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Subtilisins are serine proteinases which generally act to cleave internal peptide bonds of proteins or
peptides. Metalloprotaéa‘ées_ are exo- or endoproteases which require a metal ion cofactor for activity.
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co S é:escnbed low {o (¥} po a H’a 9
fromthé( ?\%ﬁs%ﬁlfnser wer S |ga ed I'nto ap roprlae5|te5|n ML3

np8 or I\/[L3 nmp9 vectors and the sequepgpRs det erm ned As required, dlI TP was
~used to reduce corrpressmn artifacts (D. MIls et al., 1979, "Proc. Nat.
Acad. Sci. (YS—Ardbr2232—2235—Fhe rcst;icth—mp—F-ev—(—he- pPNPRs ubHt
fragnent is shSWAPil Fig. 9. RelvaQemetees of t he|vari o™ r agngnts from
rested cti on enngsre digpests were conpared and an open readi ng frame spanning
a 13 EP O 24&@7067‘8‘;@ pledon speauerrce transl at abl| efvousdat éthi@ arm{ no and

car boxyl ternj BG16of} DITES, prolEbRae, Ig$21, hig yhr-B tsacAB21, IRb.1p8ANAS  det ef mi ned. An
open readi ng [f B&Me | 8pCR PN sequence commenci ng aff M Gen®¥n poi ny which in
reading fra G@Mer ymebaet-Tuc| eot i des) does not ¢ARIBPNAABGE?T n{ er nal
.ternbati on cjoB6s. W?@Aé'ﬁeﬁ’l'ﬂeadl ng frame extend¢dHEEINAKREE M 60 t er mi nus
to the end of 5%1 %gaghcgﬁ ﬁgb{ hg—f agrrent The 1300 bp Bgl [T - Hndlil 5
fragnent was P €6 : : e q : 43686~ bp EcoRi
fragnent of kNPRG2) "and cloned in I\/[L3 rrp8 The Isequence of this fragnent,
whi ch contai ned the portion of the neutral protease |eader region not
encoded by the 2400 bp fragnent of pMPRsubH , was determ ned for 400

nucl eoti des upstream:fromthe H ndill site. The entire nucl eoti de sequence
as determ ned for th_| s neutral protease gene, including the putative




10-secretory | eader:, ahd'prepro sequence, are shown in Fig. 10. The nunbers
above the line refer. to anino acid positions. The underlined nucleotides in
Fig. 10 are believed’'to consti tutgpslags ??oma bi ndi ng (Shi ne- Dal gar no)
site, while the overlined nucleotTdes cons Itute a potential hairpin
structure presuned td be a term nator. The first 27 - 28 of the deduced
ani no aci dpasi svadedripiedradveid BeprbiiRe SEIFRAIN dikaT mill\Ratdseidli Hads nBf MbRSS Getecibleh a
cl eavage iepe it eithér salltiisir2or neiitrabpratead wharessaypdl By messigthecchaihgedn ASOBENLY BE412

St ruct ur emest @incts upd icnbatibrewitnd. g/hiesutdinybdL-alal-sleL-poHebhpld-atrdddifde (Wéga) ih 6.1

mat ur e, - Mctodive phosphiste .oH/S, lai 251 CCRABA Wik depuiithd itthe AJCTIgs tdpesiionmbercBosaR2LnrJaly

pr ot eas e 24et988.vRemples et sublilisie disday WeR fgkenlfiom lateglagarithic grewtBgihbde superptastst ofof
pNPRs ub Reultutgh gokn ingnadiiet Schagitels wpdiynr(Ty Leighon otl{ 1971.Hd. Bink. {them." 24§:3769-8195).
fragment of pNPRsubHl;- which contains 1400 bp . pBS42 (from Exanpl e 4) was
di gest ed BMAP® BanHl -.ahd treated with bacterial alkaline phosphat ase to
prevent plasnid recifcul-arizati on. pNPRsubRl was digested with Bgll'l, the
20 1960 Emesp:pg,p;r}m]l}leqtmgrqtagg{gqr@d from gel el ect rophore3| s and |igat ed to

t he open B ers';-'"""f'

