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ni trocel bul oiswed by taa 8s shown jir Ggws Sethei pAMBE T plasiwich isccapabielpf aepliestingnip B. subtilis and
hybri di zat i @ﬂnfeprwefemir@“ﬂe%%ﬂﬂpﬁamﬁhlwmﬂl@ (Pripfrel) andiodanamiycin (Fegdol). Nat i .

Acad. Sci. (USa}lustraind infigs 4. they mypifind Ecolf] tg) iRImentcatsinkg 391&1’(?@ clppet ATOEAMBH! to
screen for E’G’P Bq1. \)onF't'Pﬂ PFP&P%%‘?’%%I'"F‘PP&"@ ? B 529925 "’b‘éﬁ 10517 leuBriyd 390E4)fpyailable
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1184-1188 ( - incobat e§7 Tﬁ\% e&)h&ln oun%5 loni 3@04‘:}1 mid
hybridi zgf | Pméﬁ{f&%&& N o8 e @ﬁ% uhdin reaf bPEh%' dte% 3 G4¢€S
ver e identi §bidinQHtthd asan lcSthgdher? 80 Giam Th dﬁ.ﬁmu pidehdt mﬁ@nﬁmsn B11

POSi tive COleRidi &éne\Wad ndhisICIRaR Bk ﬁGFéV&a&ued%@ althBagh S8l tﬁeﬁ?l:é\@.?a&uﬁaév o%@%ﬂer
di gest ed wi 4 nCaiRhcuBdtiomat 3mict Telldi ik pABINE wa cwyrw istrgGiied Ao &8 dhrhyingl N
45 conbi napAMB11 blazisrende ilCGaldkizd. TR EBHgSOf b apiAgyendliatal fllly Firktiopsl nemanusiiar toad
t 0 t hose 4ehigh IevabgtoduntioBlasdhdecretith ofidubiilisia bp Basubtlisf sever al ot herwi se
undescribed H ndl Il sites were discovered. As described herein in Exanple
3, two of tEk@mpieRdl || sites were utilized in the genetic mani pul ati ons of
the subtilisin gene. It was determ ned that a large 6.5 kb EcoRl fragnent
of B. subtili s dipsirated g@’r‘ﬁ)m & 3.Dip\Eeof} foj Kpal geppmicfiagmenethe isolation of whiph|isdasgriped in
sequence® aﬁ@ma'ﬁﬂel”ﬁi Hingll 4 prgduse desKpoperts: Qlan ! thEeoR} wodhindliiragmant
enzyme 50 d?agaygq 89"8'69#?%%'%%9!?"???@’@5&]39[‘%9’? gy P’St !fHP“ ofghe ggne required
supra. Thi s t"' n Fg‘ﬁg\ e etﬁi'ff "l?H"‘&idﬁ of mature
termi nat i on ! @Pme"étc EYI'"Q 908 "ce f°r1a i5278
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EcoRl frag nﬁgéfgndte% lﬁ%ﬂ%ﬁr_gztﬂo d €ingle Qndeﬁ dequiedt sute retfﬂd mutsd sisn
the |l egend to Fig. 5 conparison of the scale of Fig. 1 and t

scal ed depiction of the fragnment therein _reveal that, even in Stahl, et

al ., the Kpnl-EcoRl fragnent is substant Pal | y larger than 2.5 kb. A cl oni ng
vector for Bacillus host systens, plasmd pAMBlL 1, was constructed as
follows. The plasm d pT&02 (Northern Regi onal Research Laboratori es,

‘United States Departnent of Agriculture, Peoria, Illinois, 8




EP 0 309 565 Bl strain nunber NRRL B-15264) was partially digested wth the
Rsal restriction endonucl ease. Fragnents were ligated to ML3 npl8
(avai | abl e from Bet hesda Resear chEEQ0R&BBBles, Gaithersburg, Maryland as
cat al og nunber 8227SA) which had been previously digested with Hncll.

Li gation Qrt%dauﬁ\tg% ver e introduced into E. coli JMLO3 (available from

Phar maci &, |"‘I‘ C) cadinEP'ré o@lto?%y rA W ‘&r §e%¥en@§1 Gﬁﬂt‘tﬁ’d Y @Qqugn'cg-gr@%ﬂﬂh Jrl':] by
transf or mpfieONpdedlo’ Jléj%& odthithet DScif) I85n8H) WF e HMitialM B&iBhs of We 18dder redion HD! -
Bi ol ., 53,ilndbie th i report of St SF | ORIPRIE ARG SES., YpFCorSBGuaNR hfdNnktidn for blapra.
catechql {dabeRakarnbrd eﬂét%&cn's o donde8 fr6HR ISBRAT ettal) Suprd, it biind adid PosfibreBRI ON
of an Xyl FaGeN&petifidally/ S6nil S1QA) RprEABRorts 3le6don YATIE (@aNE fof Relife) @Bantifdt a2izidbition 84

2, 3- di OXY@RIB ¥eCcoadhIGTAS(ales Bddiny fdr Falinelippedts in Jalfls' Q.rekhE bSali supe, sls iepdrty achdon

or gani SsAGZ Weaie tor seriné) altlamino BEi@ Positida 86 as Agpashd tGdtie. coddSEGG (cBdng i Bdninbll B5
(1983)]. tddle1. The xylE gene was then transferred as a 1.0 kb EcoRl to
Pstl fragnment to the E. coli/B. subtilis plasm d pHV33 (available fromthe
Anerican Type Culture Collection as A T.C.C. 39217) (Prinrose, et al.
Plasm d, 6, 193-201 (1981)] obtained fromR Dedonder (Ilnstitut Pasteur,
Paris, France). The pHV33 plasm d had been previously digested with EcoRl
and Pstl so that the xyl E-containing fragnent, when ligated in this region,
woul d i"hactivate a gene for anpicillin resistance. The resulting plasmd,
pAVB21, contains a is functional xylE gene in E. coil host cells, but
requires the addition of a pronoter for xylE to be expressed in B. subtilis
host cells. E. coli cells harboring pAMB21 are resistant to tetracycline
(}5¥Leg$]g/n1) and chl oranphenicol (20 [err]/m) while B. subtilis cells
har bori'ng pAVB21 are resistant only to chl oranphenicol (5 [err]/m ). The
[err] transcription term nation sequence of bacteriophage | anbda was
transferred fromplasmd 20 pCFMB36 (on a 400 base pair Pstl to Bgll
fragnent) to the unique Pstl site of pAMB21. A synthetic nucleotide with

t he segsence, 5 GATCTGCA 3', was constructed to join the Bglll extremty
of the [err] fragnment to the Pstl site of the vector pAMB2l. The resulting
pl asm d was desi gnated pAVB22 and had properties identical to pAVB21l except
for the inclusion of a transcription term nator. The pAMB22 plasmd is
useful for detecting strong pronoters that are functional in B. subtilis.
25 sthe 1.4 kb EcoRl to Bglll fragnment of DNA from pAMB22 that contains
Xyl E and [err] was isolated froma |lownelting point agarose gel after

el ectrophoresis of restricted fragnents. The 1.4 kb pi ece of DNA was
ligated to plasm d pBD64 (available fromBacillus Genetic Stock Center,
nunber 1E22) whi ch had been previously digested wth EcoRl and BanH . The
resul tifig 5.3 kb plasnid, pAMBll, contains the polylinker sequence of
ML3npl 8 (EcoRI, Sstl, Xmal, Sma, BanH and Xbal) upstream of the xyl E gene
which is 30 followed by [err], as shown in Figure 3. The pAMBll plasmd is
capabl e of replicating in B. subtilis and confers upon host cells

resi stagce to chloranphenicol (5 [err]g/m) and/or kananycin (5 [err]g/nl).
As illustrated in Fig. 4, the purified EcoRI to Kpnl fragment containing
aprA was cloned onto pAMB11 to form pAMB 111. Ligation products were
introduced into B. subtilis ML12 (arg-1 5 |euB thr5 recE4) (available from
Baci | lus Genetic Stock Center as No. 1A423) by the protopl ast
transfosmati on net hod descri bed by 35 Chang, et al., MIl. Gen. Genet., 168,
111-115 (1979). B. subtilis M 112 without plasm d DNA is protease-
proficient (Prt+ phenotype), but secreted |evels of subtilisin are rather

| ow. Chl oranpheni col -resistant (Cnferr]) transformants were transferred
onto L-agar plates supplenented with 1.5% (wv) skimmlk and 5 [err] g/ m
chl oranheni col, then incubated at 37 [err] C. After incubation at 37[err]C
for approximately sixteen hours, colonies of M112 harboring plasmd 40
pAMB111l produced a clear hal o surrounding each col ony. Hal os were fornmed by
the proteolytic action of subtilisin on the casein conponent of the skim

m | k medi um suppl enment. ML112 harboring the pAMBl11l vector al one had no
visible halo after 16 hrs. of incubation, although a slight halo eventually
devel oped after 40 hrs. of incubation at 37 C. Cells carrying pAMBl 11 were
clearly distinguished fromcells carrying pAMB11l by a difference in halo
size. The cloning of the aprA gene in a fully functional formthus led to a
45 hi gh | evel production and secretion 8f subtilisin by B. subtilis.
Exanple 2 As illustrated in Fig. 4, a 3% kb EcoRl to Kpnl genom c
fragnent, the isolation of which is described in so Exanple 1, was digested
with Hndlil to produce three fragments: (1) a 1.1 kb EcoRl to Hi ndll

f ragnment




carrying genetic regulatory sequences for aprA.gene expression, the
“pre-pro" region of the gene required to extracellular export of
subtilisin, and the DNA sequence cdh 30%%5Bhe first 49 anino acids of
mat ur e subt|I|S|n (2) a 1.1 kb-HindlIl to Hndill fragnment carrying DNA
sequences codi ng for anino acids 50 through 275 (carboxyl -term nus) of
subtilisin along with a transcription ti on sequence and 3' non- 55
codi ng sequences; and (3) a 0.8 kb HindllIl to Kpnl fragment containing 3
non- codi ng sequencg The 1.1 kb fragnment flanked by Hindl Il sites was
cloned tp the si “9'?; hL-rSwse :.% Bagtefp oRfaager Ml S pher athe
purposes of DNA s ew 800 taxadirrectesl ANe AGENTEE STTATTTOGCE he
reconbi nants, designated NﬂS npl 8 apr2, provided single stranded tenplate
DNA required for site- dlrected nut enesis 9 EP0309565B1 of the a

pr A
gene. The codi nch'egl‘*t}'nI-Gﬂ v% é;?.lg eﬁ%@ﬁ%i@’r é Its of
the sequence ar eTSRtAGGH TTH P'HCT% ﬁ‘gF T Eg gdg at the
specific identity of the initial 5 codons of the | eader region is

attributable to I- lgerCiged! Thr QAN &wsah ,11et val. ,
supra, of Sequenggglg %&taysﬁi gg@AgwrﬁcJIS Gpgemzcs: Agsni tAmThere exi st

codon sequence di fferences fromStahl, et al., supra, at am no acid
position¥ 84 and 85. SpeC| f| cally, St ahI et aI , supra, reports a codon
GTT (coding for Giyi AnnBhaeE §63i N— ;Eﬁl g ‘tg (g(;o A (al so
coding for valin€§Ad aﬁ% iCH‘GTéﬁ*euf A§Faﬁ? T eports a

codon AGC (coding for serine) at amno acid p05| tion 85 as opposed to the

codon GCG (codin Al &&L 5or Tl 2yb ¢l d&y 2 525ai30Gi3:5 4 €3n50 55 10
EP 0 309° 565 Bl %ﬁé'ﬁg TCTGAAMY\ANeg 4 9 Gy® ¢am AMsuCRap |l e
Ser Leu Leu Phe Ala GIG AGA AGC AAA AAA TTG TGG ATC AGC TTG TTG TTT GCG Leu

