of intact Tn5 transposase taken from the DNA complex struc-
ture10 (PDB accession code 1F3I); the RNase H domain of HIV reverse
transcriptase (RT), taken from an RT–DNA complex13 (PDB accession
code 1RTD); the core fragment of Mu transposase37 (PDB accession
code 1BCM), which contains a small β-barrel in addition to the canoni-
cal catalytic domain and the catalytic and C-terminal domains of RSV
integrase32 (PDB accession code 1C0M). Catalytic residues are shown in
ball-and-stick representation with divalent metal ions in pink. In the
transposase and integrase structures, the catalytic residues extend
from the 1st and 4th β-strands (red and green, respectively) and from
the 4th helix (blue). A slightly different array is found in RNase H; in
addition to conserved negatively charged residues extending from
these 3 structural elements, its active site contains a Glu (here mutated
to Gln) extending from the 1st helix (yellow) and a His from the turn
just before the 4th helix. Figs 1, 3, 5 and 6 were prepared using 
RIBBONS45.
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nick the DNA at each end of the element to liberate the 3′OH ends
of the element from the DNA in which it was imbedded; and (iii)
promote the direct attack of these cleaved DNA ends on two phos-
phodiester bonds at a new DNA site, thereby joining the element’s
genome to a new segment of DNA.  Water serves as the attacking
nucleophile in the nicking step, whereas the element’s 3′ hydroxyls
do so in the DNA joining step (called DNA strand transfer).
Remarkably, both reactions are catalyzed by the same divalent-
cation-bound active site.  The structural relationship between
transposases and some nucleases implies that they may have orig-
inated from ancestral nucleases that gained the ability to use a
DNA 3′OH as well as water as a nucleophile. 

Transposases require no external energy source and do not uti-
lize covalent protein–DNA intermediates.  They form very stable
complexes with their substrate DNA, such that once properly
assembled, they remain bound throughout recombination. The
final step, DNA strand transfer, does not change the net number of
high-energy bonds and is probably driven forward only by prod-
uct binding energy.  Thus, these proteins usually function stoi-
chiometrically rather than promoting multiple reaction cycles.

The 3′ end cleavage and DNA strand transfer reactions are com-
mon steps promoted by all characterized members of this trans-
posase family. In addition, many elements (although not all, see
Mu in Fig. 2) excise completely from their original DNA location
prior to inserting at a new site. This excision demands that both
strands of the DNA at the junction between the element and its
original host site are severed. Whereas the ‘transferred strand’ is
always cleaved by the transposase, transposons have evolved mul-
tiple strategies for cleaving the ‘nontransferred strand’ (Fig. 2,
steps iib, iib′ and iic). One strategy, initially discovered for Tn10
transposition and also used by Tn5, involves an interstrand DNA
strand transfer reaction that generates a ‘DNA hairpin’ intermedi-
ate5 (Fig. 2, step iib). This process proceeds as follows: once the
first strand of DNA is cleaved, the newly generated 3′OH end
attacks the opposite DNA strand, simultaneously cleaving this
strand and generating an interstrand DNA phosphodiester, or
‘hairpin’. The same active site then hydrolyzes the hairpin to
regenerate a free 3′OH at the element end, now on a DNA broken
on both strands5,6. A similar hairpin mechanism is used to intro-

duce a double strand break in the DNA during the assembly of
immunoglobulin and T-cell receptor genes by VDJ recombina-
tion7,8. A second method of cleaving the nontransferred strand
involves simple hydrolysis of this DNA site by a nuclease subunit,
other than the transposase, which is part of the transposase–DNA
synaptic complex. This method is used during Tn7 transposition9.
As described below, we now understand these two mechanisms in
substantial structural detail.

The first view of an active transposase
The structure of the Tn5 transposase synaptic complex consists
of a dimer of ∼55 kDa transposase subunits engulfing a pair of
20-base pair DNA fragments10 (Fig. 3a). These fragments mimic
the ends of the Tn5 genome after excision from host DNA. The 3′
hydroxyls are engaged in the transposase active sites. Thus, the
structure provides a snapshot of the synaptic complex poised to
‘pounce’ on the target DNA.

