O 1997 Oxford University Press Nucleic Acids Research, 1997, Vol. 25, No. 2041-4047

Target choice determinants of the Tcl transposon of
Caenorhabditis elegans

René F. Ketting , Sylvia E. J. Fischer and Ronald H. A. P lasterk*

Division of Molecular Biology, The Netherlands Cancer Institute, Plesmanlaan 121, 1066CX Amsterdam,
The Netherlands

Received July 7, 1997; Revised and Accepted September 4, 1997

ABSTRACT has been determined: GGCCAGAQ7). Also prokaryotic
elements can be attracted by specific sequencegingafrom a
preference for G/C base pairs in the case & (I8), to more
specific insertion consensus sequences for bacteriophage Mu [see
review by Mizuuchi and Craigid 9)], IS630(20), Tn3 (21) and

Tn10 (22). The most dramatic example is tBecherichia coli

Tn7 transposon, which, when using fhresDprotein, integrates

very efficiently into only one specific site in tRecoli genome:
attTn7[reviewed by Craig43)].

The Tcl transposon of Caenorhabditis elegans always
integrates into the sequence TA, but some TA sites are
preferred to others. We investigated a TA target site
from the gpa-2 gene of C.elegans that was previously
found to be preferred (hot) for Tcl integration in vivo .
This site with its immediate flanks was cloned into a
plasmid, and remained hot in vitro, showing that
sequences immediately adjacent to the TA dinucleotide

determine this target choice. Further deletion mapping Besides the. primary DNA sequence, the DNA structure can
and mutagenesis showed that a 4 bp sequence on one also have a S|gn|f|car}t effe_c_t on target site choice. It has been
side of the TA is sufficient to make a site hot: this shown for I231A that, in addition to the consensus sequence, the
sequence nicely fits the previously identified Tcl flanking DNA should be curved in opposite directiopé)(The
consensus sequence for integration_ In addition, we target site choice of Band Trl0is probably also influenced by
found a second type of hot site: this site is only local DNA structures Z1,25). The Trb transposon has a
preferred for integration when the target DNA is super- requirement for supercoiled target DNAG, and retroviruses
coiled, not when it is relaxed. Excision frequencies were integrate more efficiently into nucleosomal DNA than into naked
relatively independent of the flanking sequences. The DNA, probably due to bending of the DNA induced by the
distribution of Tcl insertions into a plasmid was nucleosomes 2(7,28). Integration of the Ty elements of
similar when we used nuclear extracts or purified Tcl Saccharomyces cerevisié® affected by a variety of features
transposase in vitro , showing that the Tcl transposase ranging from DNA structure to protein—protein interactions
is the protein responsible for the target choice. [reviewed by Curcio and Morse9)].

Transcription and replication may further affect target choice.
INTRODUCTION P elements preferentially integrate in the vicinity of transcription

We studied intearation of the Tcl transposon. a member of tﬁtart sites30,31), and retroviruses integrate most often into DNase
most wides rea% familv of DNA trans gsons: the Metiner Ienypersensitive sites, which are associated with transcriptional
P y P : activity [see review by Craigi&p)], and also Th seems to prefer

family (1-5). Members of this family are found in a wide variety o X -
of organisms, ranging from fungi to vertebrates. Also in the humatﬁanscrlptlonally active regions of the DNAJ). Tnl0and Mu,

genome elements of this family have been identifieed)( on the other hand, preferentially integrate into non-transcribed
Transposase protein alone is sufficient to catalyse the compl DA (34’35)' A very interesting case is the7|'tnans'pos'on. The
transposition reaction, at least for the Tc1 avadiner elements nsEprotein of TiY targets the element to the replication fork of

(10,11). This feature makes these elements attractive vectors foPnjugating plasmids, thus enabling th& ransposon to spread

transgenesis, and thus it is important to know what factoRmOng bacterie3e). -
determine the integration specificity of these transposons. The Tcl transposon Glaenorhabditis eleganas all elements of

