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Abstract

Objectives: To analyse the sequence diversity of the tetracyclineresistance genetet(M) in
Staphylococcus aureus from human and animals and to deter mine mobile elements associated
with tet(M) in S. aureus.

Methods: In total 205 tetracycline resistant isolates wer e screened for tet(M) by PCR. tet(M)
wer e sequenced and compar ed to tet(M) deposited with GenBank. Based on phylogenetic
analysisisolates wer e screened for Tn916- and Tn5801-like xis/int genes and transposons were
confirmed by linking PCR. spa typing was per formed and selected isolates wer e used as
donorsin afilter mating experiment.

Results: Forty-oneisolates (21.3 %, 60.7 %, 2.6 % and 4.4 % of the human, pig, poultry and
cattleisolates, respectively) were tet(M) positive. tet(M ) was located on Tn5801-like and
Tn916-like transposons in humans and on a specific Tn916-like element in animals. Human
isolates wer e of different spatypes (034, t008, t037, t051, t065, t078, t318 and t964)
corresponding to different clonal complexes (CC398, CC8, CC25 and CC30). Animal isolates
wer e of spa typet034, t011 or t0571 corresponding to CC398. tet(M) sequence types correlated
with CC types. Tn916-like and Tn5801-like (Tn6014) transposons wer e able to transfer to S.
aureus recipients.

Conclusion: S. aureus of human origin contained diver setet(M) located on Tn916- and
Tn5801-like (Tn6014) transposons and S. aureus of animal origin contained Tn916-like tet(M)
genes. Thissuggest that conjugative transposition play an important rolein the evolution and
horizontal spread of tet(M) in S. aureus. Thisisthefirst study showing horizontal transfer of

Tn5801 (Tn6014).
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Introduction

Staphylococcus aureus is part of the normal flora and a frequent cadsefection in humans and
many animal speci€sS aureus are often resistant to tetracycline and two knomathanisms of
tetracycline resistance have been identified anstaghylococci. Active efflux is a result of
acquisition of the gendst(K), tet(L) or tet(38), mainly located on plasmids. Ribosomal prooect
is conferred by the genést(M), tet(O), tet(S) ortet(W) that are mainly located on different
transposons on the chromosofriéin additiontet(U) has also been found in staphylococci but the
mechanism is not fully understodd.

tet(M) together withtet(K) are the most common genes conferring tetraogalesistance i6
aureus.”® tet(M) is widely distributed among both Gram-positamed Gram-negative bacteria and it
has be found in 59 genetd.This is probably due to the associatiortedfM) with integrative and
conjugative transposons, facilitating horizontahsfer'® Particularly in Gram-positive streptococci
and enterococctet(M) has been found associated with9T6/1545-like conjugative transposons
which form the basis of a family of conjugativertsposons that have an extremely broad host

range!™ 2

tet(M) associated with T916 was originally identified irEnterococcus faecalis DS16
and Tri545 was identified irfStreptococcus pneumoniae. ™! **Recentlytet(M) was identified on a
putative transposon 5801 in S aureus Mu50.** Tn5801 contains many open reading frames
similar to Tr916, but differs by using an integrasetj different from the excisionase/integrase
(xis/int) present in T816 (Figure 1)* °*Other conjugative transposons, like5B87 and
CW45get(M) have been found to harbotet(M) in Clostridium difficile andClostridium
perfringens.'® ' In addition,tet(M) have also been found on different plasnfids.

A limited number of studies concerning the divgrsit thetet(M) gene have been perform¥4.

22 |n streptococci and enterococei(M) has been found to be diverse and mainly present

Tn916/Tn1545 like conjugative transposons whereas two diffeetliete types ofet(M) from
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Lactobacillus has been found to be located mainly on plasifiécRecently, Agerset al. (2006)
showed correlation between diversity of te&€M) DNA sequence and their presence o1&,
Tn5397 or plasmids in enterococci from different sourteBenmartét

To our knowledge no one has studied the diverditgtM) and its association with mobile
elements irs aureus. A former study found only one out of thirty-foBraureus strains to carry
tet(M) on Tr916/Tn1545-like transposon®® The aim of this study was to analyse sequence
diversity oftet(M) in S aureus from human and different animals mainly from Demnknand

thereby determine mobile elements associatedtetiill) in S. aureus.

