ASPOROGENI C MUTANT OF BACI LLUS SUBTI LIS USEFUL AS A HOST I N A HOST-
SYSTEM FI ELD OF THE I NVENTION This invention relates to a new nut
Bati N us subtilis useful as a host in a host-vector systeminto whict
vedf gr.s containing various genes can be inserted using reconbi nagtl'..
met hpdol ogy. 5 ' : BACKGROUND OF THE | NVENTI ON Mo s
mat€rial in a bacteriumexists as giant D¥A=nol ecul es which are presen
t he chronosone of the cell. A certain anount of the genetic material may"

al so be present in the for - r d.gi Leul | ecul es known
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whi ch are superior producers of certain specific protel s Ssuch~as enzynes.
I't has been di $eefibrasqathast sl adastvectar systewninionwhidhevei9r90 of genes

l'i nked toget heeohtaihing aRidlsOferiesCédrf b8, insaRteBCusifgréedmbimme tDracel | s of
one m croorgani Sn]'n&ri]tggl nserted into the cells of another m croorganismwth

conparative ea%t. B¥-ds can al so be used as vectors to carry new genetic
material igto a host organi S"BACKIGROUNIX QFTHE TNVENTIONSt cutting the

plasmd wth an enzy gno as a 2o . testriclion endonucl ease, t opens
the circle of DNA A”ﬁog REAE IS+ mﬁ‘)?ré?'lgﬁf’ Iﬂl\lkaa@(ffﬂ'%i?ﬁ’it@ & sP gene,
is inserted i nmoletudeplwhich irer preskae BslAhei ciitomasamecof .théheeldirdl e is
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new 30 gene ffommtofesprlee, clospiicingniah DS motequiesi kngwnsagplasmids.can be

10 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 production of a '
specific protein, from one microorganism to another. The

15 microorganism which receives the new genetic material is referred to
as the host. Various workers have used these t'echniques to provide
microorganisms which are superior producers of certain specific
.proteins such as enzymes. o ‘

It has been discovered that p!asinids, which contain a series

20 of genes linked together in the form of a circle, can be removed from

| the cells of one microorganism and inserted into the cells of another
microorganism with comparative ease. Plasmids can also be used as
vectors to carry new genetic material into a host organism. This is
accomplished by first cutting the plasmid with an enzyme, known as a

25 restriction endonuclease, that opens the circle of DNA. A fragment

| - of foreign DNA, containing the desired gere, 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
mol_eculé, contains the genes of the original plasmid plus the new

30 gene from the piece of DNA which was inserted. This plasmid can be
introduced into a host mic‘roorgahism. The plasmid containing the

new gene is then reproduced in the host microorganism and becomes



Tntroduced int.o a host m croorgani sm'" The pl asm d containing the new gene
|s then reproduced I n the host m croorgani smand becones -2- part of its
genetic material . For .a host mcroorganismto be suitabl e for use in '
geneti’c engi heeri ng, i't must be capabl e of incorporating the new DNA
Furthernore, it must yield"a viable rd @reorgani smwhich expresses 5 t he
~traits coded in the newy inserted gene. For the mcroorgani.smto produce

'+ yseful, quantities of protein, the mcroorgani smnust also be one that can
‘b&=grown on a cpmeiofi st genetie matedal.nenters using the new reconbi nant DNA
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fost cells and }Bet 528 %lgéﬂ“'ﬂa% Femmesc % to survive if they escape
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required Tor a H0BoRRs the;Bationalinbeling B Hedlt NI FERIAUARERS' ©
‘nutants of B. sResekich Involving: %sdntbnmoﬁpb'hém lecylesfivin §93&-en’§heseneuldé-
% hese, RUB331, ifedipvoide@Ctdr various levels of physical containment in
' ~ laboratories where genetic engineering experiments are conducted.
15 They also established levels of biological containment for
microorganisms containing recombinant DNA.

Biological containment relates to the use of host cells and vectors
which have limited ability to survive if they escape from the
laboratories into the natural environment. The NIH guidelines stabhsh

20 levels of biological containment for host-vector systems (hereafter
designated HV)depending on the microorganisms and the genetic
material used. HV1 is defined as a "host-vector system whnch provides
a moderate level of contammem.