Thr Leu Ile Phe Thr Met Ala Phe Ser Asn Met Ser Ala 10 TTA _ACG TTA

ATC TTT ACG ATG &be MMVAACAAWGW]%EEG C@ag?ma“gg% g; Ser Thr
G u Lys hys Tyr FTE AAG TARSGEETARECRLRCRARCA ANEAG T TAC ATT
GIC 15 Ay Phe Lys A n Thr Met Ser Al a Met Ser Ser Ala Lys Lys GGA TTT AAA

CAG ACA ATG AGT g‘; %fﬁcﬁgct. NG yAARs80rro ser i3 AP Mad viale Ser
GuLys Ay Ay letn §e, dass re6 XX\ QAAAEATTdCA RECT CTT oA AERT @BC GGA AAG
GIT CAA AAG CAA Phe Lys Tyr Val Asn Ala Ala Ala Ala Thr Leu Asp Gu Lys TTT
AAG TAT @TT AAC GCG GCC GCA GCA ACA TTG GAT GAAhaal

Glu Glu Asp His Ile Ala His Glu Tyr Ala Gln Ser Val Pro

GAA GAA GAT CAT ATT GCA CAT GAA TAT GCG CAA TCT GTT CCT

10
5 Tyr Gly Ile Ser Gln Ile Lys Ala Pro Ala Leu His Ser Gln
TAT GGC ATT TCT CAA ATT AAA GCG CCG GCT CTT CAC TCT CAA

20 30 .
\/ Gly Tyr Thr Gly Ser Asn Val Lys Val Ala Val Ile Asp Ser
GGC TAC ACA GGC TCT AAC GTA 'AAA GTA GCT GTT ATC GAC AGC

40
Gly Ile Asp Ser Ser His Pro Asp Leu Asn Val Arg Gly Gly
GGA ATT GAC TCT TCT CAT CCT GAC TTA AAC GTC AGA GGC GGA

45 50 60
Ala Ser Phe Val Pro Ser Glu Thr Asn Pro.Tyr Gln Asp Gly
GCA AGC TTC GTA CCT TCT GAA ACA AAC CCA TAC CAG GAC GGC

70

50 Ser Ser His Gly Thr His Val Ala Gly Thr Ile Ala Ala Leu
AGT TCT CAC GGT ACG CAT GTA GCC GGT ACG ATT GCC GCT CTT

11



25°Ala Val Lys GQu Leu Lys Lys Asp Pro Ser Val Ala Tyr Val GCT GIA AAA GAA
TTG AAA AAA GAT CCG AGC GIT GCA TAT GIG 30

-1 +1 GQu Qu Asp His Ile Ala H'FRP30IGEE Bl a G n Ser Val Pro GAA GAA GAT
CAT ATT GCA CAT GAA TAT GCG CAA TCT GIT CCT 10 35 Tyr Ay Ile Ser @n
Ile Lys Ala Pro Ala Leu H's Ser G n TAT GGC ATT TCT CAA ATT AAA GCG CCG GCT
CTT CAC TCT CAA 20 TABLE 1 (cont'd. - 30 Ay Tyr Thr
Gy Ser Asn Val Lys Val Ala Val IT€ P Se AC ACA GGC TCT AAC GTA AAA
GTA GCT GIT ATC GAC AGC 40 40 Ay Ile Asp Ser Ser His Pro Asp Leu Asn Val
Arg Ays3y GGA ATT GAC TCT TCTBLCAT CCT GAC TTA AAC GTC AGA GGC GGA 45

50 Asn Asn Ser Ile Gly Val Leu Gky) Val;Ada SerAlprgeser g u
Thr Asn Pro Tyr A8F A FY PTEGEh&ETrFEC ’Fg‘f ‘)EGAGEAC BtA TAC CAG
GAC G&C 70 Ser EIHIS Gy Thr H|sVaIAIaGIyThrI Ala Ala Leu AGT TCT
CAC GGT ACG CATy, Arﬁ?@l@%a&cﬁyé\ﬁh@@&(ﬂ Gk Thr c R5erOG39962R5 Bl
TABLE 1ro(cont' drrASfATGTAAGTASRAA |d1E €I maehyc |aGE @cEr oaker Al a

Ser AATAACTCAATCGGTGTTCTGGGCGTAGCGCCAAGCGCATCAQO
100 Leu Tyr Ala Val Ly s Val Leu Asp S8&0Thr Ay Ser Ay G n 10

TAT GO GTA A RS ek baichn “%Yﬁ%% % @%M? 'GL\E e

GCC ATT®TCC AAC 15 120 4, 0 Asn Met Asp
Val 1le Asn Met pSRTMeEWSE Wa¥ Y1 nT et Gyr AL B1 CefpC ATG AGC
CTT GGC GGA CCTaA€TaTéEATL62T2RTC AAC ABeradtirc™ @ctews ycsc'rTmchabTVal Asp

Lys Ala Val Ser Ser TCTACAGCGCTGAAAACAGTCGTTGACAAAGCCGTT TCC
AGC-450,, Ay Ile Val Val Ala Ala Ala Ala Gy AP du Jy Ser Ser

S Ser Ser
O A T g Ak Sa O T AR AR ac FET OhE MR g?%%ﬁ)%%c ACA AGC
ACA GTCGGCTACCCTGCAAAATAISQCT TCT 180 Thr Ile Ala Val Ay Ala Val Asn

Ser Ser Asn G nef%0rfé aral val Ala Ala Ala Ala Gly Asn Glu Gly Ser Ser
25 GGT ATC GTC GTT GCT GCC GCA GCC GGA AAC GAA GGT TCA TCC

160 - 170
Gly Ser Thr Ser Thr Val Gly Tyr Pro Ala Lys Tyr Pro Ser
\ GGA AGC ACA AGC ACA GTC GGC TAC CCT GCA ARA TAT CCT TCT

%0 180

Thr Ile Ala Val Gly Ala Val Asn Ser Ser Asn Gln Arg Ala
ACT ATT GCA GTA GGT GCG GTA AAC AGC AGC AAC CAA AGA GCT

190 200
o Ser Phe Ser Ser Ala Gly Ser Glu Leu Asp Val Met Ala Pro
TCA TTC TCC AGC GCA GGT TCT GAG CTT GAT GTG ATG GCT CCT

O 210
s Gly Val Ser Ile Gln Ser Thr Leu Pro Gly Gly Thr Tyr Gly

40 : GGC GTG TCC ATC CAA AGC ACA CTT CCT GGA GGC ACT TAC GGC

220 -
Ala Tyr Asn Gly Thr Ser Met Ala Thr Pro His Val Ala Gly
GCT TAT AAC GGA ACG TCC ATG GCG ACT CCT CAC GTT GCC GGA

® 230 240
Ala Ala Ala Leu Ile Leu Ser Lys His Pro Thr Trp Thr Asn
GCA GCA GCG TTA ATT CTT TCT AAG CAC CCG ACT TGG ACA AAC

: 250
50 Ala Gln Val Arg Asp Arg Leu Glu Ser Thr Ala Thr Tyr Leu
GCG CAA GTC CGT GAT CGT TTA GAA AGC ACT GCA ACA TAT CTT

55
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ACT ATT- GCA GTA GGI GCG GTA AAC AGC AGC AAC CAA AGA CCT 190
200 35 Ser Phe Ser Ser Ala Ay Ser Qu Leu Asp Val Met Ala Pro TCA
TTC TCC AGC GCA GGT TCT GAG CTT GATEE;?@H@BETCCTHO dy Val Ser Ile An
Ser Thr Leu Pro Gy @y Thr Tyr dy 40 GEC GIG TCC ATC CAA AGC ACA
CTT CCT GGA GGC ACT TAC GGC 220 Ala Tyr Asn Gy Thr Ser Met Ala Thr Pro H's
Val Ala Gy GCT TAT AAC GGA ACG T@EABLE: IX{CInt dxdr CAC GIT GCC GGA 45
230 240 Ala Ala Ala Leu Ile Lou Ser
Lys H's Pro Thr Trp Thr Asn GCA GCA GCG TTA ATT CTIT TCT AAG CA%JggCG ACT TGG

Lou G5 & C1E Eﬁes«;ﬁ%g% 5&2@%&%&%&@%@ kit S

309565B1 TABLEC
Ser Tyr  Tyr Lys dy Leu Ile Asn Val

270 5 GIyAsn
dn GA AAC TCL, IT AAAGGGTTAATCAACGTACAAZ?SAIaAIaAIa

dn OC 1® CACK R4 AD s TASLAMAARAARR A CREESEECOAPASAECRECT
TCTTTTTATTTGT Bact eri ophage ML3 npl 8
apr2 was CO“St?g‘itr@é'rhl'm'r@&'eﬁxbbmc@w&a@c&bcﬁcc@ctmtr@w ndl 11 fragnent of
B. subtilis /-genom ¢ DNA, carrying nucleotide sequences coding for
am no acids 50 throu h 275 car boxyl -term nus) of aprA - subtl I | SI n al ong
with a t|"5anscf3 3_3nwa§ 'E?@H‘E%‘ %erﬂsef:“‘g ﬁgﬂ '?{’ Th°2
t he uni que 12 9 '“B’fD 5’°':'9 75

non- codi ng §¥ %’AHM L e ﬁ,?é“,‘ r:§,'§c
by Si E:(ral di r%a. g‘% i |or?_en— sglgrgguc?dégﬁ?e?dg e%{}s{‘ LISI ajitl %
in accord"tancesw by lchis e i ""' rw.aradﬁsce&}e b G Nrardba