Material and Methods

Strains

The 205 tetracycline resistant isolates used sghidy (Table 1) were identified 8saureus as
previously describetf The 94 human isolates from bacteraemia prospégtiediected in
Denmark, were selected to represent different phgegs and time periods (1957-2002). All
human isolates were tested for susceptibility t@gcline, penicillin, gentamicin, streptomycin,

erythromycin and methicillin by tablet diffusion @anish blood agar as described by the

manufacturer (Rosco Neosensitabs, Taastrup). Daekange in the standard procedure, strains

isolated after 1991 were additionally tested facsytibility to fusidic acid, ciprofloxacin and
rifampicin in the same way (Table 2).

Of the 111 animal isolates (Table 1), 39 podRrg27 pig and 2 lamb isolates were diagnostic

submissions to either The National Veterinary tugti or to The National Food Institute, Technical

University of Denmark. One pig isolate (9b) wasabted from a healthy pig in 2007. All animal
isolates were tested for susceptibility to tetrdiogs penicillin, streptomycin, erythromycin,

ciprofloxacin, spectinomycin, tiamulin, trimethopyiceftiofur, chloramphenicol, florfenicol and
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sulphamethoxazole by use of sensititre method serithed previously (Table 35.0ne pig isolate

9b was confirmed to be MRSA lgecA PCR?%

Screening and sequencing of tet(M)

All 205 isolates were screened tet(M) by PCR as described previously (Tablé71[§or all 41

tet(M) positive isolates three or four overlapping Pfe&gments coverintet(M) including a
downstream region were amplified and used as tdegpfar sequencing. Different sequencing
strategies were used in parallel as outlined imféi@. DNA Taq polymerase (Ampligon, Denmark)
was used for all PCR amplifications. Sequencing pexformed by Macrogen, KoréaPrimers

526, 540, 324, 525, 266, 323, 307, 323, 307 an@ W&se used (Table 3).

Detection of Tn916-like and Tn5801-like transposons

The presence of thHat genes specific for 5801 was detected by PCR using primers 1811 and
1812 (product size 722 bp) and DNA Taq polymerase fAmpliqon. Ti916-like xis genes were
detected by PCR as previously describetin916-xis screening PCR products from human isolates
8797 and 5377 were sequenced using amplificationgps (327-328) and the $801-int screening
product from human isolate 1680 was sequencedamitlification primers (1811-1812). Primers
are listed in Table 3.

Long PCR linkingtet(M) to Tn916-like xis or Trb801-like int was performed with Phusion™ High-
Fidelity DNA Polymerase (Finnzymes, Finland) uscondition as recommended by the
manufacturer. Primers 328 and 804 (Table 3) weed & long PCRs linkinget(M) with Tn916-

like xis. PCR conditions were 30 sec af@8ollowed by 30 cycles of 10 sec at’@8 30 sec at

51°C, 85 sec at 7Z and a final extension for 10 min at’@2 Primers 709 and 1812 (Table 3) were
used for long PCR linking T5801-like int with tet(M) using conditions of initial denaturation for

30 sec at 9& followed by 30 cycles of 10 sec at’@8 30 sec at 6C, 144 sec at PZ and a final
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extension for 10 min at 7Z. Thetet(M)-Tn5801-like int product from of human isolate 1680 was
sequenced with primers 1812 and 1835-1840 (GenBalinission no. EU918655).

In all PCRs the reference straisfaecalis DS16°° andS. aureus Mu50'* were used as positive
control for the presence of 916- and Trb801- like transposons, respectively. As negative adntr

the reference strain containing the other trangpess used.

Phylogenetic analysis

GenBank was searched for full lengtt(M) genes based on the definition tkei{fM) genes share
>80% similarity on the amino acid leveFifty two unique gene sequences were selected to
represent different species from different hostdledghbor Joining (NJ) tree based on a multiple
alignment of 41 sequences obtained in this study=2tet(M) genes from GenBank (1920 bp) was
constructed in Clustal ¥ and visualized by MEGA 3% The tree was rooted with the(O) gene
(GenBank/EMBL/DDBJ accession nr. YO7780) as outgrdnother tree based on the 450 bp
region downstream d@ét(M) was constructed in the same way. Sequencesaceenpared pairwise

with the EMBOSS program water used for local aligmts®: 34

spa and MLST typing

All tet(M) positive isolates werspa typed (Table 2) using primers and conditions revemded by
SeqNet® Thespa types were determined using BioNumerics 4.61 (fgbinaths, Sint-Martens-
Latem, Belgium). Two human and one pig isolate (1531801 and 9b) were also MLST typed as

recommended by MLSTnét.

