-I - B ' 2121051 A PLASM D CLONI NG VECTOR FOR BACI LLUS .
SUBTLI S. FI ELD OF THE | NVENTI ON Thi's invention relates to a new synthetic
Bl asmi d, pOS4, useful as a c¢loning vehicle into which various genes can bd
[ nse;*t‘ed using reconbi nant DNA net hodol ogy. BACKGROUND OF THE | NVENTI ON
Most genetlc material in a bacteriumexists as giant DNA nol ecul es Wnich
are present as the chronosone of the cel R.-However, 10 t

atount of the genetic material may al so be present in the formof smaller
cl osed circul ar nol ecul es of DNA, known as plasm ds. The portion of the DNA
nol ecul e related to a specific hereditary trait i-s called a gene. By
techniques referred t@ pEASRNB! ECONMNGNVEOTGR P‘GR'ﬁA@H_SLSU@SQJﬁﬂL‘iS ansfer a
gene, which codes for the 15 production of a- specrfit proterT, from
one m croorgani smto another. Various workers have used these techniques to
devel op microorgani sns which are RIPED OF FHEIMIVENTIONCErt ain proteins
such as enzynes. It has been discovered-that plasmds, which contain a
series of genes linked together in the formof a ci rel e, can be renoved
from 20 the cells of Mim’entionrmesmoaadne’vmmtmw lplafsrﬁxhﬁprz of
anot her m croor h . e used as
vectors to carrga‘%ye\?v‘511 génteat F@%Oéﬁ'k% "?€° %'hl%) ? m"f%% aﬁot?e msf'ted
acconpl i shed by fusirg remmblngmc BNH| mettiodolagyn an enzyne, known as a’
restriction endonucl-ease, that opens the circle of DNA. A fragnment 25

of foreign DNA, contai'ning the desired gene, is inserted into theplace

where the DNA circle was cut. The BAGKGEROQUND-OF FHE INVENTIONent with

anot her enzyne known as - Mdetlgdriedis thatdfisl 'iﬁ“aoﬂbéﬂ%‘i‘ﬂmp'e@&ﬁkchs gian€VONA
circul ar DNA nol ecu cong ns the enes 8‘9 cﬂe origi nal Iasm d | us the

new gene fromt hemﬁieéeltfso‘f’ aihPES? %5353 romaseMme-gf thej celp) JHaveveran
be i ntrodutfed i nta cartades tamdunit osf gmlg&ﬁen&haatﬁrmmndycasé ajenpf&ehhenrmw

ggggt : i ';rg'?gr |r Slprl(&?#cgfl sHlllteI?elegesdt cifctila? i %?ertlzlu et gp%ﬁﬁcq(rﬂg%npgr tpla%];mhé S
- The portion of the DNA molecule related to a specific
hereditary trait is called a gene. By techniques referred to as genetic
engineering, it is possible to transfer a gene, which codes for the
15 _production of a specific' protein, from one microorganism 1o another.

-Various workers have used these techniques to develop mxcroorgamsms
which are superior pr toducers of certain proteins such as enzymes.
It has been discovered that plasmids, which contain a series
"of genes linked together in the form of a circle, can be removed from
20 the cells of one microorganism and inserted into the cells of another
microorganism with comparative éase. Plasmids can also be used as
vectors to carry new genetic material into a host organism. This is
ac_cbmplished by first cutting the plasmid with an enzyme, known as
a 'restrictio_n endonuclease, that opens the circle of DNA. A fragment
25 of foreign DNA, containing thé desired gene, is inserted into the place
where the DNA circle was cut. The circle is reformed by treatment
with another enzyme known as a DNA ligase. The recombined
plasmid, a new circular DNA 'molécule, contains the genes of the
original plasmid plus the new'_gene from the piece of DNA which was
30 inserted. This plasmid can be introduced into a host microorganism.
The plasmid containing the new gene is then reproduced in the host
microorganism and becomes part of its genetic material. The

microorganism containing the recombined plasmid then produces the



A1 ¢gr@orjgani sm contai ning the recaonbined plasnm d then produces the ~:2- |
‘prdg8i ns coded for by.the genes of .this plasnmid. One microorganismthat is |
.grown on a commercial scale is Bacillus subtilis, hereafter - B
abbreviated B. subtilis. For this reason, researchers have sought to find
plasm d vectors which can be insert@d-=5 into B. subtilis and which w ||

multiply in that host. It is inportant that tbe plasm d vector contain song:
mar kers which pernmit easy identification of the presence of that plasmd if™
- the host. Puoteins poded fot byhde gemrs phdbispplasmidi nsert DNA -fragnents into.

