WD 2008/ 144192PCT/ US2008/ 062307 METHODS OF GENOME | NSTALLATION IN A
RECI Pl ENT HOST CELL Cross-Reference to Rel ated Applications [ 0001]
Thi s appl i i ains priority fromU.S. provisional I J
nunber s GW@%@?gﬁghand 60/ 927, 293, both filed My 1, 26'%%5%@2’5&%
contents of these docunents are incorporated herein by reference in
their entirety. Statenment of Rights to Inventions Made Under

Federal | y SparI91@PS P e NOME [IRSFAILITATEO NINA IISC BMIENT HOST TR t
by grants fromthe National Institutes of Health and t he Departnent
of Defense. The U.S. governnent has certain rights in this invention

Technical Field [ 0003] The present invention relates generally to
nmet hods fo 9ERO i nst ka fon.in a recipient host cell. Background
Art  [00 = 4 Shave been described for the entry

of | arge ecul es into hacterial cel They are transfornpation,
Cr anoduot | orl00GH nf s BoPHSHISTGIAmS P AP ST S-SR e LR R a
mechani snsg0/9m1250@hd 80V927,2P0 bb@diléERY AL T0Y. TRE BétflentCafthése @GRk Pdre
genones be inserted into other bacterial cells resulting in new cells
that have neEpgaisdheiss byvefepmenttheieeiretyhe | nput genone.
Transfornation of bacteria with DNA from other species is routine,

but only vdhBmerEfRiSROBEMN s NS UM F8dd4G) sqe,_h%ed R@kaLrd from
gently lysed BaciTTus subtiTrs protoplasts Akamatsu and colTeagues
have denonstipgsfdTR WorS RECPorkaih hAREY gfaqatffomhefNa@ib§41 Vi IB JF Hedlth
Their nost recent analysis concludes that at |east 30%of the 4.2 Mp
B. subti | i mddenbepartmest ofdnderise.n€ek Urdt govemamens bagpieatpin reghis|in tids myamtiponof
the Invention [0005] In one enbodi nent, the presently discl osed

invention fo}atasdie @ method of inter-species genone
transpl antatron, conprising: preparing a donor genonme froma first

speci es; pr N i pi i es.: Y
the tir st spOotdl Rl Rlaition Efues ddrNG o RERRH: £ EAIR 1ntIBLEh T o
genus; andec¢ipsbidsieeyl. of t he isol ated donor genone into the recipient

cells, whereby the donor genonme phenotypically transforns the

reci pi ent BaA 21%99&31&%44192PCUU82008/ 062307

[0004] Four natural processes have been described for the entry of large DNA molecules
into bacterial cells. They are transformation, transduction, conjugation, and cell fusion. For
none of these natural mechanisms, nor for any reported laboratory method, can a bacterial
genomes be inserted into other bacterial cells resulting in new cells that have the genotype
and phenotype of the input genome. Transformation of bacteria with DNA from other
species is routine, but only with small segments of DNA. Using nucleoids isolated from
gently lysed Bacillus subtilis protoplasts Akamatsu and colleagues have demonstrated same
species co-transformation of distant markers. Their most recent analysis concludes that at

least 30% of the 4.2 Mbp B. subtilis genome was recombined into the recipient cell.

Summary of the Invention

[0005] In one embodiment, the presently disclosed invention relates to a method of
inter-species genome transplantation, comprising: preparing a donor genome from a first
species; preparing a recipient cell from a second species, wherein the first species and the
second species are both from the same genus; and installing of the isolated donor genome

into the recipient cells, whereby the donor genome phenotypically transforms the recipient



cell to that of the first species. The donor genone can be isol ated
fromcells of a first species or prepared synthetically. The donor

genone caq,r(g%ok Iy contain a selection marker. In O%Tﬁg%%&?7
t he i nvent pro %ins are renoved fromthe donor genorre pri or

instal | ati Qi Hae 8AL BRY s ﬁ%ﬁ?cfhé)&onbp%edoﬂl\é%% b@ﬂola@eﬁ%oﬁ‘?@éll@b?ﬁ‘hrs@el |
corrprl Ses a recipient geno genone can encode a
restricti ospedpdorpuedaeaisgnthbtidally e Theydime geroogirem optéonally cdndain e selpdtiont

Por _oxanpl BARhd" B Pog SR I ensoh AR ATRARE (PO Efo s it

anot her aspeégstal@afion. hia amaohemspwn of the irfvienitédn, &peedqﬁsmlcsll Myrapiidea s meripient

nycoi des Large Co| on and the second s es s copl asma
capricol u rﬁenomfo@l%‘]iglnﬂ% Ble RAERPIRE ﬁ‘?StrEFFIOF ﬁ‘e‘i‘ﬁnﬂ?}?ﬁ? rercgﬁ%?eés to a

met hod f or.geNesEn ikStabieal defBmb Bu@lOﬂH&'d@%ﬂ genSREPThSIING; gdHoBRRAA BY 2
donor genone froma first species; prepari a recipient m ni cel |

froma secosbylsédorexampie theidoneirgenpie san Tedammethylatesle dp ]l another
speci es ar

R the: r ot preaf i BREhAne AT oAERM R ARl T R B e AR PR R
t ransf or mssetcbml specucsps éhtromednia daprltddam of the f| rst speC| es. The donor
genome can Ol %t Ed fro Cel lf(s:t ny tc; rsllt occl”forpen me nstallatlon
synt heti cal | %It ?foerm gﬁ Ibﬁ?félrfg %WF ion
mar ker . | rﬁn@ﬁﬁnﬁ&]ﬂ)%hlpﬁﬁmghﬁepaﬁﬁg Aldbmdt, geford &bﬂﬁ& fﬁﬁﬁpémpﬁﬁaﬁr{gam t he

donor genone prior tg installation. In still another $ ect of the
i nvent i on ‘erigiepy pinicel from a secpud fuseish Whermn the ey SoRSEs P B’QSE‘&“ g RECEes @ye

and the Sel%{‘ﬁlox%ﬁﬁ‘&éa% éeﬁumg@mkeﬁwtmbpg@naﬂe ifBtht edcigas etihien,on of
t he Draw ngs [0007] shows various restriction nodification

sKst ens. [ooudly e @noz servoespheeethgiralydrngferpnihe rqopient celf pobajof riqecﬁrsts
SE)NX“@ h gev\;] hsﬁ’l&%ﬁ gng;@%? % B%\flgféxﬁ %9&%5%%%%&%%%%&%{)%!&%?&% cr og r ap hs

of nycopl agnaedallys The tlcbnoageremmoban epdlormﬁapmtaiue stlectidnenoker dix pneesspéadn

of FtsZ. 0011] FI G _ 5. ast and epifluor .
i crograph%f[ﬂ&efm?‘r%fﬁ 'SP pafg'i’?’élsébelrf’@g&aflsef%& é’g?rn%m?rﬁgpﬁ?r (9 10544 gltsaé?rh still
resul ting dndthet peaioe theG@Ventiod thaffir df&p(ectb@ iUReEhpAS ML eDicpideLagd Golbth(LC)
transpl ant ati on of dongr genones. 0012] Figure 6. Enhanced

transpl ant%‘ﬁlt@rﬁeﬁqndhﬂpe%éﬂ@é@lﬁ@‘b@ﬁﬁﬁ?émeNA in the presence of the
restriction enzynme Moo |. Purified A, mycoides LC genoni c DNA was

m xed W t hg$&eadrigiioh WF e MHra®ingt €St ri cti on enzyme Moo |, the m xtures
were transplanted 1nto M capricolumrecipient cells, and transpl ants
wer e recovermgoRYEI. atshbds Piowe LR 1ctive mdBficaion sYkms.
20081144192PC1711820081062307 Natural nethyl ation of the donor M
myco i des gdA808]cFISNA Sb?‘éﬁ/@ﬁthywngeﬁ@mcmfxg cl eaved by the enzyme.