Clustering of tet(M) verses spa types in clonal complexes

CC types were deduced from thm types by using information available from the Rid8pa

Server and from MLSTnéL.® In cases where the CC type could not be deduced thespa type
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(isolate 1591, 34801 and 9b), the CC type was ohted from the MLST type by using the
eBURSTV3 algorithni® Relatedspa types within different CC types were revealed bing the

Minimum Spanning Tree method in BioNumerics, citdi$tance< 3.

Filter mating

Filter mating experiments were performed as desdritreviousl§’ using nine human isolates
(1591, 1680, 21995, 34148, 34168, 34801, 35366),45297) and five animal isolates (7413532-2,
7611472-1, 9877324-3, USA42, 9b) as donors antitbé& aureus recipients, R1 (8794RE)and

R2 (RN4220RFf? The detection limit of transconjugants and thesatf spontaneous mutations
were calculated for each of the mating experimi@nall experiments the donors tend to grow faster
than the recipient, therefore the transfer ratesthe detection limits were calculated as
transconjugants per recipient. Transconjugants selexted on brain heart infusion agar plates
(Becton, Dickinson and Company, USA), supplememild 8 mg/L of tetracycline, 12.5 mg/L of
rifampicin and 12.5 mg/L of fusidic acid. The numbef donors and recipient were counted on
brain heart infusion agar plates supplemented &iting/L of tetracycline or 12.5 mg/L of

rifampicin and 12.5 mg/L of fusidic acid, respeetix Transconjugants were further verifieddpga
typing and screened feet(M) by PCR. Long PCR linkinggt(M) to Tn916-like xis or Trb801-like

int verified thattet(M) was present on either 916- or Tr6801-like transposons in the

transconjugants.

Results

Screening S. aureus isolates for tet(M)

Out of 205 tetracycline resistaBfaureus isolates, 20 human and 21 animal isolates weresiho

be positive fortet(M) by PCR (Table 1). The highest prevalenceéetiiM) was found among



160 isolates from pigs with 60.7 %t(M) positives compared to 21.3% in humans, 4.3%sittle and

161 2.6% in poultry.

162 Sequencing of tet(M)

163 Thetet(M) gene including a downstream region fromStaureus isolates were sequenced
164 according to the strategies shown in Figure 2. Gaing all 41tet(M) gene sequences (1920 bp)
165 revealed 6 unique sequence types, of which onewgsesequenced with strategy 1 and the other

166 five types were sequenced with either strategyrZbo

167 Phylogenetic analysis predicts mobile elements associated with tet(M)

168 The result of the phylogenetic analysis is showRigure 3. The sequences fell into three groups.
169 All staphylococci sequences including thetdt{M) from S aureus, Tn5801 tet(M) from S. aureus

170  Mu50 (BA000017) and T916 tet(M) from E. faecalis DS16 (U09422) fell into group f Tn5397

171 tet(M) from C. difficile (AF333235) and two similar B397-like tet(M) from E. faecium were

172 contained in group | and TB45 tet(M) from E. faecalis (X04388) and other composite transposons
173 (Tn2009 and Trb251) fell into group 111

174 Based on similarity, the 4t&t(M) genes front. aureus (consisting of 6 sequence types) were
175 divided into three subgroups within group Il (Figu8). Subgroups 1 and 2 were identical or highly
176 related (98.8-100% similarity at DNA level) tei(M)-Tn916 from E. faecalis DS16, however

177 subgroup 2 formed an individual branch supporteiti @ibootstrap of 100%. Sequences of

178 subgroup 3 were identical tet(M) Tn5801 from S. aureus Mu50 (BA000017). This indicates that
179 tet(M) of subgroups 1 and 2 were located o®T8ilike transposons and thit(M) sequences of
180 subgroup 3 were located on the putative transp®s8801. This was further supported by a

181 phylogenetic tree based on the 450 bp region doeenst oftet(M) that divided the sequences into



182 two groups (data not shown). One group was iddmichighly related to the downstream region of

183 Tn916 (99.8-100%) and the second group was identiciléalownstream region of $801.

184 S. aureus tet(M) genes are located on Tn916-like and Tn5801-like transposons

185 The presence dét(M) on TrO16-like transposons in subgroups 1 and 2 and onutedipe

186 transposon T5801 in subgroup 3 (Figure 3) was confirmed by PCR.igdlates from subgroup 1
187 and 2 were positive for Pi6-xis and negative for T3801-int and all isolates from subgroup 3
188 were positive for TBB01-int and negative for T916-xis (data not shown). Twxkis and onént PCR
189 screening products from the human isolates 87977 38d 1680 representing subgroup 1, 2 and 3
190 respectively were sequenced. Bgitsequences were 100% identical to the corresponikng

191 sequence from 116 in E. faecalis DS16 and thént sequence were 100% identical to the

192  correspondingnt sequence from 1801 in S aureus Mu50.