A high level of biological containment is required for a HV2 host-
25 ' vector system. ' '
. The NIH has certified two mutants of B. subtilis for use as host
. components of HVI systems. One of these, RUB331, is disclosed in
- U.S. Patent 4,302, 544
The second of these is BGSC No. 1S53 which

30 is described by Ellis, D.M. and Dean, D.H., Recombinant DNA
Technical Bulletin, Vol. 4, No. 1, March, 1981. The NiH has
approved one B. subtilis host component 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.
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092) useful as an internediate for the preparation of :

host conponent sSSUMMWRY- OF THE INVENTBIOMar act erized in that
nd. . ferr] '

\ 3:??3?%2 di scl osed and

gr Bislogieally pure. culture of asporogenous B. subtilis DE101(ATCC

39, 095) suitable for use as a host component in a host-vector

system Chata_cte-rized in that it has a frequency of reversion to spore
formers of less than about 10'7 when grown under conditions of
aeration and having the following genetic markers: thy Al, thy BI,
pyr Dl, and spo 0AA677.

In a_.ddition_, .there is provided a biologically pure culture of
asporogenous B. subtilis DE2 (ATCC 39,092) '

- useful as an intermediate for the preparation of asporogenous host

~components of host-vector systems characterized in that it contains the

20

25

30

following genetic markers: pyr DI and spo 0AA677.

. DETAILED DESCRIPTION OF THE INVENTION

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 deécribed' by Dedonder, et
al, Applied and Environmental Microbiology, 33, 989-993 (1977). It
is available from the A_mericé.n Type Culture Collection, Rockville,
M_aryland_as_ ATCC 39,085. B. subtilis Strain 1S53 was reported by
Ellis arid Dean, lRecom'b'inant DNA Technical Bulletin, 4, 1-3 (1981).
It is__avail_able- from the American Type Culture Collection as ATCC
39,090, Strain 1A243, ATCC 39,087, was described by Farmer and
Rothman, J. Bacteriology, 89, 262-263(1965) and originally called
168 thy~, ind" |
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by incorporating the genetic-mateér i'al ““from previously reported strains of
B..:subtilis. The parent strain, 1A6, was described by Dedonder, et 25 al,
Applied and Envi ronmental M crobiology, 33, 989-993 (1977). It is available
fromthe American Type Culture Collection, Rockville, Maryland as ATCC :
39,0@'. B. subtilis Strai,n 1S53 was reported by Ellis and Dean, Reconbi nant
DNA Techni cal - Bul I eti n, "4, 1-3 (1981). It=i%s~available fromthe Anerican .
~Tyffe Culture Collection as ATCC 30 39,090. Strain 1A243, ATCC 39, 087, was

ded¢tibed by Farner and Rothman, J. Bacteriology,r 89 -263(1965) and
originally called 168 tfhe firsicstep in a!ﬁ PW‘F&P&&}SP@@S%#HY‘%&‘%% @tion
af DE101 i nvol vegftihanaspdfoginold hasdutesigeio 0ok Sefami ASS3T intd i theopardhtali n
1S53-into the parental

straln, 1A6, by a transf.ormatjon_reaction. The

resul tant transf §Fiddht }Aéi Sﬁoﬁdlﬁ“ﬁ?f‘hﬂ’?@ 'ﬁﬁg?ﬁ'b‘m%r'eﬁ‘a%o'{tr ophi ¢

rTrﬁ_r kers, 5  soonrgmférmia, tadthough dhittallp uastabléifoh ausottephign magklerss DE2.

IS mutant i s asporogenous .and | s usef a [ . jat & | or~%:0g

ot her asporoﬁnoﬁ&'ﬁﬂ?ﬁf?ﬁ‘f "R Tbc?f%‘fISnmgFAr\thg'h%w?gwegu IEP:}{S Sﬁlgi n
A243 was then t manaheris esporigendis? and iis gusefulr as aduint evnedintr do foppingans
of the 10 phage , DE101, possessing the markers: th
; 20° b asddySh kS Ui y

and spo_[err] resulted. The

aspor ogenous strain of #hpopien @it thenPdia ifspmsBogubilis StsiBntd24} was Ehed on-

to spore formers qfndeetad lified) ¥ WkingOa | traniudiibf $rocedsOBy Uness bRdnet I al
conditions not requiring expensive 1 @growth requi repents. |t. has | ow

survival rat d0un@BagediB¥lal Aostable fpucattn MEL03, Possrssioe, the, maghipis cy to
transmt plasnm dsif gtﬂg%ﬁrgnnimﬂ OMN67 alre@ifttedl.i ¢ transfer. Al though

