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Asmi AMILASE. AﬁlﬁﬁxﬁﬂﬁﬁﬂﬁQ§3NQﬁﬁ : nDIecuIe related to a specific

t ar, YIUTANT, OFs BAQILIUS SUBTI By

i{ que &Sy & gqsé-"'d 164 HoRn g$¥|§mng 24 it is possible to
er a gene, which codes for the 25 production of a specific
ifn, from one m croorgani sm 26 . to another. The m croorgani sm

i chijrecei ves the HEMléi ?ﬂﬁ§ qugﬁfg gl is referred to as the host}
%gii is wor kers 28 29 3 IELD OF b hese techni ques to- provide

3 using recomhinant DNA methodology.

AMYLASE- NEGATI VE, ASPChOGENCUS MUTANT OF BACI LLUS SUBTI LIS USEFUL 4

HOST I N A HOST- VECTOR SYSTENId 6 FIELD OF THE

1TON 7 8 Thi s invention relates to a new

e-negative 9 mut ant of Bacifllus subtilis useful as a hQst into

0 vect ors contai ni ng anyl ase-codi ng genes can by g&gﬁgﬁ ed 1

reconbi nant DNA nethodology 2 3 OF THE

1TON 4 5 = . Mbst genetic material in a bacterlun1exists
gi ant DNA nol ecul es which are present as the chronosone 7 o]

1. A certain anount of the genetic material "may 8 ° al so be

t-in the formof snmaller, closed circular 9 DNA npl ecul es known

rgani sns whi ch

This invention relates to a neW'amylase—negétive
mutant of Bacillus subtilis useful as a host inﬁo.which

: vectors containing amylase-coding genes can- be introduced

BACKGROUND OF TEE INVENTION

o Most genetic material in a bacterium exis?s as
giant DNA molecules which.are present as the chromosome
of the cell. A certain amount of the genetic material may
also be_present-in the form of smaller, cloﬁed circulaf
DNA molecules knéwn as plasmidé. The portion of the DMA'_
' molecule related to a specific hereditary trait is called

a gene.

-By techﬁidﬁes;referred to és genetic ensineériﬁg,
it is possible to transfer a gene, which codes-for the
producgion of a specific protein, from one micrdorganism

~ to another. The microorganism wh;ch recelves th; new

genetic material is referred to as the host. ‘Various workers




2. .ar ejjsuperior “producers of- certain specific proteins such-as 3 .((:’
enzynes. 45 7 ° It has been dizscovered that plasm ds, which{i''/ "
gontain 6 || a series of genes linked td her in the formof a circle, 7 - '
can be renpved fromthe cells of one m croorgani smand 8 inserted into
the'cells anot her m croorganismwth 9 conparati ve ease. Plasmds
c¢ari- al so bf used as vectors to 10 carry new genetic material into a
. host organtjsm . This is, 1 _ cconpl i shed kLS ' p ol
W th anfentymebave used theas tadiiiles T BRY LS it bbreipidfs IS
the cirgle}fjl3 of _ 0 L g EE@@r ogt.ak Al hen as
desi red£14 a“ge‘i?é”‘?% r‘%‘g{é%%ft %{-.%%'gﬂéeg ereifghg}%&g‘?rcl e was
15 c "éq%§ﬂ340|e is reformed by treatnent with DNA |igase. 16
The recénb ned pr'dsm d, a new circular DNA nol ecul e, 17 _ contains the °
genes of tfte original plasmd plus the new 18 gene fromthe piece of
DNA whi ch s inserted. This 19 - plasm d can be introduced into a
host migrofgfrganism 20 It hddecbeémsdiscoverednthgtt ptasmidggnehisht kentain
reproducedifjin 21 the host m croorgani smand beconmes part of its
geneti cg22 a series af $eneg linked together forthehformnodr eocdxeilenm
to be suitgble for use 25 - I n genetic enginéerig&, it nust be capable
of iricofpoffati marecoe removed fieom e cellshefnene, mierpgrEapismdandyi abl e
mcro- 27 organi sm whi ch expresses_the traits coded in.the gggLy 28
29 30 8 3 inserted intc the cells of another microorganism w
. 9 comparative'eése, Plasmids can also be used as vectors to f
10 .- carry new genetic material into a'hos? organism. This is
11 accomplished by first cutting the plasmid with an enzyme, .
12 nown as a restriction endonuclease, that opens the circle
13 of DNA. A fragment of foreign DNA, containing the desired
14 gene, 1s inserted into the place where the DNA'circle wa§ )
15 cut. The circle is reformed by treatment with DNA ligase.
16 The recombined plasmid, 2 new circular DNA molecule,’
-17 contalins the genes of the original plasmid plus the new
18 gehe from the piece of DNA which was inserted. This
19 plasmid_cén be introduced into a host microorganism.
20 Tﬁe plasmid containing the new gene 1ls then reproduced in
?21 the host microorganism and becomes part of its genetic
22 material.
23 .
24 For a host microorganism. to be suitable for use
© 25 in genetic engineering, it must be capable of iﬁcprporating
26 the new DNA. Furthermore, it must yield 2 viable micro-
27 orgahism which exﬁresses the trailts coded in the newly
28
29
30




inserted gene. For,the mcroorganismto produce useful 2
ties of protein, the microorgafjsm nust also be one 3 ° " that can
bwn on a comercial scale. 4 5 £ Experi menters using thg
pconmbi nant DNA 6 technol ogy have been concerned that the

rcrgprgani sns with 7 . new genetic material mght produce substances i -
has nfjul to 8 man, animals or pltants. Because of this concern, the 9} ==
hbt|31al Institute of Health (NIH) issued "Guidelines for 10 Researc*
| AvoljVi ndLriereyed rgene DNAFop| thel nicreargandsm) to Pr°d\1|¢@sé‘5@ﬁ“c;el i nes
proviljfled for various |evels of phXS|caI 12 cont ai_n |n | abor at ori ¢s
wider 4| germiantitin s ef iproasin, thexBirFRRREEN:SE IRSHy Peranf ) so
estaly| i shed Ievels of 14 b|olmg|cal iog gignent for n}croorganisns'
cént 4| ni righals can be ERWR A2 er¢ia . - Bi ol ogi cal
cont gl nnment relates to the use of 18 host cells and vectors which haye
| i"m tjpd ability to 19 “survive if they escape fromthe | aboratories.