SRR Pl bl ge g i el e ol
5, ot%iit %ﬁ @ﬁgga?ta ;,;‘:ﬁ %ﬁg& o

fr agmsnt a.tdtmte ttsau&t ue&t@tdae Tot 505 W, BEbkrbthd vhibed'BSad ALk sttateognsa Sion were
transt or gRiirhdied? Fhb- AounOd PloRsd Slcisil BB S- stRddrisroR Rb-oW@sssih SR, 8616 hisNRad lozed)
With 25 o&QMEN an aremf @l &rorod.| the heitd ditP BG6, @ROwit BESH FEREbrmRB Grith ld6rkol and

di gest ed naitrbiNpritbaél gbdo-colthifing plagfds 416 aEsWaA N TiblEOBNI B@mble Nd |bblow.dTrge®imalion of
(cont ab nine@xdiréted prekisprIe@ICRGLIRNGs $tain HG8e ratlisiOecfion di ploteasschetivitg bir ceasiderably
regi ons) graaisr Ivetsohes reBiG16Tihe wilBlyeoststh. t ermiral regi on of the gene was
supplied by a fragnment from pNPRsubHI obt ai ned by di gestion of pNPRsubHl
wi t h PvulEkamplediOHi ndl-f'F~ and recovery" of the 1400 bp fragnent. The flush end
Pvul | 30 and the H| ndI eI_ S|te_of the 1400 bp fragrrent was |igated,

respecti ¢ Fveling dtatonorine Aagral riateqse Fene 5|te of pNPRsubB1, as

shown in FI'I% 11 ThIS construct vvas usedtotran subtllls strain

BG84 whi ch. BMPejW ‘%“é“"éﬂ B}F f ttwe“a gted in
was on T

descri be8™fe as‘i"r- 'QT:W N p[S‘fd‘ aﬂ ey g"m di um
olus 1 5@%&03”1 g&&fé@m ﬁéﬁ &%{h ti% f{;.ep% v Q%iﬁ aj% ogmonie
-%pd sl ahﬁ'ngg‘ 2 .

chl orarrpt}igf 4 i
anal yzed frag%JniéclEW pé! elélﬁtﬂﬁo ) These
f1 anki ngfrE&ﬁHn@%np tga{ehent@%gmr z@b pm-'h@‘ %ﬁ@@ssgwﬁmsWE fi A6 Aeks D¥tansformants
restrict waid saabd/si SabsdcoR@Mig LB fesilik Whd b Bg SHSUMIn/TIPEinilds veke reBoverall Rbrh hieS
St rai rys BEaniim4nisQity adydayby Nestriiidnehzye-alifsisto Meitind & pasid Btingl e @wd SdbRbnts in
Mut agene feSané ofdntatidils lin the ANFERUIAD GRFiltly Pgsria Thé Plagad amtg tilediatmal GReA fragments
Adel ber gvmédeslgnatecﬂmsubI-BAochem Bi-ophys. Res. Commun." 18: 788-795.
M,rtagenl zed strain 1168 was plated on skir nTlilk plates (w thout
ant i bi ot iEsgmpleCd| oni es 40 produci ng a sna~l er hal o were picked for further
anal ys¥s. Each col on _Vas characterl zed for rot ease production on skimm
SRI2G8ME ; 1§ Lefelen Wil at es. One such i sol at e,

teasedef|C| ent arg/ ase EOSItlve 'and ca abI e of

MFI
des'Qnat ta Ieve vg!g%:}?{stﬁguﬁ Ieci%ai fféo 8}%@;‘%

) T@J re
congre Sl § dgé? s té)z&r it $eld e dividual
defi 9' en olgrﬁ salar{bF T sk«m mll ates C o%% ﬁroteolysns
origins eﬁclent olonie wa; en for fﬁ ai ﬁﬂ
Trousdal gggh 34%ere |s§ by oveFHth wtm%t Bﬁm @H&&mu{gﬁ% G pl ggter lnﬁluﬂua'isco‘iﬁifée‘321
Pb 1665 Bhe' bplica plaﬁ}lg @{ rﬁed?a with and without Cm. Three Cm® revertants were isolatedY W@ ¥ which QoG8 1
i irn05, @F&%&J proficient, .one “of which was protease deficlent (ﬁ@@e@%ﬂ%ﬁ@@%&ﬁﬁtwn analysis of
BG34  sBo2bds confinféd thak fhie plasmid had been lost from this strain, probalily/BY decbiinatiorBiedvingtoniyVbI .
Gen. Genet’ieldbibhon]ﬁ%&nﬁ'ﬂs(fk&ﬁ%)na]:sdneutraEﬁbt&sQ46 878 Bl BGB4 was conpletely
devoid of protease activity on skimmlk plates and does not produce
det ectaabl e | evel s of el ther subtilisin or neutral protease when assayed by
measuring the change in absorbance ‘at 412 nm per m nute upon incubation
with 0.2 Lagolr succi. nyI (-L-al a-L-al a-L-pro-L-phe) p-nitroanilide (Vega)
in 0.1 M sodi um phosphate, plH 8, at 25 C. BG84 was deposited in the ATCC
as deposit nunber 39382 on July s 21, 1983. Sanples for subtilisin assay
were taken fromlate |l ogarithm c growtts phase supernatants of cultures
grown in nodified Schaeffer s medium (T. Leighton et al., 1971, 'J. Biol.
‘Chem " 246:3189-3195) . -