~the vector w.thoupp@lhRrbsigahistn IRAd id Yabily @8WhCaH @ tomhdeacl seufdilis. 10
Several workers, have del,scrl bed either natyrall y-occu{rjl ng or synthetic
pl asni ds wit Bacliys subsilis, jhereafrer pbpreviatefe B SubtilisicFeh Lhis reggony — \p ec.
Seg AGensg-r%f}@%helrggra@% 1io%\gﬁé3)tté ﬁﬂ@gilﬁﬁnidehlecﬁbfas Rhi¢h cNﬁtlbeA irkc?afhéi Sci .,

. - A . czan, .et .l Proc. t), .Acad. Sci.
USAS 75,‘“‘?4.%8&'&2.‘35_3(%137 ?c%wgﬁ@%é‘gﬁ,mefhaél ‘?°SI5N?‘J%5 B‘&BF%‘FF&‘E}@&, 141,
246- 253 (196&)plashiid pdcaerrictntaint sumse doarklecs achidly pelométc easy ker s '
cont ai nant i,pj Of ' e t | L. ot Reig i tig) lon.in a
host. The ;')&r)éé‘gien art?an{véﬁtat ?{%np ljizgé‘{';‘fee; égttgapﬁgggéﬁ lrcllevi%/13 lé{'/entl%g{li cﬁ%ﬁ%gé}rﬁ? Sector
havi ng t woitushowdobe possiblet tondrsertMAs{ragments detoothe arctyg wirthoyvnbi ned
Wi th geneti el «f: r ' S fipat are readily inserted
into and mhﬁﬁ?gﬁ%n{etéa%bﬁﬁﬁhfégi{r%tt}éfp{él g’? F&ém m croorgani sms of the
speci ed0B. subt i | SevergumeskesscravergtesatipesiTeithe gaturally-occurring for dance
\r']“'h this Its @t icOPlasinli®y tw@n Qéﬁl‘i’éégsdina& _%ﬁEﬁHE._fm%éé/ iwasea K ARFj ¢ pOS4,
“havi ng erythromcin_resistance an i,stance, cQdin nes
charact eri 2adMfjec GeneCenst- 'g%tgf‘g??ggﬁ)ég?ﬁ’@'yﬁs?b Y%%ﬁ%@s (kb)- and
a restrict imdersdnmuﬂ:.sa@.ﬁa_s_,'1423'-1427_ (1978); Gryczan, et al;.Proc. Natl,

Acad. Sci., U.S.A., 75, 1428-1432 (1978); and Gryczan, et al,
. 15 ). Bacteriology, 141, 246-253 (1980), The plasmid vectors disclosed by

these workers contain antibioticresistance markers to permit their

identification in a host.
The pr‘esent: invention is directed to & new synthetic plasmid
vector having two .-antibioticmsist_ance. markers, This vector can be
20 combined with genetic material to form hybri_d plasmids that are
readily inserted into and maintained in the int'iustrially'important
microor‘ganisms- of the species B. subtilis.

~ SUMMARY OF THE INVENTION
25 In accordance with this invention, there is provided an

essentially pure plasmid, pOS4, having erythromycin resistance and
kanamycin resistance coding genes characterized by a molecular weight
of approximately 5.8 kilobases (kb) and a restriction endonuclease

_ cleavage map as shown in the drawing. _

30 In addition, there is provided a biologically pure culture of
B, subtilis, ATCC 39,097, characterized in that its cells contain the
plasmid, p0S4, and that it will grow on a medium containing 5 pe of
kanamycin and 5 pg of erythromycin per ml of medium.



cleavage map as shown in the draW| ng. 30 . In addition, there is
provi ded a.biologically pure culture of B. subtilis, ATCC 39,097,
gharacterized in that its cells contain.the plasmd, p0S4, and that it wil
grow on a mediumcontaining 5 [err] of kanamycin and 5 [err] of

erythronycin per m of nedium -3- DESBRFPTI ON OF THE DRAW NG The

drawi ng depicts the restriction endonucl ease cl eavage map for POS4. The nap
“i'ss constructed on the basis_ of I asm d pOS4 havi rE a nol ecul ar wei ght of
about 5.8 kb. The map pRESGCRIPT QN ORi T IEeRMWW restriction sites are .

gi ven as kil obase coordinates relative to the Bam Hi restri ction site at
0.0/5.8 kb. The restri CH’OH endon%cl ease, abbreyi ation ? as foI | ows: (1)

BamH is-an enzyme frofPBLAANINE dSPAFFS (thefertrisuion epdonusiease glepvage 5 5
elnzxt/)rre froEn ;3aCidxipl$o£d’|01Elymheuﬁiap(ﬁ)cg&hdcted Ematheemsiare%ff pmsana | fll Il us
globigii; (4) Ec IS _an en Trom.Escheri chi ; e |san
enzyne from Hae T’ﬁg%dyﬂ't ar( gﬁelﬂﬁa Pﬁbguﬁrfa%ﬁ%/ném% %ﬂ’ﬁp W 1 us
par ai nf | uenzse; oiStl(e?)arﬁlna restannenzsﬂs ireogwxamdﬁkﬁbbm bmidma.te@ETAl LED

Pescr P11 O O Tel VRN H OGR! I R 50 G8SRE 45100 50 Wi

fragments of two previous and p asm d
pSE3, ori gi nal | endenuclease abtumst!aphwrgc@:éql w&qsl derm dus, carries a 20

kananyci n resi stgycg ,gema @G B teeSR SB&diHLe- r esi stant origin of
replication. Itt( L > QI?Larﬁz\}'/eﬂ?eg t of—-d-iséféb. This plasm d has been . .
.inserted into B. sﬂl‘ﬂﬂ.ﬂé&%ﬁraln of B. Subtilis carrying this plasmd
S avallable fromthe Anerican Type Culture Collection as

10 (2) Bcl I is an enzyme from Bacillus caldolyticus;

(3) Bgl I is an enzyme from Bacillus globigii;

(4) Eco RI is an enzyme from Escherichia coli;

(s) Hae III is an enzyme from Haemophilus aegyptius;

(6) Hpa I is an enzyme from Haemophilus parainfluenzae;

15 (7) Xba is an enzyme from Xanthomonas badrii.

