2129677 ASPOROGENI C MUTANT OF BACI LLUS SUBTI LIS USEFUL AS A HOST IN A
HOS)'/ VECTCR SYSTEM FI ELD OF THE | NVENTI ON This invention relates to a new

mut'ant of Bacillus subtilis useful as a host in a host-vector sys;grlzmﬁ'?'z

whi ch Vectors contalnlng vari ous genes can be inserted using reco
DNA net hodol ogy. 5 T BACKGROUND OF THE | NVENTI ON
Most genetic materi al | n a bacterium exists as gi ant DNA nol ecul es whi ch

are present as the chrom)sogxgpgf%?aﬁ @liiuﬁl@’?rﬁt)ﬁ' QA&@gé &_}E.i.’qsgenetlc.

material nay al so be presen orm of ‘smal e DNA
mol ecul es known .as "pl asni ds USEFURheA$ ¥ tHGHT N i HOBR-VECTOR ¢ §YrS§TEMed 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

production of a specific protein, fronfHdeD OF THEJINVENTION ot her. The

m croor gani sm whi ch 15Thi§ daRintRn télatéL o 0L NRW enuraherdfaBatiluseheiieyl to as
the host. Vari O’\ﬁi‘,’mrke s have gsed t hese techni&gues I

provide ..
m cr oor gani smeUSRATICRS & 8Ok A BPSTYSTROETSTRP 1P Xhie sg%céf’ﬁ EOptPEiBns
such as enzynmearious gemnesbem bei insemted easing atecpmbirmant SDN#himérhodalogyn a
series of genes linked together in the formof a circle, can be renoved
fromthe 20 cells of one mcroorganismand inserted into the cells of
anot her mi &roorgani smw th conparati VEAG&@ROPM%rﬁ’lasdeanll\hVEETb@‘lused as
vectors to carry new ggngt Fénéf?z%%éﬁﬂnél“i Oa.ab ehiuf Q%Hé’?f fint DRA
acconplished by fi rst cutt asm an enzyme, _kndwn as a
restriction endonfraleees V!"H&? Qiﬁeﬁsesﬁﬁ%aélﬁhél ghiomasgme af fthggpetht 25 of

forei gn DNA, cANdErtinNamblft GESiHePgefibtie. mhﬁeﬁaserasredlsbns@ prBgert! ACehevhere
.the DNA circle was cut. The |rcle|s re{)g{ﬁ by freatnent vmthDé\lA

ligase. The rd@sMoPhsmaliets A asedaCngad. SHokRRYR @ RigSTiths t he
genes of the oThgippadion!dtsthel DNASmoleulerered fo ansiduifipi lesredirarpNiaithi ch
was i nserted. Th| ,rﬁ@nasmd can be 30 introduced |nto a ‘host m croorgani sm

The plasmid cdft@Hh3 §$ new

By techniques referred to as genetic engineering, it is possible

to transfer a gene, which codes for the production of a specific
protein, from one microorganism to another. The microorganism which
15 receives the new genetic material is referred to as the host. Various
workers have used these techniques to provide microorganisms which are
superior producers of certain specific 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 the
20 cells of one microorganism and inserted into the cells of another
microorganism with comparative ease. Plasmids can also be used as" y
vectors to carry new genetic material into a host organism. This is
accomplished by first cutting the plasmid with an enzyme, known as
a restriction endonuclease, that opens the circle of DNA. A fragment
25 of foreign DNA, containing the desired gene, is inserted into the place
where the DNA circle was cut. The circle is reformed by treatment
with DNA ligase. The recombined plasmid, a new circular DNA
molecule, contains the genes of the original plasmid plus the new gene
from the -piece of DNA which was inserted. This plasmid can be
30 introduced into a host ‘microorganism. The plasmid containing the new
géne is then reproduced in the host microorganism and becomes part
of its genetic material.
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gene IS then reproduced in the host m croorgani sm and becones part of its
genéti ¢ materlal 2.For a host.microorganismto be suitable for use in {
genetit éngineering, it nust be capable of incorporati ng the new DNA
Further- nore, it nust yield a viable rggroorgani smwhich expresses the
traits codgd:in the newy inserted gene. For the microorganismto produce 5 .
useful quantities of protein, the mcroorgani smnust also be one that can

be grown on a comer ci aFosaahest mipforgarisr to bei sigeable faeWséelﬁoidﬁeB&nt DNA

 Somnol o0y e e Nl b o AL by BN B

Because of thi s m@re;dncmenst, ytdhié d\mbmmnctmgM1Mewhfchl-|ez¢fbksesNﬂH) trahisued

"Gui del i nes for asgapcih kel A% BARHRL. "¥Yy AAGDLSEHL S (NN,

These gui del i nes pro arrous Tevel s of physrc
| abor at or i es Swhasefu equantitiesnof peatein; gthex miciooeganismar mustoatsocbe dne Tthay al so

estanl i shed | evalah B ghoQhcsh 8°%or ARIINEE, for i Cf 00T gani oms 15
cont ai ni ng reconbi nant i'cal contal nnment relates to the use of

host cells and vectors \BNA%'H'"E&%SI‘FH& the B8M recpmbinant; PNA teehndlegy beveipe

‘from the | abor atbeen econcetredt ﬂfacnaieunﬁémeegwﬁgﬂmth nwg%d:a%ﬁelriaweﬁxgm
establish | evel s of bi oI 0 cal cont‘z_adnnrrent f or, ctor stems