193 For all isolates withiet(M), linking PCR confirmed that the Ba6-xis and Trb801-int genes

194 detected in the PCR screen were actually locat#lteisame element ss(M) (Figure 4A). The
195 DNA sequence dfet(M)-int (GenBank accession no. EU918655) from human isdlé80

196 (subgroup 3) had 99.9% similarity with the corresfing sequence in 5801 (BA000017). Thus
197 tet(M) of subgroups 1 and 2 are located o®T8ilike elements antet(M) of subgroup 3 is located

198 on Trb801-like elements.

199 Dissemination of tet(M) within S. aureus of human and animal origin

200 In Table 2spatypes and corresponding CC types are shown. Mustsd isolates hadpa type

201 t034 except two pig isolates gfa type t011 and one pig isolate wigha type t571, all belonging to
202 CC398* The human isolates had differeph types: t034 (CC398), t008, t037 and t051 (CC8),
203 t065 (CC45), t078 (CC25), t318 and t964 (CC30) ®6@ (CC5). Thus isolates gha type t034

204 (CC398) were found both in different animals anthimans.
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In order to compare how the differgat(M) genes may have been disseminated within and
between different CC types 8f aureus, thetet(M) sequences were grouped according to their CC
type (Figure 5). Figure 5 shows a clear correlatietween differentet(M) sequence types and
different CC types o8 aureus. Moreover tet(M) of subgroup 3 was identical tet(M)-Tn5801
from S aureus Mu50 belonging to CC5, indicating horizontal treamsof Tr6801 between CC5 and

CC8 (Figure 5C).

Horizontal transfer of Th916- and Tn5801-like (Tn6014) transposons

To test whether the identified 916-like and Trb801-like transposons were functional conjugative
transposons, filter mating experiments with 14 ele isolates as donors and t®@ureus
recipients were performed. The detection limitstf@ mating experiments were between 2.7%10
to 1.5*10° transconjugants/recipient except for mating withat 1591 and recipient R1 (8794)
where the detection limit was 2.5*1@ransconjugants/recipient. Spontaneous mutatimns t
ritampicillin and fudisic acid were observed onty tlonor 8797 (1.4-1.9*1%) and donor 34801
(0.9-8.5 *10'%). Transconjugants conferring resistance to tetiaoy, but not containintgt(M)

were observed only in matings with donor 9877324-Both recipients (1*16and 9*10?
transconjugants/recipient, respectively).

Tn916-like tet(M) from the human isolates 34801 and 35366 frobgsoup 1 were able to transfer
to R1 (8794RF) at transfer rates of 1®lffansconjugants/recipient and 3®10
transconjugants/recipient, respectively. Trangfemfisolate 35366 into R2 (RN4220RF) was also
observed (1*18 transconjugants/recipient). 3801-like tet(M) of the human isolate 1680 from
subgroup 3 was able to transfer to R2 (RN4220RH) airansfer rate of 1*10
transconjugants/recipient (Figure 4B and 4C). Titasinsfer was in addition tgpa typing verified by
a PFGE analysis showing the recipient R2 and #restonjugant (1680R2_4) to have the same

PFGE pattern distinct of the donor (1680) afi®al digestion (data not shown). The 5801-like
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element from human isolate 1680 was therefore texgid as a novel conjugative transposon,
Tn6014 in the Transposon Nomenclature Database from e Eastman Dental Institute, London

(http://www.ucl.ac.uk/eastman/trif).

Discussion

The screening of tetracycline resist&naureus isolates showed the highest prevalencet@#)
among the tetracycline resistant pig isolates (86) and the lowest in tetracycline resistant pgultr
(2.6 %) and bovine-mastitis (4.4 %) isolates. Alinaal isolates belonged to CC398 that has
recently emerged as a Methicillin-resistant clonthie Netherlands and other countries including
Denmark?**’ Beside the animal isolates four of the twenty buman isolates also belonged to
CC398 and contained the sameT#ilike tet(M) gene as all the animal isolates. CC398 isolates
usually tetracycline resistant and a recent studgaedet(M) in all methicillin-resistant. aureus
(MRSA) CC398 studied from human and companion alsiimeGermany and Austrid: *> *'This
suggests that a Da6-like tet(M) was integrated and adapted early in the evahudif the clone and
may be disseminated vertically within CC398.