Extensive protein–DNA contacts. The protein–DNA contacts in
the structure are extensive and interwoven. Transposase is con-
structed from three functional domains — the N-terminal site-
specific DNA binding domain, the catalytic core and the
C-terminal protein–protein interaction domain — all of which
contact DNA. Each transposase subunit makes multiple contacts
with both DNA fragments and approximately two-thirds of the
8,000 Å2 of solvent accessible surface buried upon formation of
the dimer results from buried DNA surface. This is largely because
the DNA fragment, which is bound specifically by the N-terminal
domain of one subunit, has its terminal nucleotides in the active
site of the other subunit. This interwoven subunit arrangement
explains why synapsis of the DNA ends is an essential prerequisite
for catalytic activity and helps avoid deleterious recombination
events involving only a single transposon end.

Active site of the transposase. The Tn5 transposase–DNA com-
plex structure also provides the first view of a transposase cat-
alytic domain with DNA engaged in the active site. Members of
the transposase protein family carry a signature motif of three
acidic amino acids, the DDE-motif, that cluster together in the
folded catalytic domain. These acidic residues have been pro-
posed to coordinate divalent metal ions (presumably Mg2+
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Fig. 2 DNA cleavage and joining reactions catalyzed by transposases. The bold lines represent the ends of a mobile element, and the thin lines are
flanking host DNA. The first step described in the text, specific recognition and pairing of the ends by a transposase, is not shown. In step (ii), the
transposase nicks the transferred DNA strand, freeing its 3′ OH, which in step (iii) attacks a target DNA (gray). Some transposases — for example, Mu
transposase — do not cleave the nontransferred strand and, thus, generate a branched DNA product. The equivalent of the flanking host DNA in the
retroviral integrase case is only a few base pairs. These sequences on the nontransferred strand are thought to be removed by host enzymes. Some
transposases such as Tn10 and Tn5 cleave the nontransferred strand via formation and opening of a ‘DNA hairpin’ intermediate, shown in steps (iib)
and (iic). Alternatively, the nontransferred strand can be directly hydrolyzed, as is done by the Tn7 proteins (step iib′). See refs 46–49 for more
detailed reviews of the systems described here.
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in vivo, although Mn2+ also supports activity in vitro). The Tn5
structure has one Mn2+ ion in each active site, coordinated by
two DDE-motif residues (Asp 97 and Glu 326) and the 3′OH of
the transferred DNA strand. This Mn2+ is attractively positioned
for a role in activating this 3′OH DNA end for nucleophilic
attack on a new DNA phosphodiester.

How many metal ions? Although only one metal ion is observed
in the current Tn5 structure, many enzymes that catalyze phos-
phoryltransfer reactions use a two-metal ion mechanism11.
Currently, there is evidence favoring both one- and two-metal
models for the transposase active center. Evidence supporting a
one-metal mechanism includes data indicating that the trans-
posase cousin RNase H may require only a single catalytic metal
ion12. However, RNase H may not be a typical representative of a
transposase catalytic domain; the makeup of the RNase H active
site is somewhat different from that of transposases (see Fig. 1 leg-
end). Furthermore, the structure of nucleic acid-bound HIV
reverse transcriptase, which contains an RNase H domain, indi-
cates that the cleaved strand of the substrate crosses the RNase H
active site is in the opposite direction to that seen in the Tn5
structure13 (Fig. 3b). Crystallographic studies of metal binding to
retroviral integrases have been ambiguous: in the presence of
Mg2+, Mn2+ or Ca2+, a single cation is seen in the active site but
with Zn2+ or Cd2+, two ions are seen (reviewed by Wlodawer)14.
However, as has been seen with other phosphotransferases15,16,
the scissile phosphate of the substrate may play an important role
in coordinating metal ions in the active site. There are no
RNase H or integrase structures available with substrate docked
in the active site, and the particular substrate DNA used in the
Tn5 structure lacks the terminal 5′ phosphate on the nontrans-
ferred strand, which should lie in the active site. Therefore, fur-
ther experiments are needed to resolve how metal ions are bound
and the exact roles they play in the transposase catalytic strategy.