(hereafter 20 dPEPUHES: TAPSERRCES iR, 5o dﬂa‘f’h%mm ?(96r a‘ﬂ?ss ecapse RE this
geneti c mat eddalconeem, thie| Nationkdf Institutasofs Heabrdhy {(NHEX assued/smaaeweeh for

d d A eyel i ca
Pont ai nent 1. raseatchl fiofing” RULBRBERRE DNR Mol @iiin 30780 Oiieded, 1
has certified ts&yidelingstpsovifled for iyaripis devels of sphysicahaontaiomeondnt s of HVI
systems. One of |ilfacoridURRate ghietdt SnpfRefing edgerim&itt &te dondvéred’4: ‘They

~also established levels of biological containment for microorganisms
15 containing recombinant DNA.

Biological containment relates to the use of host cells and
vectors which have limited ability to sutvive if they escape from the
laboratories into the natural environment. The NIH guidelines establish
levels. of biological. containment for host-vector systems (hereafter

20 designated HV) depending on the microorganisms and the genetic
material used. HV] is defined as a "host-vector system which
provides a moderate level of containment."

A high level of biological containment is required for a HV2 host-
vector SyStem. _ '

25 The NIH has certxfxed two mutants of B. subtilis for use as

- host components of HVI systems. One of these, RUBB31 is disclosed
in U.S. Patent 4,302, 544

The second of these is BGSC
No. 1S53 whlch is described by Elhs, D.M. and Dean, D.H.,

30 Recombinant DNA Technical Bulletin, Vol. 4, No. 1, March,1981.

The NIH has approved one B.subtilis host compohent for a HV2 system.
This strain, known as ASB298, is described by Burke, W.F. and Le,
H.T., Recombinant DNA Technical Bulletin, Vol. 3, No. 1,
December,1980.

‘The present invention describes a new asporogenous mutant

35 designated as B.subtilis DE100 (ATCC 39,094) useful as a host in a
host-vector system. Although the mutant has limited ability to survive
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T:- second of these I's BGSC No. 1S53 which is described by Ell4s, D._M' and
,.D.H, 30 Reconbinant DNA Technical Bulletin, Vol. 4, No. 1 o, 2
h, ,1981 Theé NI.H has approved one B.subtilis host conmponent for a HV2 +
fem This strain, known as ASB298, i 3described by Burke, WF. and Le, _
., Réconbi nant DNA Techni cal Bul | eti n, Vol. 3, No. 1, Decenber,1980. The
present I nventi on descri bes .a new aspor ogenous nut ant 35 desi gnat ed as

B. subti | i's DifGhe(datGal3énvidamentfitiicansben gnowe dmaaccbmeletwiebtsoalesyst em

Al though the gadape haSaht raogs%%bdqghs waﬂww.g or §r§wtﬁ,n o 2 8b N

envi ronnent , can be grown. on a conmercial sca e nutan does

not require maemalbhqm@rf enzymeoprosduction; than ther approved HV2 hestt for

enzyne produ { helich Rowe iy 3 {H2piiasice 5 gh grows only in
t he pr esence%sf&??r re‘floitk(:)rryrhg?n P °e %tom% SUMVARY OF THE

~ I NVENTI ONs | n accordance wit h th| S | SUMMARY, OFIHE INVENTIOSEd a
bi ol ogically pure cujture WWD?‘B_'U‘MATCC 39, 094)
suitable for use as &' BES?T ﬁ?)dﬁelﬁt 1S, Inyepyeg. Bols BINtAeth & har act eri zed
in that it hatolegicalgumireycuiturecof asparogénouspBs sutmhs fmzmar (sA'N:CI 3559 9%an
about 10 7 when upde dj ti f atlan the follow ng
geneti c markers: %Pﬁ\)!/‘\glﬁ El‘gi't Hf/g%%,éthf’%?%z& ngﬁt H hﬁ% y%?'f' n
addi tion, theharacserized inighan !bulm#ciguquueycpmfermtsum 60(ﬁpoaspor ogenous B.
subtilis Rl fwgg JP 1021 naitS ahdlle 86" QtleR! oW ufd Bhs g€
preparation of asporogeno ost conponents, of host- vector systens
characteri zeGeFih’-I%&P i having, the rf§“?ﬂ§‘8f genasig r?@a‘éfefﬁét ic markers trp C2, pyr
DI, and spo [y rAl RispAblHRp ESCR P BIOUneFspbE A AWENTI ON
In addition, there is: p’iovided a biologically pure culture of
asporogenous B. subtilis DE1 (ATCC 39,091) useful as an intermediate
15 for the preparation of asporogenous host components of host-vector
systems characterized in that it contams the followmg genetxc markers:

_rpC2 BLDl and_EOAAGW

DETAILED DESCRIPTION OF THE
: INVENTION :

20 ~ The B. subtilis strains disclosed and claimed were prepared
by incorporating the genetic material from previously reported strains
of B.subtilis. The parent strain, 1A6, was described by Dedonder, et al,
Applied and Environmental Microbiology, 33, 989-993 (1977). It