“iglofihe. 20 - Ubg,0RiHEALeRRVhIAEPEhe nBhe rikEubiield T establ ish p1

5 of Dbi ol ogi ca I nment st-vector systens .22
(Iger ahf t ef o siGsh L5 CRa¥Y) beeRCREhABrARd! BRati eheo AR cUTkazd sms witl t he
genett} c naterla used: HV1 is defined as a "host- 24 vect or systen1
Wi chi| pr oyéw egerie the chst erlalchnightc produeee substances harmfiujh devel "of |-
bi ol qpi cal containnent is required for a 26 = HV2 host-vector system 27

28 29{ 30 ‘man) anima.ls or plantshe Beeause of tilise¢aneemnt &t of B.
subtiflis

14

9 . National Institute of Health (NIH) issued "Guidélines for
10 o Reeearch”InvoIving'Becombihant DNA Molecules" in 1978.
. li ' .'fhese suideiineS'prbvided for various 1eve1s of physical
12 ' containment in laboratories where genetic engineerins
13 .experiments'are ‘econducted. They also established levels: of
14 ' biological containment for microorganisms containing
15 recombinant DNA.
- 17 _ Biolcsicai'cdntainment relates to the use of
18 host cells and vectors which have limited ability to
19 survive if they escape from the laboratories into-the. -
20 || the.ne.tur__al environment. The NIH guidelines establish
21' .'Ievels of biological containment for host-vector systems
.22 (hereafter designated HV) depending on the microorganismsf
23 and tﬁe genetic material used. HV1 is defined as a "host-
24 - vector system which provides a moderate level of containment".
25 A high level of biological con;ainment is requifeé for a
- 26 || HV2 host-vector system. -
28
29

30
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Ise ‘aS host conponents of HV1 systens; One of these, 3 /&
ji stlosed in U S. Patent 4,302,544, the 4 - di scl osure of
corporated herein by reference 5 inits entirety. The
hese is BGSC No. 1S53 6 which'is described by Ellis, D. M

Dl H., 7 Reconbi nant DNA Technical Bulletin, Vol. 4, No.- 1,
h, 1981. The NI H has approved- one B. subtilis host 9

pr a HV2 systen1 Thi.s. strain 8,

/ Bur ke, F. TRAgNLE has erert} &ntwéegg‘ﬁﬁ'inﬁgnt §BD§ det a1

|nvgh?lBﬁedéécﬁPﬁEs°aﬂﬁ§§§§§§oP8 gggus$%§eké One.of these,
9 Eggﬁgﬁé"ﬁ, EE% ?9%5%39.996?&@:11: ,%TIMJ %ea host in

the addltlonal *advant age of
V|3§§1§gﬂa§h¥5 48 which ﬁHtiﬁhorpSEQQea Méiradn by Refldr@ney |y

a host* for reconbi nant. pl asm ds which contain
£adigs Eatii-beyproutuet sesofll ofetineise As/BESEs NouclISES 21
al pha- anyl ases. These anyl ases are of 22 - " comerci al
or whgchnipr deserddetdobynEdlls, D. M.sw@ndcPeanir &y ihtes,
jl high fructose syrups. 24 Si ncé the nutant does not )
hnt i BeobmbihanthM mecgaical Bulletdn, ¥ole Hsadlcals host for

iction than the 2 proved HV2 host, A88298 vxt] (‘}P sq:rows
pr e¥ares,21981. TthMﬁﬁ’ approvess one &, 1is

component for a HV2 system. This strain, known'as

a)

=

ASB298, 1s described by Burke, W. F. and Le, H. T.;
Recombinant DNA,technical Bulletin, Vol. 3, No. 1,
December, 1980. '

The_presenf invention déscribes a ﬁew asporgsgndhs
mutant designated as B. subtilis EE101 (ATCC 39,096) |
useful 2s.a host in a host-vector system. This host has
the additional édvantase of being an amylaSe-negafivé.
mutaht. Such a- mutant 1is particularly suitable for use
as a host for recombinant plaémi&s which contain genes
coding ror the production of specific amylases such as
thermostable alpha-amylases. These amylases are of
commercial importance fof use in processes to make
starch hydrol&zétes, glucose, and high fructose syrupé. .
Since the mutant does not require.an antibiotic for growth,
it 1is a more pfactical host for enz&me productién than the
approved HV2 host, ASB298, which grows only in the presence

of streptomyecin.




'NNARY OF THE INVENTCN I n accordance with thrs |nvent|on there is.

l96) suitable for use as a host ‘conponent 5 .in a host - vect or systen1 4
yacterized in that it contains no 2nyl ase- coding gene, has a frequency
of reversion to spore forners of |ess than about 10 7 when grown under

conditions of aeration _and havin etic markers: thy A,
- thy Bl pyr D, spo 0A[err]677 ”%A)errékp %I’PEY'lMFﬂ‘ﬂ’& %10, In addi ti on,
thgreI is prormd@dear-dga@é@gmﬂkwhwrmmﬁﬁw:e o%harerlqurmgratad/e B. . -
- subtili an.int ernedi aration o
anyl ases %‘éﬁéﬁ&& Li;%rp%ﬁgﬁj 0 f ot %%‘?%?usayét SD haracteri zed
in thatEE10tofdBEGs39 96 bl swikakleefnn iusermaker host repenentl0, and ;
anys3. DETAI RSP DRSCELFTLA &J&AW&@ e stblddr s 814 ai ns

drsclosed and_ cl al ned_ wer’e prepared ncor por at 1 ng e genetic materi al
from ot BRrADHLasereeding (3 ezsu*Eﬂi’rIa} "e%FWI%%e‘”%‘@"aﬁlr% strain of B.