How the hairpin intermediate forms. The view of the DNA ter-
mini within the active site of the Tn5 structure provides a clear
picture of how one potentially difficult step in the reaction path-
way is achieved: cleavage of the nontransferred strand via the
DNA hairpin intermediate (see Fig. 2). The DNA caught in the
active site of Tn5 transposase is held in a hairpin structure,
despite the lack of a covalent connection between the two DNA

strands (Fig. 3c). The nucleotides in the final two positions of the
DNA are unpaired, and the phosphodiester backbone of the non-
transferred strand is distorted such that its 5′ end is within 3.5 Å
of the active 3′OH of the other strand. Multiple protein–DNA
contacts stabilize this bent conformation. Tn5 transposase con-
tains a large insertion (compared to many other family members)
in the catalytic core domain, and this region plays a central role in
stabilizing the hairpin. It provides a hydrophobic binding pocket
for the penultimate base of the nontransferred strand, which is
‘flipped out’ of the double helix. In addition, the 5′ phosphate of
this nucleotide is positioned by contacts with several residues,
including Tyr 319 and Arg 322 of the YREK motif (where the E is
the catalytic glutamate, here Glu 326). This motif has long been
recognized as conserved in some transposase subfamilies, but its
function was unknown17. It is now clear that the first two residues
contribute functional groups to the ‘hairpinning’ active site.
Arg 322 is also poised to interact with the scissile phosphate and
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Fig. 3 Transposase–substrate interactions. a, Tn5 dimer bound to DNA.
The conserved portions of the catalytic core domains are colored as in 
Fig. 1. Other portions of one subunit are in dark gray, with those of the
second subunit in pale gray. The gray subdomain on the lower left and
top right is the ‘insertion region’, which is present within the core
domain. This region binds the DNA in the vicinity of the active site. The
transferred and nontransferred strands are also labeled. Note that each
DNA duplex interacts extensively with both subunits. b, Substrate interac-
tions of RNase H. The RNase H domain of reverse transcriptase, taken
from the structure of the intact enzyme complexed with duplex DNA, is
shown along with the portion of the DNA that approaches the RNaseH
active site. The conserved secondary structure elements of RNaseH are in
approximately the same orientation as those of the left Tn5 transposase
subunit in part (a). The template strand, which would be cleaved by
RNaseH if it were RNA, is shown in white and the primer strand in dark
gray. The polarity of the scissile strand in this structure is nearly opposite
to that of the transferred strand in Tn5. c, Close-up of the protein–DNA
interactions in the active site region of Tn5 transposase. The protein is col-
ored as in Fig. 1; the transferred DNA strand is light blue, whereas the
nontransferred strand is dark blue. The ‘DDE’ motif residues are shown
with the bonds and carbon atoms in white and ‘YREK’ residues yellow
(Glu 326 is part of both motifs). Three additional residues that interact
with the tip of the hairpin are shown in green: Trp 298 and Leu 296 flank
the ‘flipped out’ thymidine residue, while Trp 323 sits on the minor
groove side of the hairpin, packing against both strands. Mutation of the
residues analogous to Leu 296 and Trp 323 in Tn10 transposase specifical-
ly disrupts cleavage of the nontransferred strand50, presumably by desta-
bilizing this hairpin conformation.
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may play a catalytic role in other reaction steps as well. Mutation
of the analogous arginine in Tn10 transposase obliterates all cat-
alytic activities of the protein18.