. is available from the American Type Culture Collection, Rockville,

25 Maryland as' ATCC 39,085. B. subtilis Strain 1S53 was reported by
Ellis and Dean, Recombinant DNA Technical Bulletin, 4, 1-3 (1981).
It is available from the American Type Culture Collection as ATCC
39,090. Strain 1A243, ATCC 39,087, was described by Farmer and
Rothman, ]. Bacteriology, 89, 262-263 (1965) and ongmally called

30 168 thy™, ind".
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20 The B. subtilis strains disclosed and claimed were prepared by.
i ncorporating the genetic material from previously reported strains of
B.subtilis The parent strain, 1A6, was described by Dedonder, et al,

Appl i‘ed .and Environmental M crobiol ogy, 33, 989-993 (1977). It is avail &
fromthe American Type Culture Collection, gRockville, 25 Maryland as A
39,085. B. subtilis Strain 1S53 was reported by Ellis and Dean,

Reconbi nant DNA Technical Bulletin, 4, 1-3 (1981). It is available fromthe

Adprican Type Culture @gblfedi @epan HECPrebArd86n ot DRI100 liAvAAded Afddstaxd, 087,

was- descri bed by Farner and Rot hman, J. Bacieriqlo 89, 262-263 (,1965)
and ori gi nal | y ¥atleeaspasosansys Q’afaétef'é&-c. ot gtif'ﬁ’h@g? i ke é’FeBarieﬂtatlhe
preparation of sbEif0 1AGy byved rassdoshationfreatidons pThe gemduantc hansfxrarans) i C

of Strain 1S53 jnt he. ental . strain Dy a gransfo i on, reaction.
The resul tant tallgjr?g'gér'ﬁgﬁ%a}iy é‘f'%?gf?gﬁ Tr?f"f‘%@??@'%uwgf%%?bg?%# 'qguex'g t6Bht ¢ .
mar kers, sofn rstablet mdtdans whichsisatiesignatedrds Bilch This dmgtiagnh ds edpawgBidus
This mutant is pgr of 1l d | [ n.formng
ot her aspor ogeriia SRAICES 4 iemiaRLy inorfipd MRALTRMRbEeAde O 27

1A243 was then m¥@Rt%.erred i nto -DEI using a-transduction process by neans.

of the 10 phage PBSl. AApsitdé @f iHe@DNA PFdAOB. RASIIRS St Fifin { 116243048 thent Y
A, thy Bl, pyr err], resorted. The asporoggnous -

D,, trp C2, and spo _ ;
strain of the ﬁl’%%séﬁ{’efjrﬁ‘é?]tql%n“%‘ﬂg\ﬁs anspuchiom PFoeRss 1K &eans ot thespor e
f'orger_s of hLesphaparrBRIOUtA Jsﬂabl_étmhﬁaéﬁbDEﬁoo, Possessingethe ﬂﬂiltliéﬁi&_hz?l,
condi tions not equ ring.expensive r equi renents. It has a | ow
survival rate @b&e%’rfﬂu?glf@ég’s&g%ﬁgoﬁgﬁiﬁﬁén s&hggg very |ow tendency to
transmt plasmids to ofTheraspogrgeneus stxpimaf urhel presant iinventionsshews 4l t hough
the organi sm shoug.edcl W fGEERGH W GRTBYoFRESs WeRss tRLFGbEE: 19-T! assi cal

transformation . . i .
It is able to grow under industrial conditions not requiring expensive

15 growth requirements. It has a low survival rate under natural or
.escape conditions ‘and a very low tendency to transmit plasmids to other
organisms by natural genetic transfer. -Although the organism shows a
low degree of competence when subjected to classical transformation
techniques, excellent transformation with plasmids has been achieved

20 using a protoplast transformation procedure. It functions well as a host
for various plasmid vectors making it a useful strain to use as a host
component of a B. subtilis host-vector system.

A detailed genetic map of the B.subtilis chromosome has been
published by Henner and Hoch, Microbiological Reviews, 44,57-82 (1980).

25 Brief descriptions of the genetic markers mentioned in the disclosure of

this invention follow: :

(1) thy Al, thy Bl: These mutations are in genes for two

' different thymidylate synthetases in B. subtilis. Both must be
present to confer requirement for thymine and thymidine.

30 This requirement reduces the ability of the host to survive in
nature. The thy Al mutation also gives trimethoprim
resistance, a useful marker for identifying a host.

(2) trp C2: This mutation resides in the indol-3-glycerol-
~ phosphate gene, encoding an essential enzyme in the

35 - biosynthesis of the amino acid tryptophan. When deprived of
tryptophan,.not commonly found in nature as the free amino
acid, strains carrying this mutation cease to grow.



echni ques, excellent transformation with plasnids has been achieved 20

usiyig a’ protopl ast transformation procedure., It functions well as a’' host

LQr ~yarious plasmd vectors making it a useful strain to use as a host ;
gnponent of a B. subtilis host-vector system A detailed genetic map of