101-106 (19§3éene5ée 1906 éa%f‘%ﬁ %dder gq#b ad\EneddS A bibrl O 2
primer, * HE— — CCGGECGCATTC 3" whi ch

was synt hesi zed by the phosphite net b,od*descm bed by Beaucage et. al.
Tetrahedgpn Letters 22, 185 f r swas honol ogous to the
nucl eotides in this regi on %xcg‘gt%gpéwﬁrcgp‘gﬁg 330 asterisks), where
a thymne (T) was changed to guanine (G and another thymne (T) was
changed t o whichnwaseyiftiesized byuthe phaspltite mapthmd Kipsehibedli by cBegusagkest! 4y Eetiahadront Lstters 22,
region. Thel859-1568 (193HsTharprimer wad horaoldgh@ taliiegucigntidesHNhis Fegi®x@phiatiwp Kparked by
anneal ed3DNesterigks), yhesiaythyrajes @Mwe@ctapﬁddmmrel(ﬁ) a angtherntiyreinge (F) we# phaegddzted
for 2 hr. aftde'lEP([‘thP?C’@t'r‘maEm'@Ed'ﬁdﬁ' of) i thisrregiaRhi ch consi sted of 12.5 [err]

of anneal ed D B’Hl%’t’?s(ﬂﬂ"eabd 18&&’2119"\%)?%5(%" B'P agpszies Dilfcwgs slowly “ﬁ?mi
20 [err] of ap!?'?:'f?ﬂ?ﬁ' il dlth @Bd f of r“él’g‘é'e wb‘c'l @?t?r °I) 13u|
DNA | i gase r‘?& e[deﬁ 'é’f r?f a&'ﬂ t’ﬁ?r L?Ee ! Wp dj’Nﬂ‘?B

Pl ages whi g ﬁ‘tﬂ&!‘é‘%n rcfeof. edg&
by hybri ¢j zakd, mc tpq &ya&ibba/ fsras Lméa it RSbdufctive temperature
ol i gonucl eoggs 4 in/&ast the® lonty IDRA carrying a Kpnl mutatlon would hybridize to the synthetic oligonucleotide.
The presence of the Kpnl mutation downstream of the aprA gene on DNA from a single purified plaque,
designated M13 mp18 apr2 Kpnl, was confirmed by DNA sequencing by the procedure described by
Sanger et. al., supra and restriction enzyme analysis.
45 A 1.1 kb segment carrying most of the 3' non-coding region was deleted by digesting M13 mp18 apr2
Kpnl with Kpnl, religating digestion products at a concentration of 500 ng DNA/mI, then introducing the
ligation products into E. coli JM103 by transfection. Bacteriophage plaques which contained DNA with the
desired 0.35 kb deletion were identified by restriction endonuclease analysis. Bacteriophage from one such
plaque was designated M13 mp18 apr4 (Fig. 7). M13 mp18 apr4 provided single-stranded template DNA for
50 site-directed mutagenesis of the aprA gene described hereinafter in Example 3.-

stranded® i % L OOI =

by tr anSf eC? :§ % err G?eiﬁb Cr n qtjqqugggl'e en

[err](NewE|Q \éﬁ a |tﬂt ﬁ%és
ereaf

Example 3

In order to express mutated subtilisin genes in B. subtilis, the plasmid pAMB106 was constructed as a

65 vehicle for the mutated gene, as follows:
1) pAMB111 was digested with Hindlll. A 1.1 kb segment carrying most of the aprA gene was deleted by
re-ligating Hindlll digestion products of pAMB111 at a concentration of approximately 1 wg/ml. This
resulted in the formation of pAMB110 as illustrated in Fig. 4. The pAMB110 plasmid carries genetic
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40 mutagenic primng reaction described above. Hybridization was perforned
at a restrictive tenperature (65[erb] In_order that only DNA carrying a
Kpnl rmutation would hybridize to ER 39% Blic oli gonucl eoti de. The
presence of the Kpnl rrut ation dovvnstream of the aprA gene on DNA from a

single puri i%( %§ﬁ eb% i9R lghe2b 2or<BB* reg agaﬂ%\hxzfeqorpae DNA
sequenci ng Shmllo A eat s ﬁ&mg 5@&% i orlaure SHAIGR ot o frst 4
restricti orhnﬁ{gzag,ggaof é/s%btﬁlsm segitent carrying nost of the

3" non- codi@asRe Ipﬂnsmsvasiaig@swa%meamn%a Pt 6 biratib? TRl ?@a&e&bm\ fridntehits
Kpnl, rsel i Qi Gzes)] GRS bt P ki AHE 11D 1BLiragméi® B&ASY! thkyIED Berd] codid§ fdd GatbiNGY 21-,

t hen i nt r ocHitkygaaash,i@m theJPOL phidmiarop BdéGdomohddtpitida. mt2@ukowkhilel 31, Ripré)r ansf ect i on.
Bact er i ophayanelamearie2 khaaiHI-PsnraymemdvaDISai-igated with Be AR & eilgie-stdndddosyaiadtiet i on
wer e i dent idigoaakidotide; 65 GATCTIGOAN3'cwhichwas ewrghesizadalyy e phodphital metha@ip basgribed by m
one such plEseucegestsald egpirayaat €4 DVA Jigasp| [Ggabigur ptodubts gere ibtroddde® intgp B Ssubiilis MI112
provi ded si(argi1e legB thah rbeé (awaiiphilearan Bidius GeneticStocki Gaptediay Ma; t14423nhut thg erotoplest of

t he apr A geresiaimaion metbed drseribpdiiaf Ghangeioh abMeSler GRnet B8 HbI-EISI1A7H- or der to
express nut &hlegmeheniceiresistant Gavilegolgnies preres samened for plapraid poafenti Thepdd/ish (e
const ruct %"‘BAQG ¥assidenjifiach by KQStMP" ?m"%bfsataeﬂvsgehe idgpdice & plasmid P”i‘ﬂB%‘AR)BG% 1

was di Sl SL fsrPePﬁ'ﬁ?H"‘f F'g';'-(e 1 kb se ment c of the ene
oS el edBBy%“ iz sk 3 yeﬁﬂf‘ﬂ{ oeg
concent r aff bff ) {f(‘ %"l ths °t3t °?'ﬁ | g’uﬁ f"@ PR OPREE Y on
of pAMB1 1%5 "i‘ﬁ' t ¥ HRest Pa"e 21° g PaveTt aWH?"a‘* 8éra'r‘ €S GERetPe 13
EP 0 309 regul atory sequences for expreSS|on of the subtilisin gene,

thQ@ ler4eg| on required for secretion of subtilisin, and the DNA
sequence UO'g!I_ITg or the 3' non-coding region of mature subt| lisin and the

first 49 ﬁé@oﬁgflaq&rﬁ; offRfubMiiSin AMR! | 1sin. 2) Plasm d pAMB110 was di gested
wth Ba an S in conbination. This produced DNA fragnents 5 of two
sizes, 6.2 IshgeasandedDNromieterlophlagls IM1BhHIG B twas arnbdlesdo & pimety | E gene, codi ng
for Cat2£ChO| 2, 3- dioxygenase, fromthe TOC plasnm d of Pseudonobnas putida
nm-2 (Zukowski et. al., supra). 3) The,larger 6.2 kb - BanHI-PstI f ragment
was sel f-1igated vmth

ol i gonucl eot i de, GEI’C?(%AW ﬁn was syﬁ{iﬂem z?ﬁﬂy t he phosphite
mefhod descri bed by Beauddlfe 27 108 l%dr]ep ON® | i gase. Ligation
product® were introduced gy orfEe PISER GIY Fk Jé}‘u % 9- 15 leuB thr5
recE4 (available fromBacillus Genetic St ock Center as No. 1A423) by the

pr ot opl ast transf or rrat [ on met hod descr.i bed l\/bI

Gonet . 16HEn YEE. il mﬂeave = %a

scr eened °(5'f° ?”éé %I ﬂ‘{@ E°mp‘l'ﬂ slf<°6a 49%‘1"0 ‘f' ng)%f by
restr|8?|8 ,, i °rs);1°,F§ ° e & ?n° '%

except tha’t“"‘w it oo i e é“’ S by o eﬁngeﬁ'ﬁﬁas'éiom g ng
DNA codi ngppf'o%na@mﬁoi d agdﬁé!r:h fple B 3706" does
nOt\/Synt hesipg&erd Ih@b@w%%gnsfemgd’ o Erﬁfiaﬂoﬂ%mﬁane%uméd bs% vm%ﬁ Corkélel %NA
Subti | i1 Qitd heS uasr DadeC GhaAbt Yo idRtifibd1 B9 ybRdizatidn 1018 fa@bRIVAYCbaMNd (2P

subti i si RiggRBIBotidé usdd,fortthd Methgehib @riding t%&oD%cmuemmwrdnmmlﬁagmsu:adl ng
sequence. 652¢. Breypositie plaqll pRINed badlridphaga dpsighbtod s M) § apbiurPd]i ouble-&raadeag

Si ngl e- st DEAden tHid\sAcibiiophagb aes igastp Inatty Blintill ANDERI ia [@brbingtien, &aim tal76aibg fagaent
priner, 2é&anging HeGutahd povidnTof ABEPMBSTLIANIT g&BdBad Iigated & pAMBHOEIVIEh b8Bbebh PrediduBly 111
112 113s 3@igested with Hindlll and Kpnl. The resulfii@PplasinidE pAMB1R9, BRbeGntrbduded Hnt@lal suitapRFB.

whi ch wassubliisthbes célls & symhesiandiseesetion pit[Berlititshiditbides cr | bed by Beaucage et .

al., supra. The primer was honol ogous to the nucl eotides conprising codons
for am no acids 106 through 113 of aprA-subtilisin except 35 for one base
change (marked by an asterisk) where an A was changed to a Gto allow for
the tr&hsition which would change Asn[err] (codon AAC) to Ser[err] (codon
AGC). The prinmer was annealed to M 3npl 8 apr4 DNA at 65 [err] C and the
anneal ed DNA was slowy cooled to