Questions that remain. The Tn5–DNA complex gives us a won-
derfully informative snapshot of the synaptic complex at one
point along the reaction pathway, but many questions remain
regarding the other steps in transposition shown in Fig. 2. For
example, how does the synaptic complex interact with the flank-
ing host DNA and the target DNA, both absent from the struc-
ture? The current structure provides some hints regarding target
DNA interactions. The scissile phosphates of the two strands of
the target duplex are 9 bp apart, and the two 3′ hydroxyls within
the Tn5 active sites lie 41 Å apart, a distance only slightly longer
than the 35 Å expected for this 9 bp spacing. There is a long, pos-
itively charged trench stretching between these active sites
(Fig. 4) that, with some movement of loops, could accommodate
duplex DNA. Thus, the structure suggests an attractive hypothe-
sis for how to dock the central portion of the target DNA within
the active synaptic complex. Beyond this portion, significant
conformational changes must occur in either the target DNA or
the protein to avoid steric clashes. However, there is good evi-
dence for large DNA distortions just outside the scissile phos-
phates in the related Tn10–target DNA complex19.

How universal is the Tn5 structure model?
Transposases use a common mechanism for DNA cleavage and
joining and have structurally conserved catalytic core domains
(Fig. 1). There is, however, substantial mechanistic and structural
diversity within this protein family. From a structural viewpoint,
domains outside the catalytic core are not highly conserved.
Mechanistically, the spacing between attack sites on the two target
DNA strands varies — for example, 5 bp is more common than
the 9 bp used by Tn5 — as does the fate of the nontransferred
DNA strand. Thus, it is interesting to consider what features of the
Tn5 transposase–DNA complex are likely to be
conserved among many family members and
what features will emerge as specific for elements
occupying a particular mechanistic and biologi-
cal niche.

Common DNA binding and synapsis
strategies
Like Tn5 transposase, many transposases have a
three-domain organization. However, aside

from the catalytic core, these domains are not highly conserved.
The C-terminal domains are especially diverse and sometimes
absent, and no unifying structural or functional features of these
regions have emerged, although many C-terminal domains are
implicated in DNA contacts. The N-terminal regions are more
similar, with most family members containing at least one small
DNA binding domain N-terminal to the catalytic core. This
region is often known to be critical in specific recognition of the
ends of the transposon DNA. Where the structure of these N-ter-
minal domains is known, it is always a variation on a helix-turn-
helix motif. HIV integrase has a single N-terminal domain that
contains a zinc-binding site and a helix-turn-helix20,21. The N-
terminal regions of the transposases from phage Mu (MuA)22,23

and Caenorhabditis elegans Tc3 (ref. 24) both carry two sequen-
tial subdomains involved in DNA recognition. Both subdomains
of MuA and one from Tc3 contain a homeodomain-like helix-
turn-helix motif. For comparison, Tn5 transposase carries a sin-
gle N-terminal domain, whose 2nd, 3rd, and 4th helices correspond
roughly to the helices of the homeodomains of MuA and Tc3,
although the angles among these helices differ significantly from
the canonical structural motif.

The striking interwoven arrangement of the N-terminal DNA
binding domains and the catalytic cores on the two DNA ends in
the Tn5 transposase structure is very likely to be found in other
transposase synaptic complexes. This type of crisscrossed archi-
tecture has been proposed for the MuA–DNA synaptic com-
plex25–28. Extensive biochemical experiments reveal that the
N-terminal DNA binding domain of one MuA subunit is bound
specifically to one end of the Mu DNA, whereas the catalytic
domain of that same subunit promotes recombination of the
other DNA end25–28. Because the Tn5 and MuA transposases are
not close relatives, the fact that the two synaptic complexes share
this structural feature suggests that this will be a common theme
among transposase–DNA complexes. This subunit organization
clearly provides a structural basis for the requirement of sub-
strate DNA for complex assembly and insures that the two DNA
ends are paired prior to the irreversible step of DNA cleavage.