In our study one of the human CC398 isolates dzdek to 1992. The two CC398 isolates from
cattle are from the beginning of the 1990s anduhey CC398 isolates is from 1998. The rest of
CC398 were isolated between 2000 and 2008. Thaadlrin the early 1990s inter-species
transmission of CC398 may have occurred. Whetheehitph occurrence of CC398 among the pig
isolates found in this study reflects that pigstaeemain reservoir for CC338t(M) is unknown.

Sequence analysis divided the sequenet€hll) into three subgroups corresponding to two
different transposonset(M) of subgroup 1 and 2 were located or9I6tlike transposons and
subgroup 3 was located on3801-like transposons. Subgroup 1 contained humantesfeom
differentspa types (and phage types) and all animal isolates the time span 1959-2007. The

sequence variations t#t(M) within subgroup 1 correlated with different @¢pes ofS aureus (see
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Figure 5A) which supports the general idea aiureus of different lineages are not very good at
sharing DNA. Subgroup 2 formed an individual brangth five identicaltet(M) sequences, all
from human isolates of phage type 94/96 isolatédden 1970-1992. All were shown to have the
samespa type (t078) belonging to CC25. Thie(M) of subgroup 2 appears to have been
integrated in this clone over 30 years ago witlahatnging. PCR mapping of the elements in
subgroup 2 were of expected size (data not shanatif;ating that all the ORFs necessary to
conjugate were present. Whether or not this ne@ig+ike transposon is functional is however not
clear. Subgroup 3 consisted of seven isolates f®57-2000 with identicakt(M), different phage
types andspa types all belonging to CC8. Comparing the isolatéhin this group shows a
correlation betweegpa type and resistance pattern (see Table 2). Tlee ikolates frorspa type
t037 (all from 2000) were resistant to the sameseantimicrobial agents including Methicillin and
were suspected to be from the same outbreak. Thetiverspa types in this group, t008 and t051
(1957-1963) are clonally related and are only tasisto 3 and 5 agents respectively, the latter was
Methicillin-resistant. These differences may beetidependent or reflect resistance profiles in
different sub-clones of CC8.

As shown by the phylogenetic tree in Figur&3aureus tet(M) sequences belonging to
subgroups 1A, 1C and 3 were identicaletM) of Streptococcus agalactiae (AAJQ1000009),
Tn916 -tet(M) from E. faecalis DS16 (U09422) and tiet(M) found in Streptococcus agalactiae
COH1 (NZ_AAJR01000021), respectively. This indicalt®rizontal transfer d&t(M) from
subgroup 1 and subgroup 3 betw&eaureus and other Gram-positive species of enterococci and
streptococci. Previously horizontal transfer oBT6élike tet(M) from Bacillus cereus group intoS.
aureus has been showf.Clustering of CGpa types versuget(M) sequences type suggested that

horizontal transfer of T801 between different CC types 8faureus has occurred.



276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

The filter mating experiment showed that thé®Tailike element from subgroup 1A (CC398)
could be transferred into both recipient stain®@F, CC121 and RN4220RF, CC8) whereas the
Tn916-like element from subgrouplD (CC5) was only trensfd into one of the recipient strains
(8794RF, CC121). The B801-like element, T6014 from subgroup 3 (CC8) was transferred into
the other recipient strain (RN4220RF, CC8). The tet(i)-like elements of subgroup 2 did not
transfer into any of the recipients. Although, bathipients are known to be very good in taking up
foreign DNA, transconjugants were obtained withyMew frequencies. Recently the restriction-
modification systemSaul was suggested to control horizontal gene tramsfeveers aureus of
different lineage$® RN4220RF was shown to have a mutation in thisesyshaking it able to take
up DNA from different CC types. However, in our&yuRN4220RF only receivet(M) from two
of the 14 tested donors which indicates that detors may also play a role or that transfer ocgcur
at rates below our detection limit.

Staphylococctet(M) were only located in part of the phylogenetiet associated with the well
characterized conjugative transposo®Tgand with Trb5801 described irs aureus Mu50 and
Mu3™ *(group I, Figure 3)tet(M) from other Gram-positive bacteria were disttéxlin the
whole tree and were besides9I-like elements associated with 3397 (group I) and/or
composite transposons like T35, Tn2009 and/or T®251 (group 1ll). Moreovertet(M) from E.
faecium (DQ223243 and DQ223244) has also been found amdss (group If* Thustet(M) from
S aureus appear to be less diverse thet(M) from other Gram-positive bacteria.