Slﬁbtr I IE@ sPIEE B&rﬂ&ﬁé S@ﬂpi&ﬁeﬂ%ntﬁbrfm o Jarwrg&l-o»iﬁaﬂr)daont aining -
t he nmarker trans ne, to.a llnc ci n-resi stant
trai n BPTREERS At e Srter et har S A ol s ML S i oo
(ATCC %eﬂ%ﬁgrsus_ﬂg &1 reie B epymrD Y gspa i 6TT, llln-z _@t_-r3a,| n A1221 was

repeéteg%gx_ég Q%hmarte ‘Bubnau and Smith. 2 - Proc. Natl. Acad. Sci.

U S A, 3 (1970) It is 3 avai |l abl e fromthe Anerican Type
Col | ecti on, ?@c%@#i?%pnﬂ-ther%k}%I%FRﬁlQﬁﬁ/ETH}?#PQﬁRFIEy pure

culture of amylase-negatlve B._subtilis EE1 (ATCC 39, 093)
useful as en ;:termedlate for preparation of amylase-

negative host nomnonents of host-vector systems
15 characterized in that it eontains the following geneti
markers: lin-2, aro-10, and __133 .
DETAILED DESCRIPTION OF THE INVENTIUN
The B. subtilis strains\ disclosed and cla;med were
prepared by incorpofating the genetic material from othsr
20 strains of B. subfilis. 4An amylase-negatlve strain of B.
subtilisz ATCC 31, 785(sample deposited on 5th
January, 1981) containlng the markers: aro-10 and
amy-3, was transformed into a lincomycin-resistant strain
by incorporation of the lin-2 marker from B.subtilis
25 Strain 14221 (ATCC 39 086) uszng a transformation reactlon.




6'. ...
contai ns the
fromthe Ant
anyl ase< neg
preparati on
s-ten&.ll
EEl 14

desi‘gnat eq’
transductTon

“ "The resul tant transformant, designated as EEl, 7 .
nmarkers:. lin-2,, ‘aro-10, and any-3. It is 8 avai | abl
i can, Type Culture Collection ag,9 ATCC 39,093.. This
ive strain is useful as an 10 = ~internediate for the
f anyl ase-negative bost 11 conmponents of host-vector

oo A5FAIR ALY, s Sy S o SFOAAHOOAL 06} CeBlgh and, Bl
p%s‘ E}%Z@#ﬁ@ﬁg@%@gﬁéﬁ%ﬁ"iﬂf”ﬂ? pEl &t is

(ATCO 39, Q9 - . PRICIGE oo It al t l.i gALA :
8310741. go wvaidaile’ %ﬁmmAﬁgt%‘e%*%%??fﬁf cfgaﬁgg%gggu ng
21 te jfar Maryland,"as ATCC 3d,089.-3, thy Al, thy Bl, "pyr Bl, 22

and spo OA[ef{ir] 677, resulted fromthe transduction. 23 24 25 26 27 28 29 30
1 S ‘The, asporogenous ‘anyl ase-nedative strain of the 2

present inveljtion, EEIA, shows a frequency of reversion 3 to spore
formers of 1f§ss than about gy rgesuitant tHansforkmant, aeswgwat¥d as EE1,
i ndustrial cfgnditions not requiring expensive 5 * growth requirenents.

I't -has a Fowlsurgbnghinal & dfErRers: 13nNsd) gFo<H0arandoadiziiINs PHd1s
very Iow,ten:ency to . ) .

8 available from the Americad Type Culture Collection as
9 ATCC 39,093.. This amylase-negative strain is useful as an
10 intermediate for thc_preparafion of amylase-negative host
11 _ components of host-vector systems. o
12 | . o
i3 ‘ A pértion of the DNA from B. subtilis Strain EEi_
14 ' was then transferred into an tspofogenous'pargnt.:train .
15  designated as DE101. Transfer was accomplished using a
16 ~ transduction process by means of the phage PBS1. Strain
.7 DE101 (ATCC 39,095) 4s disclosed in. British Patent
18 - Application No. 8310741. '
19 | |
20 ' S A stable mutant, EE101, possessing
21 the markers: 1in-2, aro-10, amy-3, thy Al, thy Bl, pyr BI,
a2 and spo OAAS77, resulted from the transduction. -
23 : .
i
25
26
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transmt plasmds tp other organisns by-natutal genetic '8

5f or mat i on has been achi eved using 11 a protopl ast transfornmat
pdure. It functions well 12 - as a host for various plasmd vegc
ng it a useful 13 strain to use ‘as a host conponent of a B.
lis 14 host-vector. system Being anyl ase-negative, it is 15
cul arly suit abhe fsponsgensus,hesylase-negatdivergtriin of ghesni g
n contain genes coding for the production of 27 ~° anylases. 18 1
ai |presamet invenpion,t BE1B1,ssbowsi & frequencshrafirRayarsiten been
shed by Henner and Hoch, 21 M cr obi_olagi cal Revi ews, 44, 57-8
D) . t®rsreresformergesf ﬂ-ﬁﬁﬁo’n@‘a&f a-tbl‘i’éltgé-rpe -c et 1Y 2B t5Dned i1

di scl osyure of th entign follo 24 thy A
. ShIELOSER ThalihBap8Y 20HA0R 0 e Fediitring expendfie; t 1 O

gn%/lg%g '05hER8RekEs" I nas p dow syrvedldddg undGl0 Mol
29 nat&r?%r%r esﬁapehchﬁﬁ!tiﬁﬁﬁpﬁnh?gPQ§§§'f%ﬁ“tendéhég t@e hOSt

ve 1N na nmut at 1 on al

Lop st 5t ggataptcss Sk Venstos b3 nanited fgadent (v

e eesamsfé&- tOAu.bﬁoagadleabl o@gahﬂsw Istﬂod@d low degree of
competence when subjected to classical transformation
techniques, excellent transformation has been achieved 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. Beins amylase-negative, it is
particularly suitahle for use as a host for recombinant

' plasmidslwhich'contain genes'coding'for the'production of

amylases.