It has become apparent that most transposons do not integré@ Tclmariner family, always integrates into a TA dinucleotide,
their DNA randomly into their host genome. Appropriate targefhich is duplicated upon insertior37). However, not all TA
sites may be selected by various means and for various reasdfiucleotides are equally used. When indepengfenivo Tcl
The target choice can be dependent on primary sequence. The Zggrtions into a 1 kb region of teelegangenome are analysed,
and 17.6 elements @frosophila melanogastelways integrate a distinct insertion pattern emergég)( Some TA dinucleotides are
into the sequences ATAT and TATATA, respectivelg,{3); the  used frequently, whereas others, which may be only base pairs away,
gypsytransposon obrosophila melanogastdras TA(C/T)ATA  are not used at all. This insertion pattern within this 1 kb region is
as target sitel@4,15), whereapogouses a TA dinucleotidd §).  not influenced by chromatin structure or transcriptional activity, as
P elements have a less defined preference, but a consensus sequendeo a similar insertion pattern is obtainedl),
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Insertion consensus sequences have been identified for Tc1,lmcalisation of Tcl insertions within the target
analysing both new insertions into known geri&$40), and plasmids
flanks of endogenous Tcl elements present in the genome
high Tc1 copy number strain Gf.elegang41). The consensus
sequences obtained are very similar, and define a stretch of 10
centred around the TA dinucleotide: CAMATRTG. Here we
take advantage of the Trlvitro transposition system describe
by Voset al.(11), to define the minimal sequences that make a si
hot for Tcl integration, using deletion mapping and site direct
mutagenesis. We also show that the Tc1 transposase (Tc1A) is
sole protein responsible for the observed insertion pattern.

O{'ﬁe precise integration sites of Tcl were determined by
uencing or length determination of DNA fragments obtained
using PCR.

d Sequencing of new inserts was done as follows: the DNA to be
equenced was amplified using the primers VIPEBSGTG-
GTACTCAACCAAG-3) and L2 ¢2), in a 25pl reaction.

A was isolated from a 1% agarose, and sequenced using the
ye Terminator Cycle Sequencing Ready Reaction kit of Perkin

Elmer. Sequencing primer was L2.

Alternatively, the site of insertion was determined by running
PCR products obtained with the primers 8TSOIBCGCCAT-
TCAGGCTGCGC-3 and32P-labelled vip65 (5GGATATCT-

. TTTTGGCCAG-3) on a 6% denaturing polyacrylamide gel, and

Plasmids comparing the length of the PCR products to markers. The marker

) . ) fragments were obtained by performing the same PCR on

All plasmids used in this study as target plasmid were made by,smids containing previously sequenced inserts. Two inserts

cloning double-stranded oligonucleotides into the polylinker ofpisined with purified Tc1A protein, that were not comigrating

pUC19. Target plasmid pRP1209 contains the oligogith any of the marker bands, were sequenced. These proved to
TAT1 (S-TGTATCTGGTGTATGTCTATTGAC-3) and TABL = po o4 integration events into non-TA sequences and were

(5-GTCAATAGACATACACCAGATACA-3'), cloned into the  iscarded.
Hindll site. pRP1210 and pRP1211 were obtained by cloning
the following oligonucleotides into theSphH-Xbd site; .
PRP1210: TS8T (SCTAGACATACACCATG-3) and TS8B  |'ansposase preparation
(5-GTGTATGT-3); pRP1211: TSCST (CTAGGTCAATA- A nuclear extract containing Tc1A was isolated fl@ralegans
GACATACACCACATACACACATG-3) and TSCSB (BTGT-  as described by Vaat al.(11). Recombinant Tc1A was prepared
GTATGTGGTGTATGTCTATTGAC-3). The target plasmids as described by Lampeal.(10). The final protein concentration
pRP1218—pRP1223 were made by cloning the following oligowas(b pg/ml. The protein was estimated to be >90% pure.
nucleotide pairs into théBanHI-Pst site; pRP1218: 8TS4T
(5'-GATCAGACATACACCTGCA-3) and 8TS4B (5GGTG-  Statistics
TATGTCT-3); pRP1219: 8TS5T (85ATCAAACATACACATG- o _ _
CA-3) and 8TS5B (STGTGTATGTTT-3); pRP1220: 8TS6T Statistical analysis was performed using thé method.
(5-GATCAATCATACAGATGCA-3) and 8TS6B (5TCTGTAT-  Differences with aP < 0.05 were considered statistically
GATT-3); pRP1221: 8TS7T (85ATCAGTCATACAGCTG- Ssignificant.
CA-3) and 8TS7B (5CTGTATGACT-3); pRP1222: 8TS8T
(5'-GATCAGGTGTACACCTGCA-3) and 8TS8B (5GGTGTA- RESULTS
CACCT-3); pRP1223: 8TS9T (BSATCAGACATATGTCTG- . : .
CA-3) and 8TSOB (5GACATATGTCT-3). A hot. site for Tcl integration fror_n the gpa—2gen¢

