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described in Exanple 5 abom,c A60\'&'Gl| gaszemwu t &G EcoRl, the reaction
products treated with Kl enow,  the DNA di gegted with Hi ncII and the 800 bp
EcoRl - H ncl| fragment E (se [ 6)patl N co [ in part the 5 end of
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into pJH101 o ilable fromJ. Hoch Scrl and i s described by
F. A Fer rpasrﬁavézw eueL“?h ‘i’;‘.ﬁ‘f .,zai%%m‘é'ﬁﬁt iy agfg)dg%%ﬂ’ e 'bEAmRA hase ed

wi th Hincll Mlabdl@(ﬁb contdifing SdglisHcksPdo 'ciaf‘esptaoag &ue c;mﬁ r§§ l}llgnt
pl asm dep rﬂeMe Weﬂjsﬁeaiem b dfgresxggmsubﬁllsr nA22) Badlifos Genetin s Oéht&

In the sed | %’8’3 s d@?&}egt argelegtrobhordsia gl al&“ﬂ'bttdﬂﬂng?&@h bpthHlfd’ll€| |
EP 0 247 egf;: % g,y ﬁE °r9§s' qtréste"eeetrvancbtfone msnl samle bénd jwas

S rm nt congditions h a e,
gene, was ulidaééeééﬂﬁ marﬁ r?lrl 9:?? Leotigtui oo
f ragment Bﬂﬂrgasmimb of EMnharaﬁasx 8% 5¢0in m@; F Eeé éﬁ}%‘é 20 iy mcreases ' Tﬁf b ﬁBgE

31, 446, a gt‘? wridiza gp phplotted dpleatTélssewrat salecteday tHednrapef !wbr-:]hzaﬁbrb &fnauﬂah%lb
or 20 [erri"t Eg?' q‘?fﬁ ene %fﬁg hepmebel desr nated IDVl 4

cont ai ned digeggngn oIS %né’és fé\l;‘;% |q"r

This 5 5op|e&8tmpdor|a§&)\é£l, 4!!51}':?6 MisLlpo Qrag entfétg(giﬁ gﬁst é?‘ﬁ:‘\? j ds Reflhe

subtilisi §€] @t'i‘leﬂwmnalllgnﬂng ofibe fraghmemitsatb Bai digested) éh pREY6I Ualg 9 PHK

well. B. 9 ﬁE arti al protease defrcrent rrutant [err] prepared
thé

i n Exanpl @an$od9¢ o/ Eﬁy "bEP"Yv %U@ﬂ H‘Q’%Q\thost for Charon
chl or arygh@m;@& er@Sés&Je@ Fe IE, 'eﬁ w‘i’aﬁg" e ;*’Bg)‘i SRad oul

r ns Séﬁf’e d
per cent sscesnthgt with getiecpd oEIV entoh afd DAVRASES, '%%re i ﬁh& %&1"?
wer e al rro?t"'fﬂ?g th! It\eédz wugd sbgiapjemxdeﬁrrfmatan,tanb eﬁddlaqass Sho¥eado ynﬁeegt@ctyr ve

zones of %ﬁgm “ﬁt" HN&WR#W parg@ fepgaeac bhege bkrmlanhlénzyrﬂéerycﬁr&Klf
transf |s gdth AR i{g‘ f"iﬂ"tg% % 'Hbrlmd@n‘labdﬂeﬁ

pl asm afno dagemswhmméz Q{ta' deaak%gﬁh X :l?%%” mg gt?e[ﬁ dil
case, thefrgmtwoul d be uninterrupted PRenoty Rre
fact, whe n 2640 be?\NrﬁCatgwemrg wEs subclBheditethb Higai sitk of ﬂﬁﬂmmBlioWIAQQﬁ&mod

pJ H101 an g r,ﬁéEFF Hp Hisastifiaetionmed by, pledtrophoreiSAnd thelBa0QbDirRMBat
defici €t "I phenotype mﬁé"%’i’t?f"‘tstﬁé'gtftﬁb‘a alkafing PhasphatasetreatrgtHjnell digfestbepH01