A detalled genetic map of the B. subtilis
chromosome has been published by Henner and Hoch,
Microbiological Reviews,~££, 57-82 (1980). Brief
descriptions of the genetic markers mentioned in the

disclosure of this invention'follow:

(1) ¢thy Al,'t hy Bl: These mutations are in genes for'
two different thymidylate synthetases in B.
subtilis. Both nmust be’ present to confer

requirement for thymine and thymidine. This

5fer.  Although the organi smshows a | ow degree of 9. " conpet ende
subj ected to classical transforiftion 10 ~ t echni ques, excéllent

ion
tors-

2 .
the -

—=

nt

e -

i ne.
to.2.

ilng -a




8 . “ “by~the m cr'oo-rgani sm Since pyrimdines are 9
essenti‘al “pflpcursors of DNA and RNA and are 10 not co AI
Jound in natfbre, starvation for pyrimdines will affect the grow h of _
“host 12 - and the production ofplasmd vehicles introduced 13
i.nt.o the hogql. 13 14 15 (3) spo err]677: This is a deletion
.mt'ation cadging 16 a block in the earliest stages of
-sporul ation.}| 17 - This mutation destroys the ability of the 18
Bacillus to|formspores, the formin which it 19 , nor ngl |
survi ves kn |hature when sFffRnERent fgpé:uces tlhe_ ablligy pf '&’P?rﬁegg é¥
| i ght, cheni|gal s and 21 [ cCaby 2, 23. 1 (4)
ar.o- 10: Zhifs is a mutati oﬁ%v& %&aetg;ef e g{z.tﬁgnt—hi AT mutation, %%éé to
require pheryl al ani ne, tyraSidie s dfnethoprim resist&ide! ' ¥PLORFAT madhep
deprived of {hese am no 2 - acids, a straln carrying this
mut ant cegsqp to 27 for identifPihg 28 HEsH0 -9- (5)any-3 : This
marker is aq$ociated with a deficiency 1nh the structural gene for -
al pha- arrygas e production. It is characterized by a very |ow reversion
frequency” . 5 (6)lin-2: Strains containing this genetic marker '
6 . (2) pyr D1: This mutation prevents formation of an
7 enzyme essential to the production’ of pyrimidine
8 by the micrcdrganism. Since pyrimidines are
9 essential precursors 'of_' DNA and RNA and are
10 not commonly found in nature, starvation for
11 pyrimidines will affect the‘érowth_-of the host
T 12 and the production of plasmid vehicles introduced
13 into the host.
14 , .
15 (3) spo 0AA677: This is a deletion mutation causing
16 a 'b'lock in the earliest stages of sp'orulé.tioh.
17 This mutation destroys the ability of the
18 Bacillus to form‘spcres,. the form in which it
ig normally survives 'in ﬁatuz;e 'v:hén subjected to
20 heat, ultraviolet light, chemicals and
21 desiccation.
22 _
23 ‘(4) aro-10: This is a mutation which causes the
24 mutants to require phenylalanine, tyrosine,
| 2'5 and tryptopvhan. When deprived of th_ese amino
.26 acids, a strain carrying this mutant ceases to
27 growv.
28
29
30
)




grow on plates containing m ni nal nedlun1supplenented mnth
griopri ate am no acids and contai ni ng linconycin at a concentratjon of 100 )
ryl/m. Strains which do not contain the marker will not grom110 on *
such plates. The foll ow ng exanpleg | lustrates certain enbodiments of the .
present invention. Unless otherwi's€ stated, all proportions and percentagégs
are provided on the basis of weight. Strains of nicroorganisns bearing ATCC

: 0386, osited at the Anerican-
Tope cul PP X0 TP dRndiPls WAL RS0 1o 8 !
r eagent s deddaiepayhd mitieo WW@la\saueamoe* @:&Bﬁﬁﬁ?@}'&af% Laborat ori es,

Detr0|t pAddidtd®dn 20 It is characterized by a. very Eﬁﬁwgéﬁéybﬂﬁﬁfornatlon
of B. §1|I|s Strain ATCC 31,785 into a IlnconyC|n resi stant strain was:

“acconpl i SHFERYRPSGYrcor porati ng DNA obtained from B. subtilis Strain 1A221
(ABCC 39,(B3Q)inee f dtradms containing this gendﬁﬂd:maﬂké& subtilis ATCC
31, 785 ar ONRY - | at.e ining Spizizen's
m ni mal ng'l r#\gg" ok ﬁategnfyg‘i’\%ta%%'lrﬁ%g?ﬁéﬁuﬁal he Q}nfiu“ on of (a) -

anmmoni umsupplengntede with 2pproprigdeaasiing M@t@ (dibasic) - 1.4% 5

(C) pot a%’%n‘t@iﬁﬁ‘?@ohﬁ%oﬁim%b@% @) cror{%e@zéra(t@o;ﬁ% wrocﬁ&»g/mlc' trate - .
0.1% ang%; ) ma neS|un1squate - 0.02% pH 7 adj.usted to 7 Cells

from the highe do, R0k gonbadn the magsker wild nets@ne on pr epar ed’
bwoaddln@noshdﬁ pRRA%eS . [err] , 1.2 m 50%.glucose, 1.0 m 10%Difco

gt o e Y1k bl & a0 A D M e T of 1
of the present_invention.__Unless cherwise stated, all
proportions and pébcentages'aré provided on the basis
of weight. 'Strains of microorganisms bearing ATCC

15 numbers 39086, 39093, 39095 and 39096 were deposited at

" the Ameriecan Type Culture Collection,ﬂRdckville,

Maryland on'6th'April,1982. All reagents bearing the
Difco name are available from the Difco Laboratories,
Detroit, Michigan.

20 o . EXAMPLE | |

Transformation of B. subtilis Strain ATCC 31,785

into a lincomycin-resistant strain was7accomplished by
incorporating DNA obtained from §.'subtilis Strain
14221 (ATCC 39,086) as follows.