DETAILED DESCRIPTION OF THE INVENTION
Plasmid pOS4 was constructed from DNA fragments of two
previously known plasmids, pSE3 and pE194-copS. Plasmid pSE3,
. originally isolated from Staphylococcus epidermidus, carries a

© 20 kanamycin resistance gene and has a temperature-resistant origin of
replication. It has a molecular weight of 4.5 kb. This plasmid has
been inserted into B. subtilis - ‘and a strain of B. subtilis carrying this
plasmid is available from the American Type Culture Collection as
ATCC 39,098. '

25 Plasimid pE194-cop6 was described by Weisblum, et al,

J. Bacteriology, 137, 635-643 (1979). It has a molecular weight of
3.6 kb and contains an erythromycin resistance gene. It also has a
temperature sensitive origin of replication and will not replicate



afns an erythronycin resistance gene. It also-has a tenperature-

Itive origin of replication and will not replicate -4- optimally at
t enper at ures above about 320C. A strain=dt =B.subtilis cont aining this
plasmd is available fromthe American Type Cul turﬁ Col I ection as ATCC

39, 089. Pl asnm ds ,pSE3 and pE194- cop6, wer e, cut the resirigtion ..
endonucl ease HPBHMaNYat éﬁE\?ﬁ?‘PF?ﬁ?r?P%‘@rrﬁB?ﬂtl agcy%aréi sHrifen é_s_“_r]’Eb‘.&
endonucl ease diconvadiing axhis @lasniid Bnavdilable ErammSiket Anvsricaw Tope Culltdrae

pl asm ds. Thé pegulfin ] r | inear. DNA sequences was treated with a
- l'igase using tggﬁﬁftdﬁ%%saéﬁﬁbkﬁ%&ﬁg'i n the art. The |ligase used for-this ..
pur pose was the cd®insmids 983 andipEA9HecdB were chit ENAheéimambctidmhe pl asmids

obt ai ned from | | cll d Lol 4] Mby
tranlsf rmng t g?n?t{uﬁ%%%gggg gglﬁggfy\gégr%i ﬁag_ - ?ﬂ{’g A F mﬁ%. = This
strain, which Thisnendesuciease |didaopcdestray the ankibiotjc i resistanicst macksrswas
origi nal |y desgf ithgp1¥midaZ Uhe Fésuﬁglé Jnrlxturg ofvﬁngﬁ? DR sedabfiles 192
65-69 ( 1977). It is available as ATCC 39,088, Transtormation was
acconpl i shed biFaeHdesred: Whhaatligasgnusing tachniques medy keewerantheaast- cohen,

Mol ec. Gen. Gemhé . ligakd Sused lforlifis (pLopdle: was!the déthmerdialynadibiech grew in.

t he presence o throm/cin 0 20 and kananycin at 45 C. These cells
contai #8d a pl i&ﬁéé“\/\ﬂi‘ﬁg&a t enperat ure-resi stant replication nmechani sm as
wel | as with the .tThe plasmiidsobbrainesifsérimhe lpition seaction were made

biologically active by transforming them into host celis of a strain of
B. subtilis RM125. This strain, which shows neither kanamycin nor
erythromycin resistance, was originally described by Uozumi, et al,
.15 Molec. Gen. Genet., 152, 65-69 ( 1977). It is available as ATCC
39,088. Transformation was accomplished by the protoplast'
transformation method of Chang and Cohen, Molec. Gen. Genet., 118,
111-115 (1979). - |
~ Cells were obtained which grew in the preserice of erythromycin
20 and kanamycin at 45°C. These cells contained a plasmid with a
temperature-resistant replication mechanism as well as with the two
antibiotic resistance markers.
The synthetic plasmid produced by the host ceils was isolated
usingamodification of the cleared l'ysate procedure of Birnboim and
25 Doly, Nuc. Acid Res., 7, 1513-1523 (1979). The plasmid was
purified by CsCl-ethidium bromide density gradient ultracentrifugation.
Plasmid p0S4 obtained by this process is useful as a plasmid
vector' for making new recorhbinant plasmids which can be introduced
into host bacteria by transformation. When the plasmid is used for
30 this purpose, it is cut at a specific site by means of a
restriction endonuclease. The plasmid, which is a circular DNA
molecule, is thus converted into a linear DNA molecule by the
enzyme which cuts the DNA. Other DNA containing a gene coding
for a desired protein is similarly cleaved with the same enzyme. Upon
35 mixing the linear vectdr, or portions thereof, and nonvector DNA
containing the desired gene, their single-stranded or blunt ends can

', ,098. 25 Plasm d pE194- cc')p6'_4 was described by Weisblum et-al, J.
ol 'og.y, 137, 635-643 (1979). It has a nolecular weight of 3.6 kb and-

i



usi ngarmodi fi cati on *of the cleared | ysate pro¢edure of Bi rnboi m and 25

Dol Y Nuc. Acid Res., 7, 1513-1523 (1979). The plasm d was purlfled by \
CsCH-"ét hi di um br oni de denS| ty gradient ultracentrifugation. Plasm d pOs4 -
gbtained by this process is useful as a pleasn d vector for making new )/),
r-econbi nant pl asm ds which can be introduced into host bacteria by