pl DV1. 4 transfor mants was unstable in that [err] derivatives could be

I solated from[err] cultures at a frequency of about 0.1 percent after 10
generations of growmh in mniml nediumin the absence of antibiotic

sel ection. One such derivative was obtained and desi gnated B&018. The
deletion was transferred into 1A84 (a BGSC strain carrying tw auxotrophic
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40 genone was sel ected by digesting B. subtilis (1A72, Bacillus Genetic
Stock Center) DNA with various restriction enzynes, separating the digests
on an el ectrophoresis gel, and hybridizing each of the four probe pools to
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i s descri betbe Bipdi-digetpn (parrtam-mgm Sequersegtding ngme a1®bo téfmmamnaynstdaam\nmims) was
i dentifigd PIT

nsert was ent in d ffe
orient at’ Orb@gesmﬂca%oxgl Itqermm reﬁlo lga:)f th III %sél' ﬁ @Wgéy Eﬁ
15 and the Hindlll site of the 1400 bp fragment was ligated, ﬁéﬂi EebRI%Ad the Hirfd

B. subti | i sittefipNPBSubPT, ¢ shawe in(ig) &1. Thiecqnbirticowdsldsed tﬁl&arstorwmsusrmuem B@84 which
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T} —rn NN LVNLN NSNS\ oy Y " ORI 1 1 12




The entire nucl eotide sequence as determined for this neutral protease
gene, including the putative secretory | eader and prepro sequence, are
shown in Fig. 10. The nunbers above the line refer to am no acid positions.
The underlined nucl eotides in Fi \Aﬁleafved to constitute the

ri bosome bi ndi ng (Shine- Dal gar n% Sl te I'e" t he overlined nucl eotides
const i t ut ecammpat. e nd; 788+-7¢96 Mupigenizt rstrgt U168 was ebteded skion ik platg® (withevtmnhb!t"m’
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the entire neutral protease gene was constructed by (Fig. 11) ligating the
BA Il fragment of pNPRsubRl, which contgijsal1900 bp (Fig. 9), with the
Pvul | -H pdl 11 fragment of 45 pNPRsubHI, V\hl ch contains 1400 bp. pBS42
(from Exarrpl eS &Taahs di gRelYanki GaRoR¥ReHl and treated wi I Bt eri al
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di gest ed W|th éll L@g 1900 bp fragnment was isol ated from gel
el ectrophore5| and ted to the open BanH sites of pBS42. The |igated

pl asm d fas uggelgd o sf E stfoBhi67ATCC 31446 by therreagdanumu:btml de
shock met hod (V. Hes ~J, and transforned cells sSelected by
growt h on pl atBggé conpwaa; ?ﬁ Ilradtsurmym-zm RiZAS 9@-5[ erkl 1685

chl or anpheni col . A plasm aving the Bgl Il fragnent in the orientation

shown iA°Fig. 11 wass&@é?ht ed fromthe transformants and desi gnat ed

pNPRsubB1. pNPRsubBl was ted (linearized) with Eco ired to
flush ends by BRFE tﬂfgi’-and then di gested with I—ﬁrﬁd’flﬁggThe | ar ger

fragment from H|ndIII tion (containing the seq C for the
- ol i ghop MR ce dory

am no téf mi nal I ons) was recovered. 55 e car boxyl
termnal regi gggef th 7supplied by a fragnment §H7osDNAPRSEBHL,
obt ai ned by di gestlon&#‘m\l%bﬂ 1 with Pvull and Hindlll and recovery of
the 1400 bp fragnment. The flush end Pvull and the Hindlll site of the 1400
bp fragdent was "MoUaGenl, Genexpes’t L1326 ,(1988) he bl unted EcoRl and the Hindl ||
site of pNPRsubBl as shown in Fig 11 This construct was used to
transform B. §tt aln ‘E(;B ,ecredtde glgfaqlcytb'c
was com e ly evoi te eactlw ons ates and does nJ dyce detecta
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skimmilk $tahhetsaraﬁaltr va's:é ; (Sbm@swembrBG%anftwmgﬁﬁiif'e@gsqudmnomtsszb'a} e,
i W, ()
o e o B oy
spor ul at | OreatdPis -'typ 5 ease I ency
designated prt- 77 The prt 77 a lele was noved to a spoOA background by
congression as described bel ow to prodbempstipai n BG4, a sporul ation