bransf or a1 on techni qube SRBIEERE o RIS e PERER cReBio Ml Ao boen
achi eved " frequency of revérsion tq spore formers of less than about 107°. '
It is able to grow under 'indust rial conditions not requiring expensive
15 growth re'quirements. It has a low sﬁrviva.l 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 genétic map of the B. subtilis chromosome has
been published by Henner and Hoch, Microbiological Reviews, 44,
25 57-82 (1980). Brief descriptions of the g_erietic markers mentioned
in the disclosure pf 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 .
30 thymidine.This requirement reduces the ability of the host
to survive in nature. The thy Al mutation also gives
_trimethoprim resistance, a usefu_l marker for identifying a
. host.’ _.
(2) trp C2: This mutation resides in the indol-3-glycerol-
35 phosphate gene, encoding an essential enzyme in the -
biosynthesis of the amino acid tryptophan. When deprived
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normally survives in nature when subjected to heat, ultraviolet
light, chemicals and desiccation.

(5) ilv. Al:  Mutants containing this marker require both
isoleucine and valine for growth.

.. The following example illustrates certain embodiments of the -
present invention. Unless otherwise stated, all proportions and
percentages are provided on the basis of weight. Strains of .
microorganisms bearing ATCC numbers 39085, 39087, 39090, 39092 and
39095 were deposited at the American_ Type Culture Céllection,
Rockville, Maryland on 6th April, 1982. All reagents bearing the

Difco names are available from the Difco Laboratorles, Detroit,

M!chlgan.



I i ght,- chemi cal s and desiccation. (5)° ilv Al: Mut ants containing this
mr ker require both 15 i sol euci ne and val.ine for growmh. The .
fwl | owi ng exanple illust rates certain enbodi nents: of -t he present invention
Unl egs ot herwi se stated, all proportions and percentages are provided on -
t he basis of weight. Strai ns of m croorgagisns bearing ATCC nunbers 39085,
39Q87, 39090, 39092 and 20 39095 were deposited:-at the American Type
Chuure Col l ection, Rockville, Maryland on 6th April, 1982. Al reagents
bearing the Difco nanes are agXAMPLE fromthe Difcqo Laboratories, Detroit,

M chi gan. . -6- EXA |on of the par nt Qr.m

subtilis Strain 1A6 (t HV'SX?"“ tion 9t the, pagent spage b@é)%Dlﬂ:‘LLifﬁo&gﬁ‘n

aspor ogenous st naién(thy Ahcu'rypm,attp)EZQfxlvDNA g%ia)ll)lgdtcf raﬁﬁh@grég&lﬂ:kAT Iﬁrahggf
spo [err] 5 S u
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Spi zi zen' 's5m ni Was mdlednoutsaa fsﬂbws: on of (a) ammonium sulfate - 0.2% (b)

pot assi um phosphate (dibasic) - 1.4% (c) pot assi um phosphate (‘nonobasi c)

#0.6% (d) 10 sodiumcitrate - 0.1% and i magnesi um sul fate - 0.02% pH
adj usted to 7.4. Cell§- fiﬁbjﬂ_fhb%@(ﬂfrﬁceé%ﬁ)@ﬁ wagrown aernight 80 agarof a

0l Ution preqased Sshaithg Solliden® AP niddidm? SoiBAHOIHGTAg dedlul 10%

D fco. yeast ext ract oD fco caseln dte to
-Spi zi zen' s m niSA s‘ﬂ%?’ﬁlrﬂ Qr?ea?‘wm%a%‘ﬂige ‘lé%ﬁbégidméﬂ-‘s{‘@ thOQPthe
shaken at 200 r fdibasib} 4 mm&ﬁa&ﬂ p%tafﬁﬁhincﬁhoﬁ\%ﬁﬂﬁé t(uxlo%Sagi@P'-bfmﬁ %lﬁl ng a
Kl ett specfrophotaneter wt e | eé en cul tures e
‘transiti oni‘% um, Gt st‘gllﬁbﬁ&#y r DREReSi U asHitate - o‘%&i’g ensity of
l‘I ess than 5% i nadﬁ:sted to 7.4. Cells from these _pla_tes were inoculated into 30 ml
of a solution prepared by adding 0.1 ml 10% MgSO,,, 1.2 ml 50%
glucose, 1.0 ml 10% Difco yeast extract and 1.0 mi 2% Difco casein