I'n contrast I S
sensi 11 ve t JORET FREQIhGwEReRlaicddEn bR R cdfirab D AR R oMt
enzyne selleNAishewy ircBlithR2om ses t he genom c DNA of the recipient cells

and this is e er of ants recoy . This

e ohant om + JORIMCFIE S hOys s ARG oBerblaPRE PRSPk AE B i anERen
with incr aﬁsperkgle&@mr&e@@plegsﬁﬁﬁc&tﬂtm Pl at e nunbers are Ilsted on the
bottom of the Elra ate 1, no added genom c DNA; g no

reci pi ent cd0PBL] Catséhéws phate Fenrapiaad ﬁP’@é‘orfEFeBﬁe IBFL%%? p of mycgplaspa
genom ¢ D'%ll@h%?eﬂ ordding the'¥Rey. émtdﬁ{ @ésﬁltﬁﬁ 1@9@%a@édeceﬂ\%a%b'$b@us¥d gé of
Mo |; plate 6, genomcDNA us 0.01 u pl ate genoni ¢
DNA wi t houtecipisots in the tl[at)@igl]tatlbn@fdworlgemmt ration that the DNA in the

bl ocks was i t W oA
mgrated i ntl%jt‘jﬁeFl {e}% 6\?\/151EElﬁ |C§11deterlarlﬁgm(a%%é{bgf sedJ oftet P% %g% olg&gédn \%"’t h
pl ugs cont}aesencagoﬂ\zhe reyteioticiesnzine DivA. 1. Fndfidd. M,)MEBEiebUCfgnoxgngMAs;vas

el ectrophore 0..hour s .and. t.hen staine t h SYBR The
P xeg wit serlzﬁ dllut?ons of restriction enzyme I\Rbodl, Vﬂe rrrlllxtures we(%e transplanted into

M. capricolum recipient cells, and transplants were recovered by plating on selective media.



anal yzed (MALDI - M5, ABI 4700 Proteonics Anal yzer) peptides of acetate
ki nase (spot 8, gel C) localizes peptides identical to the two

Mycopl as i £S.,(i N red) and peptides present only i i des
LC (in blrrg‘é‘?%g/l‘l%g%}m] Fig. 10. SDS pol yacryl am de gel pEr/tsadfilsd?

el ect r ophofsiaPmPMdla¥ish St AL dbRRWALSPoMNs SBAERICIBR Alfre JdNA if RoRB8InG SRaved
bl ocks to show thefe were no detect'abl e Tevels of ‘protein assocrated

with the DOiAhe Firaymgelnscontast the ganemicPNiArd dhe tegipicheMpeapeicolym aeHeis| ef t

the 3 | anes_|.abel ! " e r i Lot .

nycoi des L %@Yﬁ Q Oa{' E‘t\(/)\gfaésé);%itﬁl‘tg)& O?ﬁ{egﬁgglaﬁﬁlxl 333@0&2%%%1%3"813 | .
The m ddl ecopmngrhisexathé génvmiaDAAOE ehdieoplent vdlls land thés iVrefleyed it nhiG@bENA
that were boiled in SDS d | oaded on the pratein.gel either before
(B or af tBRSRIANs eesred g NG RChie 3 b HER R G e gy ielf ¢ he
gel was prigéeises Rith Weaking EH@HM@E&enlﬁﬂti(gﬂ?PlaH "hbetfe DQEQES BB ttGh ber

PFCE bl ocks were treated with DNase |. In that panel one of the
mar ker s waBe grpkdlate 1, nq gidadypenomic DNA; plater B @p regipientcally glafecd: geraimisg

coi des r ' t,0 f r ' :

Conor o DN ad i ICHARENIES 1D O o pRAC BT Al AR E P4 @Phomic DNA
descri bed plws @.hel ofeMbo I;@Ht¢ 6, geromsicd?duplis).(BRA ofidvthiounplsigpp Eerent BHA
wth tetracycli (10 pg/ ) (A) or tetracycline (10 pg/ nl) and
strept orryc‘?’ oflhgﬁ’ﬁdY m) (B). The deproteinized DNA was stained with
gYBR gol d (E[?folﬂ]/bﬁ@?'llh}h{n?dﬁlﬁt@itﬁﬁ)ﬂllzftﬂig %NAlﬂl ﬂiétb;ixﬁ:kﬁbvais Deaer ireigenat, wiele

even mcroljters of cells were |oaded on a. glass slide
vi sual i zedoPNeY dhekand that mlgﬁﬁeele}we(%wew%@ze@é &ﬁff&?&%ﬂfbg@é losded) .
[0018] Fi gyit&au%sgéBJnea@ﬁingM PhARestIEDNA A Be 05 XMBIE 8t GRl Wil d1&%ioPh&Bled

cells grown in medi um suppl enented with 17%fetal calf serum and
0. 5% gl ucdee2as anddhen st yitlsSYRR gotd. §ho magher lane gpntaigs Bigled of
grow h at - cent.ri e 1 200
o at 100 Atk sttt liEFeentPORACH e ol dhe Bl SRR DN ST
15 m nut esemtiningomttegriggsr B LFle Hygsaddshomareitbér EBRPGGEABPHEXE) or after

Mol ecul ar ev mcroliters of cells | oaded on. | ass
11 de. and M GREGET 350 heRsahBe vn bt el By PEBRo SR Ger Qi oMl
AXi os]Ic<op Zlggtmlﬁl} lwit? tlﬁe(l@lﬂ.éih]id@;cagabDN%. nuMleglséarImie aodleHse alﬁ@nMddigamoindﬁs?m
specific PCR anplification o ot h. wi type.strains_and a transpl ant
(CL1L. 1) . but hgirsftept G cighlar SynloHaNg. B e SUaAItes e PERERDNA e

nycoi des Lfiofdddiflo il O0Ss eneREke seftidveadna Adbe B, The bl ots were
probed with“a PCR anplicon that hybridized to the 1S1296 insertion
sequences. [P Bat8.s3anthess blopwialysislf M. isaricogur.Hé misotdeplLe apd piserdes of
the 15129 i i f - i ndi I
moversnt  aPP A" ol o Ao fl DEA s BRLES AR R G bk bRELEGLL 19
shown in tdgerosé gl Ehel DNASvas tMBIR20080 bd NYORRETMEISBAROBARBRBA with £021]

Fig. 15. hypridi zati on .af oides LC (genone.donor

v Pcapri oo ARtpeRh pehf g Rbns K245 eF e ESFpli pAURH P Ercieen
exper i mentexpiMifh ofeedSRIcakatwhed it was pokdCineat MR b ey, Sativpbs f or
the M capricaolum VntE and VrncF surface antigens or w th nonocl onal
ant i bodi er8pRIRIM® for the M mycoi des LC VchL surface anti gen.