~the B.subtilis chrompsone has been publ ¥ shed by Henner and. Hoch,

M crobi ol ogi cal : Revi ews, 44,57-82 (1980). 25 Brief descriptions of the .
genetic mar k(iis mentioned in t{he disclosure of_this, invention follow (1) A
thy Al, thy ‘81: TheBEL Rl at (TH#% mitation Rfswentssfarmagionof A8; efgymey ni dyl at &
synthetases in B. sedentiab toBehpraductiof ¢f pgeriidine Bprther requirenent for
thym ne and thym dine. 30 . et This requirement reduces the ahility of .
the host to survive MAMPLEPEM- Tﬁg“‘thYfAP‘?efﬂF%ﬁfersa? gPUREYTIATS ¥t hopri m
resi stance, a usef uDN¥ardndr RN& andeadei gt egmandnigtfoufid)in naturé,, p C2: This

mut ati ongresides in A - 3- gl vt |- . n, di.ng. an
essential enzyne ins{%tg@j%; %ygh_ﬁ/lﬁﬁ'{)&?ovs"};gt %&Q?hgf gf%vgthaﬁfﬁgea'@%&
tryptophan. When depnd the produetion @fplasmid vehiclesointyoduedddinian thathose. as
the free am acid t hal carfuil 4 b at e . 1.0 o (3)
byr D e TATD hut e RABT 0 THis 18 & efecil Mdeafiof ABikOa Xik g 2
production of pyrinfRf gatligstistages of cperation Thisc mussyipmidestroys the

essenti al preCUfSNﬁbi@i&y%W@aBﬁ%safw fath Meﬁ%ﬁ@%ﬂn finUgRichNienat ure, 5
will affect the ' host and the

starvati for pyrimdines rowth of th

productig of pl asnP‘a"Vgﬁf Sppdves in. Bainre wh Sn\ﬁlﬁét%é?ﬁ‘%’fﬁ& . -spo [err]
: This is a del-etiounltraviclet dight achemdcals hindc8esiccdtivnh.ear | i est st ages of
sporul ati ongeyhi s ion dj s_.the.ability of,the Bacil/l to form

~ spores, the (§i(|)-r.m i rT?in-a&»ha]h(':h i t ﬁ%&&% C&Ram'%rt marker sequte ibﬁgﬁuature when
subjected to heat, isoleugineoknd valightforcgmemitbal s and desiccati on.

- The following example i}lustrates certain embodiments of the

1S present invention. Unless otherwise stated, all proportioné and

percentages are provided on the basis of weight. Strains of _
microorganisms bearing ATCC numbers 39085, 390.8_7,' 39090, 39091 and
39094 were deposited at -'t_he American Type Culture Colie«_:tion,
Rockville, Maryland on 6th April, 1982. All reagents bearing the Difco
20 name are available from the Difco_Labo'ratori'e_s, Detroit, Michigan. ~ D Fco"
IS e Qeai.si-ed‘rd ’t;a,&;g Harlk -



(5) |IvAI . NUtants cont ai ni ng this marker reqwre bot h |soleu0|ne \
and vaTl ne for growth. The follow ng exanple illustrates certain .
enbodkmants of the 15 present invention. Unless otherw se stated, all 7"/
pI’OpOI’tI‘OI’lS and percentages are provided 8n the basis of weight. Strains & .
m croorgani sns beari ng ATCC nunbers 390857 39087, 39090, 39091 and 39094

were deposited at the. Amer i can Type Culture Collection, Rockville, Maryland
on 6th April, 1982. Al-l reagents beari Ing]_ fco 20 nane are avail abl e
fLQm the Difco Laboratories, Detroit, M "Difco" is a Registered
Trade Mark. -6- EXAMPLE Transformatlon of the parent spore-form ng B.
subtilis Strain 1A6 (t I | K

asporogenous strain byh?,r?@%)froﬁ%rgéfﬁ of hﬁé)lg%«em %%tél gf ?Mﬁ%ng st ;SOF%H?LSSS
[err] was carri d86dghy 2Al, fiby) Bh/sEESCZ ilv Al, pyr, DI} intq)|sfi RSPOTAERIOUATCC

39, 085) was gr Os¥hainV By rlh@&boﬂﬂxcﬁﬂ%f IWN?J 85taGAdy 2idth "Bl Wi 2853 (gg' mal
medi um Spi zi zen' s, m.ni nal diumis ?9 qutlon of () ~ammohi um s ate -

0.2% (b) pot asQpess Bhﬂ%i?&f‘ée‘é(ﬂ“ﬁa%ﬁ QWSt 49 (c). pot assi um phosphat e

(nonobasi &) - 0. 6% (d)Bi.OdibﬂmsC!lAlSa(tierCC CB9J,%S)ast (gebwﬁemeﬁﬂghfnowhéﬁe -
0.02% pH adj ust

|
s 0P o hfed Eodiainipd Sty it BeRtnF St miinsl iy,
gl ucose, 1.0 nl is0&osBidtian péa) ammoaium autfaleo- mz%;%u) poxtassxamephosphate

hydrol yzate to . pf i ted
a%/ [er)r/] and shgqigéngl% Zgg%zﬂ)%%bfﬁseﬂrﬁc@gge I n op |café)densswa%%tsgﬁw&;il
moni tored 15 ueitrajea- Q. t¥%it anpded ropgnresitimetsuifang t-h OaD%cPfﬂladmﬂedVWen
cultures 1 eRehe ol NeetisaftSint DR VER rek@ Gnblila fd 1836 YmBlof Y Boluthianoe

in optical density of, | ess In m_nut es wer e uted Into

100 m of the gpmrfe%u.%ﬁw%%l@hl%d“s%@@, & 50% shacqae. ml
10% Difco yeast extract and ‘1.0 ml 2% Difco casein hydrolyzate to 99