whi ch was partlall.”;’_i
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Example 9 io

Expr essi on

of the Neutral

wi th pNPR10 was inocul ated into m nimal

casei n hydrol ysate and 10 ug chl gp aBaberd 89!

Pr ot ease CGene.

BG4 transforned
medi a supplenented with 0.1 percent
and cultured for 18 hours.

0.1

m of culture supernatant was renoved and added to a suspension of 1.4

ng/ M Azoco
NaCl

by centrifugation- and the optical

proteol ytic substrate (Sigma) in 10 nM Tri s- HCl,
pHEBankbleat?d i ncubating with agitation.

S

100 mM

Undi gest ed substrate was renoved
density read at 505 nm Background val ues

of an ARberoivbe ehfitreing backingsFungtional Buliisipeand Neultst Praleesed. The ampunt of pr ot ease

excreted
est ab?i sh

e

shown i ﬁ'erzs.'srsg"eﬂr"w

pr ot eas IR Ypgnaipnts ?
actrvrt 8{?%&:3

Prot eas n e AG b6, Sk
pNPRsubHI total 1) I ng 5

rafos fecit Pﬁ;a)%d

a standard. protease-expressing strain,
OFAVE: PW"}W andeeppragsion g0
t r ansf ofgrehenire W"‘E‘@H’raﬂf?""&ﬁ@mﬁﬁﬁ' rbaq‘
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BGL6 was used to
drotegsas W@sqawm'sew sraimsd3rking a fwictighal gerBG34
e"é@?n‘t’aél%‘t‘"r't@?dmyésﬁ?ﬂﬁ%f are

i

e eted I'n order to produce an:

%rar n.

halo

i nconpl ete structural
enzyngtically i nactl ve

gene The transﬂaggbonal products of this gene are
A plasmd havi ng t hi s del etion was constructed as

foll ows. pJ - rest+-o—w+H—so—H-reH-+-H—ard—t+eated Wi th
bacterial a] kaline [HOSARTeRERICTHE q‘Pé?EPﬁ?rﬁ‘grefwntaPﬁespﬁ%'lﬁ"?"al prot ehse gene
t's~be i ncor por at ed i nto Il neaIGeﬁd!;dJe‘pJ H10}[L Pyasgase ab\tuta‘t i ePerkeyit Spogation NQ
PNPRsubHL wWTIEEE o1 ™ and-Tecpveri g e 1200~ bp, i | - Rsal
and &80. bp R§glzagg|| ndi il {fr ts by ge| el ectpophoiesis. ,phese fragnents
were |igated iggbgysl | nearijz 01 and] used tg trafsformgs. coil | ATCC
31446. Trankf @pagyat s -wer ¢ sﬂmﬂeﬁmpl At es cgpt ai nifng LB gedi um hnd 20 ag
anpicillin/p Bgﬁn(agg@)ds \r\rerﬁ,oomg,rgeﬂ fromthgp35 tansforoants apd
assayed by rem&qghpmm eﬂzygjseomy@rﬁ tp |demoofy ajplasmd having the two
fragrﬁgnts | e || aLlurl a ﬂPr\auun- DLaIL;IIg pt' asm d. The
pl.asm d | ackr, hHE%) ?Vé'l’tﬁ des| nat eﬂ mP ubH1A. -
Exanple 11 4 IS P '"a' a o {qg aés' 10 NG ot on