defi ci ent Map_-#lpqgure |I@acmlag_np Mutation utral Protease

origin | 6% ’ %ﬁ‘ nsr "E%ﬁ tﬁq’t%? g Ggp, car}/tge deleted in
er str ne atlo it

Trousdal e ctive. A fias hns deﬂﬂ& s c&% l-MﬁT :te gﬁ n%c‘\:nh

Pb 1665 20 Hmdlll and treated with bagtaf\ai nBﬁ%thatasé. ﬂ'ﬁﬁ?agnﬁﬁt& of/the neutral protease gene to be
NTG x | 168 irRérporated irfdifriearized mﬂﬂ@&} we rqbta'rhid by digesting pNPRsubH1 with Hindlll and Rsal, and
BGL6 DN&%x ;qgmngBmAf‘:zoaoteg | &g% tze]:i mdlg fragments by gel eilectrophoresis. Theste

e 1l (r n
JH703 DNA glatesc taini rcl B:@ %& Ql.?zg)a%red ro atr;‘:
conpl et el Ytrgn%Yd?ﬂnéntQ ndlRERl&A5 e Eléﬁ/énfz\)fn@é?tal .sﬁam dnts
produce detretht alrhe otigwasibs aoin he bNemsusmrhitarhmgsplasnﬂa 'nnelptasraid lkiag etaes:ete ERsal
assayed 95y fragraenty wasglevignated pAIARBLH . absor bence at 35 412 nm per ni nute upon
i ncubation with 0.2 [err]/m succinyl (-L-ala-L-ala-L-pro-L-phe )
p-nitroanilide (Vega) in 0.1 M sodium pHdsphate, pH 8, at [err]. BG4 was
deposited In the ATCC as deposit nunber 39382 on July 21, 1983. Sanples for
subtilisin assay were taken fromlate |ogarithm c growh phase supernatants
of cultures grown in nodified Schaeffer's medium (T. Leighton etal., 1971,
"J. B| ol . Chem 246:3189-3195). 40
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subtracted. The anmount of protease excreted by a standard

pr ot ease-expressi ng strain, BGL6 was used to establish an arbitrary |evel
of 100. The results with BGL6, and with BG4 transfornmed with control and
neutral protease gene-containing pégsgtlés,ga éFown in Table B in Exanple
12 bel ow. Transformation of 50 the e g ease-devoid B. subtilis
strain BGS4 resul ts in excretion of rcEkamtm‘actlw ty at conS| derably
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Repl acemntDWfroiszE%a pleRﬂ )Q§h6@8£a IBErcdMt | uo'ﬁo p éaQ@
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proteol y8is were pi cked, restreaked to purify individual colonies, and
their protease deficient character on gskimmlk plates confirned. One of

the [err], proteolysis deficient col onfddeBis chosen for further studies

(desi gnat ed B ontanequs [err] revertants of B&034 were isol ated
by over msght gcg?g%é ‘?fﬁgiﬁeﬁﬁdﬁé"é&?ﬂf'wm%@tﬁ%e O¥Pressien mgdfperdrtieRl vi dual
colonies, and_replica plating on nedia with and without Cm Three [err]
revertants were isolated, two of which were protease proficient, one of

whi ch was protease defici Snt E‘aSI gnat ed BG2036) . Hybr| di zati on anal ysi s of
BG2036 cenfirmed that the M&Mronﬂm@témﬁuhtim obabl y -
by reconbi nati on I eavi ng only the del etion fragnments of subtilisin and
neutral protegg .E, ’b‘t" 40 Exanpl e 12
Phenot ype of %r ai ns Lack| n unctional Subtilisin and NeutTal Protease The
growt h, gporu ¢9%n and @R 4si on of prot eMses was exanin® in strains