12. 37[ ek ] "and shaken at 200 rpm The increase.in optical 13 _ f
‘density was {pohi tored. using a Kl ett spectrophotoneter with 14 ared 1‘7
filter. W&p cultures reached the transition between 15 = |og and
stationary dgfowth (change in optical densigy of 16 l ess than 5%in 15
‘m-nutes), tHpy were diluted into 100 m 17 of the growth nmediumto
.whrch had bgpen added 1.0 m of 18 0. 05 M[err] and 2.0 m of, 0.1 M
[err] | Xxture was 19 | gpulat 13N pF@@E t4xC & pfape
donor DN_FAfZG . was addegeliLﬁ B? B ?‘qrbfatg;egr c?'l’r ac?e I\/al‘%;gitﬂ 22 :
Donor DNAg wep . ng&.‘h’eednf &ga&-Bplaﬁbkl Ebﬁtiﬁ%&%@z%piziée@fr@nﬁ%m med/idme
foll ow ng pripcedure train 1A221 was grown over ni ght
at- 37[err3 i asﬁﬁzizenHeaﬁxlnmémsmediamouh( BHiso Initdjosmaay afd tdmendminm
Difco 27. Laboratories, Detroit, Mchigan. * The mxture was diluted 78
29 30 il sulfabe5800nR%ef (bbepbtausimdlphuspmategr(midt’oaaaidaﬁ[-erlr]ll%
until the 2 _optical density of *the m xture neasured at 660 -nanonet ers
3 waS (| 6. (¢Yhpotassiumepbosphatet émompb@@m). m@atﬁ @ht spdium
resuspended n 10 M of a _solution cont aining 0.0
tri s(hydr®xyret R}EFaienonfe hdicand (@ )smeEnsion mu@.fate - & tﬂafeuné?ﬁ am ne -
tetraacetjc {hcid_and 0. 05 m xed .wi Zy
_The cel 1 qur eaQEHEEﬁ gEﬂ'ItvIL’yﬁS Ce?&s( 5™ ;’f'r}r:)esreoplf(ferﬁ r’{{?rf{%s %‘%@.’" ed
Then 80 [grrjl o rogase.9 L d : | S
conti nued”fdf 13‘?’99_ % gﬂrof’ﬁe?'gég}#ﬂﬁaé?’%ﬁcgﬁ ?%Ag]thi’g'ﬁt#i;ge#by o
the 11 ¢ |t adfgkbQ) 912! me Bbz0k1a8sdQUnUD 4AI99H Pifdfeadt Wathhet

10 || and 1.0 ml 2% Difco casein hydrolyzate to 99 ml of

11 Spizizen s minimal medium. The flask was incubated'at

12 37°C a.nd sha.ken at 200 rpm. The increase in optical

13 density was monitored using a Klett spectrophotometer with

14 a red filter. When cultures reached the transition between

15 log and stationary growth (change in optical density of

16 less than 5% in 15 minutes), they were diluted into 100 ml

17 of the growth medium to which had been added 1. O ml of

18 0.05 M Ca.c:l2 and 2.0 ml of 0.1 M MgClz. The mixture was

19 " incubated for an additional 90 minutes before donor DNA

20 .wa's' added. ( DJFCO“ 3 a A-¢3?$ lecet Trade Hark).

22 Donor DNA was obtained from B. subtilis 1A221

23 (A‘I‘CC 39, 086) by the following procedure.

24 _

25 | _ Strain 1A221 was grown oifez:nisht at 37°C in a

26 Heart Infusion Broth (BHI) medium available from Difco

27 'LabofatorieS',' Detroit, Michigan. The mixture was diluted

28 : _ o

29

30




20s S=|eChﬁﬂthcr(ﬁnnqﬁnutdsas THe. cells were then lysed by the

addition of 1 0 ml of 20% sodium dodecyl ‘sulfate solutionq
.The lysate was extracted with phenol, phenol-chloroform,
and chloroform, retaining the aqueous layer each time.
..DNA was precipitated by the addition of 3 volumes of L
cold 95% ethanol.' The precipitated DNA' was collected and
.resuspended in a solution containing 0.15 M NaCl and
0 015 sodium acetate at PH 7, and incubated at 37°C
for 1 hour with-a mixture of l mg pancreatic ribonuclease
(type 1A from Bovine Pancreas,_available from Sigma
Chemical Company, St. Louis, Missouri) and 5 units of
Ribonuclease T1 (Grade IV from Asnergillus oryzae, Sigma
Chemical Company) Tne mixture was then re-extracted
with phenol, phenol-chloroform,_and chloroform and
‘reprecipitated with ethanol. The DNA was redissolved
' in a solution containing 0.015 M sodium chloride and
0.0015 sodium acetate at PH 7, dialyzed against.3:
cnanges or_a-large volume of the same solution during

a 24-hour period before it was used for transformation.