Detai | ed Degghispt Figno, ObrokeBRrid A\Mﬁ%g._Qrbimehg&zﬂlgeﬁ%-&mﬁ%iﬁglc:)emy@gt&e@alﬁ
of a genone has recently been described. G bson, et at, "Conplete
Cheni cal SYntyvesles LCASI.Mbdapricelnd (B) and sigansplant dignedp)-aStendardeenditons um

Conoe o SRR R ERRRL Y BRI Bl g B P8t
oo ente e S e e oo S T
e o AR, SR e ne Ttk bR pa i Ba B oD o e
m ni el seler®bxGRATHM &lHbE 8E oERI Sp&L 7y (@l @?}: jgﬁgaas)\&ﬁh B (88 d)@ere

constructing custom zed synthetic genones wh contain selected
identified as acetate kinase. M. capricolum acetate kinase showed a clear alkaline pH shift

(gel B). The sequence coverage map for trypsin-digested and MALDI mass spectrometry
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[ 0026] In one enbodi nent of the invention, the donor genone encodes
one or nore restriction endonucl ease whose action is bl ocked or

i nhi bi tedg&(?k(ﬁ)&/iﬁﬁ%zto t he donor genone but is functi On?te?TﬁJgngQ/ﬁéz3(£7hg

endogenou eci pl'ent genone. For exanple, it is possib to selec
restricti op,RROoRMAL BRMES, ATAL7EMbBeBic 17 ?epﬁfd%@éf RBliPnas@shoi's, 2
donor genone “or chronosome that |acks those sites. In a preferred
enbodi nent gel Chicsalises ppitidgs idsntaahiodhetvodylyerpldsinaapdoms (mfred)vad goptisies
genone. In aréogcpgr.eﬂbodi n:IT (t hﬁucgonor genone or chronmosone may be
met hyl at e BSPoP D B M gides U Y89 on or transpl antation of the
donor chronq90ne Figt 00.8D8qslya0ryldntide péleldctrotolesisfannlykie of isolated W. abyicoides
of the donor chronosone y occur naturally orﬁ@rieifi cially, such as
in an in Vit POUSIASBRTRIGEKS to shayo Sipfe e BRHEGERE L VER CORGLIHESPHAE
reci pi ent G {he TVA PEheUWRIEB W Lifilef SlaiR B8 /IR thel pARR Bh ARY bR HR! Y1an&tibelat ed,
as in nethylated at sites that do not protect the genone from

endonuc eadataetGiells] wore thyg filtions a&M; tacaiest Kecells it ereiboredRARRard om
t he donor t ri.Ghi h i t
et o omeOMe I RRANE g 1 it/ dafil' Bk O TG BRI E AR Vi ATy Cos £
restricti dDNAnhaweed baikd in SDB nod leddall omthe hetdin gelsphearbefore 03) or pftad@ss.
The restri i endonucl.ease initiates deqradati on of t esl dent

Ehr onmeom G e AR Pl i T Gr SE RO s oS BNA T 585 ap
of the reshé iightthbEndand eft@PFGH Blbckstwige ietdd witl DNasealy im@attjaf® ond of

conparison to the tinme required for the expression of the restriction
endonucl edBemRiksi YHPNBRdr genome. WO 20081144192PCT1US20081062307

[0028] Met hyfhoh)r et B0 FRREQVTUEERGRFSN bk @P?@k&d@sﬁ@ Hbddr %Qndﬁﬁ& M2t ed

DNA) may be enployed by produciing a nethylase within the recipient
cel | and pepaegy b@l@ﬁra@wﬁ)&nﬁ%ﬁsﬁﬁmﬁm@%@amﬂy isoltaddeane . mycoides LC
restricti 8&11?9{%@8-% ed Ah et éétﬁs%?e %8&8 in §PJ ﬁg&g&p&gg}?lem&?é’@%lth In

sone enbodi nents, erecipient i's sensitive rictiron
endonucl easteacyelbmy($@ pgimlrOhtaitetsicydine gitl i g/mb) ani sesptéroycin (ld eghmi)riB). The

[he eneymeePBRG PNACHIHERH Wt B BREokF T FrElogiar oo ol Bhpetes &

coul d be poemitémpdratrenbéven nfieroBRZYoTRel1SShER lidbd on & Blaby stids hgd vigdalioed ©f
chem oenzymati ¢ nucl eases, chem cal nucl eases and nodification

reagents tiHHQIESEaY Ju¢rosopy BHORY (&pistpkiogkapy RIAR: r esi dent chr onpsone

may be used.[ogyd) Big, B0 Bt of RESEN S PRHO BE N SagFRYLMErebiBle ARt §RwWnan
sel ectively conprom se a resident chronosone before, during and/or

af ter tran¥pB metiam omnpleMsnted aithd 76 fetal ealf sebire apd@.6¥4 ghpqospwhen the pH was
endonucl e t heso ct.l fre
enzymms. w o OV o Qo AU R or SRS G000 i BEecl SRS Bty
app! i cabl eminutep @OR0D gAit 1 @ rmtliresabpendedatherpiie 200 cld?BS Gelly byerei smiteldefor 15

presence of. nucl eotide anal ogs and. th ch i onl e
present wiTHPS fHEOMAETRERES egﬁ’ragﬁ'\?% ﬁgng&%’é‘ﬁ@gn 3’?@6% Pé%ﬁ%og%"eﬂay
be t ar get agichyitafoB@an e 16aRadn RYIARE siaR-dnll aREAIEABY Mbiekteh\@icdRB6sy
chronosone. The resident chronpsone is selectively conprom sed with
or wi t hout *1¥Y) ffassehideskep 2@1genet i c ability to repair such |esions.
[0031] Accorgpig E@. VRN Q5ridalR QESMPEYMi g5 ] Chek8irB POMEAMREEB of both
mycoi des LC encodeS nmultiple restrictidon nodification systens, npst
of whi ch awidd gpé fteriesrandfartmspléng (SLhigl)e restriction nodification
systemin M rco La. . . h, oot 1 . [ N
capricol um JS%’iu E\lghie# %\gtg?%& 10&%%%@6%@%%% ]V het crm%% rlfg’gtlf?lllpeé g%ﬂﬁlég %le 3
det er m nedrdaypladte (B)eThgbiblsivame plobadhwRint PORymioe thht leybiidizedret thy [Si20d

adenine in Western bl ot alysis (Fig. 2 M coi.des LC appe
be site- sp}ewtfqnc%ﬂlrv%{)%%r téan@tgs’@%ﬂeaﬁéat}e&%gn%g}ﬁsﬁ%ﬁﬁﬁ@éﬁa%?
t he Escherya@RjighiqifferdRifaMbRas 6n BRERAEHIRY A8 o HABOSMNBe EIBRGA!. For the

met hyl ase), wheréas M capricolumis not. The Dam nethyl ase transfers
transplants the donor genomes are shown in the single lanes.



Acl u- onosonal Host Cells [0036] An alternative enbodi ment of the
presently desni bed invention calls for the use of achronosomal host

reci pi %Eéo(&/ 4392 Achronosomal cells, also known as %Q}‘%ﬁ&klﬁ&a@;e

typlcally s 'of aberrant cell d|V|S|on and contaln

prot el n, - butioba)t k. P8, oyt BRI ATERIof DRSS aonedhby ki ves
of ceIIs tha[t %]E{% ﬁrormosn(oi'l}r DNAan %’are sgs(tlorrgs referred
to as anucdcwatdume(idcsnenBeeihmsétrwbbmtsefrqnafouadudfemth@abmcme thagverzgirdted
unl i ke eukaryotic ce \Fct organel.l e

Phat <ot TS bhS e EuaRandty sPRtadrY fe I iSHTn Vi &F BEC Tgens
accur at el yordgigcmhoietbnabanki®bdigs spﬁtlflb cattthechr mymmm VCHL surface antlgen.