_‘1

13
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approximately 22 [err] C and then polynerized, ligated and transfected as
described in Exanple 2. Bacteri oph}% BI aq%s S were transferred to

hybri di zati on menbranes, then thos&Rh dht ai ned DNA 40 with the desired
base change were identified by hybridization to a radioactively |abeled

([err]) ol @0&(,10% eotide used for the mutagenic primng reaction described
above. Hyb ion was perfornmed at 65 C. One positive plaque contained

bact er i 0phaQE.dfalARRLAR 188 shind 30 Busiifhnarpl €1 r]]1. Doubl e-stranded DNA
fromthis ba'cren—apha'g'e—\ms—m—e_r@d—“t‘h_ﬂéndl |1 and Kpnl in conbination,
t hen t heg 7hglRtrdnasDD N ont A 3nph 8 Gpra[B& 0 NWas brfdealgus & paerof t he
aprA-subtilisin gene was |igated to pAVB106 which had been previously 45

digested with Hndlil and Kpnl. The resulting plasmd, pAMB129, nmay be

introduced into a suitable B, till.s | f synt hesi s and

secretion of [Ser[err]] -subgi I ?‘g&n.clda‘o'ﬂé%skfﬁeGhéP&g{)&%SBl Exanpl e 5

Prepar atieon of a [Serine 109, 215 rpA6223]7 28t i2L9si220Anal og 5

Si ngl e-stranded DNA from M 3np ¢ sgynealed to a priner: *

S U G AT A o AC o PNl R ¥ e 215 216 217

218 219 220 ALY ALA TYR SER GLY THR V\:hl ch was synt hesi zg \L: Ef
r -

phosphi te mbichyEs G@%@F'?ﬂgéﬂ og, flescried by ?‘P Rlier
honol ogolfs "PB°'PRS’ET @d‘!‘?‘??@%es Pi"%f’ o‘??é(? Fids ﬁ‘{?h | fo %‘l%‘ 20
of aprA-suff?| ?sa ichenas age '335 ° a1, ﬁ allow 167 4{}3\‘ e
"@ os1t
9 |

an A was C ohgdx |de flc pj:l % Eﬁ?&g ?,Exnne ﬁnfled '

Asnlerr] ( £ (B! j | s@dﬂﬁ@%ﬂmﬂo
' Kaﬁi %ﬁ?ﬁ?%ﬁioﬁ Iy ol 736 b %rag?r%ﬁi dahniify the

plaques werg, d'tQ a vﬁu ha bﬁénnﬂ'la\ﬁo ldlgbdt@RCwilh! IRALAE arfdORdnf I TRE

pOtyurer | zaatﬁf ‘éZ e

s
bact eri Opha&%:ﬁﬁuh&n@ ARB13d] 8 infrBduted Rio'H. sutam eﬂsI foP BEhEEsiRHY debretion 29
this bact er[gg}ph@@sy@&mghgest ed with H ndl IT ana Kpnl in conbination, then
a 750 bp fragnment carrying the two nutations was |igated to pAVMB106 whi ch
had beensprumgs!s! y digested with Hindlll and Kpnl. The-resulting plasmd,
pAMB130, nmy be introduced into B. subtilis host cells for synthesis and
secreti on Ciredaetionof 8 (Asp i76,iSei 109, SBE218ERubkiBincAn@lodr epar ation of a [Asp 76, Ser
109, Ser 218] Subtilisin Analog Single-stranded DNA from M J[err]npl 8 apr4
[err] was annSiagiesiranded PNArfiomed13mp(s apragSer;pediiwvagamegigdiopeimMATC 3' 74 75
76 77 78379 ALA LEU ASP ASN SER |ILE which was synthesized by the
phosphite nethod descri bed by Beaucagexet. al., supra. The prinmer was
honol ogous to the nucl eoti dgs gerpers gaTcagdenschoaTgndno aci ds 74 through
79 of aprA-subtilisin except 48 fgr ogg b§§ g ?g (rmar ked by an
asterisk), where an A was chan 84 ¢3 al | r the transition which
woul d ch&nge Asn76 (codon AAT) ALa ASU[ asSP] ASNoSER GAE). The prinmer was
annealed to M 3rrp18 [Ser[err], Ser[err] DNA at 65 [err] C and the anneal ed

:

.CD_

DNA was sl itz 5 Ghethod YedcRbda] by Bealtdgd 8t YiTBhrZ @fle plihé&latagd
ani- ot e P e e e, MO e
transfer gedf &le é g%QFnthJB féﬁéﬁﬁ whélE ah AGR8 cHidhpédto GOE tPdNBw Gbr E¥Arafiition

W th the degidh@Rbull Mg ReATFYEoddeALT) kalptsi édaelahny. hybri di zation as descri bed

in Exanple 2 ewcgialer tvgk’ﬁmdﬂébltd N3t 8 [Ser'pSerd¥e DNA aTasdC ahd théarjnedled) DNA waSisiowly

positive pla@geetocppianie2acing polpiEnzaicligdies argitahstatiodtas Msdined & Expmple err] .

Doubl e- st r andesa:tdabihage plaqubd eerb arerstsrred phigtddizatios raindembseahd\thdsh whicin dinkdinec BYA

Kpnl i n emigithntaé idesired bhsenchangs S@reb jdlertifierbse hybridization, as desciied tih Examplei? gxdepintgat of

t he apr A- sulbridiationn was performed at 46°C. One positive plague contained bacteriophage designated at
M13mp18 apr4 [Asp’®, Ser'®?, Ser2'®]. Double-siranded DNA from the bacteriophage was digested with
Hindlll and Kpnl in combination, then a 750 bp fragment carrying the three mutations of the aprA-subtilisin
gene was ligated to pAMB108 which had been previously digested with Hindill and Kpnl. The resulting

50 plasmid, pAMB131, may be introduced into B. subtilis host cells for synthesus and secretion of [Asp’®,

Ser199, Ser2'8J-subtilisin.
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gene was |ligated to pAMB106 whi ch had been previously digested with H ndl Il
and Kpnl. The resulting 50 plasmd AVMB131l, nmay be introduced into B.
subtilis host cells for synthesisE Br?od%géﬁgﬂl on of [Asp76, err]-subtilisin.
55 15 EP0309565B1 Exanple 7 Preparation of a [err] Subtilisin Analog 5
Si ngl e- st anded DNA from M 3npl 8 apr4 [err] was annealed to a priner: * *
5' GCT GAT TCA ATC CGr 3" 10 74 75

L , Sbrab) soPSPo AR Arkbg | LE GLY whi ch vas synt hesi zed
by th et. al., supra. The priner

was 15 hO”DISQEIQJéﬁanHé?J ﬁmnrommaemsgﬂswﬂwwgwmwsmﬁeafeero SR aci ds 74
through 80 of [Asp76, [err] sdﬁtrT"sr n except for two base changes (marked

by asterisks), where an A was changed to a G and a C was changed to a T for
the transitions which c%a [d[err ]Cf\% 737. (codon GAT). The
primer was annealed to M 3mp rr err and the anneal ed DNA
was sl ey cool ed to approxidmat’d y 782[ & | G&and’%ol%ﬂreri zed, ligated and
transfected as described in e plaques were
transferred to hybridizati on me%‘ae;mngeﬂse Afasnd%gg‘%l ch contained DNA with
the desired base changes were identified b bridi zation as descrlbed I n
Exanpl e 2whistcwgst sypthesizohy bfhe(ﬂhasab'rednefwasdee“cﬁ'h% Bopucage At af. e‘ﬂ?% o Dier was
positi ve pmmelpgeusiie ai"i'?éﬂFeﬁa‘{!'Epé'F'i‘ é°'d6‘§‘P H?ﬁ @d"’&‘é?h ;n ; ar;r‘f'ar];
I“ndl' Tl

Doubl e- st PURHIEBPxqRIAOK o Rasp %
fn??
er2 e nneale
?é%l e resé‘g% E@‘i

and Kpnl F'ﬁ"f r‘i‘?ﬁh?ﬂ hBHa"slt' 8 5’%
t t
b ooseetl ng mg@@'ed%rw it o

pPAVBL3Z, R £ BRLRE Gor d%dJ lidizaBion Asthbréried bt héde va.rentc&ﬁaﬁrrea md
secretion, E %hgﬁfﬂandzg 'w@re i mbl ;'ﬁng?kafdnedéqe?&lbwmcﬁxarﬁple 2 except that
[err] Subt h Hrléiﬁéﬂo dabtbtf laf 4613 a@lﬂ)e E&H%Meﬁﬁ‘d” IR ctaidptagh Edekignawiad Sas

bIeTéB& NES#Em @S bacfedéphade was digested

anneal ed 1B'ap Asp753,ﬁsp'z_7 Sdr10e/shy2te
3" 75 6 wrth dll_'gzKpnl 7n900mbﬁ9(|on, thoh the 35D bp Pagméht carrying the four mutations of the aprA- ASP
ASN SER s@mETu gohd wad/Adated 1= PAMB1 06 whibh hads Yth pesvioasb difjastet Ivith plinaltipdnd tkeninBtehod
descr i bed rdsyttingaiismmig PANE132,erhay, beSintfntiaced Trite B psubiilie hostaslls Hamayhtbepis Lead tsecretibre of
nucl eot i deesp’€ paspt’| Sarhy Spéif ksultilisicodons for am no acids 75 and 83 and entire
cagons for 45 amino acids 76 through 82 of [err]-subtilisin except for
t hree basé&xavipler®yjes (rmarked by asterisks), wherein an A was changed to a G
a T was changed to an A and a C was changed to an A, which changed [err]
(codon ATglepars SerfA,) Ser?f hgubg 8log\as anneal ed to M3np|8 apr4
[err] DNA at 65[err] and the anneal ed ]
appr oxi mat el §PoEfraipg DR oy Migeet apry His E%% ?? ﬁtwé%a’ﬁﬁagedtt? 3ﬁ'é'?aé'ct ed as
descril®d in 50 Exanple 2. Bacteriophage plaques were transferred to
hybri di zati on nmenbranes and t hose whi ck**tont ai ned the desired base changes
were identified by hydriTiGa ixkC dRCAldBAK iGRT GTT BRGNS e 23 bxcept t hat
hyb+i di zati on was perf at .f15[.§r].l(‘9 Q¢ pé)fl té e ¢4 aque cont ai ned
bact erigphage desi gnate as 73 apr4d [err] | e-stranded DNA from
t hi s bact eri ophage was di g%ﬁ;?e!tSN\ASER FGH&IICFIl-YaVM-gSB‘kpnI in combi nation,
then a 750 bp fragnent carrying the four nutations of the aprA-subtilisin
gene was lwhigiwaslsyntedAlBY e pHoshite Matodartribpd By Beaislgy ofli ajesip@d Tl drimeHwax | | |
and Kpnl . hdhcogostd Itiiel ringleqiitiésSdomplising partial codons for amino acids 75 and 83 and entire codons for

45 amino acids 76 through 82 of [Asp’®, Ser'°?, Ser2'®]-subtilisin except for three base changes (marked by

asterisks), wherein an A was changed to a G, a T was changed to an A, and a C was changed to an A,
which changed lle’® (codon ATC) to Glu?® (codon GAA).