" ml of Spizizen's minimal medium. The flask was incubated at 37°C
and shaken at 200 rpm. The increase in optical density was monitored

15 using a Klett spectrophotometer with a red filter. When cultures
reached the transition between log and stationary growth (change in
optical density of less than 5% in 15 minutes), they were diluted into
100 ml! of the grdwth medium to which had been added 1.0 ml of

~ 0.05 M CaCl, and 2.0 ml of 0.1 M MgCl,. The mixture was incubated
20 for an additional 90 minutes before donor DNA was added.
Donor DNA was obtained from B. subtilis 1S53 (ATCC 39,090)
.'by the followmg procedure. _
_ Strain 1S53 was grown overnight at 37 °C in a Heart
' Infusion Broth (BHI) medium available from Difco Laboratories,
25 Detroit, Michigan. The mixture was diluted with 500 ml of fresh

BHI medium and gtown'at '37°:C unnl the optical density of the

mixture measured at 660 nariomgters was 0.6. The cells were

collected by centrifugation and resuspended in 10 mi of a solution

containing 0.03 M tris (hydrdxj?méthyi)aminométhane at pH 8.0,

30 0.005 M ethylenediamine tetraacetic acid and 0.05 M NaCl, and mixed

with 4 mg of lysozyme. "The cells were shaken gently (100 rpm) for
20 minutes a.t 37°C. Then 80 ‘.I.l of pronase (10 mg/ml) was added and
incubation was continued for another 60 minutes. The cells were then
lysed by the addition of 1.0 ml of 20% sodium dodecyl sulfate solution.
35 The lysate was extracted with phenol, phenol-chloroform, and
chloroform, retaining the aqueous layer each time. DNA was



0.85 M[err] and 2.0 nl of 0.1 M[err] The m xture was |ncubated 20 for an
ki tional 90 minutes before donor DNA was added. Donor DNA was ‘obt &i ned
@2

¢

Aom B. subtilis 1S53 (ATCC 39,090) by the foll owi ng procedure. Strain 1853 .
3 giown overnight at [err] in a Heart Infusion Broth (BH') nedi um

-N\avai | able from Difco .Laboratories, 259 _Detroit, Mchigan. The m xture was
diluted with 500 Ml of fresh BH nediumand grown at [err] until the
optical density of the m xture nmeasured at 660 nanoneters was 0.6. The -

cell's were colg reeipﬁd65w03 byetlie abdin of ﬁﬂdp&@%%ﬂ?neﬁgﬁngts%;%gg?ﬂ pﬂf 8a0 30\43
I t a

52005 M et i cHIBPERATPBRtet, PS4~ oSt o8 e HEmERRE L B AP o ¢ b 4

mg of 1ysozynmonl'élamgeDJEM/\MaElsmemlges&dnym(i%&taté)r&dﬁww 2%1::{71 nutes at _

370C. Then 80 (1 / was_.adde nd i ncubati,on was

conti nued for éﬁ%“[ﬁ]ﬁ %gﬁﬁﬁ Rﬁrﬁgwgm PsMIEIS (Heh PERRAPEGRYRe additi on

of 1.0 m of Mgmaam(@medw fomeameas, awabwefmmsstgmwvasth
| ggh f da r | e

extracted wit ft!ié'?:ﬁ@ﬂ' Co%@ﬂu\& st. Lgﬁig f}h@otﬁ‘ﬂ CP Félgiftg i §8pe,[ag% 0

aqueous | ayer of 3

vol umes of col &'S%dﬁt“’a fepm mm@lm%mlwl Cempedyhnd
resuspended i 1Tha &ﬁkme%sseméralrmé)&r&téé%{ﬂﬁ%%ﬂ gh&go?-a%‘iow}rﬁcet ate at

H 7, and incu at, 370 ~hour - with a m xtur pancteatic 5
IF‘)I bonucl ease (‘Papé‘qﬁwff’f'ﬂn‘?’é{)\??wécwdm%a@t hethanale| Ther QINASI% Cheni cal
Conpany, S10 lredissolvéd &5 @usblutiondedntaihing oocixﬁb@&a&h%%:& gfade 1V from
As |IIusor na e.mxture was
repg)r(? ract ed v(\)nY p?f’%dg? a‘f%}gﬂ%la%c?m%{#ed ARPIRSH r%ﬂ?ﬁ Qarge
reprecipitat edolyme) ot thensdme 'Bbhxt[mb\duangm 24r-bohrspehudacbefareans®hlst i on
containing 0. Qlay %Fqgédmm#ﬁ d.de and 0015 sodi um acetate at pH 7,

di al yzed agalnst changes of a larg
The competent cells of B subtxl:s 1A6, prepared as described

15 above, were mixed with DNA at a concentration of 10 pg/ml of final
mixture and the culture was shaken gently (100 rpm) for 60 minutes
at 37°C. The culture was then diluted with 10 volumes of BHI and
allowed to grow for an additional 3 hours at 37°C. The cells were
collected by centrifugation, washed orjce_ with distilled wa.t.er'. and

20 spread on plates <':ontaitiing agar with Spizizen's minimal medium plus
thymine (50 pg/ml), tryptophan (20 pg/mi) and uracil (20 pg/ml).