"achronosonal ," as opposed to "anucl eate.” Nonet hel ess, those skilled
in the art_of use the erm nucl eate"” when referring to bacteri al
m ni cel | s 2§ a'lied ."ts.‘:?,ﬁ’f“{n@fm ..EMilo—ﬁl cells. Accordingly, in the present

di scl osure, cell s enconpasses derivatiyves
eubacteri al [bgﬁ]sﬁ‘%%ﬁen? Rynshesisob g - hag ggeey li’e\‘?géiescfflbe‘{ Gibson, et al.,

ar cheabact ardmplete €lhkmidahSynthedfs kA&é@ﬁﬂbry, st ORBHE TR b ycopsnPbent Bigh €
derivatives of eukaryotic cells i's understood, however, that sone

of the relEsnsme. a&tlewa&Z%Ee@ﬂtaﬁbé?Q%ﬁ Yol 8APunet &¥7ePiilAl TellP20; apg Attorey
anucl eat e (586ENo (1837500500 61687 3HeAM%1887 SRS L8 41 6173008803, afi of
m ni cel | s. nicell's, or ghost cells have severa vant ages over
reci pi ent whth slerimoapqnatnfgby teémcnoemdthg'emmstygélhmghmolmls figefildor a
e @ T R e B F bR TRy b Il Ok DR ACRL AR Bl of e
m ni cel | %’ﬁ’?gﬂfﬁggﬁﬁs&?ﬂ? lh% yP meoa i et pro
synt hesi s dehedfequiredXfo0eTi0las lifpein avell a@lfora:bhsnfubﬁmgadubtblﬂﬁmmmem geines
2008/ 144192PCT/ US2008/ 062307 0037 ar i e acteri a hav
been shownVhigh PIGHE SLCTITERE] fosn qgﬁrde%@}?ﬁf"’éabq\}ygathﬁ&%’s (ﬁk‘feahe synthetic
4,190, 495, gepibiné i doRistRREADY muREIRY iIRQERIcEHinkYa ELRE BING Whbrd the cfdtded et Y,
is drawn to m ni cel | produ0| ng strains of E. coli that are stated to
be usef ul lflsiruf:tlﬁ@ of dheogpBPMa AN keqrpeessado The pregendly elisslpsed ingentdgt ent  No.
7,183, 105 I r

entiret Y, cfesc F%%Séh%h}%né}géﬁ%fe‘gg g# %gﬁgé??éa Oﬁgﬁﬁgﬁl cefletllél{g%ﬂa%éd Hlto
use as vectwady pepamd célémcf aaedond dedcies éuhy 1eC1pler{tD J8@pduation of the tionop genetic

ghost cel |l be used .as pi.ent r FECEIV or
genome an cfn%?%ad ellgtlo lr%e f&%{alﬁﬂ@%’ls tece?elleiffg &éve%r oélgwr% fhe F&1P é?gnggst Ceéﬂlg P?ea. neyy zedl
process i sthati 48 4 eehilt dffthd\Gerdtiog o€ tHe@dnatbd e ed mawhelmséfulﬁcﬁ@hﬂlyeﬂissmeﬂ hs
that has heen targeted as the ghost. cel |l synt hesi zes a restriction

nucl ease t‘??éﬂngﬂ’éé?gl‘}e%?n‘fsr?é‘ dBFFTS of dssioror aspftiaentll y there is a need
for nethods [Hg23] QRHQF&m's Asd @;Jekég ch[anPindQ@éiﬁfentQ,%ilé caRanal wagaand for
daughter cel I producfti } M nicells are incapable of

di vi si on oliscigsedngthogyt Optimally tb@ﬁ@lmr ghrampPpaies is gpiiyRg feam p SQRFG orgaEsm
menbr ane, t

it ai ' 2P SEEE e RGO BRI ik S 1 il Aol oy btows
Accordi ng M;acoplaemsypetcmamtle uset] boshpplyaie gkmdtihm:a@'riml, forryfrcopﬂathcrdlsclosed

inicells. b t f
Some of ¢ HE PERBERIROBraRd hEIPeTsashan: SRR b RS & B e,
scpB, gyr BhdiaRty ¢@hdre te\teaortdis(prdparkt.syftaétidalp gl eiglt updiea My&@laﬂﬁi&es as

found in M genitalium M capricolum and/or Mcoplasma allagatoris
i s cl oned R$U%%8hut t | e pl asmi ds containing ori C regions from each of

these nycopl ms'{‘hﬁ%gﬂos‘%& B{V‘éﬁt%nqjala%fs t&thg %rai?srp@}n?in'an lbeadsndr %eﬁe}ﬁ@ material
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[0032] some embodiments, one or more restriction endonucleases of the donor

genome that are not present in the resident genome cleave the resident genome. For
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ghost M. capricolum cell. Other restriction endonucleases of M. mycoides LC not present in
M. capricolum may also cleave the resident genome.

[0033] Efficient genome transplantation of natural or synthetic M. genitalium genomes
(or other genomes, natural or synthetic) may be achieved according to one method provided
herein by supplying the genome with an appropriate restriction modification system. This
method may be performed in two steps. First, clone an E. coli Dam methylase gene into the
M. genitalium genome, so that the resulting M. genitalium cells have genomes that are Dam
methylated. Second, add a gene of the corresponding restriction endonuclease to the
methylase containing clone. Although this example involves E. coli genes, the restriction-
methylation system may be from a variety of organisms. Such engineered genomes are
methylated and protected from their own restriction system. Transplantation into a sensitive
strain lacking appropriate methylation causes the degradation of the resident chromosome.
For synthetic genomes, where the genome is assembled within a host organism (and
inactive), methylation of the synthetic genome may be provided by the host cloning strain.
According to an alternative system and method, methylation may be performed in vitro
before transplantation, or a donor genome may be synthesized so that it is resistant to the
relevant restriction endonuclease. It will be appreciated that the resistance of a donor
genome may be achieved by other methods and remain within the scope of the various
methods provided herein.

[0034] Recipient cell genomes may also be rendered incapable of replication by
exposition the recipient cells to various compounds or stimuli. For example, recipient cells
can be exposed to compounds that cross link or otherwise render the recipient genome
incapable of replicating but are then subsequently removed from system. Recipient cells
can also be irradiated, thereby rendering the endogenous genomes incapable of replication
but still capable of supporting the function of the transplanted donor chromosome.

[0035] A resident chromosome, according to a further system and method, may be
selectively compromised without substantial alteration. Appropriately placed lox-P sites
may selectively remove critical replication components from the resident chromosome--such

as the origin and terminus of replication. While the chromosome remains substantially
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intact, it replicates poorly, if at all. In comparison, a donor chromosome free of such
recognition sites may be more readily copied in the presence of Cre lox-P recombination.
Sites other than the origin or terminus may similarly cause a resident chromosome to lose its
capacity to replicate or function efficiently and thereby compromise it. Similarly the
expression of a small RNA may produce quiescent E. coli. This RNA interferes with
replication. Donor chromosomes may be made insensitive to this RNA or similar agents. In
such a case, expression or co-transplantation of the RNA from or with the donor-insensitive
chromosome selectively compromises replication of the resident chromosome without
significantly altering the chromosome itself. The T4-phage Ndd protein also prevents E.
coli chromosomes from functioning properly, however, the chromosomes remain
fundamentally unaltered. The protein does not have a similar effect on the phage genome.
Proteins such as Ndd may be used to selectively stop the replication of a resident

chromosome, without affecting the capacity of a donor chromosome to be copied.

Achromosomal Host Cells

[0036] An alternative embodiment of the presently described invention calls for the use
of achromosomal host or recipient cells. Achromosomal cells, also known as minicells, are
typically products of aberrant cell division, and contain RNA and protein, but little or no
chromosomal DNA. Minicells are derivatives of cells that lack chromosomal DNA and
which are sometimes referred to as anucleate cells. Because eubacterial and archeabacterial
cells, unlike eukaryotic cells, do not have a nucleus (a distinct organelle that contains
chromosomes), these non-eukaryotic minicells are more accurately described as being
"without chromosomes" or "achromosomal," as opposed to "anucleate.” Nonetheless, those
skilled in the art often use the term "anucleate” when referring to bacterial minicells in
addition to other minicells. Accordingly, in the present disclosure, the term "minicells"
encompasses derivatives of eubacterial cells that lack a chromosome; derivatives of
archeabacterial cells that lack their chromosome(s), and anucleate derivatives of eukaryotic
cells. It is understood, however, that some of the relevant art may use the terms "anucleate
minicells”" or anucleate cells" loosely to refer to any of the preceding types of minicells.
Minicells, or ghost cells have several advantages over recipient cells retaining their
endogenous genomes or artificial cell-like structures, such as liposomes, in that the
cytoplasm of the minicell contain the enzymatic machinery to permit and direct protein

synthesis from an exogenous genome or artificial chromosome.
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[0037] A variety of bacteria have been shown to produce minicells. For example, U.S.
Pat. No. 4,190,495, which is hereby incorporated by reference in its entirety, is drawn to
minicell producing strains of E. coli that are stated to be useful for the recombinant
expression of proteins. U.S. Patent No. 7,183,105, which is also hereby incorporated by
reference in its entirety, describes the production of eubacterial minicells and their use as
vectors for nucleic acid delivery.