J

24y The | ysate was extracted with phenoii phenol-chtorbfbrn}le
and gof orm retaining the aqueous | ayer each tine. 14 * "DNA was ,
precip ’af ed by the addition of 3 volunes of 15 col d 95% et hanol . _
The preci’pitated DNA was col | ected afid 16 resuspended in a solutiof
cont§ ning 0.15 M NaC and ‘17 "~ 0.015 sodium acetate at pH 7, and
I ncuplat ed at 37C. 18 for 1 hour with a mxture of 1 pancreatlc ﬁl
ri bohucl ease 19 type 1A from BqQyi.ne Pancreas, ava l.e fr nls
Sl Emi 500 mBnpEnFresh B ke Gﬁrq)SWSaEn%]fge En31 -
Ri bopucl ease T1 G ade -V fr. As.e |IIus za n1:a|
CBrpahy) -omweeatHanaLias athce BLEEize, Bpapnred at,FBR 5 'aﬁemmef-ers
pheng) - chl or of o d chI oforn1an W 1 t hanb
TBe thun’ s  Qabesoltheg EarYs ere "EG1 8eten, Pt REFFEFDERERoE ARl
chl ofj de, and 26 u t | %z ainst 3 p7
cRangks OreaugaFBQGQOMTgl%l fhgf g]rrgsg I%lt}t%lrgn %%infég LE i) ﬁg 24- hour}
per i 0 1 |
- Cénp entLBQFI@&#@% S&Jﬁﬁﬁégkg%% p%-? § of e?oa?g gs descri bed}
agov g} A Setic aCACUHJ 2%6i65 M yib1 m - of
f Fnal n1xF€Pgh ggd%% cu tL”%?aﬁh ° ﬁas sﬁgken gzn y (100 Fp for .60
Lnu e @ il Sor 1ys6dyinel.c e (e 4l hekedshiatkBnl gendaymes| of
BH 4h #ﬁ§z %gkh Iﬁt roﬁyforygn addi tional 3 hours at 37 gfr] gne he
cgll We“nﬁo m)CQ*dzecz@Ghmuteat aitf 3720 .0n Thés heo ﬁmcopri-bnaJs%tl I I efl 8
> wat e} and spreag on plates containing agar with Spizizen.s 9 -m ni ma
mdi 4 sufrloe mg/md) wdd addeduandt iacabatdpn mas 1@ontinuedntsrpl us
Iincdhycin at a concentration of 100 [err]./ni. A col ony which grgw
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had t he narker:s: Fin- 2, aro-10, and any-3. A culture 13
in is on deposit at the Anerlcan Type Culture 14
s ATCC 39,093. 15 16 Strain DEL10O1 (thy A,

@.

thy

er

. spo QAlerr]677) 17 was converted into the instant
strain, EE101,. 18 by tr duction wi th phage PBS1 usi.ng
donor 19 strain, EEl. Transduction was carried out by

20 Young and W/ son, Handbook of .Genetics, Vol. 1, pp.
PIenun1Press REM/Ybr 974 ,except | g aggleni col
dded.. Cel | s GHTERS c?h s&&ﬁﬁi—m@?ge dhadBaans
ul tures on, a Iat 4 ni mal

e RERPARTh T F fg#[%%ﬁ? JerB RIZEE w1erpip g
s linc

O peya] 6 Q |
aicHaRRERE AT of L8 jhEha1 °6F FHEaF tmixeufbodRl B8 kNG ure
hseemsancesi B¢ BFSCS Wenhe
est V%Es Z%aci&n %és%%}%g(e}l%%sr%g aﬁ?is.r ; First, the cleBIqI S rmnust
IH§¥EGﬂaﬂhﬁﬁeﬂf@MMu@QdEﬁwtalmoetciﬁmesnsweeﬂl endaklléwed

agy, 12Q, 253-265 (1974)). In contrast, 5 . Spore-formng

hed 1o dawdw r foinli aih- dddstionkdr 36hours- att 87°8.dafhe gedish wemre
DSMis Difco .7 Spor-ul ati on Medi um cont ai ni n g 0.8% o

h, dllected259 fentfifugationd washg{iepnpewp&hr]d stilled 1]

] and 1 x [err]M[err]. _Secondly; if spores are

t{ne cwnter cand heprepdean a&abﬁaseoa#aénfmslasar W%ém é?ﬂﬁﬁrzen s

P! | Smi’r?ﬂﬁarl BR85S TLSh9SSoREed with all nutritional. require-

ments plus lincomycin at a concentration of 100 ug/ml.

A colony which grew was selected and designated as EEl.'
It had the markers: lin-2, aro-10, and amy-3. A culture
cf this strain is on deposit at the American Type Culture

Collection as ATCC 39, 093

Strain DE101 (thy Al, thy Bl, pyr D1, spo OAA67T)
' was converted into the instant asporogenous strain; EE101,.
by transduction with phage PBS1 using DNA from the donor
strain, EEl. ' Transduction was_carried out by the method of °
Young and Wilson; 3andbock of Genetics, Vol. 1,.pp. 69-78,
Plenum_?ress,_New York, 1974, except that no chloramphenicol -
was added. Cells showing lincomycin resistance were selected
by. growing cultures ‘on agar plates containing Spizizen s’
minimal medium supplemented with thymine {50 ug/ml),
uracil (20 ug/ml) plus linccmycin (100 ug/ml) and the
. aromatic amino acids: phenylalanine, tyrosine, and

tryptophan at a ccncentraticn of 20 ug/ml.




I'n confrast, asporogenous strains fail- to devel op the 13

-bright stage. In the third test, the spores that 14 ~ ‘are pre
e culture, survive a heat treatnment of 15 . 60[err] f.or 20"m nu
ntrast, all cells in the 16 cul ture of an asporogenous strain
ptible to killing 17 by heé inthis test. For a strakn to b
ified as 18 asporogenous, it nust pass all three of the scree
. 19 20 A biologically pure strain obtained by thi

ss was desi gnBhedeasckédfiing tEShasmHmeg;gpmmedzzb test oxkers:

, aro-10, -any-3, thy A, thy Bl, pyr- D, 23 and spo QAlerr] 6
n Eﬂlﬁ)droseawslmbtantsem Fhesm the cnié.rs owstryremadn t ure Col | ec
'CC 39,096. 25 26 27 28 29 30 - EE101 requires

al wapizmentedi When ERAWRI AR D§M Platgs dSeneRsheigboitl @bnd sodi
for_growth. L ou carbon sour ces incl udi
Be J TR ﬁ€12i°5Y’ lz_vhgﬁaﬁé %iﬁf% caFRa*E ar omati ¢ ani

h sma—&%@#&%’ BRLSahvhashER, a?ifh#%aﬁ%}a% 8 %ESJ‘”
c oREET < tdé*’ﬁoag%“ﬁ%ﬂf shBST §akd.) D 1d 'BAUo ?SBﬁPﬁeia?L
ra' &&ulatioﬁEﬁQaiaﬁ E8HEAThIRES a(ietn%rt@m& Bddig, fol | ow ng.
0.025% MgSO,TH,0, 0.1% KC1, 1 x 107 -6 u FesOy, 1 x 10 -5
M Mn012 and 1 x 10'3 M CaCl2 Secondly, if spores are
present in the culture,_they appear as phase-brisht__
| bodies in individug1 cells'under_a'ph#se.micrdscopé.
In contrgét,_agpofdggnpus strains fgii_tb develop thé
phase-bright stage. In theithifd.tesf, the sﬁores that
are ﬁresent 1ﬁ'the cultﬁré,_survive # heﬁt treatment of
60°C for 20 minutes. In contraét, all cells in the
‘culture of an asporogencus ‘straln are susceptible to killing

by heat in this test. For a strain to be classified as

o asporogenous, it must pass'all three of the_screéning tests.