| acki ng a funB€20d3al genapfEas22ither the neotral or al kalige protease or
both. The exppgsgon of Qﬁp ﬁﬁi examped by a zone ofgclearing
surroundi ng a g&{ E$/2 Eg}}rﬂ;’i | ate and by measurenent of the

prot easeg,l eveP 4 gw i super Mt ant s (Table ByT A strain
(BG2035) car r §684] pifRI0B ulspaQAa6T T, pgt+®d del 8odoon, and shovved..a 30 percent
reduction | evel 0T Protease activity amd—a rormat—tato—onnrk—ptates:
Strain BG043, c]arr |2 the del eted neutral protease gene and active

subti | IG? n geE%“ ah istelsvanty teythe, priteasephegote are SROWB) with DNA
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the assay used. 60 Exanple 13 Site-specific Saturation Mitagenesis of the
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for the wild-type residue were recovered. Exanple 16 Preparation of Mitant
Subtilisin Enzymes 60 B. subtilis strain B&036 obtai ned by the nethod
of Exanple 11 was transformed by the plasm ds of Exanples 14, 15 or 20 and
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Bl each). 18 plasmid sequencing.

50 c

Unexpected mutants generally comprised double mutants with
changes in codons next to 222 or at the points of ligation.
These were believed to result from impurities in the
obigonucleotide pools and/or erroneous repair of the gapped
ends.

§5

60
Example 17
Mutant Subtilisin Exhibiting Improved Oxidation Stability
Subtilisins having cysteine and alanine substituted at the 222 position for wild-type methionine
(Example 16) were assayed for resistance to oxidation by incubating with various concentrations of sodium
s5 hypochloride {Clorox Bleach).
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1 1.4x [err] [err] N -4 Wlgd T

2 - 45 1. 1x [err] as%-l)és [err] B%/@?p 1.4x10 -5 2 K16 asp+166

2 4.1x [err] arg#166 [ orr] glU+166 6-2x107 23 x10% 5 7x

[err] 7 X [err] asnaikd66 1 1 1.4x107%1.2x [[erup4 8

x [err] 55 The %Km ratlg.‘{d)rr 'eeach of he uy Rﬁ-yarled of qaﬁthat of
e

the wildetype enz As a measure of catalytic cd ency, rati os
denonstrate that enzynes ha®#bRid®fuch hi gheer act Avixl) agai nsh ’alel ven 60
substrate can be readily deﬁ"mggl and selgcted byy,ggreeni ng7|,pl@4:cor dance
with the invention herein Agﬁarrpl e, Al66 exhibitsq over nes the
activitysof thewild type ofSARPEHN Thik dat als2xd8 dermnsﬁr"atlgs changes
in substrate specificity upon nutation of the wild type enzyme. For
exanpl e, the Kcat/Kmratio for the D166 and E166 nutants is higher than the
wild type enz'g‘\?t!‘chﬂ'rfaYWef es'mbtsw yaried fr@utthaqefathe w'érw % aemeesure °f
ra

rDig gl taf] P %sn an'i[e rea[gﬁifgg:j'gj;? n?ﬁg }ljﬁ i t‘th:reyemn in Et!g]ord nce w heis

herfeln For
SAAPFpN. 19 Thrﬂt&lﬁ%@m%?ra&cm éﬁb&ﬁtel‘éﬂﬁaﬁmtty trddtdtr&h Bt tEé(hflcnybé éH@yme.
Modi fi ed prr/hxtmnle the Kléhwifn ratip fGirtbe P66 prd 166 rputerits & heh@y@mmmlmupaamzymbwam thed

i n Exanpl eBYGP?\a ahteiwﬁlnalpmfte trepaitsWwerg ng’gg el-wgs(ggg ﬁz“ﬁ

my/ i s AAPPRR] ’fP'VngB [Eé?GrT”‘B'f's Ve fei3sively fro ferte W‘raa['% PRRY: 5
ng/mM) and 5 980 [err] of buffer (for neasurenents at pH 6.6,7.0 and
7.6,0.1 M NaPOX buffer; at pH 8.2,8.6 angl 9.2, 0.1 Mtris buffer; and at pH
9.6 and 10.0, 0.1 Mgl ycine buffer) after which the initial rate of change
i n absorbence at 410 nm per mnute was neasured at each pH and the data
plotted in Fig. 15. The Cys+222 nutant exhibits a sharper pH optinum than
the wild type enzyne.