The primer was annealed to M13mp18 apr4 [Asp’®, Ser'®®, Ser2'®] DNA at 65° and the annealed DNA

was slowly cooled to approximately 22°C and was polymerized, ligated and transfected as described in
50 Example 2.

Bacteriophage plaques were fransferred to hybridization membranes and those which contained the
desired base changes were identified by hybridization as described in Example 2 except that hybridization
was performed at 45°C. One positive plaque contained bacteriophage designated as M13mp18 apr4
[Asp?®, Glu7?, Ser'99, Ser2'8]. Double-siranded DNA from this bacteriophage was digested with Hindill and

55 Kpnl in combination, then a 750 bp fragment carrying the four mutations of the aprA-subtlhsm gene was
ligated to pAMB108 which had been previously digested with Hindlll and Kpnl. The resulting plasmid,
pAMB133, may be introduced into B. subtilis host cells for synthesis and secretion of [Asp’®, Giu?, Ser'®?,
Ser2'8 }-subtilisin.
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pAVB133, may be introduced into B. subtilis host cells for synthesis and
secretion of [err] [err] subtilisin. 16 EP 0 309 565 Bl Exanple 9
Because nost Bacilli secrete al kal 6P 3858 Bheutral proteases into the
surrounding growmh nmedium it is preferable that nutations be introduced .
I nt o endogenou I kal ine and neutral protease genes of B. subtilis 5 to
bl ock t hei gﬂ%ﬂiﬁiem s so that nutated subtilisin genes, when introduced

into the mut goL,C8 et fne TG e GhraP pHAbasbd ifito i sWiufiding/dréwih nBdhiin, RS
secreted in g iRGh ﬂmu'%g :369% éﬁ%&{lntg loRdogaES alkaliteSnil nbuvall JRétssé Bérds i B. Rubtilis

i solatiop \‘é"ilbdﬂtﬂ%ﬁtsylﬁ 54 {hat rﬁhta?d?@u&ﬁl&n gohd) whaH iRtFbHucBd infoUth rlithrs céll] hay peduts’ 24
and BZ25, #dd SIBMEMCAidA QvilCRENESE. RBrbBd MXd Inddhn trédl ¢l lothpr MbteR6<LIKply iiriore with
const r uct eGkolatbonaé GftkcH autiflsin arialdgs. Mo frRlitdnDB] Bt rstraifsd BZ3: anki BZ26,, whichradscd gb
vehi cl e capglbtsbledxiriceiar paloasdg weld chnstradiddiin adoortiancewithi the Blowing Iptotddus: unl ess

i nt egrat ed i nist, & IprRsMiA vetitle Gpdbia df ireplicatingdmBs@iiEbubrot IndBrsihtiisountess vtegrated intetthen,
was consior B tsabtiligishiombsoowsby Rinmiogbwd PBIDGhafjdBawkd lconstrCted eas tolladso Blesntie rABEP4
Nurber 1E22BaciNass Gelistie Stoed Cénter.chumblee 1 E28nwas digesteph&d Fompistipry withyeall i peaguce three
fragment s draglenBof R85 kit 10 ki bnd:0:§ kD ln7$9k'319$enff391"2'!s W%@S’é"gﬁtﬁ‘é\ midare i plasmich o 1y

| i gat ed as pBRIA2XATEGC: 0B aweh opr Aeel‘ digested vith t"tS'r @:’9‘1”"6@5‘!"?29
had been diijieducedinjg E.reoloCBQ0. (avrﬂ?eemo tb? Mmt%"% e"eﬁtm'
col C60075( dfpasiarmssion IMandels ¢t i3k J B3 e‘ %’bqytﬁ?leem 2p éf’? r{es&éﬁ"‘Amf
23724) by Phenicel ERLOMIAE BRI . M g e it 9) Yo
(1970)]. SéH“‘é'E‘PPES‘ ' recgeprrbeq R iy Wte‘ji“'he e e ::f‘ oo theb
Lerrl/m) .gﬁ 5%9 BT by 0 £ Bloch 70 : ﬁﬂﬁ%%‘ia‘ﬁ
reparé’f °§ Sy e P oo B ;gﬂ
Nucf e' | E. and vf ith and, Gﬂﬁéé%ﬂA Jﬂ\ehﬂtﬂ%d&ehﬁty
and EcoRl i ki hQ@at'EQrTVé‘?nT hﬁﬁsd BENRIHSKAR £8. 53 “Phserted fragnent (s).
One such pl asﬁ% nse ﬁi'BmEl@(z Fbﬁ&@%prep%ﬁm fs@4lidhket vhich aé Fulictions® in1B.Gsukig] i0carot kb

Hpal | fragrggitse @ a BiGfbmbss foPRorCInds. sdBlilis Hibsk Gellef O BBIHr hahld SHAMESD RgiitEN the
contain gh epﬁhbiaocfeﬁ@ [eRdh 61Gbpliadtiet Whidnigfahdtionabm €. (difthys thepidsmidhdas be p®pagated in E.
functional dolf hbst cIR] Plasiid pAMB3B Ud lidetul B. at Bag @swdya First\a firiagnidgt ofl DNehich contains a
separ at el y, fuittidnal &igindoh replicdtion el subtiis imdge b idbtgctarhdhenrdloped enté OAMBI0 suple thetathe
gene on pANEZMid vl autdnbrasuisly adptichte in thiegtracifomdSemal stete. PetiviR3MasMitPAMESA cary intggrate of
repl i cat i onints egLgenae ofifl. subtiissat f gitecefihomelbgyi betwlen the bhrorhdsame pnd B sufiilis DNA cloned
repl i cat @ amtapANES0.oFhises Hesregdnicpeirted by FHaldenntsng. et 8l hin Becterial, | 142, 90,98 (1480 A er
hand, pAVB3Gurm m_&ﬂnmm,za PASRASI2. (4988) veing RigsMlg; yehiglps F'@Hﬁ' ite Ut ot idRRYCRIHo S

functional ® - coli, thus the plasm d can be pro at n E ost
cel I's. Plasmi Blapmif/pAWB2I(deseribed in [g‘ﬂ"‘%l? 1) ‘é"ﬁi"ﬂgeﬁe g’ : sq‘%eﬁgl Rl
DNA whi ch c®vt b9 Hsfragment, the fragrant wasili ?thP z'ﬁ M Fg)'?‘ﬁre g:)e l,:sgL? i 2

det ect ed W Eﬂﬁ'ﬁH& '°6rﬂ'?5'“% 0'" ﬁ}aa" mation %e

ol AR sﬁf‘%’ T e m%ﬁ%ém -
chirenosome "%"%pas t8  proentes gt 8 p 3 e

<|>
=2
=2
<
(=)
-]

. This has been

demonstr gf e bﬁ;ﬁﬁ é@ﬁ%ngmcheéan% the aLrA %7«9 (Bl Iof a rebfoR .codilly BBthé 18880326 aRvho
Young, J. builisin Jeé’s%ug |(aiu98( Al el 119) ki ragiwBntl of VIR ubtllis BNA
simlar to, cdﬂﬁﬁnn&@&nehdjﬂﬁﬂldt&ﬁ eqhéhcé@%ﬁﬁr © @(ﬁﬁkﬁbnm‘v&i’épfémgﬂf thb ®tiAisequence
Exanpl e 1) ¥samgdbr0mes tirsel 49 siniho ERaRlof @atlirePsublilisih Cantl 30 Inar-@>ding @equphces ges digatad @
1.0 kb fragpavmsao2T et tfad degiesndvioushs digasd witid E¢oRl andMBBIOLigatiorcitoduetsl wire dniroduced into
previ ously Hi gisteetl byitiahsidooatioh. Bismith ONPdioin, selerg dansbsmatsowarcisdatede by the alkaline
i nt roduced éxtraadiorE procasiuie dBaEYGboiny: et rabneiprey andt thep preseBed efcthe ingerted 1. gy fragment was
chl or anphenieitidd byestiplandstric®D qndonulgant Highations. Oed Fush\gidseld, drsiosated pAYIRIOY.cVaso
anpi ci |l I'i n (chbed for fuitienbise. due to the insertion of the xyl E fragnent of
PAVB21 i nto t {Besubtilisstrain P§$;:(gé?fe(3?‘tﬂ'|“s GeRsic Pipek q?“\eég?’g‘isé‘rfﬁléat'aﬂ atghaviss gr i '
.

resul tinge pl"aaﬁﬂh"ti of BWN}BS'Q/ ace'h’!i‘é "Bt pPepses T'i'edé'ﬁi"?'%

in additi ongengme gt at'°" of £ i
the aprA gem (1 ?' °"c‘6§§ : T"p:fﬂ rzits ) 5 ;qv‘{;ﬂ( Sy &f
mature subt ?F#Qﬁ? ferx?)ag ose ce s w | gl Jear o d*ﬁ

B. subti lg's qug ht Ol L Ilnﬁ PD&M 8'to ﬁ’igc %ﬁ& Ofthe
expressi 6n, 5 nﬁ:atl aamuems%prmm& (T dolfontok 15 tatdhd
am no aci dsasd, ﬁJ}e du |I£ln @ to he Qlﬂceﬁmg 'oﬂmﬂﬁﬁaﬁﬁﬁ g¥RSwithi tekAdehsibdt O
PAMB30/ 21 taﬂé Sﬁ‘ﬁmﬁaev 'day§ oh g sfdi) AsdiRtled\B222, a6 @INpATRbrKDMI phohdtal thuant
products were 't roduced Into E. coli C600 by transformation. Plasmd
DNA from sever al transformants was I sol at;d by the al kaline extraction
procedure of Birnboim et al., supra, and’ t he presence of the inserted 1.9

kb fragnent was



verified by nmultiple restriction endonucl ease di gestions. One such plasmd,
desi gnat ed pAMB301, was retained for further use. B. subtilis strain
BGSC1A274 (Bacillus Genetic StockEROHBEFSBArries a nutation at the npr
l-ocus and is 50 |ncapabl e of pr oduci ng extracel lular neutral protease. The

plasmd p/lB30T BBkl SHLANGE n .m Lte;se%ﬁ oftar Bicalife Fbikdsb $n QB%;%@&?% by
transf or nf{CT ST, Bt E ﬁ er c’sdth’e 6108ip!. |§§ '?F 37 usdd 5?) -
44, 1072- JEATE g in h Itnvﬁt%ﬁ bFa.a