' A biologlcally pure strain obtained by this
process was designated as EE10l. It has the sénétic
markers: 1lin-2, aro-10, 55133, ggz,Al, thy Bl, pyr D1,
and spo OAA677.. Strain EE101 is available from the
American'Type Culture Collection as ATCC 39,096,




12 The
medi um whi e
aromatic an
Cul tures we

13
of

strain was grown dVernight at 37C in Spizizen's mininal
was supplemented with 0.1% gl ucosée, 10 [err]/m 14

no acgd and uracil, "and 50 [err]/nm of 15 t hym ne. B

e transferred to fresh medi a and 16 all owed to. grow for 6
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.hours with ghaking at 37C. The 17 celll* were then coll ected by .
cartri fugat |lon, washed twice 18 in wate resuspended i n water and
titered on Hgar plates 19 cont ai ni ng the m ni mal medi um | acking only
one of the HO " requirenents. Total viable cells were de{ nm ned a3121
col ony farnjjng un| ts (CPUEESARInneaveires a‘iié’?%t%ﬁ%?%gc%a n n%l jumonium,
regqui renent g. determ nati ons were done r T '
data in ®ab e |P9ﬁ6«ﬁ5€-h‘€"stpé’(9%r{a;}’%fan2’4 sodium h€°%x%? (ﬂﬁ?ﬁhr i 'p]le'lﬁl
t he strain. 2 28 29 .30 BL
REVERS! OB FHEQUBREIAZROTaRIFRA GASHAR gugees inq\}h?i’ﬁ JLucodé > Thydine
CRU m ( - m t éwa &iino ée:@de?”]
026 x [err]l orR%ﬂﬁﬁﬁ?ﬁﬁﬂ %jggmiffﬁéé‘ﬁnd oY ern JHhino dedal
3.3 0.65 e?fiy[l"arlra]nﬁxe, sy aind Wﬂyptoﬂhﬁnl cirg Peqhivederod
0 <FE .9 [err] 0.26 x [err]
6.7 [errlg Ofi6 roﬁ%ﬁi><dd¥ﬂ]sﬁbéb l1iquor- can be Ssedi as FEHO 1scureenof:
revert to sgore forners 10 even under conditions of adequate aeration
whi ch al Ifowj|t he thlese requﬂﬁemeﬂtsfbute&hep@&diﬁibntqftbhxmbnelb@ethiéelIs
wer e
- liquor enhances growth of the organism.
9 : | . . :
10 Stability of the auxotrophic markers in Strain
| 1l EE101 to reversion was determined by the following metheod.
12 * The strain was groﬁn overnight at 37°C in Spiiizen's:minimal
13- medium which was'supplemented with 0.1% glucose, 10 ug/ml
1h .of each aromatic amino acid and uracil, and 50 ug/ml of
15 thymine. Cultures were transferred to fresh media and
16 allowed to grow for 6 hours with shaking at 37°C. The
T 17 cells were then collected by centrifugation, washed twice
18 - in water, resuspended in water and titered on agar plates
19 containing the minimal medium lacking only one of the
20 requirements. Total viable cells were determined as
21 colony forming units (CFU) on minimal plates containing
22 all requirements. All determinations were done in
23 triplicate. The data in Table I show the stability of
24 the auxotrophic markers in the strain.
25
26
21
28
29




~grown in DSM (D fco) nedi um suppl enent ed with 50. [err]/m 13

Strain EE101 does not revert to spore formers

even under conditions of adequate aeration which allow the

" . cells the fullest-pos-s:ibility to sporulate. Cells were

grown in DSM (Difco) medium supplemented with 50 ug/ml -
thymine at 37°C with shaking at 200 rpm. At 24-bour
intervals, aliduotsfwere removed and heated at 60°C for
20 minutes. The heated éamp;es wer§ then titered to .

..détermine the number of ‘survivors. Comparisons were".
‘made with the number of.CFU/ml developed when unheated .

. samples were titered. The results shbwn in Table II
1nﬁicate'that no heat-resistant cells could be rgcovered
from EE10l grown ungr these optimized Sporulafign_

conditions.

-

L

[ ¥

t hy { ,.37C with shaking at 200 rpm At 24-hour 14 . ° intervals,
aliq ere renoved and heated at 60[err] for 15 20 m,nutes> Thg
heat ppl es were then titered to 16 det erm-ne the nunber of -
surv ¥. Conparisons were 17 - J§ude with the nunber of CFU m
develioped when unheated. 18 sanples were titered. The resul'ts ‘shojwn
in Tgble Il 19 “indicate that no heat-resistant cells could be
recoyfered 20 from EEl O grown under these optim zed sporulation 21
cénd|{tions. 22 23 24 25 26 27 ZEBIE:I) 1 .
‘TABLHE || 2 _ Tl ON OF HEAT- RESI STANT CELLS (SPCRE FORMAT] ON)
"OP EHI Ol '3 4REVERSION FREQMCIES OF MUTAZIQNS IN EE10l. Spores 5 ..
1 ' err] 06 1.4 x -
[ S r : Mutati)&no[ 7+ __CFu/m1: (V) - Reverf.@:._gmﬁ(g,}r] 0 9
Syr vijval aEE liqu ed as 10 fol | ows.
-C'3| t Lres—@ﬁ ﬁdb?o [ no!gfa:tmgs?ssa%pf@ . of l)BHI Spl Zi ze:(’\lq@m ni jmal
medi hm phyis - 1% gl ucose frgly 0.26 x 108 3.3+0.6 1.77x 1078
6 || spoome77 . 1.9+0.26 x 0% - 0 - <1078