The number of subunits is not conserved 
One aspect of the Tn5 complex is almost certain to prove universal:

Fig. 4 Potential target-binding groove in the Tn5 transposase–DNA com-
plex. The molecular surface of the protein portion of the Tn5 transposase
complex is shown, colored according to electrostatic potential (with 
red = negative and blue = positive). The orientation is the same as in
Fig. 3a. DNA is shown in white, and the Mn2+ ions in the active sites are
yellow. A deep, positively charged cleft extends between the two active
sites. This figure was prepared with GRASP51.

RSVMu

Fig. 5 Dimer interfaces in other transposase struc-
tures. Left, pairing of MuA catalytic domains found in
the crystal. Right, the recurring dimer found in retro-
viral integrase structures. (RSV integrase is shown;
PDB accession code 1C0M)32. The catalytic cores are
colored as in Fig. 1.
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transposase–DNA complexes will undoubtedly all have two cat-
alytic domains that promote the cleavage and DNA strand transfer
reactions on the two ends of the element DNA. In support of this
assertion, biochemical experiments argue that both the MuA and
Tn10 transposase synaptic complexes contain two functional
active centers18,25,27. However, among transposases the pair of active
sites appears to reside in several different sized oligomers and to be
positioned by different protein–protein contacts at different spac-
ing along the target DNA. Furthermore, the C-terminal region of
Tn5 transposase, which lies at the center of the dimer interface, is
quite poorly conserved when compared to other transposase
sequences29. Thus, the transposase family is similar to the type II
restriction enzymes, where a common catalytic module is found
arranged in a variety of different oligomers, depending on the rela-
tive locations of the two scissile bonds in the DNA substrate15.
Below, we discuss the protein interfaces observed in transposase
structures that are not docked on DNA and the possible roles of
these interfaces in synaptic complexes.

In all crystal structures of retroviral integrases to date, includ-
ing the recently described structures carrying the C-terminal
domain30–32, the catalytic domains form a dimer involving the
helices colored yellow and purple in Figs 1 and 5 (ref. 14). As the
corresponding helices are not involved in protein–protein con-
tacts in the Tn5 complex, and as the DNA plays a pivotal role in
Tn5 dimerization, one might question the biological significance
of this interface. However, the relevant oligomer of integrase is
probably larger than a dimer and has been suggested to be a
tetramer (reviewed in refs 33,34) or even an octomer35. This
recurring interface may therefore represent a pair of subunits
that bind the same viral end, essentially taking the place of a sin-
gle Tn5 transposase monomer. Using the new two-domain inte-
grase structures, several models of how DNA may dock with
integrase have been proposed. The flexibility of the tether
between the catalytic and C-terminal domains plays a key role in
these models by allowing the C-terminal domains of different
subunits to bind different portions of the DNA substrate.

As with the retroviral integrases, MuA functions as a larger mul-
timer than Tn5 transposase36. A minimal active transpososome
contains a tetramer of MuA and the two ends of the Mu DNA. In
crystals of the MuA catalytic domain, weak dimers were noted
with an interface centered on the turquoise helix in Figs 1 and 5
(ref. 37). It is intriguing that when the catalytic domain of one
subunit of this MuA dimer is aligned with the catalytic domain of
Tn5 transposase, the C-terminal β-barrel of the other MuA sub-
unit lies roughly in the same place as the inserted region present in
the Tn5 catalytic domain (described above, and labeled in Fig. 3a.)
A homologous inserted region is absent from the MuA core
domain. The barrel in MuA is important in target DNA interac-
tions and can be donated by a different subunit than provides the
DDE-motif residues of the active site38,39. Thus, again, one such
MuA dimer may substitute for a single Tn5 protomer.