The predicted mobile elements associated tet(M) in S aureus from different origins were
confirmed experimentally by long PCR. The same ag@gn was also used successfully in a
previous study of the diversity &t(M) among Enterococé Thus in generakt(M) appear to be
more related to its mobile element than to the bpsties, however module exchange between

transposons and recombination witkét{M) may also have occurré®.? Module exchange seems
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to be the case for putative transposon C\Wet8d) from Clostridium peringens.'® In this
transposoret(M) is highly related to T@l6-tet(M) whereas the rest of the transposon sequence is
more related to T5801."

In conclusion, we have used the diversity oft#i@Vl) gene to determine associated mobile
elements irs. aureus from human and different animal origia.aureus of human origin was
shown to contain diverdet(M) genes located on Ba6-like and Trb801-like conjugative
transposons that corresponded with different C@gy§ aureus of different animal origin
contained one specific type (M) located on TA16-like elements, all belonging to CC type 398.
This is the first report showing that a5801-like element, T6014 can transfer betweeh aureus

isolates.
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458 Legends to Figures

459 Figure 1: Comparison of the 18 kb conjugative tpas®n Tn916 (U09422) and the 25 kb putative
460 transposon TH801 (BA0O00017/NC002758). Besidest(M) (dark grey arrows) they both consist of
461 3 structural domains containing genes associatddagnjugation, regulation (light grey arrows)
462 and excision/integration (dotted arrows)> *°Both elements contain an integras#)(gene,

463 however theset genes are very different. In addition,9I6 also contains an annotated

464 excisionasexs) gene (black arrow). B801 contains several open reading frames (white ajrows
465 whose functions are unknowsav415 may however encode a transposasghe relation between
466 open reading frames of U6 and Trb801 are shown in percent identity on nucleotide level

467 calculated with the EMBOSS program watr.

468

469 Figure2.: Amplification and sequencing strategy for tet(M). Top: Thetet(M) gene sequence
470 including a downstream region. Primers used forlditgtion and sequencing are illustrated with
471 arrows. BottomTwo different sequencing strategies using diffecermbination of primers.

472  Strategy 1Sequences from 7 human isolates (213, 229, 1682, B3597, 34148, 34168) were
473 obtained. Strategy 28 human, 8 pig, 1 lamb and 1 bovine isolate (2285414, 35679, 9b,

474 7215311, 7311242, 7413093-4, 7413714-1, 751298611472.1, 7611995-1, 7612628-4,

475 sw356).Strategy 2lt0 human, 9 pig, 1 turkey and 1 bovine isolat&’ (8591, 4520, 4865, 5331,
476 5377, 8797, 21995, 35801, 35366, 7215190-1, 731233@12791, 7413532-2, 7413727,

477 74140355-2, 7512166-1, 7611280, 7711730-1, 987B324a42).

478

479 Figur 3: Phylogenetic gene tree t&t(M). Bootstrap values are indicated at branch gojatt of

480 1000 generated NJ trees). Group | is supporteddmosstrap value of 87.8%, group Il by a



481 bootstrap value of 48.7% at the first branching @8d% at the second branching and group 3 by a
482  bootstrap value of 99.4%.

483

484 Figure4: PCR products linkinget(M) to Tn916-like xis and Trb801-like int genes with the

485 expected size of 2835 bp and 4820 bp respectiRel representative from evetgt(M) type

486 from different origins are shown. Lane 1: 987732dtBkey), 2: USA42 (cattle), 3: 7611472-1
487 (lamb), 4: 9b (pig), 5: 21995 (human), 6: 617 (han&: 8797 (human), 8: 34801 (human), 9: 4520
488 (human), 10: positive controE(faecalis DS16), 11: negative contrdb (aureus Mu50), 12: 1680
489 (human), 13: positive controB(aureus Mu50), 14: negative controkE( faecalis DS16). M: Gene
490 Ruler 1Kb ladder from Ferment&. Transconjugants (TC), donors (D) and recipiehtsxdng

491 horizontal transfer of T916-like transposons. Lane 1: 34801_1 R1 (TC), 2: 348, 3:

492 35366_1 R1 (TC), 4: 35366_1_R2, 5: 35366 (D), 6{8&B4RF), 7: R2 (RN4220RF), 8: positive
493 control E. faecalis DS16), 9: negative contrab(aureus Mu50).C: TC, D and recipient showing
494  horizontal transfer of the B801-like transposon TéD14. Lane 1: 1680R2_4 (TC), 2: 1680 (D), 3:
495 R2 (RN4220RF), 4: positive contrdb (aureus Mu50), 5: negative controE( faecalis DS16).