¥ansf ormati on. Wien the plasmd is used for 30 . this purpose, it is

cut at a Spec""ﬁlﬁ'ﬁl@ht&cm&rcﬁd xﬁetﬁlbrpféséﬁkfb QRUDNigake,a6en behe

pl asnid, which is a, ci cuI o ecu nverted into a |inear
DNA nol ecul € by §9Y2leBh "Wn Q"Eﬁ‘tg i‘ﬁ eDﬁW’ Eéf'gﬁNA contai ning a gene
coding for a desi rea'oprex‘amphe,| thisiprotedury cdrcbeeusedi td inseet aatmxgelmz;me

U 35 Com X he I n e Qn re ctor

Dﬁzncont ai ni ng t e d3'5| 1§°§ gc\{r %h 'nys)asﬁgﬁq'élg'tr%ﬁémz' ?utbpgg‘? sﬁban

pair witls each oThmnesAdpglmm\ﬂa @wtemobcutesacdmsmseﬁ ptmmtﬂep@%ﬁ/ahdntalny

joined to form ain?éﬂ@é@e Jhgkﬁ\mA%- %QEI %@’H}nﬁaes&{w? dth Qﬁéjur?hé%’év})e
fo

used to insert a entho r ase zymalntoth
cut pOs4 pl asni dsynshenc plasmid, centaininggthe desired gmtmmnaés caprbf st of

plasmd pCs4 w tﬂﬂtﬁi&ubé@@ﬁl‘oeg AR O r8brdahifint Tk rmr{r@rr ;éaﬁcsmaﬁ hgRhSthaf
‘anyl ase. The new Si‘/llt‘t heti c, pl,asm d, contai ning the desire enetic

material, can befs FBdB!%’échﬁPoc’ £ apppuitieg of Jhedesited pmylass eppyme.

replicatigopn with themr ﬁﬁp&rtamgféumeblcaﬂ plasmid posat ist tieg if hadeinghsi r ed
anyl ase enzyne.

f f
has single recog‘?ﬁcf’g?)‘ﬁ‘ogl fites ??)‘r rrgﬁ Q‘ n'%f‘é?%%&%é& PP‘EX‘T‘% mg !

Bcl 1, Bgl |1, Hégl B EcbpRl, Hpad Xt Xba Thi Thisepemntiss iinseetionosf ONANA
fragnents ¢hat *ﬁggmgﬁ Poat! nllel Bde'SRE FRAVERZs HEHeh"ylle ﬁsmedﬂaim%'t

with Bgl Il; the cin resrstance gene'is eavage
of the plasmid wvist ¢uth|lth| Bgl Ijphelkanamydin misaandeagene is destroyed.
.15 Cleavage of the plasmid with Bcl I or Hpa I, on the other hand,

destroys the erythromycin resistance. Such insertional inactivation

The\synt hetlc pI asm d produced by the host cel I S was isol ated %

adds to the versatility of pOS4 as a vector since it permits easy
isolation of cells containing recombinant . plasmids with gene insertions
at specific locations. N |

20 Plasmid pOS4 is particularly useful because it can function as a
plasmid vector in microorganisms such as B. subtilis and certain other
gram-positive hosts. When strains of B. subtilis are used as the host
for the synthetic plasmids, the enzymes or other proteins produced by
the cells can be exported from the cells into the medium.

25 This is important for commercial production 'of the enzyme or other
protein since an expensive cell lysing step is avoided. The B. subtilis
is a pakticulatly desirable host because it is a species readily
adapted to large-scale industrial fermentations.

The following example illustrates certain embodiments of the

30 present invention. Unless otherwise stated, all proportions and
percentages are provided on the basis of weight.

_ Strains of microorganisms bearing ATCC numbers 39088, 3908939097,
and 39098 were deposited at the American Type Culture Collection,
Rockville, Maryland on 6th Aptil, 1982. All reagents bearing the

35 - Difco name are available from the Difco Laboratories, Detroxt,
‘Michigan.



I ocat i ons.

20

Jys the erythronycin resistance. Such insertional inactivation adds to
satlllty of pOS4 as a vector since it permts easy |soI ation of
cont ai ni ng reconbi nant plasnmds with gene insertions at "specific
Plasm d pOS4 is particularly useful because it can

- function as a plasmd vector in mcraoggani sns such as B. subtilis and

certain other grampositive hosts. Wen strains of B. subtilis are used as,

the host for the synthetic plasmds, the-enzynes or other proteins produce(r’

by the cells can be. exported fEXAMBPIEECcel s into the nedium 25 -
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at room temperature from 30 minutes to 1 hour, 40 ml of Solution

Il was added. The suépension_s were mixed and held at 0°C for 5§

to 20 minutes before the addition of 30 ml of Solution HI. Mixing
was accomplished by gentle inversion and the lystates were stored

at 0°C for at least 1 hour. The resulting precipitate was collected

by centrifugation at 10,000 x g for 15 minutes. The supernatant was
removed by decantation and again centrifuged to remove the remaining