Donor plasmids pRP1214 and pRP1215 were made by clonirr@'ﬂn"’“nS a hot site when cloned into thiacZ polylinker

the Tcl-containing’vul fragment of plasmid pRP1209, with a To be able to analyse a frequently used TA dinucleotide from the
Tcl insert into sites | or IV respectively, into the filled upgpa-2gene, we cloned a fragment of 24 bp, containing the hot TA
EcoRI-Hindlll site of pRP49011). together with two flanking TA dinucleotides, into tHiadll site
Relaxed pRP1218 plasmid was made by ligating @ ECORl  of the pUC19 polylinker. ThiacZ gene remains functional after
digested DNA in a volume of 200 with 5 U of T4 ligase insertion of this fragment, and thus Tc1 insertions into this region,
overnight at 16C. The DNA was phenolised, precipitated andcontaining the TA of interest, are easily scored using blue/white
dissolved in 121 water, of which Qul was used in a transposition selection. We used this plasmid as an integration target in the
reaction. As judged from an agarose gel, 50% of the DNA wagtro Tc1 transposition system described by &bal. (11), using
religated. a nuclear extract from worms expressing Tcl transposase.
Transposition events were detected with a frequency between
10-5and 165 (Table1, pRP1209).
In vitro transposition Sequence analysis of 65 independent white colonies revealed
the insertion pattern depicted in Figuw. The distribution of
In vitro transposition reactions were performed as described Ayl elements over tHacZ gene was not random, as could be
Vos et al (11). In a reaction of 5@, typically 2 ug of target expected from previous studi€3¢40). Of the 27 TA dinucleo-
plasmid was incubated together with 500 ng of donor plasmiities, only four are actually used: two sites within the promoter
(pPRP490) and 20 ng Tc1A from nuclear worm extract or 2.5 ngegion (sites | and 1), one overlapping the start codon (site 111,
Tc1A purified from inclusion bodies. The DNA from the reactionand the hot TA contained within the cloned oligonucleotide (site
was transformed t&.coli strain DS941, and the colonies werelV). All these sites have at least a thymidine 3 bp downstream of the
stained with IPTG/X-gal. Only white colonies were analysedA in common with the consensus (TaBje Also between these
further. four sites a clear preference is observed. Sites | and Il together

MATERIALS AND METHODS
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contain 6% of the insertions, whereas sites Il andoivain 43% donor plasmid used in th& vitro transposition assay, and

and 51%, respectively. In other words 50% of all insertiongletermined the transposition frequency out of these plasmids
choose the subclongga-2site out of 27 available target sites in pRP1214 and pRP1215 (Tab®. We found that both donor
thelacZ gene. The two other TA dinucleotides within the 24 bplasmids support transposition to the same extent, suggesting that the
oligo (sites IVa and IVb in FiglA) are not used at all. This is excision frequency out of these plasmids is the same. We also looked
consistent with previoua vivoandin vitro experiments](1,38),  directly at the amount of excised Tcl element from plasmids
in which the frequency of usage of these sites was found to be vegntaining the Tc1 transposon in either a cold or a hot insertion site.
low. We can conclude that the sequences immediately flankirighis was done by incubating the respective Tcl containing plasmids
the TA dinucleotide determine the usage of that dinucleotide favith Tcl transposase and analysing the reaction products on an
Tcl integration. agarose gel. Excision is detected as a band corresponding to the free
linear transposon. Again we could detect no significant difference
between the amounts of excised Tcl elements from either plasmid
(data not shown), indicating that the flanking DNA sequences have
To address whether the flanks of a Tc1 transposon have an effechoreffect on excision efficiency. This could be expected as even the
the excision of the element, we subcloned a Tcl element containifgy dinucleotide, although essential for integration, is not essential
either the hot flanks of site IV, or the cold flanks of site I, into thdor Tc3 excisionin vivo (37).