_ hydrolyzate to 99 ml of -Spizizen's minimal medium. The flask was
15 incubated at 37°C and shaken at 200 rpm. The increase in optical
density was monitored using a Klett spectrophotometer with a red
filter. When cultures reached the transition between log and
- stationary grthh (change in optical density of less than 5% in 15
minutes), they were diluted into 100 ml of the growth medium to

20  which had been added 1.0 ml of 0.05 M CaCl, and 2.0 ml of 0.1 M
MgClz. The mixture was incubated for an additional 90 minutes.
before donor DNA was added. '

Donor DNA was obtained from B subtxhs 1S53 (ATCC 39 090)
by the followmg procedure.

25 ~ Strain 1S53 was grown overnight at 37°C in a Heart
Infusion Broth (BHI) medium available from Difco Laboratories,
Detroit, Michigan. The mixture was diluted with 500 ml of fresh
BH! medium and grown at 37°C until the optical density of the
mixture measured at 660 nanometers was 0.6. The cells were

30 . collected by centrifugation and resuspended in 10 ml of a solution

' containing 0.03 M tris (hydroxymethyl) aminomethane at pH 8.0,

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 at 37°C. Then 80 pl of pronase (10 mg/ml) was
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tes), they were diluted into 100 m ‘of the growth nediumto 20 . which
dg been added 1.0 nl of 0.05 M[err] and 2.0 m of 0.1 M[err] The mxture
% incubated for an additional 90 mi nutes before donor DNA was added. A
Jonor DNA was obtained fromB. subtilis 1S53 (ATCC 39, 090) by the fol | owi ng
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‘Heart Infusion Broth (BH) medium availgbte fromDifco Laboratories, -
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© preci pi t at eshthjning . b3idd tNaCL afid 9.018 Lim:rofacetﬁtd %iiﬂl%t?baiﬂl The »
B! T8 M NacoubRRgBE 3726 R chelP SplrRoy SBEROR ot nk BaeAE Terr | o 1
hour with tiboiuclense (tfype 14y framcBewinecParicreas;cavailable fygme Sigmiar om Bovi ne ,
P HR ssouri
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a solution containing 0.0t5 M sodium chloride and 0.0015 sodium acetate
15 at pH 7, dialyzed against 3 changes of a large vbll,tme of the same
solution during a 24-hour period before it was used for
transformation. R
.+ The competent cells of B. subtilis 1A6, prepared as descnbed
_ above, were mixed with DNA at-a concentration of 10 pg/ml of final
20 mixture and the culture was shaken gently (100 rpm) for 60 minutes
at 37°C. The cuiture was then diluted with 10 volumes of BHI and
allowed to grow for an additional 3 hdu_rs at 37°C. The cells were
. collected by centrifugation, washed. once with distilled water and
| spfead on plates containing agar with Spizizen's minimal medium plus
25 thymire (50 pg/ml), tryptophan (20 pg/ml) and uracil (20 pg/ml). The
"colonies which grew were screened. for. asporogenous mutants.

‘Three screening tests were applied to test for asporogenous
mutants, First, the' cells must remain unpigmented when grown on DSM
plates (Songnshein, et al, J. -. Bacteriology, 120, 253-265 (.1974). In

30 contrast, spore-forming cells developed a dark reddish-brown color
after 3 days' growth on these plates. DSM is Difco Sporulation Medium
containing 0.8% nutrient broth, 0.025% MgSO,.7H,0, 0.1% KCI, 1 x 1070
M FeSO,, 1 x 107> M MnCl, and 1 x 103 M CaCl,. Secondly, if
spores are present in the culture, they appear as phase-bnght
_35 bodies in individual cells under a phase microscope.
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a solution containing 0.015 M sddi um chl ori-de and 0.0015 sodi um acetate 15,
at’ pl:l’__?, di al yzed agai nst 3-changes of a |arge volune of the sane sol ution
guring a 24-hour period before it was used for transformation. The
conpetent cells of B. subtilis 1A6, prepared as described above, were nixed
wi t " DNA at a concentration of 10 [err] of final 20 “m xture and the

cul ture was-shaken gently (100 rpn) far §0-m nutes at 370C. The culture was
tREN diluted with 10 vol umes of BH and allowed to grow for an additional 3
f‘h_()“tfrs at [err] The cells were collected by centrifugation, washed once with
distilled wat eﬂnaduiltﬁit,eaﬁbcﬁﬁgéﬂoﬁkEstrdﬁﬁltfailn'tm@eﬁgap[uh'et %shaaeid-bﬁgm'sleage. ]

i ni mal nmedi umpl us 25 1. hym ne er trypto n [err].and uraci err].
The. col on es wRCHfrd ferte e shores s, pré Regbord ol i cnfiblen S5k, 8o
&Creeni ng t est heaerigeayppdnteaf 160°C efoir 20 mingpsst ode roonsrasty allt eelld-in she t he