[err1/m ) i Aot Flobam Wo gi? \g, B or e ythataegehéeeofw—ammnt 0
L- agar SU-BP gpfoki @ éé" kbr |or'i_§’fé Ha isHIHOR Bf £ derivtha sthiinl df 5284 in(wanich e dat Génb

cl or anphegnfefiig m%erﬁ'& teSistihtb Giporl Rdst 84lis tvds WsP UL iR |ﬁ§tébﬂify Naheo BZ24 chro-

sur roundi mesohbes&@b%anowoa had beefl PhevidiishNébsbritedt Byestanie i, \). Bartarcl) d58; @11-418
extracel | 4bgay. Anfidiamphenidoideriiive dofivaVveQli 25406as designkied B225. B.oNiNBZ5 bas 1hé Nphie
npr nut at Agm phénotype, Whus it prbducescind yetbatebleosktianelibian pevkainprotadse awr. exfiaesiliasigralkaline
mut at i @n proteasa. Sbethemhibivitingfwas heed [tatdném B Geletion frothe gibrl Yensf omthe chremasorhe pfl B.si n
due to thsbtiligBzatenent of the wild-type aprA gene with the del eted version
carried on [BABSO0B. sudlie BZ2R producesnqdetestable pritaceliylappeptial projagse pRE sNpfisin Ajf 8 Cni
phenot ypeysefuhhest iskrain for introgyotion afoulasmis5DMA, et ati@AMBHS, fgethecrredyption of mutated
ext r acel | sHoilisingwhigh ragy %ﬁ@?’@%@m ﬁ@rsurmq"zscgéqwtwgﬂw"aiwr P P eﬁf"éase and i s

resi st ant t&ﬂ&EﬁrB}ﬁf)PFéﬁ*H ctgbl °)"|'W p" P'hc BIS‘E °
Mol . Bi ol 8 deggsibedspelows i?ﬂ_w% jl’P‘W%‘% F&Z R’° dlﬁﬁ ?“P ?]uam eséi)'f‘ °
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exprossed in Table 4 as half-life of the enzymes under the specified conditions.
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“© Moreover, for practical reasons many industrial processes are conducted at temperatures that are
above the stability temperature range of most enzymes. Therefore, although detergent applications have
been emphasized herein, it is believed that thermostable subtilisin analogs according to the present
invention are not only advantageous to certain industries such as detergent industry, which already require
stable subtilisins, but also may be useful in industries that use chemical means to hydrolyze proteins, e.g.
hydrolysis of vegetable and animal proteins for the production of soup concentrates.

SRV fhn /\on

Claims

1. A subtilisin analog characterized as having an amino acid sequence of a naturally occurring Bacillus
subtilisin that has been modified by:
(a) having one or more of the amino acids present in a calcium binding site represented by Asp*?,
Leu’s, Asn’¢, Asn’?, Ser8, lie’®, Gly8°, Val®!, Thi®#, and Tyr** of the naturally occurring Bacillus
subtilisin replaced by a negatively charged amino acid; and
(b) having one or both of the amino acids comprising any Asn-Gly sequence of the naturally
occurring Bacillus subtilisin deleted or replaced by a different amino acid, the analog having

% improved calcium binding capacity with respect to the naturally occurring Bacillus subtilisin.

2. A subtilisin analog according to Claim 1, wherein the analog is an analog of a naturally occurring
Bacillus subtilisin selected from the group consisting of subtilisin Carlsberg, subtilisin DY, subtilisin
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45 hy&iTagiy0s iUsS. Flatentcj® t37199.671aand Wi Ragent Ne.0% 20482, fabrof whieh pre debatppriated by f
sog-pf concerreternedcheredl ai ms 1. A subtilisin anal og characterized as having an
am no acif seMawepnor Torf practiegh treasens | nany dedystrial MEPCEssRs P ($endyeied Y temperatirag thatare

been modi f | @gvepthe stabjlity temperaturg) rangg,\af mgstAaymes- Tﬂ?’fe@“’oﬁ't’PPﬂé‘ doferasnt %PE'P ns have
present in '%?eﬁémﬂ"‘lﬁﬁ?dof‘ﬂﬂi‘ nfh 'S FL?"%"SF'% li :@B“’E %aﬁ‘?'?n acequging fo r; usl;r; ]
of t he nat uf e ’}"f ?Pgmay%‘? B SH F‘f’f °é'EI :;7,; ﬂ(% e:%ns

sins, e useful m in ustrlest at use c mlca mean
char ged am hy ro@sns gvegeta le and animal proteins for the production of soup concentrates.

Claims
1. A subtilisin analog characterized as having an amino acid sequence of a naturally occurring Bacillus
subtilisin that has been modified by:
(a) having one or more of the amino acids present in a calcium binding site represented by Asp*?,
Leu8, Asn’6, Asn’?, Ser’8, lle’8, Gly®?, ValB!, Thr22, and Tyr2"* of the naturally occurring Bacillus
subtilisin replaced by a negatively charged amino acid; and
(b) having one or both of the amino acids comprising any Asn-Gly sequence of the naturally
occurring Bacillus subtilisin deleted or replaced by a different amino acid, the analog having
8 improved calcium binding capacity with respect to the naturally occurring Bacillus subtilisin.
2, A subtilisin analog according to Claim 1, wherein the analog is an analog of a naturally occurring
Bacillus subtilisin selected from the group consisting of subltilisin Carlsberg, subtilisin DY, subtilisin

A
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() having one or both of the am no acids conprising any Asn-@y sequence
of the naturally 55 occurring Bacillus subtilisin deleted or

repl aced by a different am no aci §P W@séﬁgﬂog havi ng i nproved cal ci um

bi ndi ng capacity with respect to the naturally occurring Bacillus

subtilisin. gy, &%JPEdbhllsi%'oFB&ﬁﬁé é?:gﬁliéﬁr?n‘ésrugtiliﬁﬁfrcﬁrﬁ’cﬁnﬂé HhsbntotiflS" €1 1 the anal og

is an anal og of a mat ura us suotrtrsrmmsel ected fromthe
group cong; s«tsus.aanaﬁ,gfaedo}dtngk&cmnléEﬁa\ﬂwg ARKB bplabedivitn RYprs subti i sin 21

EP 0 309 565 B1 BPN , an aprA subtilisin of Bacillus subtilis and
subtilissim fﬁﬁmllgﬁ%dobu&omﬁ@cﬂmﬂﬁ\lﬂdﬁng Ren77 Rersidebd withi ssbm. anal og according to
Claiml or 2 having Asn76 replaced with Asp[err]. 5 4. A subtilisin anal og
accor di ngs.t G subthisimarilop avdotding [teeCltiin 1roe p Ihadngde'Wirdpiactdyith Givvh. A subtilisin

anal og according to Claiml or 2 having [err] replaced with [err]. 6. A
subtilisi® ansubli lnaoaiqwa!:potgns;tto @iiraiTner 2. lawing? A$réty teplgeefd ovith JAsp’@ phdisend? weplated

Asp76 and [ evithPs’epl aced 10 with Asp77. 7. ‘A subtilisin anal og
according to Claim1l1 or 2 havin [errJS replaced with Asp76 and [err]
repl aced i tﬂwsUf@P'P pralogziccoggling o Glait 1 pr 'rawneﬁ@r‘orgp'e?@émﬂdma ang € sgpipcad with

wherein an A residue in the Asn- Gy sequence is replaced by a residue of
a differept rrhr]o acid. 9. The Zﬂnalo as recited in Claim8 wherein an Asn
resi dud® | é;\d ! ﬁ"a('ﬂ °§°é 'ﬂ?etﬂé) d”i'é BN 28 88" 1599 ip (heiASYEly spaugpredtieRBeedci d
fromthe gr SR P& &9 val |, Thr, cys Gu and lie. 20 10. A

subt i ;S;gqagﬁﬁgggg‘%g nsb&.i‘rﬁsqs@e.mai fwﬂ%s sfns Aéez& Stbfs % Je,g.acgﬁ%é .
éS\él “m 1P wherel noanaAs resi due at co(')'s tfon :8’5 rS(%’ %ﬁce@ by Ser. 25 12.
A subtiligdm @Bﬂlklﬁgneﬁ’o@%édﬁdl@go CRinth %&anl%e%ﬂ‘e%ﬁb |ﬁ'ihe'$§ﬁ]-6fy%§htﬂhk% i€foplaced
position 218yisg.replaced by Ser. 13. A subtilisin analog according to daim
10 wherein an Asn residue at positions 109 and 218 is repl aced by Ser 30
14. A subti. |A sbtilisidaralo§ Gcodrihg tOCIaG 10 Whérbi biAshIesiRb e1Giosiibn 10D rdpReedyBeR

. consisting of [err] subtilisin, [err] subtilisin, [err] subtilisin, [err]
[err] subt2 |A sbiiisiaasiop @ccoiding tdoClaiii 10 whersid an AshFesidae siLpotiiidni2s8 ia rapaadddsy Ser.
according to Claim1l wherein the Bacillus subtilisin has a naturally

occur ri ngtdar sybtilisie prplog aoeedingdo Glaigc10owheteini an Aba isidueat pasitions\109#hd P18is feplacedal og
aseording t ®¥E@aim 15, [err] subtilisin. 40 17. A subtilisin anal og
accordP‘hg to Claim15, [err] subtilisin. 18. A subtilisin anal o accor di ng

to Claim¥ fjlisin analgg rg 'Se'ié; 'a'l'gés wlectad, ffﬁ;%‘qg(i Qg: %‘F‘ﬁ Ak (j::t §;r lai m
15, ii i
[er I‘][e;LLt iSI 113”% thgin a'}g ?fcozs@nc](fﬂ'? Y- gn anal og 019 BaC| | | Lrsn

cal ci um bi nc;;:I dis€isib&f

Asn-Qy sequence ere n codons whi ch encode one or nore of the am no

agi ds in i) &iigh wmoshé&lwmg wwbikif 1ar[ﬂsp@heb&toe @fagumk.ﬁ.ced by codons
encodi ng a negatively charged, am no acid; 3 codons whi ch encode one

or bot By 0f7. thsabtiish Balog Gécdiing b EiHM 183Rspd, serseq;éﬁnpﬁbﬁi&iﬁ. deleted or repl aced
by codons encoding a different amino acid residue. 55 22. A nmethod for

| Mpr ovi Ng1& Aesubitisin amaidg pédosiing i Claiiny15,JGIVA, &aved, Isbers) sabtindin.| | Si n having a
calciumbinding site represented by [err] and [err] which nethod conprises
r epl aci ngl9ant subtilisinanalop dcoowding thu@aiin15.dasptF, sif G iSertf? [Berttii sutilsint e Wit h a

negati ¥ely charged am no acid and repl aci ng or del eting one or both of the
anm no aci %/ps quqbtgﬂn angleg @ogrdglg@ﬂ@w@és [Asp75 Glu”9, Ser'°, Ser®®®] subtilisin.