The colonies which grew were screened for asporogenous mutants.
Three screening tests were applxed to test for asporogenous
mutants. First, the cells must remain unpigmented when grown on
25 DSM plates (Sonenshem,et al, J. Bacteriology, 120, 253-265 (1974). In
contrast, spore-forming cells developed a dark reddish-brown color
after 3 days' growth on ‘these plates. DSM is Difco Sporulatlon _
Medium containing 0.8% nutnent broth, 0.025% MgSO,. 7H,0, 0.1%

KCl, 1 x 1075 M Feso,, 1 x 1075 M MnCl, and 1 x 107 M CaCL,.

30 Secondly, if spores are present in the culture, they appear as phase-
bright bodies in individual cells under a phase microscope. In
contrast, asporogenous strains fail to develop the phase-bnght stage.
In the third test, the spores tha.t are present in the culture, survive.

a heat treatment of 60°C for 20 minutes. In contrast, all cells in

35 the culture of an asporogenous stram are susceptible to killing by heat

in this test. For a stram to be classified as asporogenous, it must



voI umé‘ef the same sol ution during a 24-hour period before it was used foy
transformatlon The conpetent cell.s of B. subtilis 1A6, prepared as
descri‘bed. 15 above, were nixed with DNA at a concentration of 10 pg/nl of
final m xture and the culture was shaken gently (100 rpm) for 60 m nutes
[err]. The culture was then diluted with 10 v gl umes of BHI and O allowed to
grow for an additional 3 hours at 37 C. The™cells were collected by
centrifugation, washed once with distilled water and 20 spread on pl ates

ryptophan (90 | arey b sEleeChe Rl fliing HdbedT. Ol igh Al ool B

screened for aspd?aé sed) shesensergening tﬁs:saev@cn@eat rfgrSt e&;able\/\ﬁwreawm]lw;dﬂcto

test for asporogefgHsr n.re?mgar&,t 8, 4eB1e Rlukan™Hghing B! thavbisgTEN! ed
when grown on 25 DS Sonenshei n. erl o ogy, 120,
253- 265 (1974). rﬁf%ﬁéﬁg deiwas designaedoas DR

df il O
S | ati on Medi um cont al ni n 8% n 25% NMgSHA. 7H20 0 1% -
Kg)rulaxl ferr] M IPEEsh as °598F5?vs] smneﬂﬁl 'EVP’%PSFE?‘P?“QG RhgRa| BB
spores are presenising) DN feuhtalrdhnoﬁ-Myanﬁpdit?Bt sﬁbtxﬁbafﬁzﬂ)'(t hmp_gi%aﬂ in
i ndi vidual cells n contras Oor o
strains fail to J‘e&ggﬁgp%"ﬁga%ﬁa?e- gﬁ?’%??agg ansduetign Gaf °“f'HE’

spores that are phesmethddnof Woungl and &ilsony \Haneboak MaGeneﬁed,nval. nf 60 C

reddi sh- br ows Col or - si:hﬁf &1d '‘cof fDIOE thﬁ&%&scom
(0]

for 20 m nut gs a I | 1 C n aspor ogenous
strain are suscep??’lb e §o§ uFH Pr&% eé%’[yg&#hlée?{e strain to be
classified as aspd §1°°l twﬁueﬂ ed. Gellspwere aelecmi efer thmd!tbognmeenl ng

tests. One indi w,@g@{aﬂ@gl ﬁf‘kh&"f}hﬁﬁoﬁaﬁé‘t@i’xb&eﬁﬁ sg,@qg;gd@?aetg%gt ?ﬁ%‘gﬁt n(r)\;v?tng
et el e 1O Nt OWeaRsGi. U SAS 731158 TIo8(178). ° & biotogically pure
strain obtained by this process was designated as DE100. It has
15  the genetic markers: thy Al, thy Bi trp C2, pyr DI, and spo
' 0A4677. Strain DE100 is available from the American Type Culture
Collection as ATCC. 39 094.

DE100 required mineral salts containing ammonium, potassium, .

phosphate and sodium ions for growth. It will utilize various
20  carbon sources including glucose. Thymine or thymidine,
pyrimidines and _tryptephan are required for growth. Corn steep
liquor can be used as the source of these requirements but the
addition of thymine to this liquor enhances g.rowth of the organism.
Stability of the auxotrophic markers in Strain DE100 to reversion
25  was determined by the following method. The strain was grown
overnight at 37°C in Spizizen's minimal medmm which was
supplemented with 0.1% glucose, 10 pg/ml of tryptophan and uracil,
and 50 pg/ml of thymine. Cultures were transferred to fresh media
and allowed to grow for 6 hours with shakmg at 37°C. The cells were
30 then collected by centnfugatlon, washed twice in water, resuspended in
water and txtered on agar plates containing the minimal medium
lacking only one of the requirements. Total viable cells were
determined as colony-formmg units (CFU) on minimal plates
containing all requirements. All determinations were done in
35  triplicate. The data in Table I show the stability of the auxotrophic
markers in the strain. |



4rp~C2, pyr D, and spo [err] It was designated as DE1. "5 " - Stra| n DEl
p C2, pyr D, spo [err] was converted-into.the instant asporogenous.

_:sn n DELOO. by transduction with phage PBS1 using DNA.from a donor strain -
P B. “subt’i |is 1A243 (trp C2, thy A thy Bl), avail able as ATCC 39, 087.