3 Eactor of oot 3f SR il A SERLAE RO SN M B T

devel oped a darthisr tefdi sFopaosmainotebeatalssifieddas s’ asposogenoys, ithewstpl at es.

PSMis Difco S L@t | ' [ 0. 83 ; 25%
[err] 0.1% KCl ?ﬁﬁyfﬂ g%f%??ﬁns% X i eér1;?&§nd§rl{%>?}l?§{rdri?j. c%'i&g;gvgﬁc Ly, if
Spores aré pr ePepted HhasgesqraeRing dests#ps Anscal first stable-fari ot mophic hodi es

in individual Geddkers!Bd€IrefeRbd16 distableCRRCant ha¥ing the Omhkiasts: Dl
asporogenous stragins Bgl Idao csiev_el OH t.he _ase;%ig t stage. In e third
test, the spor 889382 9448 redbn¥ay fetigrated 23 QE2Z-survive a heat treat nent

of 600C for 20 minut &sraihDEDI(pyaDl, spbl 0AAIE79)i Was kenvsrtédiintcOthén _
e Pa noto he el AforgSia 1Bk ERI6L Y Tonbuliia iyl Ry, L7 7
*the screed@ng wmsingsDNAndromda \dodan st mih cofy Buisuubtilis 1A243a{mpdCehely Al,
screening test M’aﬁ)ﬁﬁ@aiﬂmé I dsSATEE28S B8 OF TRREALEAEN Was carried out by
' ‘the method of Young and Wilson, Handbook of Genetics, Vol.1, pPp-
69-78, Plenum Press, New York, 1974, except that no chloramphenicol
_ was added. Cells were selected for trimethoprim resistance by the
15 method described by Neuhardt, et al, Proc. Natl. Acad. Sci., U.S.A.,
75, 1194-1198 (1978). A biologically pure strain obtained by this
~process was designated as DE101. It has the genetic markers: thy Al,
_thy Bl, pyr DI, and spo OAA677. Strain DE101 is available from the
‘American Type Culture Collection as ATCC 39,095. |
20 DE101 requires ‘mineral saits containing ammonium, potassium,
phosphate and sodium ions for growth. It will utilize various carbon
sources including glucose. Thymine or thymidine, and pyrimidines 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
25 growth of the organisin. '

Stability of the auxotrophic markers in Strain DEIOI to
reversion was determined by the following method. The strain was
grown overnight at 37°C in Spizizen's minimal medium which was

~ suppleménted with 0.1% glucose, 10 pg/ml of uracil, and 50 pe/ml of |
30 thymine. Cultures were transferred to fresh media and allowed to
grow for 6 hours with shaking at 37°C. The cells were then collected
by centrifugation, washed twice in water, _ '
resuspended in water and titered on agar plates containing the minimal
- medium lacking only one of the requirements. Total viable cells
35 were determined as colony-forming units (CFU) on minimal plates



rkers but reverted to a stable nutant '‘having the markers: pyr D and.spo
1. It was designated as DE2. - =~ Strain DE2 (pyr DI, spo [err]. was o
verted into the instant aspor ogenous strain DE101 by,transduction wth ¥
e PBS1 10 ~using DNA from a donor strain. of B. subtllls 1A243 (trp C2,
. thy Al, thy Bl), available as ATCC 39, 0872 Transduct i on was carried out by
t he rret hod of Young and W/ son, Handbook of Genetics, Vol.1, pp. 69-78, -
Pl enum Press, New York, 1974, except- that no chi orarrphenl col was added. o™
Cells were selectedfor trimethoprimresistance by the 15 met hod il
descri bed by, d‘dﬁnbﬁiﬁg alletequiirentms. Wil Hetekarinatidies weré). dond. in THpliddd- 1198

s DELox. 11 TR o, W TREVE O et dpd RO, ¥ Pl Bt ARRRoRe R 070

677. Strain DBE&Ostraim. avai | abl e fromthe Arrerl can Type Cul ture Caoll ection . as
ATCC 39, 095. 20 DE101 requires ‘mneral salts containi'ng amoni um
pot assi um phosphate and sodi'umions_for growth. It will utilize various -
carbon sources including gl ucoB&BLEny i ne or thyni dine, and pyrinidines are -
required for growth. Corn steep. Ilquor can be used as the source of these
requirerents but the addition of thymne to this |iguor enhances 25

growth of the organi SMWIHN)F QVF}&’CA&&?&JHT m\ﬁ%w ﬁlg}ralh -

DE101 to reversion was determ ned by the -f-ol | owi ng nethod. The strai n was.