10 Exanpl e 20 Site-Specific

Mut agenesi s of the Subtilisin Gene at Position 169 The procedure of

Exanpl es 13-14 was followed in substantial detail, except that the

nmut agenesis prinmer differed (th Irgma?o\#* in Fig. 16 was used), the two
restriction enzynmes were Kpnl a C r than Pstl and Kpnl and the
resulting constructions differed, asEsngmgin Fig. 16. 15 Baci | | us
strai ns evgane SubiijsimExhibiingMdglified Pls-rﬂﬁsﬂt‘afm Bsitjion 169 Wegﬁ °q

d bed b&Etegl} qrgfrl A 1 t. o% ':wlr_:?tszze
S ﬁ;g{ : t ﬁt;‘?ﬂg &ﬁﬁ,‘; ?”gﬁeﬁéh; Et(!bf-r 6. gmge%bgcﬁml gmfggﬁﬁt pHel 268 ] aéﬂ@\‘l,g{f n n%lnd

assaye ftﬂfferCL}fﬁrﬁ%S B BndioRed. 1 g WN“&S aﬂéFh@rc&ﬂﬁ&ytrael‘mi o yietl g SA AP¥epengetat pH
8.6 in theo&ape niaséwvameaasirat ede pH imditine dEtepiptedin Fig. 15:TMhe Cyse-327 rowaniphibitaa

foll ows: shérper pH optrmum than the wild type enzyme Tabl e E Enzyne

Kcat [err] (M n( r’QoaI a+169 58

7.5 X [l er§|+ Specrfﬁ a[gthst o? e Subtilisin Gene at Posit pRAEILE9 38 '
8.5 x [err] the procedéreX:f E@fiples ExamphR flbwéd trﬂdfuaitarmﬁs‘detan xpepC thii the Atitageniesiy on

a Prot ei rpriviebeitterad meg?&er %10?081 Rig. mﬁwvazfeﬁztdmn?wpsesmcmeﬁwmpW§§ Ked aphEroR
wer e assay@ertha!rl”sulan gngirtheytes Epsfructigns gi ; Wl o sc,ybagc‘bg,grvr.r, ng
ot el g atis i %%..r:u?s&%%r TR

speci fi ci Bverad N RiE febitufes. A6b As¥dvieynploy mhmstames&hmﬂade
contain Sfuéhidn(hlseéttfordi ih Eﬁn&ﬂmscheaosagenae acfolidwse. , aci dic, basic, neutral,
and hydrophobic, so as not to bias the assay tovvard a protease with one
type of? specifi ci ty. The substrate shtapid Eal so contain no derivatized

resi dues that result_in the INg1 cergaicgy cl eav sites. The
wi dely used subst ré%&geuch Mobﬂ% ﬁg&/ﬁ asei n, di et hyl
casein, etc. ver e al2f188t ed on t3® s basi%5 B ne zs‘eﬁh [err] and [err]
chai ns® was chosen s@f;qe;gsur t abl e33subst rag.g. on'l peracantoscasei n (wv)

sol ution was preparedT a0 T s—buffer—pH 8.0, 10 nmvl EDTA. The assay

protocol is as follows: 40 Exampre21 790 [err] 50 nmM
Tris pH 8Alzarﬂl©®s l[répvc]fcmmcenfroceas%rbﬁr Sl g sol ution 10 [err] test

enzyme 3 10- ““‘"&5 a?@% h}/gafh reeasvrdgd for & ‘a'hla ?‘f ﬁ ]
hetbare G517 &?%r i b o
upon 't he Buaid) dolioah, o ormeerera&garr JQIpRAA6HS Whh SHelbe of LlmRd by
i ncubat i oThefsabstrhts snhuwarascoataurmmﬁmdeéwuw that rddu@t upthemaplmtgadfedtaprmaeaga was