Mut ant Pl asmglc as ran nrarmrq aylﬂ Qllhfl lis strain BG2019

(the gubtilisin del et.ed rrutant from Exa |l e 6 and chronosonmal integrants
wer e seK"é‘é't"E!ﬁi‘Br*f‘ titrperipd fe fregoieg delatins ’E‘WIBQG’@F stravred e defadtable-protense anllyitys
wer e nofrdf¥s agspphand nidetsctahie taln o m‘l“@t?@F sTth’e'ﬁPBPfeﬁﬂ‘%Fs'T Rothuef thermiesshgenehiad

col ony, "%ﬁ'&?ateﬁfo@éct\ﬁf’ Pl’f‘eép‘ﬁﬂ’s?’ '&"@dl‘?g deletions hiad momabgrpwiy ralps; one
of prot %Pg i 'F%’é‘[ stsB SAYRIFA l"*'E‘,‘?)It W? §r°"tand
t hei rss pf‘@at é T'I‘E 8'ht° TRz & "5R° $KaH T ahpagnty “F??e EFS of

t he Cnr, P s deficient colonies was chosen for further studies

98\(5'2034) Spont aneous Crs revertants of BG2034 were isolated by
rovvth in LB nmedia containing no Cm plating for individual

ﬁbd?ac%§ Subftth ddnb Qpﬁdsrtr%zzl_hfesﬁa

_ St desr gnat ed B&038). Hybridi zati on’ anal ysr s of
B&2036 corn‘smsnedertvht&b of St phdeadtordinpid vindie Bt 41.0 Sucleic O%tIds IMes ", 3083 H N791p7adaabl y
by recomhs digéstedwith [EeHI iand) BanHilyanti te 1ikiedoBkBaimHa tjsgratice@berad. ihis Fragment wesd
neutr gl ligatedltinia mplica®®, form M-EPmB9 Wich Had 8648 LigstechwithcEcoml afth BavaH! Y§regen bt 45t 1980.nS .
Lacki‘ng "FiMrbtBiA 443 G781 Messing ginel. 19811t "NegleiAciiscRasear®” 9, 3041336 Npsgivg, M, and

spor | at Meish Ja (1882 Gone 1% 26%:279)- The M-63imed phage ligstions designsted Mr1BmpPsSYRTe k'iafﬁ a

giésr gn ;(
rni ght

col o ”4'9 S $fe- Eg@c.f.cagaturateﬂ lmusaerﬁt.'slu ¢ sonm i

funct i oMEad 1geieesigrgr E ol [gigin YMIO1Radtsingle sypndgd |phage rR!“"bY”%ﬁ @'a@éﬂ’doffmbéttw ""Fhe
expressPYﬂ'f" P'B‘feeaéﬂs %ﬁ%‘“@%’& néﬂ'" "%?szoﬁﬁ%thﬁ %uP?‘Bﬁﬂ?Bl
col ony Gl S LY e % o ?.;@.6‘*‘2"
Lol s 2 gﬁ%’%@’ o '
prot eas§ %me i‘ e @’%‘% °° ﬁ‘d :ccséareryl ng
CO r c n l
_t he 1o ﬁﬁa b ru{%eHE n%fani%rtﬂ @é‘%d?%ﬁu rﬁ) \9&”1909"
CONSt%® Uk hé(cuﬁaftr@rﬂ% ﬁﬁﬁnpﬂr P u@ redtd atn"ﬁﬁb 4e
11), she craard QindA8 T REMI
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Ef fect of protease del eti ons on pr ot ease expression and sporul ati on..

Genot ype' Prot ease activityb Per cent Sporul ati on BGL6

Wld type o 100 gpoeo4se7eB1 40 BG2035 apr A684
70 20 B&2043 npr EA522 20

20 B&054 - . aprA684, npr EA522 ND . 45

BG34( pBS42) The primer waspin@idk®d T pr-13-md SUBT as modifiel|Bom Norris et al., 1983, "Nuclei?Acids
BG34( pNPReST 11, 5103-59 bDANBHITiNg StUL7T the labelied muta@desisar@imey (8 )| Yolg MdBawrdnt -
to the prSYBEdempigimdmbiof heMaVds sdquencing bimas(Fzmes). ansh 3.5/l of butior (3, M s pld 8 49

ar bi t r ar ynMiMafls,, 1208 EDFAS!08M iDIRAS Bg/mbBA)- T migwe wriDhealed it 88 Edor 9aminuigse|
of pr of eAa¢Canied 1A FINueE Elreq 9mesTRe; Tashe,anaen) "Q!ﬁ'é%l’e "S’Bad‘{eEi’ﬁ IOE0-251 M dGTPhat