21. A DNA sequence encoding an analog of Bacillus subtilisin, said Bacillus subtilisin having an amino

sequence comprising a calcium binding site represented by Asp*!, Leu’®, Asn’¢, Asn’7, Ser’8, lle72,

50 Gly®0, Val®1, Thi®% and Tyr2"* and an Asn-Gly sequence, wherein (1) codons which encode one or

more of the amino acids in the calcium binding site are deleted or replaced by codons encoding a

negatively charged amino acid; and (2) codons which encode one or both of the amino acids in the
Asn-Gly sequence are deleted or replaced by codons encoding a different amino acid residue.

subt i | '3?' ik, Ss%bt%s#%ﬁalo a%éord?n#?qg CIQ? nijl Fergl n ihe %acalnls smf isin Segu%urf@rorcf %I Fng 2

55 22. A method for improving thermal and pH stability of a Bacillus subtilisin having a calcium binding site
represented by Asp*l, Leu’S, Asn’$, Asn?’7, Ser’8, lle”®, Gly®°, Val®!, Thr®® and Tyr2'* which method
comprises replacing an amino acid residue in said calcium binding site with a negatively charged
amino acid and replacing or deleting one or both of the amino acids in an Asn-Gly sequence.
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22 '° EP 0 309 565 Bl 23. A conposition conprising an effective anount of a
subtilisin analog of Claim1 in a detergent fornulation. PatentansprUche 5
1. Ein Subtilisin-Analog, dadurch J&k8dP3885%Bhet, daB es eine

Am nosaur esequenz eines nattrlich vor- konmenden Baci I | us Subtilisins

besi t zt, &a&}i&&ﬁuoﬂ"%ﬁhﬂd {; fb &t eﬁé@ %n\oun% Lof a( %‘u)otll‘g'ﬁl Orﬂtle n%%.m &rrlﬁ hJ ertg'gecli'l

Ami nosauren clunt ungsst 8l Te vorh
reprisentiert durch Asp4l, Leu75, Asn76, Asn77, Ser", |le79, dy80, Val 8P,
Thr P8 und Bateptamspriiéie 10 ~natlrlich vor kom*renden Baci | | us-Subtilisins

durch ei pe negativ gel adene Am nosaure ersetzt sind; und (b) daB ei ne oder
bei de der Al Bif SRbHISIHAndby] aI60M deNeAESicnE!) d&8l o SHROINRIRGAEISSRqURAS Bihdd KaRtiniée RO M
menden Baci | | kiinnfBkdeni Batifis'Sabtiliska| besize ib dh mdihfiidn vibi’déﬁ*isﬁnger e Ami nosiure
ersetzt sind, waldsB ethadékradhage e rAntrivsitrdnediCal dhed CalBumBinagHEstene gdrRantion $iAd,

Hi nbl i ck auf dasprisattiert|duch Aspt,KeuFeAdt, Barll, |9etl% -llel®s Glys?, Val®!, Buidt iuhd Ty, des
besitzt.02. Ei ma8dith vdrkogimendan BacliysiSaletisinndupmh el nggativigélaienad Arpindsiarb @gpett sind;
Anal og eines natdr|ich vorkomenden Bacillus-Subtilisins ist, ausgew hit
aus der G uppe,®Xfad eige gdenhpide der fminogdsiren sumiasgend fade tAsn-GlyiSaqudlyz deSuBlliiict wrkam-
BPN , einem apr%“S‘iibﬁEl'_'i’EﬁW"@'ﬂﬁ dplatiert] qdgysdusghinine| anderg) Apingiityie) qreolet pingy yepbei das
Baci | | us mesent@?'f’%l%beﬁ%? Eripium-Bipaypostiigkeiimoipblicls sk dogatiaigh veskorrmapderagilius- 1
oder 2, ¥n demW‘?‘" ORfftch Asp76 ersetzt ist. 4 Ei n Subtl I | si n- Anal og nach

Anspruch 3,2IE. gpﬂ 7 durc Asghﬁ E,sedtal .
subti |t n-rngl g ot RS U o, g Bl £t
e it e A /sws:ra;ucﬁ ”%&% L
A?ﬁ‘?G ergetzt ist un

Subtilisi n«aﬁnah ggour@marggmmémh PG 23n dé..l;m g*abfcmlﬁn ASP76 erset zt

st und Iie79 durch Gu ersetzt ist. a FEIn tirlisin- Ana 0g nach

Anspruch 1.4, Wah Sibtiftirandes ndds Ahsphudh 8.9 des Al AlrcRAGHE BRetstWCh €i nen Rest

ei ner anderen Am nosaure ersetzt ist. 35 9. Das Anal og nach Anspruch 8,

wobei eis /AsnEiRSattilisinrAralRg Agth AhspASn 1 Gliey 236 et 2 duidhadiu’eleldéit idReSt  ei ner

Am nosaure aus der G uppe, die aus Ser, Val, Thr, Cys, GQu und |ie besteht,

ersetzt i st6. HiO Sulfilisin-Baloy nhahAnspruehdl aler 2) drcdem AR duedh ASp7¢ \wesbiet istdad AGST direts t

i n der Asn- Q #spSeagsetrhist. dur ch Ser ersetzt 40 ist. 11. Ein

Subti | isin-Anal og nach Anspruch 10, wobei ein Asp-Rest an Position 109

durch Se¥ drsEp ﬂm?'%ﬁ'A"am naghi Ansmuabt § pdes 2.in Apra| Ast]® dareih AsRAs prselattist 10d llefd derch

ei n Asn- Rest @HW°mpeitiflon 218 durch Ser ersetzt ist. 45 13 Ein

Subtilisin- AnaI nach Ans ruch 10, wobei ein Asn-Rest an den Positionen

109 und 21& dgP 'E%'}A'? %A"F%f&.'ch 13 yobe-pip Aggy;gst injdey Asn/GlPesyens Sumsh giRpRest h

13, das ausgeweﬁf"fdeﬁegf\mﬁ' ”@«?Fse'@'ﬂppe die aus [Asp76, Ser'09, 50

Ser 218] -"Sulat i e Ser GI 79 Ser' 09, .

Ser 238] - Su%t %’lngio% ﬁ%ﬁ%&gﬂf&g@ |e| %sn-BEil |r‘|7%esqaf'gﬁis 1 é éérb ?mfan F%EWE

G\E%Q Ser' 09, %er"g P 'SI n beste ISI n-Anal og nach
ruch 1,4 |

AT oS! |1 o o ShoRES ARG puch fhéienel isd] %”“'S%S?@tﬁ%*;ﬁ" | sfﬁ“éQ SO oot

Subtilisin-Anal og nach Anspruch 15, [Asp76, Ser'09, Ser2' 8]-Subtilisin. 17.

?3 n Subti | i1si Ein Salisteanaiog RachNAGERFudE 10, WBbei §if\AEpRbst anPosiftA 1086Urh IR} ersitiitst | 1 Si N.

12. Ein Subtilisin-Analog nach Anspruch 10, wobei ein Asn-Rest an Position 218 durch Ser ersetzt ist.
45
13. Ein Subtilisin-Analog nach Anspruch 10, wobei ein Asn-Rest an den Positionen 109 und 218 durch Ser
ersetzt ist.

14. Ein Subtilisin-Analog nach Ansbruch 13, das ausgewdhlt ist aus der Gruppe, die aus [Asp”®, Ser9?,
50 Ser?'®}-Subtilisin, [Asp’? Ser'°®, Ser?'®]-Subtilisin, [GIL7®, Ser'®?, Ser2'}-Subtilisin, [Asp’®, Asp’’,
Ser'®3, Ser2'®]-Subtilisin und [Asp’¢, Glu7?, Ser'°?, Ser28]-Subtilisin besteht.

15. Ein Subtilisin-Analog nach Anspruch 1, wobei das Bacillus-Subtilisin eine natlirlich vorkommende
Aminosiduresequenz besitzt, die in Tabelle 1 offenbart ist.
55
16. Ein Subtilisin-Analog nach Anspruch 15, [Asp?®, Ser'9?, Ser2!8]-Subtilisin.