‘precipitate. The solition was mixed with a two-fold excess of cold

ethanol at -20°C and stored at -20°C for at least.1 hour to
precipitate the DNA. The resuiting precipitate was collected by
centrifugation and dissolved in 5-10 ml of 0.05 molar tris(hydroxy-
methyl)aminomethane hydrochloride (hereafter written Tris-HCl) at
pH 8.0 containing 0.1 M sodium acetate. The alcohol

precipitation was repeated except that this time a solution containing

0.015 M- NaCl and 0.0015 sodium acetate at pH 7 was used to dissolve

the precipitate. The lysate was then incubated at 37°C for at least
30 minutes with a mixture of 0.1 mg/ml of Ribonuclease-A (Type

1-A from Bovine Pancreas, available from Sigma'Chemical Company,
St. Louis,.Missouri) and 1 to 10 units/ml of Ribonuclease-T!1 (Grade IV
from Aspergillus oryzae, Sigma. Chemical Company). The lysates

~were then extracted once with redistilled phenol which had been

equilibrated with three changes of a two-fold excess of TES (TES is
30 mM Tris-HCl, pH 8.0, 50 mM NaCl, 5 mM ethylene-diaminetetra-
acetic acid). The phenol treatment was followed by one extraction

with a 24 to 1 mixture of chloroform and isoamyl alcohol.

Thi s

£



and\ Doly Nuc Acid Res., 7, 1513 1523, (1979). Solutions I, Il and II| werebz

prepar ed as speC|f|ed |n t he. publ i'shed procedure. The cell 10 pel | et
Mas .resuspended in 20 m of Solution |. After incubation at room
_terrperature from30 mnutes to 1 hour, 40 mM of Solution Il was added. The
suspensi ons were m xed and hel d at O[err']_ 40r 5 to 20 mnutes before the
addition of 30 m of Solution-1I1l. Mxing was acconplished by gentle
“Naversion and the lystates were stored 15 ~at. O[err] for at least 1

hour. The resul tingpreciyg tc?éa‘?e&‘@?sﬁgl wis ép% 6o thi fWigptiooR 10,000 x .

g for 15 ninutes. The supernatant ' was renpve decantat | on and again
centrifuged to renthsufficient swatenitaggipe aifival aaoeceqtﬁetlgmqft peproximately ed

for at | east 1 hiy o °fT°C Rl Bl el 2ddell 80 % STiset anaa -eoLer]
preci pi tate was HB#T ﬂye’céﬁi EW‘EQ}HPMF@?R}I%FW&@&‘@W 10 m - of

0. 05 ol ;i_r tsh fa(&W&mmyazel%nwIdgmlnom&@(anhadmsmml s#pafiteﬁeﬁfotrelter]el
witten Tris ont ai ni,n um ac coho

b eci it ati on wetothh S dy b dspe il e piceottifiretisn, Befidd i Rafiafterg 25
0. 015 IV![ N?CI andal). Fr0¢.5 Naolli Amade;c&d:xa,tv SiA. 5177 1864-1528 A 1967 M smakr:m:l?,ghe
precipitate e

mnutes with a n?é%,dre Qt{?% @%?é@u#%%%boﬁt&gﬁg%géﬁ})\el? isaﬁq %g!?rom Bovi ne
Pancreas, avai | abhtaifedom Si gna Cheni cal Conpany, St. Low s, Mssouri) and 1

to 10 units/ of Ri bonucl e L ({7 Ble f rom Asperglllus
oryzae, Si grrgamem cal Corrpg%cg?ﬁb%h(g?gggf%/ Wg?ecot r?en extracted once with

redistilled phenol which had been equili brat ed with three -changes of a

t\tAﬁ }‘ol d gxcess fftTAES:&TxE?sls 3tbrilid %& al,d&Hd ?194:'1@0&\/' N@@Itzl 35,089/
et hyl ene-di'ami netetra- acetj ¢ e no rea 0
one extraction 3%3s g‘°‘”W?"ﬁi éh?g;?%“—ﬂ Yﬁ’%t‘ é“’d’f '#uaiﬂkw*gs
al cohol . - 7- . general procedure used for isolation of the plasmld pSE3.
' This plasmid has a molecular weight of approximately 3.6 kb. It'is
15 described by Weisblum, et al, J. Bacteriology, 137, 635-643 (1979).

Preparation of Plasmid pOS4

Purified plasmids pSE3 and pE194-cop6 were mixed and
concentrated by a rapid alcohol precipitation procedure. A one-tenth
volume of 3 M sodium acetate solution was added to the purified

15 . plasmid solution in a centrifuge tube. A two-fold excess of ethanol
" at -20°C was added and the tube was kept at -80°C for 25
minutes. The precipitate was collected -By centrifugation and washed
- twice with 70% ethanol, dried under vacuum and redissolved in a
buffer solution. The solution was then digested with an excess of
20 Hpa Il enzyme, available from the Bethesda Research Laboratones
Inc., Gaithersburg, Maryland, using the buffer specified by this
manufacturer. When the digestion was mdre than 95% complete as
determined by agarose gel electrophoresis, the restriction enzyme was
inactivated by heating at 65°C.