grown overnight at [err] in Sp e mn| mal di_ um whi

suppl enent ed%ﬁ-‘ﬂ{-l% gl ucose M ramﬁﬁﬁﬁ-ﬁdﬂtﬂt% Rt 3&77
t hym ne. Cul tuhyeal yehe Blr ansfXé r«€0.019 kr ~nmedi adand al | owed t o<tf ow for 6
hours with SE at 370C. I t hen C by
centrifugati i\%/gshed tw cegpﬁ-\/\gdlé ’\é\f{eoguspend(eidé% % ég er ar?d4t| tgr ed on
agar plates containing the mniml nediumlacking only orie of the

requirement s, Tot alsbbR10¢ldoss Fibe reWFE GoHofe Mofied bR BR: O M N0

units (CFU) on ninina
conditions of a.dequate aeration which allow the cells the fullest

possibility to sporulate. Cells were grown in DSM (Difco) medium
supplemented with 50 pg/ml thymine at 37°C with shaking at 200 rpm.
At 24-hour intervals, aliquots were removed and heated at 60°C for
20 minutes. The heated samples were then titered to determine the
15 number of survivors. Comparisons were made with the number of
 CFU/ml developed when unheated samples were titered. The results
shown in Table II indicate that no heat-resistant cells could be
recovered from DE101 gtéwn under these optimized sporulation

conditions.

20 o
TABLE 0I
FORMATION OF HEAT-RESISTANT CELLS - | :
(SPORE FORMATION) of DE101

Days E CFU/ml - SE" ores
25 1 | 3.2'x 10° 0 |

2 o 75 x 107 0

3 | - 2.5 x 108 0

E 4



~9- copnt aini hg al | requi rements. Al ““det er minations were done in ;y)
Ifipticate. The data in Table | show the stability of the auxotrophic
yrarkers in the st r ai n, TABLE | REVERSI ON FREQUENCI ES OF MUTATI ONS | N DE101

I\/Uta on ' CFU n (V) - Revertants/m (R} RV thy A, vy
Bl 2.6 + 0.019 x. [err] 0 [err] pyr D 2.6
: +0019x [err] 1.67 + 0.30 6.49<o[err] Strain DE101 does not
@ert to spore forners even.under 10 conditions of adequate aeration
“which allow the cell I $raklds! W Y ragl flifowsTe &

grown in DSM (ch%&bﬁléﬁds%ﬁl ﬂpﬁtmg err mfor‘lwe at lerr W|th

sshaki ng at 200culfsres srereusedyto |“FR°é'|l%t&I §amal|es P&"IMEP@‘@érﬁ)\FB&"ﬁﬁ'd heat ed
at Terr] for FfedfuRUpRS: oiaeghﬁa;@qnaaﬁahw diftilfed - RARet. tEethIl Qasﬂsreer m ne

st he 15 nunber of surV| vors. risons were made w th the punb
CFU M devel optRrewpkaqed iRc3ARPS S%'eg%t&@es.wﬁgdwefméhfr@mé Sﬁoﬁn in
EE%E Il si ndi G fbatlﬂ.at ADQ241886r ug%mn@,nla tubks S‘WSEfbfb@'d“’?’:W}%‘?&ﬁ‘fVl@m
gr own. un r .t he optlmze orulatli on.condi,t},o
.FORMATI ON OF e L) oA (hecies _ “ﬁ-‘él—‘&)ﬁﬂ‘ H?E%E{Z

CFU m in Table IISpor es 25 _ 3 2 X
sferr] 02 . : 7.5.)‘( [err]_ 03
2.5 x [err] 0 -10- gllf‘ravl'l‘ﬁ\.'/ell{I of DE101 in liquids was assessed -

as follows. Md-Iog | ) ) _ .
' SURVIVAL OF DE101 IN LIQUID MEDIA
. . o . ] .