T ansductlon was carr.i-ed out by _the-net.hod of .Young and W son, Handbook of
rnetics, Vol. 1, 10 pp. 69-78, Plenum Press, New York, 1974, -except that
no chl oranpheni col was added. Cells were selected for trimethoprim o
" resistance by the method dweBLE Hed by  Neuhradt, et al, Proc. Natl. Acad. >

hi & process’ vas. déi?;‘ﬁ&*’%ﬁ’@ (EERRURALISS G MRS ToRS e DY o, oY

Al', thy Bl, trp C2, pyr , and spo [err]. Strain. DELOO is available from
the Anerican Type Culture Col | ection as ATCC. -39, 094. "‘DE100 required

m neral “salts cophghdibRd ammoni ugrUyAi1aee) UM . PhesRhaik di ugydons for
growth. It wll. urTtize various Zﬂ:w—mrfa{ﬂ'o%m sour‘rerrnriﬁgf-%gg uﬁcz%e
Thym ne or thyrﬁ.!RL n&2 pyri m%l'?ﬁesoa?ﬁj"tﬁ gt ophan. ar @ required. f of1Qrowt h.

Corn- st egp Ilqu_ny AlRnthl eBuse3I3as+td]ssspuo e of theseq reqw rerrent &1@'& t he
-addi tion of thymn

this uor S gr h of -8
Stability of th&a&l(ot r ophi c rﬁké’l’gg| train '& ?é ers rf‘ 219 was

determ ned by the foll ow ng met hod. The strai n was grown overn| ght at 37'C
in Spizizen's m nimal E‘[%b nted th 0.1% gose,
pg/m of tryptophan an uraC| g\z\g% w‘%&*q g'erbﬁvfﬁqg Sher e
transferred ¢on thOMeauamaaratmewmh gilow ﬂlﬁ cellhcnlmesfuuesh shaki ng at
370C. Thygcehlsi ﬁfﬁ:&%goms&C%én&cwetg]&o%nﬁ{ Uﬁg%bl% ), BRI (W ce in

wat er, resus ter _and tered es contarning the

m ni mal medi iHHPF%{ER'?tﬁS withy SO pe/mi thymine @i g‘é@emlsh shaking a4 280eponl |s .

were determ Aedz@ﬁoﬁplxﬁeyvilgrmnmtyr%& é&Ebbed)an&ﬂHya@@A ak! §9%s g6PNt ai ni ng
all require Al tions were ne in 35 trjplicate. The data
STt & heared

in Table | eS¢ f S e%ld’f(%‘Fr - gitpsgd &¢ derarmine the 5 n.

number of survivors. Comparisons were made with the number of CFU/ml

15 developed when unheated samples were titered. The results shown in
Table II indicate that no heat-resistant cells could be recovered from
'DE100 grown under these optimized sporulation conditions.

TABLE 1I
20 ' FORMATION OF HEAT-RESIST ANT CELLS
(SPORE FORMATION)’ OF DEIOO :

y CFU/ml . -« Spores

1 5.4 x 108 0
25 2 9.0 x 107 0
3 2.7 x 108 0

Survival of DE100 in liquids was assessed as follows.
Mid-log cultures were used to ihoculat__e. samples of BHI, Spizizen's
30 mirii_mal medium plus 0.1% glucose and sterile distilled Wafer. One-ml
samples were placed in capped 15-ml test tubes which were then
shaken in a 30°C air bath. At 24-hour intervals, 3 tubeé from each
.gfoup were removed and titered for survivors. The results expressed
in CFU/ml are given in Table IIl. ' | |



TABLE.| REVERSI ON FREQUENCI ES OF MJTATI ONS | N DE100 Mutation

CFU ™ (V) - Revertants/m (R RVitrp C " 3.37 + 0.56 x
err] - 0o [err] 5 thy At, thy Bl = 3.37 + 0.56x
[err] — .- 0 [err] pyr D 3.37 + 0.56 x [err]
1.67 + 0.60 x [err] 4.9 x [err] StraixnipElO0 did not revert to spore
formers even under condi'ti ons of adequate -aeratiion which allow the cells
the fullest 10 possibility to sporulate. .Cells were grown in DSM (D f co)
nedi-um suppl enented wi t h BABIL@rI] /| thynine at 37 C with shaking at .200

rpm At 24-hour int »agl AU - ' angd heat ed at [err] for '
20 m nutes. The hea{eéeddﬁggvneﬁeggmg?zqq\ﬁéﬁLgﬁg@:“g}zﬁg‘gdeter'm_' ne't he number: of .

survivors. Conparisons were made with the nuntgér “of CFU m 15 devel oped
when unheat ed sahipies were BHiered. The reddinimabiediumn Tabl e |1 Hylicate

that no heat-resg t cel | d be recove om DE100 gro r
t hese optim zeds'osq%%ﬁl ati Om,{ i ogs. TA £F/in] . ' ng:%'1‘%@\"@0%
'OF HEAT- RESI STANT OCELLS @SPerE1RCRNATI ON) &8 pERGS s 3.4 + 0.4 xcify

Spores 1 1 5.48 Jesolx 108 803 + 0.90x200® 142 0.2 x 103
9.0 x [err]