[0038] A minicell or ghost cell may be used as a recipient cell for receiving a donor
genome and producing daughter cells expressing the donor genome. This process is limited,
if not prevented, however, when a recipient cell that has been targeted as the ghost cell
synthesizes a restriction nuclease that degrades the donor genome. Consequently there is a
need for methods for genome installation for ghost cell generation and for daughter cell
production.

[0039] Minicells are incapable of division or growth, but still contain a functioning cell
wall, cell membrane, ribosomes, energy generating system, and are able to maintain the
integrity of those systems for a long period of time. According to one system and method
provided herein, mycoplasma minicells may be produced through disruption or over
expression of some of the genes involved in chromosomal segregation (SMC, scpA, scpB,
gyrB) and cell division (ftsZ). For instance, the ftsZ genes as found in M. genitalium, M.
capricolum, and/or Mycoplasma allagatoris is cloned into shuttle plasmids containing oriC
regions from each of these mycoplasmas. Over-expression of FtsZ protein leads to the
appearance of small - chromosomeless cells, together with filamentous cells of variable
length (Fig. 4, Fig. 5).

[0040] Additionally, a wide range of pre-treatments may be used with some or all of the
methods that could be formulated to destroy a resident chromosome before transplantation,
including those involving methylation or psoralen treatment. Any genetic, chemical or
physical methods for destroying or inactivating the resident chromosome fall within the
scope of the invention.

[0041] In yet another system and method, a temperature sensitive DNase may be utilized
to degrade a recipient cell genome at one temperature, and then the DNase is rendered
inactive at a second temperature used for transplantation. Similarly, a chromosome
destruction f method may employ a reversible DNase (colicin E2). This enzyme and its
homologs are readily inactivated by an immunity protein. Activation, production or addition
of colicin E2 in a recipient cell degrades its genome while subsequent activation, production

or addition of the corresponding immunity protein protects donor chromosomes added later.
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[0042] While various embodiments and methods have been described herein, it should
be understood that they have been presented by way of example only, and not limitation.
Further, the breadth and scope of a preferred embodiment should not be limited by any of

the above-described exemplary embodiments.

Commercial utility

[0043] The capacity to synthesize whole bacterial genomes has recently been reported.
Using this technology it is now possible to synthesize genomes that encode metabolic
pathways capable of producing a variety of products for commercial use, such as vaccines,
biofuels, and industrially useful enzymes.

[0044] The presently described technology is useful to produce immunological
compositions to elicit an immune response from an organism. For example, the presently
described technology can be used to produce vaccine compositions. The most effective
vaccines have always employed live cells or viruses. Consider polio, vaccinia, or BCG.
Strains of some bacterial pathogens such as Streptococcus pneumoniae or Salmonella sp.
have immunogenic features that could make them effective vaccines; however, to date it has
not been possible to effectively rid those organisms of their pathogenicity while retaining
their immunogenicity. The task is too complicated for current genome manipulation
technology. There are too many genes of unknown function and known function that need to
be deleted or inactivated from the potential vaccine genomes. Gene removal would need to
be done individually and in combinations. To do the work there are simply too many
possibilities to test.

[0045] Using synthetic genomics technology, genomes could be assembled
combinatorially from synthetic cassettes comprising individual genes or genome regions
from a given organism, such that thousands of different variations of a genome are
generated. This process could be a combination of specific deletions and random deletions.
These populations of different genomes could be transplanted into suitable recipient cells,
and the transplants screened in in vitro and/or in vivo assays that looked for immunogenicity
and lack of pathogenicity. Thus, more vaccine candidates could be created and screened for
appropriate activities in a rapid, inexpensive manner than could be done using non-synthetic
genomics technology.

[0046] The methods described herein can be used to produce compositions effective to
treat or prevent the disease contagious bovine pleuro pneumonia (CBPP), which is caused

by the bacterium Mycoplasma mycoides Small Colony. This disease, also known as lung
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plague, is a major pathogen of cattle, yaks, buffalo, and zebu. The disease is widespread in
Africa, the Middle East, Southern Europe, as well as parts of Asia. There is a real need for
an improved vaccine. The disease organism is a close phylogenetic relative of the bacterium
used here to demonstrate genome transplantation, M. mycoides Large Colony strain GM12.
M. mycoides Small Colony is not readily amenable to genomic manipulation. A variety of
antigen genes from the M. mycoides Small Colony bacterium could be cloned into the M.
mycoides Large Colony genome using, the synthetic genomics technology used to create the
synthetic M. genitalium genome described earlier. The described methods could transplant
many different versions of the M. mycoides Large Colony genome to which are added M.
mycoides Small Colony genes and produce M. mycoides Large Colony cell that express
selected M. mycoides Small Colony antigens. A variety of different M. mycoides Small
Colony antigen genes individually and in combination are contemplated for use. Some of
these mutants will function as live vaccines.

[0047] The presently disclosed methods are also useful for developing biofuels. Some
eukaryotic algae synthesize as much as 70% of their dry weight as oils. These oils, which
are the product of photosynthesis, could be ideal biofuels. Organisms that produce these oils
could be grown in ponds in deserts so no arable croplands would be lost to biofuel
production. One problem with these algae is they grow slowly. Using genome assembly
technology, we could clone the genes that encode the enzymes that make up these pathways
and remodel the genes to allow prokaryotic instead of eukaryotic gene expression by
changing transcriptional promoters, translation signals, and codon optimization. These
cassettes of genes encoding metabolic pathways could be built into the genomes of
photosynthetic bacteria so that the resulting chimeric genomes might produce the same oils
as a result of photosynthesis. Those genomes would then be transplanted into appropriate
recipient cells.

[0048] The disclosed invention also has utility regarding the production of industrial
enzymes or industrial organisms. The disclosed methods can be used to build a genome that
is a chimera of Clostridium acetobutylicum and Clostridium cellulolyticum that has the
genes from the former species that encode the enzymes needed to synthesize ethanol from
glucose and genes from the latter species that encode cellulases that can efficiently degrade
cellulose. That genome could be transplanted into a suitable recipient cell to produce a cell
that could efficiently degrade cellulose to produce the ethanol.

[0049] The following examples are offered to illustrate but not to limit the invention.
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Example 1

Transplantation of a Mycoplasma mycoides Large Colony (LC) genome into a Mycoplasma

capricolum recipient cells

[0050] Mycoplasmas, members of the class Mollicutes, were selected for building a
synthetic cell. This choice was based on a number of characteristics specific to this bacterial
taxon. The essential features of mycoplasmas are small genomes, use of UGA to encode
tryptophan (rather than a stop codon) by most species and the total Iack of a cell wall. A
small genome is easier to synthesize and less likely to break during handling. The altered
genetic code facilitates clorﬁng in E. coli because it curtails the expression of mycoplasma
proteins. The absence of a cell wall makes the exterior surfaces of these bacteria similar to
the plasma membranes of eukaryotic cells, and may simplify our task of installing a genome
into a recipient cell by allowing us to use established methods for insertion of large DNA
molecules into eukaryotic cells.