i t-carri d§TRHRATP oWl Ry eheltle ff H’n%‘Ml W%ét”ﬁ-' 96 é'sc'f“é{ﬁi Eh

pr ot ease pé{?i‘? eepsion #nd;lig ‘§"é d}«?ah rs B
% %3551 1'? 1’”3?1 '9871 ona

del eti on S %% : -dP 6{2'8

ggﬁ ST % R .g%%

gr owt h r %5 l1 isin 9 e

at fr equency, %’e M%f 0l fﬁﬁcﬁgw u@ddr’b “wi ntaumng _
nor phol ogym@Teot, eewacwoﬂemth mn@awf&n\t mistrb) tﬁsme&an &%&Mﬁh%
Wi t hout  SHeR.Sa8 feeiVered.B6aITY mdnkufr ZOE | r.é H 6) wedladdical didng with! bRORINRSE 8 Of
the B.;sA%Hast) u&&e&aﬁkammmlmesme&e@ﬁasatT ONAL Wl pelletets; byfeffifagation for @ Of

the Gene rlikiiesGRaSRELRG AEhd blfbﬁmﬁlﬁﬁ'vﬁs didcaitRb] 3081ULVE 70Tpereéi efiierbe wa sddedltong
t 0 Vel | s wakh @b DNA pdilat; the iwashAeis dRcdred .and thd P83t lycbhilizé8.11- 7924 was di gested with
EedRl and BsBs4b frommeanipieed dbobe Wiss digesiell witsrBhrhHf anel Feertitand puiBieconeah. acilaimidle gel
fragment tevmeovei @ veethr.i0bt.g of thepHigestediveator! Fni ATIPkBd Ap@is\igase orle sligsdived in Aiugeist ed
Wi t h  BooRyatiam bufiea Th: igearwgat overnight|at 14 ° COB®, DNAJwas Mahsforidointo 'E. qolf 294.@¢ - aAShe
Messi ng densfgrmantsOgrown I\ ol edif ABAPIGHS Frstining CIR5 iy/miceiipragphenionle Slapmig, ONA waend.
Vieira, JPrepgredgom th'%%urg gnd digepted mith KpnthecoRy and Bapyl. is of thg&tsrrwg fragments
desi gnat SBowerd £3-5ppge he wevaeﬂeam'qes “tereé?&c?"s 'Ete ?,"69'?"‘@?%\’
single stpl"ﬁﬁ’détd” HH@;E“ t&%'p i egPUation, Wﬁe ﬁi“"edcm'%
An ol ¥g ‘Eﬁ' b Priahipar E | ggfrﬁf ﬂ% F'? “s Iﬁ’%ﬁ"ﬂgm ! lgtio

ran econ ime mto I| to conjﬁ rﬁ' &Hﬁ%{; ‘heﬁ
sequence gz;?ga gnémwmﬁ T %%p
that the DRA Wik H&de %}ndo?ne t?.es i §kd§£ ted ZZ@
codonswf %strﬁﬁ%n“&a@&ié Sfifted: th s arfe Bealibh 6f #b! B ahd PO fes. & KPof
site 5 tRobNGerdBbestddn S‘GDC!be RpH brePpilid 305 tinﬁ(sod i) i@ 11581 at 87 22 3nE ONNWas See
Fig. 12. pridphitéd WihSthahdl Gh=BRdi witR F0 PérEent! BtRMNOE Bndllyophifide8. The HONA delfbd whk el lup e d
codons i reob D MindUTBRRKr 6 Bibestddawith @0V S0 funits) PSNfos1.6 RSt SIQ. ThecaqBens piths® Wwas
sequence exiactet With $hencipTHERCantl Shel A pracigitatee akitld biharo Bd BNA iwele Sissollbd inpYatenedd
(about s51 Jpuiiflel¥py \peigachdmidel getleleutrbinolesid (Fplidying ielectrtemtianaih thaivbdior bRt 20 ter 2 h@t UL
in 20 al O°Gaictl.othgs TR Meniatiss 104, ©.)) thrdINA @2 @liedaindphEdol/GHCY reectiont piano!
ki nase ( Pi@ipiation e)d sthahdl washihaby non- r adi oactive ATP (100 u.M to allow
Certpl et e phothondh r@Azaz cpyith e @Hgosiertongoma E‘H‘e@?% PRrEeniEY. sithpreknel An B! gaarately,
i nact i vateé'EP“ﬂ H'é‘&’éel Zﬁ)sesf"?i‘ew‘f?n ?gg/ B‘?ﬁcﬁ'ﬁ) higy @ay, pavg gesulteds figm e fagt fat 15