0.3 8 2. 77X rr]. .8 - 0 6
survival of DEL003 n Iiqi-ist Qe Xallegsed 143 fl'opkgvxé.l d- 1og? Pt ésl%\fre
used to inocul ate $anpl eq.0f 5&108 07 zer2.63 300.03 xi 10 mal newi 4028 xs10: 1%
gl ucose and steril,e ‘dirsti, er ., e- anmgl e pl g{' ¢ d
15-m test tubes V?:ﬁi ch \/\érigeghﬁﬁksﬁa]l?en i ;g?Fenp'rﬁsﬁ\lAfd bat hﬁg dzﬁl %‘ggra
intervals, 3 tubes fremeach group were renoved.and titered for survivors.
The resul tsloexpr essed | nTg:FaLs{/sergs ﬁ:reesgxlv}/v%gilit?r c-)rleEelOU {n' a simulated

laboratofy bench-top spill, 0.25-inch sterile concentration discs were
saturated with an aqueous suspension of washed cells which have

been grown to mid-log phase in BHI plus thymine. Discs were stored
at 37°C in sterile petri dishes. At 24-hour intervals, 3 discs were

15 rehydrated in 10 ml Spizizen's minimal medium and the sample was
titered for survivors. The results expressed in CFU/ml given in Table
IV are the average of counts made on 3 separate discs.

TABLE IV o |
20 SURVIVAL OF DE100 ON " BENCH TOP
Time : . : : -Sﬁt:vivé,l_
(days) : CFU/ml_ . (%)
__ o 9.4 + 0.2 x 10° . 100
25 1 11+ 0.04 x 10° 1.2 x 1072
2 3.4 + 0.7 x 10°  36'x107
3 2.7 + 0.6 x 10 2.9 x 1078
4 0 0

As shown in Table Iv, DE100 survives for only a short
30 time under these conditions of desiccation. This furnishes additional
evidence of its suitability for use as a biological containment host for
recombinant DNA.
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- TABLE |11 SURVIVAL OF DE100 IN LIQUID MEDIA Tinme *- | . BH1

». ”~

mal Medi um H20 (days) CFU/ m . CFU ", ,
m. o 3.3 + 0.12 x [err] 1.8 + '0.15 x [err] 3.4+40.4 x [err] 1
2 + 0.50 x [err] 8.03 + 0.9x [err]. 1.4 + 0.2 x [err] 3 - 3.5 +
- 0-4 x [err]  1.13 + 0.09 x [err]- .57 + 0.09 x [err] 5 1.04 +
0.08 x[err] 2.63 + 0.03 x [er+]it 4. 27 + 022 x [err] 7 4.19 + 0.62
x[err] 5.87 + 0.47 x [err] 1.5 + 0.61 x [err] 10 To assess
the survivability of DE10Q in_a sinulated |aboratory bench-top spill, o

0.25-inch steri| eThe sk descriheddherein’ weascald dameaine gonforminn withieous
suspensi on phsigelsied! bislogizalMonthilMeat HRqH oML bfeditida | a0 HANAgA i n BHI
pl us thym ne, g|scs were stored at [err] 'in sterile petri dishes. At
24-hour i nBBI9GHPES- 3 discs were 15 rehydrated in 10 nl Spizizen's

m ni mal medi um and the sanple was titered for survivors. The results

expressed in CFUmM given in Table IV are the average of counts nmade on 3

separate discs. TABLE IV 20 SURVI VAL OF DE100 ON " .BENCH TOP"
Ti me _ _ Survival (days)

CFU m (%9 0 9.4 +0.2 x [err]

100 25 1 _ 1.1 + 0.04 x [err] 1.2 x Jerr] 2
3.4 +0.7 x [err] 3.6 x [err] 3 _ 2.7 +0.6 X
[err] 2.9 x [err] 4 0

0O As shown in Table 1V, DE100 survives for only a short 30 tinme under these
conditions of desiccation. This furnishes additional evidence of its
suitability for use as a biological containment host for



Leconfm nan_t DNA. 11 - The work described herein was all done in
donfor Mty with phyS| cal and bi ol ogi cal contai nnent I fied
i.;n the NI H guidelines. -12- A biologically pure c”nﬂn mnﬂwmﬂmgenou
B. subt H-is DE100 ( ATCC 39, 094) suitable for use as & hdést -cofponent in a
host -vector system characterized in that it has a frequency of reversion to
‘'spore fornmers of |ess than about 10 ° \ﬁ/?en grown - under conditions, of
derati on and havi ng t@ égbis)vm ng genetic markers: thy A, thy Bl, trp C2,
py~ D, and spo [errF’ A biol ogically pure culture of .
asporogenous B. subtilis DEl (ATCC 39,091) useful as an internediate for
the preparation of asporogenous host conponents of host-vector systemns
character 290 1 Lnala ool6gidhit Burb "Guthfe' 61a8for850R:CRI Uifid DALY

pyr DI, and™spo [err
- (ATCC 39,094) suitable for use as ‘a host component in a host-vector

system characterized in that it has a frequency of reversion to spore
formers of less than about 107/ wlen grown under conditions of aeration
and having the following genetic markers: E.llZ Al, thy Bl, trp C2, pyr DI,
and spo 0A4677. |

2. A biologically pure culture of asporogenous B. subtilis DE1
(ATCC 39,091) useful as an intermediate for the preparation of
asperogenous host components of host-vector systems characterized in
that it contains the following genetic markers: trp C2, pyr DI, and spo
0A 4677, '