__hWI eared |ysate was diluted to.8 nl_wth 10 x TES and sufficicent water
fo4grye a final concentration of apprOX| mately 1. x TES. To this solution
dded 8.0 g of CsCl and the intercalating dye, ethidiumbromde: toa ¥
centration of approximately 0.5 ng/m . The plasm d DNA was separ at ed
ffromthe total DNA by the general ulgracentrifugati on method of Radloff, et
“al, Proc. Natl. Acad, Sci., U S. A, 57, 1514-1521 (1967). Plasnid pSE3,
hav: ng a nol ecul ar Wei ght of apprOX| mat el y 4.5 kb, was obtained. 10 '

| sol ation of Plasmi 55&8 cap fﬁ“ﬁ! | g plasm d
pE194- copb, ATCC gacet ?%é\i\ﬁﬁg fok &s; m(JI:\/\(/iagfl(‘sgcir'lrgti’ﬂed from t he
cells fol | owi ngomeusgm@naexc;ﬂsacsédﬁgewéebgm pundiable SremrNeWeERElaRd; o
pSE3. This pl agfhiged k. 2 Ve B WiddsavRisabls) OlsimP Rhe BuTbérekecomMetided by is 15
descri bed by Wei sbl urn et al, J. ,act eriolo 137 635- 643 . %37'3’)

Preparati on of the &4pR E?"pO@L‘WI‘FP'f "ﬁf‘a@ﬁftg‘e tdined) appIosimagely’ faval

m xed and soncqufmﬁad obydigestadi pSE3| mdnqiElpne@ogﬂ aata ONAreaonednyrretiod
one-tenth vol urTE %b /\/Ilsodl um-acetate sol ution was added to the purified
15 plasmd soPtit?38nP8/ s centrifuge tube. A two-fold excess of ethanol at
-20[err] was addedhentigated fuagmenns ofcPNAabbtg0edirdmf the pFondanores. The

precipitate Wasl{f%ﬁxlxése(&;e?g :Qan%gﬂhL. fHe ), | | ! a\/‘\%ﬁegugt\{\h ’echth3%(§gg_

et hanol , dri ed? er vacuum an ssol'v .
sol uti on was t Feansfiormatien W&Sthcm!dxﬁtbedsb)bﬁhe(l)mmniasﬂtf@ﬁﬁgﬂ@at@@al | abl e

fromthe Bgjhe a r |
the buffer gpe?i?. gg%? Cﬁ%ré-ﬁhﬂ Hérn' MolleBC Gen@ac';éﬁh‘irsbw 911i\hr13 @ngde).usi ng

5 manuf acturer, \‘/.gen { ‘gE's vvas nore than
95% conpl et e adh@ekr roed BrowplaBs cvera inqubeied, %Pé “r‘e%Erl ction .
' enzyrre was i nagh®Py Hetrd Yhd @dditich F &ﬁlﬁohiycm toa concentratxon of 0.05
: Pg/ml After further' incubation at 30°C for at least 30 minutes, the

protoplasts were plated on agar plates with DM3 medium containing
15 5 pg/_m! of erythromycin. (DM3 consists of the following stetile
solutions per liter;: 200 ml 4% agar, 500 ml 1 M sodium succinate at
pH 7.3, 100 ml 5% Difco casamino acids, 500 ml 10% Difco yeast
extract, 100 ml 3.5% KZHPO4 and 1.5% KH,PO,, 25 ml 20%. glucose,
20 mi 1 M MgCl,, and 5 ml 2% Bovine serum albumin ),
20 The plated cells were incubated at 30°C. Colonies grown on the DM3
plates containing erythromycxn were patched in a grid pattern onto two
. TBAB (Tryptose Blood Agar Base) plates available from the Difco
Laboratories, Detroit, Michigan. These were incubated separately at
30°C and 45°C. These templates were replicate plated onto TBAB
25 plates containing 35 pg/ml kanamycin and 5 pg/ml erythromycin.: These
plates were incubated at the same temperatures as the templates. -
Colonies growing on TBAB with antibodies at 45°C were separated
and plasmids were isolated from them using the procedure described
for the isolation of pSE3. One plasmid which conferred the desired
30 propertieé and hdd appropriate restriction patterns was chosen for further
study and designated as pOS4. A strain of B. subtilis containing the
plasmid pOS4 is available from the American Type Culture Collection,
Rockville, Maryland as ATCC 39,097.



The.sol ution.of the cut plasmds was |igated at O[err] for 48 hours using ?/»)
‘an excess of T4 DNA |igase (availdble from New Engl and Biol abs Inc., '
Beverly, Mssachusetts) “using the buffer recommended by the supplier. A
typical ligation mxture contained approximately equal 5  quantities of

di gested pSE3 and pE194-.cop6 at a DNA concentration of 260 pg/m . The
Ligated fragnents of DNA obtai ned f&«dgm<the two donor plasmids were
tvansfornmed into protoplasts of B. subtilis, ATCC 39, 088. Transfornmation
was acconplished by the protoplast transformation 10 nethod of Chang -and
Cohen, Mdlec. Gen. GCeSemins 4fl 8. subtilis1€arryingojhe plasmid pR3bcarcdegoewpl ast s
wer e i ncubated; : 0 ] bl 0

eryt hromycin té&?g@%@%ﬁ%ﬂkgﬂ%ﬁh %Oﬁ%@%]‘ﬂﬁ?i‘%&ﬁ%@%}ﬁ?? ltearl@r?cb%/erl?ll on
at 30 C for at epelisf eoythtompcin andhkanamyaipl aGrewtleie cprrie@ PuatadflrCpl at es.
with DVB nmedi ugy cy¥cai Mg gacifitare fublsbduei BhisC'thb Wudrore! 8- hd bR eqOpReSt s Of
the following sterile solutions per liter; ngb m 4%§gar, 500 M, 1 M

sodi um suc@i nathe gellfensity is such,{thapthe pbgorbgaceial 66 naromstrss s abesy