[0051] Our synthetic genome will be based on Mycoplasma genitalium, which has the
smallest genome (580KDb) of any cell that has been grown in axenic culture(2, 3). Although
our synthetic genome is modeled on the M. genitalium chromosome, the genome installation
methods were developed using two faster growing mycoplasma species, Mycoplasma
mycoides subspecies mycoides Large Colony strain GM12 and Mycoplasma capricolum
subspecies capricolum strain California kid, as donor and recipient cells respectively. These
organisms are both opportunistic pathogens of goats, but can be grown in the laboratory
under BL2 conditions. They divide every 80 and 100 minutes respectively; whereas M.
genitalium, the organism used to model a recently published synthetic genome on, divides
only every 9-10 hours. Use of these faster growing mycoplasmas accelerated our task of
developing methods for transplantation of a synthetic M. genitalium genome.

[0052] M. mycoides L.C and M. capricolum are distinct species within the Mycoides
subgroup of mycoplasmas. Both genomes were sequenced to determine the degree of
relatedness. Comparison of the two genomes showed 76.4% of the 1,083,241 bp draft
sequence of the M. mycoides LC genome can be mapped to the 1,010,023 bp M. capricolum
genome (Genbank accession number NC 007633.5), and this content matches on average at
91.5% nucleotide identity. The remaining ~24% of the M. mycoides LC genome contains a
large number of insertion sequences not found in M. capricolum. This whole genome
shotgun project has been deposited at DDBJ/EMBL/GenBank under the project accession
AAZK00000000. The version described in this example is the first version,
AAZK01000000.
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agarose encasement. Prior to transplantation experiments the agarose plugs containing M.

mycoides LC genomic DNA (before or after PFGE) were washed 2 times 30 minutes in 1 ml

of 0.1X TE buffer [Tris-HCI(2mM)-EDTA (5mM); pH 8.01 with gentle agitation. The
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buffer was completely removed and the agarose plugs were melted at 65°C with 1/10th
volume of 10X beta-agarase Buffer [10 mM bis Tris-HCl (pH 6.5), 1 mM EDTA] for 10
minutes. The molten agarose was cooled to 42°C during 10 minutes and incubated
overnight with 2.5 units of beta agarase I NEW ENGLAND BIOLABS) per 100 p1 of plug
at the same temperature. Each plug was calculated to contain approximately 10 ug of DNA
(-8x10° genomes). In sum, these data suggested that the plugs contained large amounts of
intact, circular, supercoiled, and naked genornic DNA from M. mycoides LC.

[0059] Preparation of donor genomic DNA from M mycoides LC cells grown in medium
containing the aminoglycoside antibiotic streptomycin doubled the efficiency of genome
transplantation. The streptomycin, which can induce genome compactness, altered the
appearance of the donor genomes. Fluorescent micrographs of donor DNA isolated h m
cells grown without streptomycin show a mish-mash of DNA fibers mixed with few bright
dots (Fig. 11A). When M. mycoides LC cultures were grown in SP4 medium with
streptomycin, the kaction of the DNA visible as bright dots rather than fibers was much
greater (Fig. 11B). It is believed that the bright dots may represent a circular supercoiled

form of the genome.

Recipient cell preparation and genome transplantation reaction conditions.
[0060] M. capricolum recipient cells were prepared in a 6 ml culture of SOB medium

containing 17% fetal calf serum and 0.5 % glucose that was incubated at 370C until the
medium pH was 6.2, then pelleting the cells by centrifugation at 4,575 g 15 minutes at 10°C.
It was found that additional growth further acidified the medium resulting in recipient cells
that were much less competent for genome transplantation. As pH decreased from 7.4 to 6.2,
regular ovoid M. capricolum cells, changed shapes dramatically. Cells are longer, thinner
and branched (Fig. 12). Cells were washed once [Tris 10m.M-NaC1250m.M (pH 6.5)],
resuspended with 200 pl of CaCl, (0.1 M), and held on ice for 30 minutes. During that
period, 20 pl of beta-agarase treated-plugs (~50 ng/pl) were delicately transferred into 400
ul of SP4 medium without serum (SP4 (-)), using wide bore genomic pipette tips and
incubated 30 minutes at room temperature. For the genome transplantation, M. capricolum
cells mixed with 10 pg of Yeast tRNA (Invitrogen) were gently transferred into the 400 pl
SP4 (-) containing 20 pl of M. mycoides LC whole genomic DNA. An equal volume of 2X
fusion buffer [Tris 20 mM, NaCl 500 mM, MgCl, 20 mM, polyethylene glycol 8000 (PEG)
10%] was added, and the contents were mixed by rocking the tube gently for a minute.

After 50 minutes at 37°C, 10 ml of SP4 was added, and cells were incubated for 3 hours at
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370C to allow recovery. Finally, cells were centrifuged at 4,575 g IS minutes at 10°C,
resuspended in 0.7 ml of SP4 and plated on SP4 agar plates containing 3 pug/ml tetracycline
and 150 pg/ml X-Gal. Treatment with other antibiotics such as antibiotic chlorampheniol
and streptomycin has also been observed to significantly increase the efficiency of
transplantation.

[0061] The plates were incubated at 37°C until large blue colonies, putatively M.
mycoides LC, formed after ~3 days. To minimize the risk of contaminating our transplant
cultures with M. mycoides LC cells from the donor genome preparation process three
different hoods were used for the cell culture work: one for M. mycoides LC donor cell
preparation, one for M. capricolum, and one for working with transplant clones.
Sometimes, after ~10 days smaller colonies, putatively M. capricolum, both blue and white,
were visible. Individual colonies were picked and grown in broth medium containing 5
ug/ml of tetracycline. During propagation, the tetracycline concentration was progressively
increased to 10 pg/ml. When first developed, this technique subjected all plugs to PFGE,
later it was found this step was unnecessary. No significant difference was observed in
transplantation yield as a result of PFGE of the plugs.

[0062] In every experiment two negative controls were included. To ensure that the M.
mycoides genomic DNA contained no viable cells, one control was processed exactly as
described above except no M. capricolum recipient cells were used. Similarly, in another
control, M. capricolum recipient cells were mock transplanted without using any donor
DNA. The results of a series of experiments are shown in Table 1. No colonies were ever
observed in controls lacking recipient cells, thus the donor DNA was free of any viable

contaminating M. mycoides LC cells.

Table 1. Results of a series of experiments showing controls.

Number of colonies
Negative controls
, No Donor No . , .
Experiment DNA recipient M. mycoides LC | Total M. capricolum recipient
date control cell transplant colonies cells
colonies control
colonies
3/28/06 0 0 1 L 4x10°
4/13/06 2 0 ~65 8x10°
4/19/06* 0 0 1 1 x 10°
5/25/06 0 0 1 6x10°
6/07/06 0 0 16 5x10°




05/ 65x 108 1.3 002/ 25 x 108 * Transplant col oni es observed
on two different plates. WD 20081144192PCT11JS2008/ 062307 Tabl e S3.

Ef fect of ﬁgg@%?%?%e and nol ecul ar wei ght on genone trgﬁmfs%ag/ﬁ&g&n
of "Co

ef ficiency. ecul ar wei ght and manuf act urer Numbe oni'es
Negative |COfdhs 0 0 17 2 x 10°
6/28/06 - 0 0 8 7 x10°
7/06/06 0 0 3 6x10°
9/07/06 0 0 2 3x 10"
11/17/06" 0 0 ~100 2x10°
11/24/06" 0 0 ~100 5x10°
12/13/06 0 0 20 4x10°
1/04/07 0 0 17 5x10’
1/18/07 0 0 20 2x10’
3/01/07 0 0 24 6 x 10’
3/20/07" 0 0 134 5x10’
3/21/077 0 0 81 3x10’
3/29/077 0 0 132 2x10’

* After this experiment 6 experiments were performed but not listed here that produced no
transplant clones.

T The higher genome transplantation efficiency in these experiments was attributed to the
inclusion of streptomycin in the SP4 medium used to grow the M. mycoides LC donor
genomes.