496

497 Figure5: CCspatype clustering versus differetet(M) sequence types f& aureus. Predicted

498 horizontal gene transfer tdt(M) is illustrated by an arrow. Relatega types are illustrated with a
499 black line:spa type t034 is related to tO11 by a deletion of tepeats in t011 compared to t034.
500 Furthermore, t034 is related to t571 by a deletibone repeat in t571 compared to t0§h type
501 t051 is related to t008 by a deletion of one repe#l08 compared to t50%pa types t964 and t318
502 shared 8 out of their 9 or 10 repeats, respectiaetione repeat varies by one substitution.

503

504



505 Table 1: Origin, source, phage types, country, year andbsumofS aureus isolates screened for

506 tet(M) by PCR and the number found positive tei(M).

Source Human® Pig Poultry Sheep Cattle”
Phage types 80 complex, grl, gr2, gr3, ND ND ND ND

83A, 94/96, 95, MIX, NI
Country/Region Denmark Denmark Denmark Denmark Europe & US
Year 1957-2002 2000-2007 1994-1998 2004-2005 Early 1990s
| solates 94 28 39 2 42°!
tet(M) positive 20 (21.3%) 17 (60.7%) 1 (2.6%) 1 (50%) 2 (4.3%)

507 a: bacteraemia, b: mastitis, ND: Not determined

508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523

524



525

526
527
528
529
530
531

532
533

Table 2. S aureus strains withtet(M) used in this study

Strain Source/year Other resistance phenotypes I&el@ment spatype/CC  GenBank
carryingtet(M) types accession
number
213 Human/1957  PEnStF Tn5801-like t008/CC8 EU918651
229 Human/1957  PEnStF Tn5801-like t008/CC8 EU918652
1680 Human/1963  PEnStf, Enf, Mef? Tn5801-like t051/CC8 EU918655
(Tn6014)
1742 Human/1963  PEnStR Tn5801-like t008/CC8 EU918656
33597 Human/2000  Péh StF Gerf, Ery’, Mef?, Cip? Tn5801-like t037/CC8 EU918664
34148 Human/2000  Péh StF Gerf, Ery®, Mef?, Cipt Tn5801-like t037/CC8 EU918665
34168 Human/2000  Péh StR Gerf, Enf;, Mef?, Cip? Tn5801-like t037/CC8 EU918666
4520 Human/1970  P&n Tn916-like t078/CC25 EU918657
4865 Human/1970  PEn Tn916-like t078/CC25 EU918658
5331 Human/1971  PEn Tn916-like t078/CC25 EU918659
5377 Human/1971  PEn Tn916-like t078/CC25 EU918660
22034 Human/1992  PBrEnf, Cipt Tn916-like t078/CC25 EU918663
34801 Human/2001  PBpFus Tn916-like t688/CC5" EU918667
8797 Human/1977  P&n Tn916-like t065/CC45 EU918661
617 Human/1959  Pé&n Tn916-like t318/CC30 EU918653
1591 Human/1962  PEn Tn916-like t964/CC30  EU918654
21995 Human/1992  PBn Tn916-like t034/CC398  EU918662
35366 Human/2001  PBn Tn916-like t034/CC398  EU918668
35414 Human/2001 Tn916-like t034/CC398  EU918669
35679 Human/2001  PBn Tn916-like t034/CC398  EU918670
9877324-3  Turkey/1998  P2n Tn916-like t034/CC398  EU918671
USA42 Cattle Peh Stf, Enf, ChR, Sufl Tn916-like t034/CC398  EU918673
Sw356 Cattle St Spf, TmJR Tn916-like t034/CC398  EU918672
7611472-1  Lamb/2004 PRrCip® Tn916-like t034/CC398  EU918687
9b Pig/2007 Péh Stf, Eny?, Spf, Tm,Ceft, Mef®  Tn916-like t034/CC398 EU918691
7215190-1  Pig/2000 PBnSt?, Tm° Tn916-like t034/CC398  EU918674
7215311-1  Pig/2000 PBnStF Tn916-like t034/CC398  EU918675
7311242-1  Pig/2001 EfyStf, Spef Tn916-like t034/CC398  EU918676
7312330-1  Pig/2001 PBnStF, Spef Tn916-like t034/CC398  EU918677
7412791-1  Pig/2002 PBnstf, Tmg° Tn916-like t034/CC398  EU918678
7413093-4  Pig/2002 PBRENR, Tidk, Tm? Tn916-like t034/CC398  EU918679
7413532-2  Pig/2002 PBn Tn916-like t011/CC398  EU918680
7413714-1  Pig/2002 PBATmp! Tn916-like t034/CC398  EU918681
7413727-1  Pig/2002 PBnErY Tn916-like t034/CC398  EU918682
7414035-2  Pig/2002 PBnStR, Ery* Tn916-like t034/CC398  EU918683
7512166-1  Pig/2003 PBnStR, Ery?, Tmg® Tn916-like t034/CC398  EU918684
7512986-1  Pig/2003 EfySp Tn916-like t034/CC398  EU918685
7611280-5  Pig/2004 PBATmP! Tn916-like t011/CC398  EU918686
7611995-1  Pig/2004 PBnStF, Ery?, Spf, Tid®, Tmd® Tn916-like t034/CC398  EU918688
7612628-4  Pig/2004 EfySpf Tn916-like t571/CC398  EU918689
7711730-1  Pig/2005 PBnSpE, Tid, Tm° Tn916-like t034/CC398  EU918690