An alternative solution to cleaving the nontransferred
strand
The ‘hairpinning’ mechanism used by Tn5 and Tn10 transposas-
es to generate DNA double-strand breaks is an elegant and eco-
nomic solution to this need to cleave the transposon DNA out of

the host cell’s genome. This mechanism is, however, far from
universal40. Recent work gives us structural insight into a second
cleavage mechanism, that used by another bacterial transposon,
Tn7. Unlike Tn5 and Tn10, which carry a single transposition
protein, Tn7 encodes five proteins that participate directly in
recombination. One of these enzymes is a site-specific nuclease
dedicated to cleaving the nontransferred strand. This protein,
TnsA, is an essential component of the Tn7 transposase–DNA
synaptic complex along with the DDE-motif protein, TnsB9. The
catalytic domain of TnsA, however, is structurally unrelated to
transposases but has a topology and active center highly reminis-
cent of a restriction enzyme41 (Fig. 6). The second domain of
TnsA contains a helix-turn-helix motif, which is probably
involved in protein–protein rather than protein–DNA interac-
tions. It will be fascinating to see how this nuclease is docked
with the TnsB transposase on the DNA in what promises to be at
least a α2β2 tetrameric complex.

Further directions: complex dynamics and regulation
A central unanswered question regarding transposase structure
and function is how the different DNA segments are positioned
and repositioned within the active sites as recombination pro-
gresses. As discussed above, it is now very clear that a single
active center promotes multiple distinct chemical steps. For Tn5
and Tn10, there are a total of four reaction steps (Fig. 2): cleavage
of the transferred strand, hairpinning, cleavage of the DNA hair-
pin and DNA strand transfer to covalently join the cleaved DNA
to a new target site. The active center, which binds and stabilizes
the intermediates during these phosphotransfer reactions, must
therefore be occupied by three different phosphate groups in
succession: the first one from the transferred DNA strand, then
one from the nontransferred strand and finally one from the tar-
get DNA. Moreover, when a particular phosphate group leaves
the active site, it does not fully dissociate but remains in the com-
plex during the next reaction step. An interesting series of con-
formational changes thus appears to be required to rearrange the
scissile DNA strands between subsequent recombination steps.
Are these different scissile DNA strands always bound by the
active site in the same fashion? Or are there multiple binding
‘pockets’ within the active site? Recent experiments with Tn10
transposase using chiral phosphorothioates at the scissile phos-
phate have shed light on this question42. Considered together
with the structure of the Tn5 complex10, these biochemical data
suggest that the scissile phosphate of the target DNA is not
bound in exactly the same orientation as the scissile phosphate of
the nontransferred strand during hairpin formation or cleavage.
Furthermore, viewing the Tn5 structure suggests that the 3′ end

C

N

Fig. 6 TnsA from Tn7. The secondary structure elements conserved
among type II restriction enzymes are colored in rainbow order from red
to blue, the catalytic residues are shown in ball-and-stick and the two
magnesium ions found in the active site are shown in pink41 (PDB acces-
sion code 1FLZ).
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of the transferred strand may remain almost stationary through-
out recombination, while the various phosphates ‘come and go’
from the catalytic center. Clearly, it will be essential to have struc-
tures of transposase family members ‘caught in the act’ of cat-
alyzing all the reaction steps necessary for a round of
recombination to fully understand this process.

Tn5 transposase is an outstanding example from which to
learn the basic structural and mechanistic features of recombi-
nation largely because of its relative simplicity. Only the trans-
posase and its DNA binding sites are required for activity.
However, mobile elements often require accessory proteins that
aid in complex formation and regulation. For example, Tn10,
despite its relatively close relationship to Tn5, requires the DNA
bending protein integration host factor (IHF) to form a func-
tional synaptic complex. Likewise, assembly of MuA trans-
posase involves the two DNA architectural proteins  HU, a
histone-like DNA binding protein, and IHF. Furthermore, both
Mu and Tn7 transposition utilize regulatory activator proteins

that are ATP-dependant molecular switches43. These proteins
have central roles in choosing an appropriate insertion site by
providing the transposable elements a means to avoid destroy-
ing their own DNA by ‘auto-insertion’. A similar function
appears to be provided by the barrier-to-autointegration factor
(BAF) protein during retroviral integration44. How such acces-
sory factors interact with the core transposition machinery and
affect activity are fascinating subjects, begging for structure-
based insights.
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