17. Ein Subtilisin-Analog nach Anspruch 15, [Asp??, Ser'°2, Ser2'8]-Subtilisin.

. A



EP0309565B1 18. Ein Subtilisin-Anal og nach Anspruch 15, [G u79, Ser' 09,
Ser21]-Subtilisin. 19. Ein Subtilisin-Analaog nach Anspruch 15, [Asp76,
Asp77, Ser'09, Ser21 J-Subtilisi n EPP 308$65H1,, Supti| i sin- Anal 0og nach
Anspruch 15, [Asp76, du79, Ser'09, Ser219]-Subtilisin. 21. Eine

DNA- Sequeng,, E.,ds&mﬁmnmaemesﬂaaﬁ%cidudvﬂ%er%h'%zls; §l{bﬁll$ﬁ0dl ert, wobei besagtes

Baci | l us-Subtilisin el ne Am nosaur esequenz bes I e el ne

Cal ci um Bitg) i SubSilsMLAnSlog WEERAdsprubrerd] [aS@ 0 tAsr? [setsl 4l Leu7s, Asn,
Asn77" Ser78 |e79, Gly?O Val B1 ThﬂrP‘g ung Tyr 212 %ﬂ-el ne

Asn- G ys SeUEMSubtNsRiAAklod fakh Afpruch 15(R89F Giv’ g igere) swqudm.nsmehr ere der

Am nosi uren in der Cal cium Bi ndungsstell e kodieren, deletiert oder durch
Codons er ghtEite BiNA-Skmpnenz,ddie oia i Analog) emaBacHussStbRlisie IkedidNYwoIss Bbbagtok BALIIGS-Subiilisin d
(2) Codons, siecAminos@uresepenziassitht dibecine’\Calekors-Bindubgssielie GHefastABridohtion SRAEH FRF1,
kodi er en, delled Asre, Ami¥; SeflfrlloF?, GlytPoMal' STheest untl Tywet ,diadh pingl Ash-Gly-Sezjoera vebdBigT)
Ami nosadr er €otongtin eirecader meprepeder Eiminoskuren intree Galcium-Bigungsseiccodiagn, diektiert oder

t her mi schen 4YisH Getensespiel yardon. die gioe neustiv gelageneShrmindskiire kegisran; undef2n@odens, die
Cal ci um Bi nc?&‘ﬁegg"t bqidec der Aminosdusan; incder AguPilySequensa odieteny Juiptiernoder glurchsGeadns
Ser78, |ie79"™ n, G\Pa?"b"il anderan AginogAvepreptjfodianan. wobei das Verfahren unfalt,
daB ei N, é{ rest \) n besagg er Cal ci um Bi ndungs- stelle durch eine

£ ili Fﬂ@es ust§é| t@gn it einer

oo :f: o ﬁmfa%g%g 5‘?;%%8? e % ;@H

Ei ne Zusam@gﬁga&éﬁ% . T r? SRS Einginge
arest

pruch 1 i
ﬁ%&l’ogg@ de"{s]ﬂlgd{? |%I| ne, car acter| seewcdomm present ant une quuence d' aci des
ani nes d' mez.nautusarhm&ﬂsaﬁmgieu.baﬁaéM..ﬁsaﬁ.é'rﬁéna@tan RRbHSiRA b+ AnGbtich®1 3# Siner
nodi fi ee en wg(sa)mtﬁymuh%n@unfgﬁtum eurs des aci des am nbs presents dans un
site de liaison de calciumrepresente par Asp4", Leu75, Asn76, Asn77,
Ser 78, || BeV@ndiéatipls Val 81, ThrP9 et Tyr214 de la subtilisine de bacille 30
exi staet naturellenment, ronplace par un acide am ne charg6 negativenent ;
et (b) ayhntAnaioguede bubtilistie caraciérisé aamnokerésantam @se Squgateediaities riindsal'une ubRmMe
Asn- J y de [da banilletekistard nateelidmer.aqui 4 dtemediiéseant nat urel | enent, supprinb(s) ou
renpl ace(s) péalavant vaok glusieuss des adidést Brinds présdntsadasd wpite deljaisnt dejcmmmapptésehté de
I%ai son de caPirert. aalT.iASW Eehspfar SaAgiets Biv¥., Vaf' STt st Twthes I eukttibsine idb bacille
exi staft nat u?’%"l‘ﬂ"b’??&'f’ﬁ"em%‘S remplapépar 4y eridepming ghargd négativemestilebn | a

revendi cat i on®aYagtdR E‘é‘ dop a%ﬁ?aﬁ'a ﬁﬁe°°5‘§le"‘tﬁht°%a§q§ﬂ\9%/\ﬂ“'@lhée g gttifisinesie ne
de bacille exP@F'%ﬁ’f'St%f‘gf |°F‘8?Pe?‘|‘?p" Sy PpreU [Faning sHSrent; (raalegue| g
°</a5e 14 %%"3&'@' "°’F%1°§JTPPP¢ 43 PHtifgpRde beriflg existant

subtilisine é“ggr’:
subtil isine aprA aci |l lus subtilis et la subtilisine provenant de

Caci I 115 smsgiigs “Somife S AEREP 12 Uil b FEaBRAR L7 SRRt O
1 ou 2 , 4 |
i R e e e

su t| | i si neq4sehdiils Jnaser,teydag\dl cat I on 1 ou
6. Anakogue de subtiTisine solon |a revend| catlon 1 ou 2, ayant Asn76

renpl ace Ppannakgps Go Kibtiliding1sblon NLrBRhd@EorPBs 2ayt/Asn™ Qemplacs Bé}als gue de
subtilisine solon la revendication 1 ou 2, ayant Asn76 rerrpl ace par Asp76
et |1 e79 4 eApdlagubdepwubtiliGhaissn laYevanditatig® a;daﬁt Asulitrenhpleaé p& ASgF on | a

revendi cation 1, dans |equel un residu Asn dans |a sequence Asn-Ady est

r enpl atfe $patnalpgue dessubjillisice selen deopypedicationieoudd, fyfaatrliefitremidss Par Gitll ogue sol on | a
revendi cation 8, dans |oquel un r6sidu Asn dans |adite s6quence Asn-Gy est
renpl ace Safnaipgig de iseRyligineyselon dp ervengickion tdeu §r vamcAso’S remblacdepar dsiBBref Avdl
Thr, OCys, dﬁTp@Fe'Pﬁ'ésP 24 JI11J 11110 U
11111 I

C
Analogue de sMJtlIlsme selon la revendication 1 ou 2, ayant Asn75 remplacé par Asp’S et lle7°
remplacé par Giu7?.

8. Analogue de subtilisine selon la revendlcatlon 1, dans lequel un résidu Asn dans la séquence Asn-Gly
est remplacé par un résidu d'un acide aminé différent.
55
9. Analogue selon la revendication 8, dans lequel un résidu Asn dans ladite séquence Asn-Gly est
remplacé par un résidu d'un acide aminé du groupe constitué de Ser, Val, Thr, Cys, Glu et lle.

3 A O OO
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EP 0'309 565 Bl 10. Anal ogue de subtilisine selon | a revendication 9, dans
| equel le residu Asn dans | a sequence Asn-Ay est renplace par Ser. 11.
Anal ogue de subtilisine selon |a r&RAGPY EES %h 10, dans | equel un residu
Asp en position 109 est 5 renmpl ace par Ser. 12. Anal ogue de

subtili singgs n |duAs en
osi 11 on 215 maue do UBHERE LA Mlrfa 8 s BEFle ti 88 HE¥ 4 BRuSEe pey
revendi cati on 10, dans |lequel un residu Asn aux positions 109 et 218 est

renpl ace pam. ReNoguslde s HeRN AE revsHalcitioh S Gans RoGdl uhq'égo%vﬁéadéncﬁogﬁu%mo%?’
choi si dans Igngmeames@onstl tué de |a subtilisine [Asp7s, Ser’09 er e8$?L

| a subtilisine [Asp77, Ser'09, Ser218], la subtilisine [@u' 9, Ser'09,

Ser 218], | @218nalogue 84llsiititilisingi saien [la%iiﬂarﬁicatiﬁﬁ A0, 7danSWqud) Un r§iiudsd] on SksitibrA218 est
subtilisine [vspREe patBar7/9, Ser' 09, Ser218]. 15. Anal ogue de subtilisine
selon la revendication 1, dans lequel |a subtilisine de bacille presente |a
s6quencefed' 8¢ frdloguage subilising selon dan tevandicatiom: 10, @ansriéquelrup \réside e\sal auxspokitiont atd et 2us 1.
20 16. Anal ogereremelaadper S¢ri si ne selon ta revendication 15, |a subtilisine

[ Asp76, Ser 09 Ser 218]. 17. Anal ogue de subtilisine selon |a revendication
15, la subt'™ ?agm' :ge selpn eves@?gg%}?' cheisi dapealp skfyee genstiiudyee o biigine
selon |a reve ca? or’;s 7]7' ’;F’J.I Asg] nﬁalé)@% 51'6'35 ligine [@b7t’2§‘8]° 5%} da
Anal ogue’®de s 'is'f'? f 0 vl if ubitisinn JAsps®, GuZ?, §ert5’f’|ﬂ°r2 Fne [Asp7s6,

Asp7, Ser' qg ue Jsu ine ue de subtl ISI ne e on .| a revendi cation
15 la subti ‘§ eﬂ |n E.Zgaci n urel emeht Iee]dgqgl b Uﬁgs'"%gﬁa@?f@ep A
dant un ana gue de su SI ne R8Pt i 17 sine de bacille

yant ung § | ale se CI um
fepresents Sg’ﬁ*’%ﬁé‘%“@f&*ﬁﬂﬁ"?%g%ﬁ% i *‘““%? 1 Efiins LRy S M ELSERIC 1 The e

et Tyr214 ab. AMRgHRILBHHdneASHN ﬁr&enﬁa{bmbaaslﬁhdsﬁe fpéavls%ﬁoscegﬁd]s qui codent
un ou plusieurs des acides amnes dans le site de |1aison de cal ci um sont

suppri nes de Araibtdeaiectbiiisiie sSi0f la¢EveItation A6 adtubiiBins\[EIAE saie Neyzshar g6
negativesent ; et (2) |les codons qui codent S5 un ou | es deux des
aci des am resAraino® degulstiisinesalorela fevandidation 16,14 subtilisips JASF'S, A3pF7 | TP, 86®Y. par des
codons codant un r6sidu d' acide amne different. 22. Procede pour antliorer
| a stabili 26 Aglogyeidgsebtisinecielomlel refendivation (bitla $ublisine[Adei® [EBNET,ISed ageed®]. UN site
ds~l i ai son de cal ciumrepresent6 par Asp4', Leu75, Asn76, Asn77, Ser78,
| de7, Q% 8@l Sfqrenge d"f‘H'N Zodneyn apglogue de'Py'Pt@?mP dd kagilis |ladjie eublilisBe dlo iyprillersglant gne
rerfpl acenent ﬁq'ffﬁ % 39n 80&°’ﬂgr§@l“d’@ sifaiBiserdpscalciup représenté paf Asp . dp brfsef8, Asn’7,
cal ci um par upp" ac'fedge Gy Y8 10WH2° ét TYéz"' ?tluv%ﬁ‘iSHQ"c%ﬁsﬂ'@V-rdéﬁ*PdP%@r@"I?s ’ERGIOHSeGUl
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Mv. S * 22, Procédé pour améliorer la stabilité thermique et de pH d'une subtilisine de bacille ayant un site de
liaison de calcium représenté par Asp*!, Leu’, Asn’¢, Asn??, Ser’®, lle’®, Gly2°, Val!, Thr®8 et
40 Tyr2"%, lequel procédé comprend le remplacement d'un résidu d'acide aminé dans ledit site de liaison
de calcium par un acide aminé chargé négativement et le remplacement ou la suppression d'un ou des
deux des acides aminés dans la séquence Asn-Gly.

23. Composition comprenant une quantité efficace d'un analogue de subtilisine de la revendication 1 dans
45 une formulation détergente.
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