EP 0 2#6 “69? WPFPeS Rd10 Reh 1% r om
Norris et haa stl sitp %% ﬁ&ﬁga!e"%gg“ PT‘l‘”‘ §5!'é§@:g‘ﬂ?1‘§‘]§? m&s BN LL
of the IaFB%q'?t'g'H ’g‘ébtr?g se%"eBtr ¥ vy, -1 Ug M 13 rrp9 SUBT tenplate, 1.
aL of 1 gé\@%g.nfﬂ sequencing primer (1 7-nmer), and 2.5 UL of buffer (0.3 M
Tris pd MyCl.2, 12 mM EDTA, 10 nM DTT, 0.5 ng/ M BSA). The mixture.

was heat qehafidh 8 n&d%tndh%a@ét@yiw%%he%ubaﬂﬂ G%R&' ed 10 mnutes at room
t enper at ded 3.6 uL of 0.25 nM dGTP,

'dCTP, dATP, 1(ﬁnﬂ ddE'EPcorﬂme%%niaiyLongénué&t«ﬂH\&o%RA-DiT&ﬂ&d_c lwhigh Svre (ndt §!Mphbsphorpaél 1
aL- Kl enowvird anneléd ) 20 diNRyasy buier bie KdaBiis fob fivedinilutbs GIABE * Cankl &Rt dodling (foroki@dbn

VOl unese2 Smititgs qwmezadmlatae hioum st gach Anhiiod dlibsudibotideopoon ral2 Lug Eprs end/\Rstialigested

| nact i vatpadebybtdredtii Bgmple 183.50nMATPgassi buffer Bhuk6 bra (Te ONA digesé Inc20 miritotd! uslemeras
di gest ed westrépctd rokdmight cht EE°SRIo ligatd tzenpasled Gessettesfin thia @eatirgl targevexsesaphtaseaties 0 a
6 per cent("3904 gvacthy ba2ARbedsy whs wead)inj te ligatied itobelrt proventiinteamniesias KopiKenligatiorn The e d
by aut or aEgcte u%ﬂ}ﬂutwmwdém\ﬂémmﬁéo "MPIO wHtheiininos! mM FETA. [Thel mirise was
been i ficdPiBraadels avaie poeshie E‘t?ﬁﬂQP oF Y OpAPG I PS G fon dvenBituige 28 ed
subti | i si9eader 1STRinueE 7 irepdk fompp f(‘f"bﬁa% ROl pere \frgasformeq, o

Lo 200 e A ?fa*?ﬁ'ﬂre o vétn Pg"%r"'? ﬁ%ﬁ‘%ﬁ?&%@ﬁ gl culh g i o R

aqueous phase recovered 15 aL of 5M anmoni um acetate (pH 8) was added
along with two vol unes of - 17




15 ethanol to precipitate the DNA fromthe aqueous phase. The DNA was

pel leted by centrifugation for five ninutes in a nmicrofuge and.the
supernatant was di scarded 300 M gpfy 248 epgBgent et hanol was added to wash
the DNA pellet, the wash was discarded and the pellet |yophilized. pBS42
from exanpl e 4 above was digested with BanH and EcoRl and purified on an
acryl anipthbaliiity oftraultipeomtagenesiscTheaest ofrthe BinSivpants (200100 irgrstotnedis)vesrd cuttyred GIVVI
ATP and 4gnigh LB sietiimg glve 12% ne chitremphenieatiml. ANR @rasbreppred @M dagmkransfonmiatidnfroe! (Fhe
i gat i orPhiEhs DN wesdligasted with Kanl, 101 uBhessRe tnareiranstermsk. aplesd anek the Bixtusoivis 294
rec and Plafpd to wsahefmwmcgﬁgﬁsom pashpopH Ligation of theerseateT iiet the ﬂ?@@"i?at?ﬁﬂab/ m
chl or &nperahi upen sk royRes the r pph PRel Pt giest Fius: el PAT22 wasdculivges

Wi th Kpriinsiqemengy D%H"“%&W"d Aifh Kpali Theycuty HES"}‘%?PH"‘F d‘Pﬁ H?PSPF“& s'“‘!‘f'ﬂ%!e
30- 50 p%&f 'Pa"bsr‘"‘t’?mé“’%r“ eg‘ reand "éﬁsr!?é?&a’f"‘i’] ‘?