7 ar-10 © ~ 1.9°#0.26 x 10° . 6.7+06  3.5x103
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HO 0.3 FORMATION. OF T RESIST 2
. 3 x [e)r<r][er g QSFQRE]FQRgSQQEF gg%bkﬂ.[err] 0.2 X [erﬂ

ile"distilted mater One- m sampl es were placed in 13 —| ,
t ést tubes which were shaken in.a 30[err] air 14 bat .’,
removed and ed

Hrval s,. 3 tubes from each group were 15
S.. The results expressed 16 |n CPLVn1 are given in Table
TABLE u SURVI VAL
LI QUI D MEDI A 20 Ti ne. .BHI M ni nal
[err] 21 (days) CFU/ m
_ - CFU M 22 mABLE II1.01 [err] 0.15 x [err] " 7.0 1
.3.93 [err] 0.74 x [err] - 6.93 [err] 0.6 x

6. 33 [err] .15 x [err] 6 1 [err] 1 1 x [err] '4.13

8 4 [er .53 x [err] 33 [err] 1.2 Xx
[err] 1. Z-EIﬁerr] 27 28. Egﬂgai.' §2———- To assess the
y of EE101 in a srnulateg i 8Iaboratory anch top spill,
ameter stertle 3 conc¢ nfr&tron di scs were saturated wi t h
uspensi on 4 of washgqdjcgl hg 8ihi ch have heen grown to
einb éHI pl us thynrne & scs were stored at 37[err] ,
petri drsges At 24-hqup gnygfval s, 3 disqs vere rehydrated
m Spizizen's mnimal nedium and the sanple was titered 8 -
S.. The results expressed in CFUm gi'ven in 9 Table I'V are
of counts nade on 3 separate 11
Survival of EEl0l in liquids was assessed as

follows. Mid-log cultures were used to inoculate samples
" of BHi, Spizizen's minimal medium plus 0.1% glucose and |
sterile distilled water. One-ml samples wese placed'in
capped 15-ml test tubes which were shaken in a 30°C air
bath. At 24 hour intervals, 3 tubes from each éréup were
removed and.éitered fof;survivors«

The results expressed -
in CFU/ml are given in_ Table III. |

’

'TABLE III
SURVIVAL OF EE101 IN LIQUID MEDIA

Minimal Medium

| ng_), | CFU/m CFU/m] g_z-'H_ﬁ_Z.i
0 101+0.5x10° . 7.0 #1 x10]  3.93%0.74 x 10°
1 6.93+06 x10% 1.39:03 x10%  se7r25 x103
2 4.03+0.3 x10® 22 0.3 x10° | a6 £0.2 x 103
3 6.33+1.15x 107 61 1.1 x10°  413+0a0 x10° |
s 8.4 +0.53x10° 333+1.2 x10' 3.4 #1.2 x10% |
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TABLE IV 13 P SURVI VAL OF EE10

12 e ,
- "BENGHXOP' 14 Tine ' . ) . Sur vi val 15
(dayg] CFU/ m’ ) % 16 .0 ” G
- 2.53]lerr]0.21 x [err]- gpo 17 1 1.67 [er]r]
0.58 [ [err] 6.6x [err]. 14 -2 0
0 19. 3 0 20 21
~As' shipwn in Table IV, EE101 surV|ves for only a. 22 short tine undg
thesqjconditions G ‘%?érecfétt;ﬂé‘ sufbigaBilsey oft‘UEEU.fEJ'le&na@.dlstimfl%lted
evrdgnce of its SLH? use as a biol ogical contai nment
hogt fto §¥H¥HH eX¥h 2 ifl?802953anh diameter sterile The worK
deScr dg erel n.-was al d%ﬁ% ?% 2 -conformty with physical and
big'“@‘“ﬂoﬁEEHﬁ¥dEE5ﬁ Siscswater eataratefeaithedn aquesus ISuppehsliony.
5 8
of washed cells which have been grown to mid-log phase in
5 BHI plus thymine. Discs were stored at 37°C in.sterile
6 petri dishes, ‘At 2h-hour intervals, 3 discs were rehydrated
;7 1ﬁ 10 ml Spizizen s minimal medium and the sample was titered
._8 for survivors. The results expressed in. CFU/ml given in
9 Table IV are the average of counts made .on 3 separate
10 . discsm | ' |
11 . .
12 “TABLE IV |
13" SURVIVAL OF EE101 ON "BENCH TOP"
14 ' ' . ' ' S
: Time . _ Survival :
15 | (days) . = CEU/mL BT ¢ T :
16 0 2.53 + 0.21 x 108 ° 100 )
17 1 1.67 + 0.58 x 10% 6.6 x 1078
18 2 | - o . 0
19 3 | 0 " 0
20 o
21 As shown in Table IV, EE101 survives for only a
22 short time under thée conditions of desiccation. This
23 'fﬁrnishes additional evidence of its suitability for use *
24 as a biblogieal containment host for recombinant DNA.
25
26
27
28
29

-
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B. subtilis EE101 (ATCC 39,096)

2. A bi ol ogically pure cul ture of: anylase negatlve 15
N5 EEl (ATCC 39, 093) useful as an.inter for °

gn of anyl ase-negative host conponents o host vect.or
haracterized in that it contains 18 iﬂﬂﬂj’ netlc
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1. A biologically pure culture of aspgroggnoﬁs
suitable for use as a host

component in a host-vector system charactérihed in that it

.contains no amylase-coding gene, has a rrequency or

reversion to spore formers of less than about 10° =T ‘when

grown under conditions of aeration and having the following =
' - thy Al, thy Bl, pyr D1, spe OAA677, lin-2,
amy-3, and aro-10. |

genetic markers:

| 2. A biologically pﬁfe'culture of amylase-nesative:
B. subtilis EE1 (ATCC 39,093) useful as an intermediate

for prepération of amylase-negative host components of
host-vectcr systems characterized in that it contains.

11n-2,,afo-10, and amy-3.

the following genetic markers:

-