Analysis of putative transplants
[0063] The blue, tetracycline resistant colonies resulting from M. mycoides LC genome

transplantation were to be expected if the genome was successfully transplanted. However,
colonies with that phenotype could also result from recombination of a fragment of M.
mycoides LC genomic DNA containing the tetM and lacZ genes into the M. capricolum
genome. To rule out recombination, the phenotype and genotype of the transplanted clones

were examined.

Genotype analysis

[0064] Several transplant clones were analyzed by PCR using primers specific for each
species to determine if the putative transplants had M. mycoides LC sequences other than the
selected terM and lacZ marker genes. PCR primers specific were used for 1S1296 insertion
sequences, which are present in eleven copies in the sequenced M. mycoides LC genome but
are absent in the M. capricolum genome. Similarly, PCR primers specific for the M.
capricolum arginine deiminase gene were used, which is not present in M. mycoides L.C.
The 1S1296 PCR produced an amplicon only when the template was the M. mycoides wild
type strain or was one of the transplanted clones. Similarly, the M. capricolum arginine
deiminase PCR generated an amplicon when using M. capricolum template DNA but not
when using M. mycoides LC wt DNA or DNAs from transplant clones. The PCR

experiments left open the possibility that fragments of the M. mycoides LC genome
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containing an IS1296, the retM gene, and the lacZ gene had recombined into the M.
capricolum genome in such a way that they destroyed the arginine deiminase gene (Fig. 13).
A more convincing genotypic analysis that looked at the overall genome used Southern blot
analysis of the donor and recipient mycoplasmas and a series of putative transplants.
Genomic DNA from each of those species was digested with the restriction enzyme HindIII
and run on a 1% agarose gel. Southern blots were prepared and probed with 151296
sequences. As expected, no probe hybridized to the wild type M. capricolum lane (Fig. 8).
This analysis was performed on every transplant obtained (>>200), as well as a series of M.
mycoides LC clones (Fig. 14). It was observed that while many Southern blots of the wild
type M. mycoides and putative transplants were identical, a number showed variations in the
banding patterns. It was assumed that this was the result of IS element transposition.
Analysis of blots with 30 untransplanted M. mycoides LC samples and with 71 transplants
shows more diversity in the IS1296 containing fragments in the transplants. It was
hypothesized that while mobility of the IS1296 element may be somewhat suppressed in M.
mycoides LC cells, there may be no suppression in the initial phase of a transplant as the
donor genome was introduced into the M. capricolum cytoplasm. Next sample sequencing
of whole genome libraries generated from two transplant clones was performed. The
analysis of more than 1300 sequence reads from the genome of each clone (>1X genome
coverage) showed all reads matched M. mycoides LC sequence. There was no sequence that
was unique to M .capricolum. Of the 24 reads that did not match the M. mycoides LC or M.
capricolum genome sequences, most were either very short reads (<200 bases) or the result
of chimeric clones, which is to be expected due to the active transposons in M. mycoides LC
and also as part of library construction. The above results were all consistent with the
hypothesis that the M. mycoides LC genomes was successfully introduced into M.
capricolum followed by subsequent loss of the capricolum genome during antibiotic

selection.

Phenotype analysis

[0065] The phenotype of the transplanted clones was examined in two ways. One
looked at single gene products characteristic for each of these two mycoplasmas. Using
colony-Western blots, donor and recipient cell colonies and colonies from four different
transplants were probed with polyclonal antibodies specific for the M. capricolum VmcE
and VimcF surface antigens and with monoclonal antibodies specific for the M. mycoides LC

VchL surface antigen. In both assays the transplant blots bound the M. mycoides LC VchL
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specific antibody with the same intensity as M. mycoides LC VchL bound the M. mycoides
LC blots (Fig 15). Similarly, the transplant blots did not bind the antibodies specific for the
M. capricolum VmcE and VmcF. In addition, cell lysates of all three strains were subjected
to proteomic analysis using differential display in 2-dimensional electrophoresis (2-DE) gels
followed by identification of proteins spots using matrix-assisted laser desorption ionization
(MALDI) mass spectrometry. Strikingly, the 2-DE spot patterns of the M. mycoides LC and
the transplanted clone were identical within the limits of 2-DE, while the M. capricolum 2-
DE spot patterns were very different. More than 50% of the respective spots could not be
matched among the gels (Fig. 9A-C). More evidence that the transplant proteome was
identical to the M. mycoides LC proteome and did not have any M. capricolum features was
gained from MALDI-MS data. For nearly 90 identified spots of the transplant, confidence
scores obtained with the Mascot algorithm were invariably equal or higher for M. mycoides
LC than for M. capricolum proteins, despite high sequence homologies. Ninety-four
MS/MS scores were obtained that uniquely matched peptide sequences in M. mycoides LC
proteins (Mascot expect values between 0.11 and 3.8 x 10™""), No peptides uniquely matched
M. capricolum. In an example, Fig. 9D visualizes peptides in acetate kinase matching only
the sequence of the respective M. mycoides LC protein. Thus the phenotypic assays were
also consistent with the transplants being M. mycoides LC, and not the result of a M.
capricolum-M. mycoides LC mosaic produced by recombination between the donor and
recipient cell genomes after the transplantation of the M. mycoides LC genome and before

the two genomes segregate upon cell division.

Optimization of genome transplantation efficiency

[0066] To determine what factors govern genome transplantation efficiency, the number
of M. capricolum recipient cells and the amount of M. mycoides LC genomic DNA used in
transplantation experiments was varied. Transplant yield was optimal when 10’-5x107 cells
were used. At lower donor DNA concentrations there was a linear relationship between the
amounts of genomic DNA transplanted and transplant yield. That yield plateaued at higher
donor DNA concentrations (Table 2). In later experiments it was found that substitution of
5% PEG 6000 (Fluka) for 5% PEG 8000 (USB), as used in the experiments described
above, resulted in an approximately 5X increase in transplantation efficiency (Table S3). It
was also observed that RNase treatment of the donor genomes did not eliminate

transplantation.
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Table 2. Genome transplantation as a function of the amount of M. mycoides LC genomic

DNA transplanted.
Number of colonies
ng M. mycoides Negative controls

LC genomic Colonies on | Colonies on mock Transplant Total M.

DNA no recipient transplanted colonies* capricolum
cell-controls | controls : X -recipient cells

102.3 0 0 90-/101 5x10°

46.8 0 0 72/ 81 5x10°

25.7 0 0 54 /67 5x10°

10.9 0 0 25/6 5x10°

4.1 0 0 5/6 5x10°

1.3 0 0 2/2 5x10°

* Transplant colonies observed on two different plates.
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M cap clone 297 (tetM 3.8 x 108 1.6 x 108 5%EG nethod a 173 3.8 x
108 1.6 x 108 5%EG nethod + DNase 1b 189 3.8 x 108 1.6 x 108 5%PEG

nmet hod W/gV(E)EU%S/QM%%S x 108 1.6 x 108 5/0PEG net hod V"/Op@?ﬂsg&smmsm

transfer into Mycoplasma pulmonis was also mediated by PEG at concentrations likely to
fuse cells, albeit only small DNA segments are transferred. One can imagine that in some
instances the cells may fuse around the naked M. mycoides 1.C genomes. Those genomes,
now trapped in M. capricolum cytoplasm express the tetM protein allowing the large fused
cells to grow and divide once plated on the SP4 agar containing tetracycline. Cells lacking
the M. mycoides genome do not grow. Eventually, now in the absence of PEG and through a
process of cell division and chromosome segregation, normal albeit tetracycline resistant,
beta-galactosidase producing M. mycoides cells produce large blue colonies on the plate.
This basic approach of PEG mediated genome transplantation may allow other species to be
transplanted with naked genomes containing antibiotic resistance genes. The literature
suggests that partial digestion of the cell wall in more conventional bacteria to make
protoplasts or spheroplasts rende1‘§ them amenable to the incorporation of large amounts of
foreign DNA. Nonetheless, this kind of whole genome transfer is unlikely to occur in nature.
It was observed that in the absence of SDS and proteinase K treatment, nucleoids from M.
mycoides LC cells would not produce transplants until they had been deproteinized. Given
the improbability of free-floating bacterial genomes that are both deproteinized and intact
occurring naturally, genome transplantation could be a phenomenon unique to the
laboratory. Still a fifth form of bacterial DNA transfer was discovered that permits recipient
cells to be platforms for the production of new species using modified natural genomes or

manmade genomes generated by the methods being developed by synthetic biologists.