by the [ '{Q°W§'§° % %g itio
not i 5 geﬁi 7 e o ?8%’??%8%‘?’6% yigs gﬁ'%m eg?% 'veama

bact er ' e ISR Fe) etetriot K‘ola}fbs g%%nle r;bgé Ol%e&
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Substrate Specififci
screefied for rmdnied;-.'(c,ar, k-ard—Kedt-Kra—a-os—Id-reti-e~par anet ers were

obt ai ned by anal ysis.of the progress curves of the react ions. The rate of
rection wad® Kcat/Km ratio for ‘each of the mutants varied from that of the wild-type enzyme. As a measure of

catalytic efficiency, these ratios demonstrate that enzymes having much higher activity against a given

substrate can be readﬂy designed and selected by screening in accordance with the invention herein. For
45 example, A166 exhibits over-2 times the activity. of the wild type on sAAPFpN.

This data also demonstrates changes in substrate specificity upon mutation of the wild typs enzyme.
For example, the Kcat/Km ratio for the D166 and E166 mutants is higher than the wild type enzyme with the
BVGpN substrate, but’ quahtatwely opposite results were obtained upon incubation with sAAPFpN. Accord-
ingly, the D166 and E166 mutants were relatwe;y more specific for BVGRpN than for sSAAPFpN.

80
Example 19

Mutant Subtilisin Exhibiting Modified pH-Activity Profile

55 The pH profnle of. the ‘Gys + 222 mutant obtained in Example 16 was compared to that of the wild type
enzyme. 10l of 60 mg/ml SAAPFpN in DMSO, 10 il of Cys+222 (0.18 mg/mi) or wild type {0.5 mg/ml)
and 980 ul of buffer.(for measurements at pH. 6.8; 7.0 and 7.8, 0.1M NaPO, buffer; at pH 8.2, 8.6 and 9.2,
0.1M tiis buffer; and ‘at pH 9.6 and 10.0, 0.1M glycine buifer), after which the initial rate of change in

20



measured .as a.function of .substrate concentration. Data was anal yzed by . .
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2. 7x103, /x 10 5 asyr e R sxbs 2K10°4 8 x 103 40
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resul tso W@élfgas @B'} §£A t}a%nshmlé po U l cﬁﬁ ysue dﬁ 166 .
and. E1l 66 bJBé ﬁéﬂrﬁ a8 'h§arb ﬁ s¥ Motrfpf:nfs tﬁ@gé:sé io@ar Qrpr Q%e opépecmcnty
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pH;8. 2, 878 1AM RiscBl.8lM tris buffer; and at pH 9.6 and 10.0, 0. 1M gl yci ne-
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The mut ant” ik trb! ritdds A ward 4585y Wowhd febd 4Rl &im@'oﬁ c893M tRAltnd Wila {Ptewith
wi | d-t y¥hems %ﬁéagh’&n MR+ 166 which was 26 percent more active on casein than the wild type. The mutant
showmg the least specr&c actmty was ile + 165 at 0.184 of the wild type actwnty
Claims
55

. 1. A substantially norma“y sporulating Bacillus which contains mutated subtilisin and neutral protease
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recovered and assayed'for changes in kinetic features. The assay enpl oyed
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Substrate Position 166 nutants from Exanples 15 and 16 were assayed for
alteration of specific activity on a naturally occuring protein substrate.
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t he amount of unprecipitated, i.e., hydrolyzed, casein in the reaction

m xt er ePateptanspitobnt  of _casei n hydrol.ysed by each nutant protease was
conpared to a series of standar ds containing various anounts of the wld
type pribt dagesentighgn t“H@‘ahS{OWP'lqueé Baoilips: desmitioge Subtiivn- uad nauyale Jiroteasegene

cor r espon @Ml sqdpsien W Fhigtist aneymatisch Xrkgamat Bybfiisin Qlsr gRuirale BiSTRater ausRysaer”
specific &%tivi ty by di-vidi ng the casein hydrolysis activity by the 280 nm
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prot ease GaefgenRnBE 10 be i ncapabl e of excreting enzymatical ly active
subtilisin or neutral protease. 2. The Bacillus of claim1, wherein the

mut at i 0BIS Badiiis Mach- simae téri vothergelididen Anﬁi?udaewwﬁ?z‘am&&esB em&hmpaaepdel timstorf