10  Time BHI . Minimal Medium . H,0
~ (days) CFU/m! - CFU/ml . CFU/ml
o 70 + 1.2 x10° 43 £ 0.3 x 10° 4.7 + 0.9 x 10°
T 0 10 o
2 0 0 0
15 To assess the survivability of DE101 in a simulated

laboratory bench-top spill, 0.25-inch diameter sterile concentration
discs were saturated with an aqueous suépension 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
20 were 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 S o
SURVIVAL OF DEIOI ON "BENCH TOP" _

25  Time e . _ ' - Survival
(days) CFU/ml | (%)
0 77 +20x10° 100
1 6.0 + 3.6 x 10 8 x 1073
a2 0 : . 0
30 3 0 | - 0



stht ures were used to inoculate sanples of BH, Spizizen's niniml nedium
$ 0. 1% gl ucose and sterile distilled-water. One-m sanpl es ,were pl aced

apped 15-m test tubes which were shaken in a- [err].5 air bath. At

mour intervals, 3 tubes fromeach group were renoved and tltered for

Avivors. The results expressed in CFU¥i- are given in Table 1. TABLE
11 SURVIVAL OF DE101 IN LIQUI D MEDI A 10 Ti me BHI
M ni mal Medi um - [err] CFUmM . CFU/ m
CFUnmM 0 . As. shownllmmbf;elv; DE1p13surpives fof canly a shart7time0, 9 x ™

[err] 1 under th%se conditiofls of desxccSanon. Thid Curnishes additiona? evidence '
To. assess the survi vabl lity

of 'DE101 i nof iss suitabiiyy| fasoese as 2 biglesicabsostaipment host ifeeh di anet er
steril e congggdmpinaf DNACS were saturated with an aqueous suspension of
washed cel-l s whi ch have been grown to m.d-1og phasé in BH plus thym ne.
Discs were stored at [err] .in sterile petri dishes. At 24-hour intervals,
3 di Iscs 2 were r'eﬁwdic&kedbscmbéahhﬂreﬁpmaszelm'dbua it @ohfotadty wighd t he
sarrpewast ter ALY s. .The results_expresse |ven|n
Tanre 1V ar PutTiesipaf siogical Sobraihnieat “ulse ot} 3RS e

SURVI VAL G:gfﬁabﬁheﬂ\l "BENCH TOP" 25 Time .

Survival (days) . : .CFU m o . (9.0
7.7 + 2.0 x [err] -~ . 100 1 : 6.0 + 3.6 x [err]
8 x [err] 2 I 0 - 0 30 3
-0 - 0 - 11 - -
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“As. shown j n Table |1V, DE101 surVi ves’ for onIy a sho
cond1 tions of desi ccation. This furnishes additional ey
SUI tability for ‘use as a bi ol ogi cal contai-nment host ﬁe\w “gm“‘]\ﬁ 5
The,~work described herein was al'l done in conf ormty cas and
bi ol ogi cal contai hnent . requirements specifjzd in the N H guidelines.
12 - 1. ' A bi ol 0gi cal |y pure culture of asporogenous B. subtilis .
_%I OL (ATCC 39, 095) Ghﬁ)dﬂ for use as a host conponent in a host-vector
“system characterized in that it has a frequency of reversion to spore
formers of |ess than about [err] when grown under conditions of aeration
«and having the follow ng genetic markers: thy Al, thy Bl, pyr D , and spo
[err] 2 1. A Aitiblogicallyl puseuceltord bﬁr&spofogmpas (BgesubnﬂlsEsobtl lis
eDE2 (ATCC'39 r.Jyed] enous
host corrponentszl)qdj%géqg %@lésqéf‘gg L"ﬁar ac%grggz'gg‘?r{e?ﬁtﬁ %S?g%gﬁégﬁgns
. the foll ow /g system |Qbamt|ee1rzgd lpytrhaDI it zhas afsequancly. of reversion to spore

formers of less than about 10~/ when grown under conditions of .

a

aeration and having the following genetic markers:

. _lAl thy Bl, LDl;and_E_OAA677

' 2. A biologically pure culture of a.sporogenous B. subtzhs DE2
, (ATCC 39,092) useful as an intermediate for preparation of asporogenous
host components of host-vector systems characterized in that it contams -
the followmg genetic markers: pyr DI and gg_ 0AA 677.