Table S4. Cell fusion in M. capricolum

Number of M. capricolum recipient

cells exposed to fusion procedure Protocol Number of colonies tet?
M.cap clone M.cap clone and CAT®
1.1B (CAT) 297 (tetM)

3.8 x 10° 1.6 x10° 5%PEG method? 173

3.8 x10° 1.6x10° 5%PEG method + DNase | ° 189

3.8x10° 1.6 x10° 5%PEG method w/o PEG® 0

3.8x10° 1.6 x 10° 5%PEG method w/o CaCl,’ 6

3.8 x10° - 5%PEG method 0

- 1.6 x10° 5%PEG method 0

a. The two parental strains were prepared simultaneously as “recipient” cells as described
previously for genome transplantation experiment and mixed in the presence of the 2X
fusion buffer [Tris 20 mM, NaCl 500 mM, MgCl, 20 mM, polyethylene glycol 8000 (PEG)
10%]
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6 3.8 x 108 5 YOPEG nethod 0 1.6x 108 5%EG nmethod O a. The two
paren al strains were prepared simultaneously as "recipient” cells as

descri bed L y for genone transpl antation experi haoed
in the prg‘;‘ggo\(?g/?%?ht he 2X fusion buffer [Tris 20 nM Na‘i%?h]gg%&g/%%ﬁ‘ve
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denonstrate colonies due to cell fusion not the uptake ) )
ext racel | - dhe praparerialBrains were tiratedandessabadinds) homiexeriibe o fesiqnybusfepdid
as descri bed comaifapy REGd Vs 20 m. Ne(1 380 eM g€ 20aM] not contai n any
PEG .[Tr' S (?.“}hg%o %ltalss in@Mer e%l ag?e ed ﬂ'( )m‘?thtc‘@@{r%@ﬁt was
Stral NS WefGdf SAEGeAS ASRERIBESD bl in ey (e CALTR s
om tted. f,m%%é’gl ncubat e m nutes on 1 ce n the washing
buffer [T TONTMPHE.B: NaCl 250mM CLAIMS 1. A nethod of

i nter-species genone transpl antation, conprising:
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preparing a donor genone froma first species; preparing a recipient
cell froma second species, wherein the first species and the second
species are both fromthe sanme genus; and installing of the isolated
donor genone into the recipient cells, whereby the recipient cell is
transpl anted with the donor genone of the first species provided,
wherein the recipient cell is able to grow and divide to produce
cells that are dom nated by the donor genone whi ch phenotypically
transforns said produced cells to the phenotype of the first species.
2. The nethod of claim1, wherein t@8AINSnor genone is isolated from
cells of the first species. 3. The nethod of claim 1, wherein the
donor none re t het . ._met hod of claiml,
mhere|%%§ 8H%ﬁna8;eggs§%@%§§§%§ a'%gpééPﬁgﬁm' rker. 5, The nethod
of cIa|n11 wherein proteins are renoved fromthe donor genone prior
t 0 i nsprapirarig a0donor Genohhefromtatfost spécied;ai m 1, wherein the recipi ent
cell conprises a recipient genone that is replaced by the

t r ansphRphsiek HRBIBIend ENFHEM a sdcondRpedi@l nﬂslreﬂfth@ rigdt I &bies BRI fecbh®

donor genone encodes a restriction endonucl ease t hat recogni zes

sequeg&ggeéﬁé; ﬂlﬁgﬁHRggﬂ%egﬁﬂggﬁmbut not the donor genone. 8. The

nmet ho whereln onor genone is nethylated. 9. The
met hod._of .c

the d t h
To. e abe B ot ET i hEpe PR Ineder PGt ‘lpothecedy e g upaciie
My Coi d@snsplanfel wilkhe@hBREE NS ahdMirkt sppeiRE Bidvidele Second species is
Mycopl asma capricolum 12. A nmethod for genone installation in a

m ni Ce\lvherefﬁocng Féc idHE: cems%B%ch :é&%\@ar%)@iglrde g@ﬁgﬁgcg et \%\k]er(ﬁ}mlﬁg’t%ﬁlb?%he

preparing a reci I ent MR C roma seco peci es, erein t

first ¢qeegeonsadhichehsat@ichllgpansfermadaid Potbcddrcets tohtRe phértgmiafihe

and
first species.

2. The method of claim 1, wherein the donor genome is isolated from cells of the first species.
3. The method of claim 1, wherein the donor genome is prepared synthetically.
4. The method of claim 1, wherein the donor genome comprises a selection marker.

5, The method of claim 1, wherein proteins are removed from the donor genome prior to

installation.

6. The method of claim 1, wherein the recipient cell comprises a recipient genome that is

replaced by the transplanted donor genome.

7. The method of claim 6, wherein the donor genome encodes a restriction endonuclease that

recognizes sequences in the recipient genome but not the donor genome.
8. The method of claim 1, wherein the donor genome is methylated.
9. The method of claim 8, wherein the donor genome is GATC Dam methylated.

10. The method of claim 1, wherein the first species is Mycoplasma mycoides.
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installing the donor genone in the recipient mnicell, whereby the
recipient mni cell is transplanted with the donor genone of the
first species provided, wherein the recipient mnicell is able to
grow and divide to produce cells that are dom nated by the donor
genone whi ch phenotypically transforns said produced cells to the

phenot ypenhoetihtfi diclaph 15RREIefSthe sdcdnd [p&id¥8E Db ifsnid @bPtckém. Wher ei n

t he donor genone is Isolated fromcells of the first species. 14.
The net hod of claim 12, wherein the donor genone is prepared

synt hetl.dahéthod fargendme instetllation infa winiel comprigher ei n t he donor genone
conprises a selection marker. 16. The nethod of claim 12, wherein
pr ot ei prepavirg & donoy gendnmofrointafirskaspeciegenone prior to install ation.

17. The method of claim 12, wherein the first species is Mcopl asma

nycoi dggparing: refipRnIBIAIEI fRfm 6lséddid SgeciddhRh &reh thB Birst S5t aHBd RSohS
Mycopl asma capricolum 19. The nmethod of claim 1l wherein the first
speci expeanslatehotistrooritde syree gewsazrg bacteria. 20. The nethod of claim
1 wherein the genus is Mycopl asna.

installing the donor genome in the recipient minicell, whereby the recipient mini cell is

transplanted with the donor genome of the first species provided,

wherein the recipient minicell is able to grow and divide to produce cells that are dominated by
the donor genome which phenotypically transforms said produced cells to the phenotype of

the first species.

13. The method of claim 12, wherein the donor genome is isolated from cells of the first

species.
14. The method of claim 12, wherein the donor genome is prepared synthetically.
15. The method of claim 12, wherein the donor genome comprises a selection marker.

16. The method of claim 12, wherein proteins are removed from the donor genome prior to

installation.

17. The method of claim 12, wherein the first species is Mycoplasma mycoides.

18. The method of claim 12, wherein the second species is Mycoplasma capricolum.

19. The method of claim 1 wherein the first species and the second species are bacteria.

20. The method of claim 1 wherein the genus is Mycoplasma.
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