Tcl flanks do not influence excision frequency

Table 1. Transposition frequencies obtained with the various target plasmids

Target plasmid Frequency of transposition (1% No. of inserts analysed
pRP1209 0.2 65
pRP1210 0.6 32
pRP1211 1.0 32
pRP1218 2.8 48
pRP1218 1.7 47
pRP1218 (relaxed) 0.5 21
pRP1219 5.2 47
pRP1220 3.7 35
pRP1221 0.4 43
pRP1222 0.7 47
pRP1223 0.7 49

aUsing purified Tc1A fronE.coli, all other data were obtained using nuclear worm extract as Tc1A source.
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Figure 1. A hot site for Tcl insertion from thgpa-2gene ofC.eleganss still a hot site when subcloned into a plasmd.Distribution of Tcl insertions intolacZ

gene, represented by the black bar, containing a small pigpa-@sequence (24 bp), represented by the white bar, cloned ifionthésite of the pUC polylinker
(pPRP1209). The insertion sites that were found to be used are numbered in roman numerals. Every tick mark on the xatsia TépdasecleotideB) Mutations

in the flank of site IVa can make this site hot (white bars). This oligonucleotide was cloned 8pt-tiéad site (p)RP1211). The hatched bars represent the insertion
distribution when thgpa-2sequence is shortened to 13 bp (also clone®pite-Xba, pRP1210). Sites showing statistically significant differences between the two
distributions are indicated with an asterisk.
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Table 2.Sequences of the various integration sites Four base pairs flanking a TA dinucleotide are
sufficient to define a potential hot site

Potential int ti it Flanki . . .
ofentia infegrafion s1te aniing sequences To further fine map the sequences around the TA dinucleotide
Consensu CAYATATRTG necessary for efficient Tcl integration, we made a clone
Site | GAGT TA GCTC containing site IV, with only 4 bp @fpa-2flanking sequence on
Site Il CTCG TA TGTT both sides (pRP1218)_, and used it as target DNA. The re_sults are
, shown in Tabld. and FigureA (hatched bars). Usage of site IV
Site 1il GTCATAGCTG does not change upon shorteninggpe-2flanks from 11 to 4 bp:
Site IVa TCTG TATCTG 51% versus 56%. Only when the base pairs at + and —4 are
Site IVa mutated (pRP1211) TGTG TA TGTG mutated (Tables and2, pRP1219) the usage of site IV drops
e 1V (=apa2hot TG TATGT significantly (2= 32.7 P <0.0005) to 15% (Fi@A, white bars).
Site IV (=gpa-2hot site) GGTG TATGTC This shows that a stretch of 4 bp on each site of a TA dinucleotide
Site IV +/— 4 mutated (pRP1219/1220) TGTG TATGTT determines the potential usage of that TA. When the base pairs at
Site IV +/— 3 mutated (pRP1220/1221) GCTG TA TGAC + ang -3 a(;e mutated (T?lgl;gnﬂl DEF(;lle)) thi usage ?}f the
. . gpa-2site drops to zero (FigB, hatched bars), showing that at
Site IV symmetric (pRP1222) GGTG TA CACC least one of the base pairs at these positions are essential for
Site IV symmetric (pbRP1223) GACATATGTC recognition by the Tcl integration complex. When these same
Site IVb (fromgpa-2gene) TGTC TATTGA mutatiqr_ls are introduced together with th(—; mutz_itiong at the_ +and
Site V CGAT TA AGTT —4 positions (Tablesand2, pRP1220), the insertion distribution

does not change significantly (FBB, white bars). In summary,
mutations at three or four base pairs distance from the TA
dinucleotide can seriously affect Tc1 integration efficiency, while
changes further removed have no apparent effect.

rom Korswagert al.(41); Y =TorC,R=Aor G.