&: Determined by MLST
®: |solates suspected to be from the same outbreak.

Perf: penicillin, Stf: streptomycin, Géh gentamicin, Er§: erythromycin, Met: methicilin, Cig: ciprofloxacin,

Chl?:chloramphenicol, SBt spectinomycin, Stil sulphamethoxazo, Tiatiamulin, Tmp%: trimethoprin, Cét: Ceftifur,
Fus® : fusidic acid
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Table 3. Primers used in this study

Primer number/name Sequence Reference
266 (Tet(M)-1) 5-GTTAAATAGTGTTCTTGGAG-3' T

267 (Tet(M)-2) 5-CTAAGATATGGCTCTAACAA-3' 2

327 (Tn916-1) 5-GCCATGACCTATCTTATA-3' 2

328 (Tn916-2) 5-CTAGATTGCGTCCAA-3' 29

1811 (intcw459-1) 5-CCGATATTGAGCCTATTGATGTG-3' Thistudy
1812 (intcw459-2) 5-GTCCATACGTTCCTAAAGTCGTC-3' TEhstudy
709 (TetM sekvens 6) 5-TCGAGGTCCGTCTGAAC-3' Thisdy
804 (TET-Down-1) 5-GTCGTCCAAATAGTCGGATA-3' Thisusdy
323 (TetM-up) 5-CTGGCAAACAGGTTC-3' 21

324 (TetM-down) 5-TAGCTCATGTTGATGC-3' This study
526 (tet M upstream) 5-TTGAATGGAGGAAAATCAC-3' 21

525 (tet M sekvens-1) 5-TACTTTCCCTAAGAAAGAAAGT-3' 2

540 (Tet M seq-3) 5-GCAGAAATCAGTAGAATTGC-3' 2

307 (Revers TetM-2) 5-TTGTTAGAGCCATATCTTAG-3' 2

1835 (F1F) 5-CGTGCAAATCTAGGTTATG-3' This study
1836 (F2F) 5-CATGAAGGAGTGTAAAGAATGA-3' This study
1837 (F2R) 5-GTGTCTTATACCATGGAAGGA-3' This study
1838 (F3F) 5-GAGCCTCTTTAATCGCT-3' This study
1839 (F3R) 5-CATATTCGTCTGTCATGC-3' This study
1840 (F4) 5-GCTAGTGCTTCCATTAAGGA-3' This study




543

544

545
546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

Figure 1
| 1
0 _ 25 kb
tetracycline
conjugation resistance regulation recombination
- 2's ~ N
Th916 - - ia P m e omm
23 22 21 20 19 18 17 16 15 14 13 12:5 tet(M) 69 107 85 Xis Int
73.3%  61.9% . 61.1% 68.0% i 97.7%: 728%  38.6%
SAV415  SAV4l4 SAV413 SAV410 SAV406 SAV404 SAV3S;3
Tn5801 wm )y Dy Oy o
23 22 21 20 19 18 17 16 15 14 13 12 tet(M) 910 7 8 Int



563

564
565

566

567

568

569

570

571

572

573

574

575

576

Figure 2
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