Di fco yeast expraed,0.200Pismid THNAcis! jsolated andSpulitid@0Kly tBS dibthdd%ased
glucose, 20 m .1 M?gaer.rll, and 5l n .‘?‘é/%)#gvi ne serum al bumn). 20 The plated
cells were inc&?ﬁil’ s %[ r]’-.as'ab & grown on. the DMB.pl ates
containing erythronycin were patched in .a grid pattern onto two TBAB

(Trypt ose Bl ood Agar -Base) £S i I omthe Difco Laboratories,
Detroit, M chigan. These \A%?iel%'%c%%gfaéshﬁgé)g%%tel y at 30 C and 450C. These
tenpl ates were replicate-plated onto TBAB 25 plates containing 5 pg/m

kananycin and 5 | err](;ﬁ_,m@a ?%jly‘pwgig}m]“}ggasgy gk&g&giw@gﬁgu&a{,ﬁ&r% t he

sane tenperatures as the teripl ates. Colonies grow ng on, _
anti bodi es 18t £9ntrygl; thes apap sawn dRCEhE) Hghias Al riestriehion eazymemusedm
usi Pg thg ﬂ] ocg@iéqmgeﬁa‘s@ago bgm Bethidigal neéﬁafaemma%r&_sﬁt%s IQeﬁaaaaﬁs@ut_ d which
conrerre e aesire properti es approprlate res I CLI -
patterns was cPrGS‘é‘ﬁl“?gopf‘ﬁFth‘gFeé‘E'GayPafgiﬂag]@bi g‘ﬁéﬁeﬁe%r ﬂﬁ)sz&g'ﬂ?@t ?gﬁaﬂ)of
B. subtilis comhaiénzpmesHa@liisHpd ROl 5 adatipabl welré aedihin Atowi-eddd Type
Quiture Collech By containing 10 mM Tris at pH 7.6, 10 mM NaCl, 10 mM MgCl,

15 and 1 mM dithiothreitol. The enzymes Bam HlI, Bgl II, Bel I, Eco RI, and

'7£b_a I used a similar buffer in which the NaCl is at- a concentration
of 50 mM. When combination of enzyme requiring low- and high-
salt buffers were used, the enZyme requiring low-salt was used first at
37°C for 2 hours, then inactivated at 65°C for 15 minutes. ~Additional

20 NaCl was then added to bring the salt concentration to that of the
high-salt buffer and the second enzyme was added for a 2-hour
incubation at 37°C. Typically, a p0S4 solution containing approximately
2 pg in 5 pl was digested with 5 units of a restriction enzyme in
50 pl final volume for 2 hours at 37°C.

25 "~ The results of single-enzyme digestions are given in Table I,
and of double-enzyme digéstions are given in Table Il. By comparison
of the single; and double~digest data, the map of pOS4 given in Figure
1 was obtained.
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construct the map shown i

Rockvi | he, Maryland as ATCC 39, 097, -9- Strains of B. subtllls carryl ng .
) md pOS4 can be grown in a sui tabl e nedi um such as L-broth which =+ °
( ny contains 5 [err]/m each of erythromycin and kanamycin. G ow h: &
cayried out at 300C to 37[err]. To facilitate subsequent lysis, the
re is harvested when 5 the C‘ibl density is such that the absor bance
at 660 nanoneters is about 0.6 to O *7."Plasmd DNA is isolated and purified. -
by the nethod used for isolation of the plasm d pSE3. Analysis of Plasmd

p0S4 Pl asnmid pOS4 was anah%&ﬁr% y restriction analysis in order to 10

igure. All restriction enzynes used were
pur chased f r om Bet hesda Research Laboratories 1nc. and used according to
the procedures of Jalgp Eﬁ\fTS"‘IPRdEW Dlﬂ'Roﬁ Gl Tghe enzynes Hae
11, Hpa Il, Bcl 1, Wﬁ@s‘?ﬁ‘i%r B %r contai ning 10
n1VITri s at pH76 10 err] 5 an dithiothreitol.
The enzynes Bam HI, Bgl II BcI , Eco R, "and Xba | used a simlar buffer
in which the mes at alconcenjratl o of 50 g  Whepgegionbi nat i on of
enzyne re &ﬁm gh=—=att Puffers Were us he enzyne
requiring R firSt at 37Terr] Tor 2.h PQ, t hen |nact|vated

at 65[err] foBell$ m nut essooAddi tional 20 NaG- was tisggoadded to bring the

sal t concentr'T'l'o to ”3?@ of the high-salt buffer a%dl bhe second enzyne
was added for—&ﬂz our iM3batish at 370C. TyPreal ly,” 2°p0s4 sol ution

cont ai ni ng appipaxilnat el y2800pg 19505 [ er?’8D was 1800est edS680t h 5 units of a
restriction e g inb rr nal v for 2 ho odt 370C. 25
Es-r ng lebs §7|° 4%bgr e )T Ugﬁb