The right flank of the gpa-2 site is the determining
factor

Specific mutations can turn a cold site hot When the flanks of thgpa-2hot site are compared to the Tcl
insertion consensus sequence (Taplat appears that the right
The sequence around site IVa very much resembles the flankifignk of this site fulfils the consensus nicely, the only mismatch
sequence of site IV (Tab®. However, a dramatic difference in is at the weakest position of the consensus (+4), whereas the left
usage as an insertion site is observed. Comparison of the flarflek does not: it has only one match at the —2 position. To
shows that the two flanks differ at the —4, —3, +2 and +4 positiondetermine which of these two flanks is responsible for the
To investigate whether this explains the difference we mutated tbéserved integration preference, we made constructs containing
base pairs at —3 and +2 in the flanks of site IVa (Tdblesd2,  symmetricalgpa-2 sites with either two left (pbRP1222) or two
pRP1211). As a result site IVa becomes a hot site {Bigvhite  right (pRP1223) flanks and analysed the Tcl insertion pattern.
bars). This confirms that these sequence differences can fullye clone containing the two left flanks had no insertions in this
explain the differential usage of these two sites. palindromicgpa-2 site (Fig.3, hatched bars). When the site is
One additional point should be noted. Compared to Fighre made symmetrical for the right flank 67% of the insertions were
(PRP1209), usage of sites Il and IV decreagés=(19.1,P <  found in this palindromic site (Fi§, white bars); a slightly higher
0.0005;x2 = 15.1,P < 0.0005) and another TA dinucleotide, percentage than the wild type flank, but we could not show this
located 120 bp downstream of the oligo is used: site V. Fdo be significant¥? = 2.56,P = 0.110). These results show that
practical reasons in pRP1211 the oligo was cloned into a differeibtis indeed the right flank, resembling the consensus sequence,
site of the pUC19 polylinker compared with pRP1209. Maybé¢hat is responsible for the frequent use of fpa-2 site.
this can account for the usage of site V in pRP1211, as alsarthermore, we can state that the mutations introduced into the
another clone (pRP1210), containing a shorter oligo cloned inteft flank of various clones have been of little importance to the
this same site, showed frequent usage of site V instead of sitaudage of the site, as these mutations never introduce base pairs
(Fig. 1B, hatched bars), whereas no other clone analysed showg@sent in the consensus (TaBje Consequently, the observed
this phenomenon. It appears that the usage of some THferences will be due to the mutations introduced into the right
dinucleotides can be influenced by sequences up to 120 bp awignk. Also, it appears that symmetry at the site of insertion does
indicating that not only the base pairs directly flanking the TAnot significantly increase the usage of the site; when one flank of
dinucleotide are important in determining whether a given TA TA dinucleotide is found to be suitable by the transpososome,
will be hot (also see the experiment below addressing the roletbie integration reaction initiates, apparently independent of the
supercoiling). sequence at the other flank.

Table 3.Tcl donor flanks do not influence transposition frequency

Site of insertion Frequency of insertion Site of excision Frequency of transposition
Site | (pRP1209) 2% Site | (pRP1215) 1.0x 105
Site IV (pRP1209) 51% Site IV (pRP1214) 1.7x 105




Nucleic Acids Research, 1997, Vol. 25, No. 28045

A 60 v+ B 401 I 1
172} 2 il
g . a g 35 tH Y
o K
£ =
% g 30 m
K= 8 7
I* 1 /
b A m* S AN’
© n 19
éﬂ 30 gﬂ 201 7 7
=1 =]
g ISEREE
S . 5 7
= 7 Il S0 gl
. g 7
10 Yi
51 Y 0
\ al 4 v v
0 T ) 7 i i i ’ 0 i { " ;
;‘ '/ TA dinucleotides i' /| /  TAdinucleotides
00 50 ATG | ) lacZ TAG -100 S0 ATG | . lacZ TAG
gpa-2 site gpa-2 site

Figure 2. The 4 bp flanking a TA dinucleotide are important to make it a hotAjt§He hatched bars represent the insertion distribution of a construct containing
the gpa-2 hot site with only 4 bp ofpa-2sequence flanking the TA dinucleotide on both sides (pRP1218). When the fourth base pair is mutated on both side
(pPRP1219), the site becomes much less preferred (white bars). Significant differences are indicated with aB)aétbeskhe base pairs at the + and —3 positions

are also mutated, we did not detect any insertions into this site anymore (white bars, pRP1220). The same insertioniglifsitibdtishen only the base pairs at

the third position are mutated (hatched bars, pRP1221).