cl ai m 1 omiedigt dia r Meo:memmam liad @isonsan cic e Badiugexpamistt wieh t hat resul ts
in no expression or, upon expression, an enzymatically inactive

pol ypepki Gecillug, naﬂfhé\nﬂmh 15, worinp fiectransformBrantie DA sipdn  Subitiisindwiasten @deri ain of
‘et Ur al | y eweoaischos Fraiaitikodiorti n t he respective 5 gene. 5. The Bacillus
of any one of the precedin clal ms which is transforned with at | east one
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pr ot easgevesuicatioh®t hod -according to claim 8 wherein said protein is anyl ase.
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2. Bacillus de la rayéhdication 1, ol les mutations sont irréversibjes.

56 3. Bacillus dela rq\{é'hdibation 1 ou de la revendication 2, ol chaque mutation comprend une délétion qui
a pour résultat aucurie expression ou, lors d'tine expression un polypeptide enzymatiquement inactif.

4. Bacillus de la revéhaiéation 3, ol chaque délétion est de codons naturels dans le géne respectif.
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den. 25 2. Bacillus" nach Anspruch 1, worin die Miutationen nicht revertibel -
sind. 3.. Bacillus nach Anspruch 1 oder 2, worin jede' Miutation eine Loschung
unfaBt, die zu keiner Expression gplgbas msﬁxpresm on,. zu einem
enzynatlsch i naktiven: Pol ypeptid fIhrt 30 4. Bacillus nach AnspCOCh 3,
worin jede genannte Loschung el ne von natarlich auftretenden Kodonen imn-

j ewei | i g&n Baeilusi ®bon 'ane @Ealcorobel desn@edndicatiosprébédentes rabicesy témefocienpaiag piofng v,
der mit zurfiaopdes 0'ABNgsedanBNAoEpaptigscaut 'esh BescrirenBht exprimépaeletBarilis, die fOr ein
Pol ypepti d kodiert,. das ansonsten nicht vom Bacill us exprlnlert wird. 6.
Baci | | us®n H'"‘er!?p‘ﬁ u%'ﬁ"dyaf'%cﬁ iof "ﬂ?’é trensioraanh eevie AP dRiiRst gmEubiiljsine @ yas, protéine
Subt i 19 si nryeayolieus: oder ein K. . eukaryoti sches Protein kodiert. 40
7. VErfahren unf assenc das KuIt|V|eren des Bacil |l us nach ei nem der

ner gefertlPInfERPPEATL s Bioe o i s pocics erlon unecquokpndpe o8 e
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genannte Prgféln nicht Subtilisin oder neutrale Protease ist. 46 O.
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Revendi cati ons us sporul sensi bffement nor qui “Conti ent
des geneg ”ﬂlﬁthoﬁegé?on%'l%%nhicéioﬁ‘ﬁ Rliad#@profdine est ul Slyase neutre afn d Qre
i ncapabl e d' excreter la subtilisine enzymati quenent active ou une protease =
neutrgs 2. Bacillus" de la revendication 1, ob les nutations sont
irr~versibles. 56 3...Bacillus de la revendicatlon 1 ou de |a revendication
2, 00 chaque nutation conprend une deletion qui a pour risultat aucune
ressi on ou, Iors;d'une expressi on un pol ypeptide enzymati quenent
inactif. 4. Bacillus de |la revendication 3, o0 chaque del eti on est de
codongo naturel s dans'1e gene respectif. 22 EP 0 246 678 Bl 6. Bacillus
sel on |'uine quel conque des revendi cations prec6dentes qui est transforne
par au noins un fragnent d' ADN codant un pol ypeptide qui n'est pas
autrenent exprinmd par. le Bacillus. 6. Bacillus de ia rencdication 5, 00
| " ADN transformant .code un nmutant de subtilisine ou une proteine 5
eucarﬁ%thue 7. Mothode conprenant |la mse en culture du Bacillus selon
| une quel conque des revendi cations prec6dentes jusqu' % ce qu' une protdine
se soit accunulde dans la culture et |a rdcuperation de |a proteine. 10 8
Mit hode sel o' n .a.revendication 7, oi ladite proteine n' est pas |la
subti lg sine ni une protease neutre 9. Methode selon ia revendication 8, oc
| adi te protei ne est. une anylase. 15 20 25 30 35 40 46 50 55 23 -
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