The results o | e-enzyne digestions given in le 1, and of
doubl e-enzyne digestions are given in Table 11. By conparison of the

single- ang doibl prflintiGat sxg@é Rand Qﬁté]?)oapé gifdn’tadipses ﬂa!rs':hﬂd”a‘i"e

accurate w1thm 5%.

b) Observed only on polyacrylamide gels. :

TABLE II

FRAGMENTS PRODUCED FROM pOS4 IN DIGES S

15 WITH DOUBLE-RESTRICTION ENDONUCLEASES®
_Enzymes 1 2 3 4 Total
Bgl 1I-Eco RI 3645 2115 —- - 5760
Bgl i-Bam HI 2850 2850 - - 5700
~ Bgl II-Bcl 1 4700 950 - - 5650
20 Bgl 1-Xba I 3150 2600 I 5750
Bel [-Bam HI 3900 1940 - - 5840
Bel 1-Xba I 3570 2180 - -— 5750
Hpa 1-Bam HI 4200 1380 -— - 5580
Hae IlI-Bam HI 2200 1950 570 480 (x 2) 5680
25 Hae IM-Eco RI 2820 1320 570 480 (x 2) 5670

a) Fragment sizes (and totals) are given as base pairs and are
accurate within 5%.



*1 was Obt ai ned - 10 - TABLE ,I FRAGNENTS PRODUCED FROM pGOS4 | N DI C-EST

“W TH S) NGLE- RESTRI €TI ON ENDONUCLEASES[err], Enzynes 1 2
-3 4 - Total 5 Hpa 1 5700
570€Bc| g 5700  -- . - '5700 Bam Hi
57000 r-- ¢ - - - - -5700 |1 2800 1950 780
. 5680 Hae Il - 4200 570 480(x .2) -- 5730 10 a) Fragnent

“sj-.zes (and totals) are given as base pairs and are accurate within 5% b)
Observed only on pol yacStubiditydsf thed POSFAplabmid i RAGDEINSISa FRODUBCESubtRISV

pos4 IN DI GESTS 12 Hﬁesd by the foWow:nPO){?EEm%'!:i?TRbg%%lbearmg %plls of

ENDONUCLEASES] er F1S ERSA? 4
Total Bgl I1- EcoBRIsubnhs Stra3845TCC 39,097 Mmere grown at 45 C for 14 generatidigc0
Bgl Il-Bam HI 0 Bgl

101 - Bel ?0.82&%9; contauéxgezéﬁgo Heart lnfusmn Broth C !3556’% Bgl
I]-Xba | 5 playerh on Difco Tryptwse Blood Agat Base plates. Clqa'pbosg@,qra;quam HI
3900 194€blonies from™ each dilution were Efﬁ&gd %Hto'ir%hﬁoﬁc Oplates 3570
2180 - - pa, |- 1380

-- C%BE“%Q"W Ielﬁi‘ﬁ?'ﬁycm an&a kEEO@Yc"‘- Af"&@éogene"“m%?

480 (x 2) 5680 2811 ofHete téls BROwEd resistance 2%2Both antibioticd2fddicating tHatO

480 (x 2) 5670 ap, Fragneni shzgs, (and { pLAYS) sl ke 185 DRSSiak S and
10 indicates that the vector of this invention is stably maintained in a

_B_. subtilis host.



11'- Stability of the pOS4 plasmd in a host strain of B. subti.lis was
nmeas by the foll owing experiment. Plasnid-bearin

Str-a CC 39,097 were grown at 45 C for-14 generatio

cont@ai®nhg Difco Heart Infusion Broth. Cells were 5 H"“Ig “HmﬁmﬂHm
- (0s¢ Bl ood Agar Base plates. Cearly ggeparated col orlI'es T Ol €ac
g were picked onto antibiotic plates containing both eryt hromyci n .
apd~kananycin. After 14.generations, all of the cells showed resistance to
both anti biotics indi .c@Liaithg hat no plasnid |l oss had occurred for 14
generations. This exp‘ETT'n'E'nT—io indi cates that .the vector of this
invention is stably maintained in a B. subtilis host. -12- CLAIMS 1.

Essentl all'y, pure @'séiéimdg}y pwpléauﬁﬁgosuymbvmgy@mhfo&grﬁﬁ alaﬁetamé h— f
ananyci n resistance codi ng genes characteriz ecul ar ,wei.ght o
appr oxi nat el y @@?‘Eﬂa'ﬁﬁﬁm g%"?"?‘fectcf’ geﬁ?ft?ﬁuﬁel?aéﬁgﬁe'&gga%d‘e% CUlar s hown
in the draw ngweight of approkimitety Sab Ilgb pod e cedtrictionoénddnuelease| i s, ATCC

39, 097, charac ed i s cgll ain the plasmd, p0S4, and that
it will grow 0%11%3 psdm u%% @%‘ib'&u ng %baq’gpgkanarrym nand 5 [err] of
eryt hronyc2n per # biglogigdllypure culture of B. subtilis, ATCC 39,097,

chargctenzed in that its cells contain the plasmid, pOS4, and that it

will grow on a medium containing 5 pg of kanamycin and 5 pg of
erythromyt_:in per ml of medium. '
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