70 v+ with nuclear worm extract. Only site Il shows a significant
difference, 26% versus 13%= 9.875P = 0.002). One notable
difference between reactions with nuclear worm extract and
purified recombinant protein is that nuclear extract, containing
several nucleases, induces significant nicking of DNA, leading to
relaxation of the target DNA. After 10 min reaction time >90%
of the supercoiled target DNA has become relaxed, and after
30 I 15 min no supercoiled target DNA is detected any more on an
ethidium bromide stained gel. Incubation of supercoiled target
DNA with purified recombinant protein for 1 h results in only
marginal relaxation (FichA). It is conceivable that this structural
] ] ‘ difference of target plasmid DNA can account for the differential
‘ v usage of site lll. To investigate this hypothesis, we analysed the
TA dinucleotides insertion pattern of Tcl into either supercoiled or relaxed target
| [ DNA, using the Tc1A protein purified froii.coli.
S 30 ATG ‘ ‘ lacZ TAG. The transposition frequency obtained when using relaxed
gpa-2 site target plasmid DNA [Tablé, pRP1218 (relaxed)] suggests that
supercoiling in general is not essential for the integration reaction.
Secondly, the insertion distribution pattern, depicted in Figf8ire
o amviion S e oAb o mage (it bars), is indeed difierent from the patier obtained with
palindromic for the left flank (pRP1222). The white barsgrepresx@m&site syperpoﬂed target plasmid (hatched bars): site Ill again shows a
that is palindromic for the right flank (pRP1223). Significant differences are Significantly lower usage = 4.923P = 0.026) when the target
indicated with an asterisk. DNA is not supercoiled. The distribution of insertions over other
sites shows no significant difference.
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DISCUSSION

Tcl1A is the only protein responsible for the observed )
preferences In the study presented here, we demonstrate that a TA dinucleo-

tide together with 4 bp of flanking sequence are sufficient to
To address the question whether it is the Tc1A protein alone, define a hot site for Tc1 integration. When an insertional hot site
the TclA protein together with other nuclear factors, that ifom thegpa-2gene ofC.eleganss taken out of its chromosomal
determining the observed insertion distribution, we repeated tlventext and cloned into a pUC vector, with only 4 bp of original
experiment with the 4 bgpa-2flank (pRP1218), but now using gpa-2sequence on each side, this site is still hot. It is not very
Tcl1A protein purified fromE.coli. The insertion distribution is likely that this is caused by the presence of a partidatat
shown in Figurd. The observed pattern is similar to that obtainegequence, as various oligonucleotides cloned into three different
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601 consensus sequence is the result of addition of randomly
orientated one-sided targets into one consensus. This was already
suggested by Korswagen al. (41), although they did find that
there is a preference for symmetry at the +/-3 position.

We found that the flanks of the TA dinucleotide are not of
importance for the excision reaction. For the Tc3 transposon even
the TA dinucleotide itself is not essential in this step of the
reaction 87). A similar independence of the flank of a donor
I element has been found for the bacterial transposdf (245).

Tcl excisionin vitro however, does seem to depend on the
o E.I flanking TA dinucleotide 11). This difference between Tcl and

I\\wz

40 |

ALLLILLLNRNN

30 r*

20

percentage of insertions

=
AN

Tc3 could be caused by the fact that both transposons have
v different transposase proteins or by the fact that the TA
dinucleotide has been mutated to different residues in both
studies. Alternatively, it may be that the method of detection in the
T30 ATG | ) v TAG assay used for Tc3 is more sensitive than that of thin\gtto
gpa-2 site system.

TA dinucleotides

Figure 4. Insertion distribution patterns obtained with different Tc1A protein Tc1A protein is sufficient for proper target site
preparations using pRP1218 as a target vector. Hatched bars indicate ”’r%cognition
distribution obtained using nuclear worm extract; white bars indicate the

distribution obtained using purified Tc1A froncoli. Significant differences . . . s
are indicated with an aste[‘:’,igk_ 9 We showed that virtually identical distribution patterns are

obtained when either a crude nuclear worm extract or purified

TclAfromE.coliis used as transposase source (except for site lil,

see below). This result indicates that the only protein required for
sites inlacZ all give similar results for thgpa-2 hot site. In  proper target site recognition is the Tc1A protein itself. This does
addition, we showed that this high frequency of use is conferratbt rule out the possibility that various regions in the genome may
by only one of the two flanks, namely the flank that resembles the=have differently with respect to Tcl integration.
previously identified consensus sequents.(Making the site Also, for TrlO it has been shown that the transposase protein
symmetric did not increase integration efficiency. These resuliself recognises the target site: mutants df0iransposase have
indicate that the transposon complex, next to recognising theen identified that display an altered target specifieig), (
essential TA dinucleotide, also has to recognise the DNA on eithginowing that it is the Tt transposase protein that discriminates
side of that TA dinucleotide in order to integrate the transposdretween the various potential insertion sites. In case of retroviral
DNA. The symmetry found in the consensus sequence is mastegration, it has been shown for HIV-1 that the central core
likely due to the fact that the Tc1 transposon integrates orientatioegion of the integrase protein, harbouring the catalytic domain,
independently 38), and that, therefore, the symmetrical contributes to target site selectiatl),

B 0
0 v
a -
S 60
=
5]
& 501
Worm extract Purified Tc1A e 7
o
] _ o 40
T # &5 10 16 30 &0 I i & 10 15 30 &0 | {minutes) )
"g 30 I+
— relaxed §
—— SUpencailed &20, I I ’
10 4
1
’ v
0 L : 1
i 7 | / . -
| fo TA dinucleotides
I [ H I
100 -50°  ATG | lacZ TAG

gpa-2 site

Figure 5. Supercoiling affects Tc1 integratiods)(Nuclease activity in Tc1A preparations. The left panel shows a time series of supercoiled plasmid (pRP1218)
incubated with nuclear worm extract and the right panel a time series with Tc1A protein purifi€ddotinB) Tc1 insertion distribution into supercoiled (hatched
bars) and relaxed (white bars) target plasmid. Significant differences are indicated with an asterisk.
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One site, site Ill, present in the promoter region overlapping the
start codon ofacz, was found to be differentially used when the

Tcl integration and target DNA structure

6

transposase preparation was either a nuclear worm extract or

Tcl1A purified fromE.coli. A possible explanation could be a 7
difference in nuclease activity between the two protein sources
leading to relaxation of the target plasmid within minutes when®
using the crude nuclear worm extract. When the target DNA ils0
incubated with Tc1A purified fronk.coli no relaxation was
observed. We showed that this difference in DNA superstructukg
indeed affects Tcl integration, but only into one of the potentiab
integration sites. Integration efficiency into the other sitésoaf

is not affected. The efficiency of transposition (Tablmdicates 13
that supercoiling does not greatly stimulate the integra’[ioﬁ4
reaction, similar to what was found for the bacterial transposoy
Tn7 and bacteriophage Mu, where the strand transfer reaction can
be carried ouin vitro using oligonucleotidestf,46). For Tril0 16
it has been speculated that the helical structure in the vicinity of
the integration consensus sequence is of importance for integ
tion efficiency 5), and DNA supercoiling has been shown to be
essential for efficient Tmintegration 26). A differential effectof 19
supercoiling on different potential integration sites has also been
reported for TB (47). This study showed that negative supercoil-
ing was necessary for efficient integration into one site, but not fét
integration into another site located only 41 bp downstream of t
first. This situation very much resembles the results found herg;
Apparently, supercoiling affects the sequences around site H
making it a good substrate for Tc1 integration.

Possibly this effect can also explain the effect of changes #%
nucleotide sequence on the usage of certain TA dinucleotides Lo
to 120 bp away (for example Fify. compare A with B). These 5
changes in nucleotide sequence could affect the supercoiling
structure of the plasmidi8,49), and thus affect the usage of TA 29
dinucleotides all over the plasmid DNA. These results alsé®
suggest that transcription may have an effect on Tcl integratiog]f,
as transcription transiently changes the supercoiling structure 0
DNA (50). 32

We conclude that the observed insertion distributions are 3
consequence of interactions between target DNA and the Tc1lA
protein alone, and that the effects of mutations introduced into t
flanks, reflect an altered interaction between target DNA an
Tc1A protein. All critical interactions are within a sequence of 3¢
bp: the TA plus the thre€ 8anking nucleotides. Probably, the
base pair 4 nt downstream of the TA has weak, but importaft
interactions with the transposase complex. In addition, the
interaction between target DNA and the Tcl transpososome ¢
be influenced by the structural status of the DNA. 39
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