pel | et @d $itgs.dbmwidely ugadtsvhmatamllcn #ﬁé!em slplwalazqgehsﬂr geoessein, Nen%hrb@ﬁwamnwewas

d Wieshd et i EJf age ©3
o v e T R TS T AR

reaction mxture The armunt of casein hydrol ysed by each mut ant pr ot ease
was comgared to a series of steamdsrrd Taopl 82ni ng various anounts of the
wild type protease, and the actrvrty i s expressed as a percentage of the

corresponding wild type activI®p 1 esepheeselrSame fldioher e converted to a

specific activity by dividing Wﬁ\ﬁe&%ﬁﬁhﬂ (1BoPhgfSi s activity by the 280 nm

absor bessce of the enzynme solution used in the assay. 56 Al of the

nutants whi dlhlswesae rmagra rejkegivand all@@%I ts ghatqai ran taypiesa tmfoca%mthSh'&w the
wild type’er'r\ﬁ ?'b'he 't'

en ? I
e Inestbg%& Scotbn émﬂ}»:&:& tsfhﬁprw.. eay &E'r%d t:ééem r%gjc gﬁﬁ&l"’e t@hy

gener at i nepséin pldroipdet tby eadh mﬁmtprmu ass @RipaRti o & sénes v shdnidards Etmtaﬁrmdgr \ngous
regi on of amoyn rscqfttqemld tvhepmts@#eoamd@v itg is pxpreséed)as @ bercantage of the dONEspamsing wild

di type p qvg der tiv yd@hglylfhyg H'g %sq"b@fdfmys's
o G B A S %@i rf%i‘i& il E Pon el Rt 230

exi sting wele eananhe AE@QI'G@Whicﬁ]v@§ erdeft rﬁérea tRe Sh céseras fan@Rewitdtype. T 47
647 Bl Exstoping tiledstisraritic 45thtyivas He-ri6Ert1. 184 bl thgwilulpd scedtypH Act i vity Pr ofile

The pH pr fr | e of the Cys+222 nutant obtained in Exanple 16 was conpared to
that of _t JAim% | d type enzyme. 10 [err] of 60 mg/m sAAPFpN in DMSO, 10
[err] of’ Q’51"'2%thh@fol@bngrg{lma)plnpghthJtha{r%Qﬁtahg’or%sﬁ@\‘lrm‘r)t P é %?o{aqr&lm,()f
buf fer (f e nivtRaLompRMgS at 6, 7.0 and 7. P T B

8.2, 8.6 and (8.oBtainthgle DNAmorgtybu:foﬂeg atleasda mnqui-d»anrﬁpratbdr 10.0, 0.1Mglycine
buffer) af t@)ridepfifvinn atregion within the meiatyve of change in absorbence at 410 nm per
minute Has rfESURRENGRuclRARE [9F EharR eIl exfsting WG thedgaion i erdgr to frgate phigastgne. 5o
mut ant exhi bits a sharper pH optinum than the wild type enzyne. 10

Exanpl e 20 Site-Specific Miutagenesis of0the Subtilisin Gene at Position 169
The procedure of Exanples 13-14 was followed in substantial detail, except
that the nutagenesis prinmer differed (the primer shown in Fig. 16 was
used), the two restriction enzynes were Kpnl and EcoRV rather than Pstl and
Kpnl and the resulting constructions differed, as shown in Fig. 16.




15 Bacillus strains excreting nmutant subtilisins at posi
obt'ai ned as described bel ow in Exanple 16. The nutant subtili umu Imﬂml”“l
exhibiting substitutions of ala and ser for the wild-type resirdue wer e

recovered and assayed for changes In kinetic features. The assay enployed
SAAPFpN at pH 8.6 in the sane fEPhO#AE84deBY orth in Exanple 18. The

results were as follows: 20 Example 19 Tabl e -
E EnzynBgytant Subtilisk EbibitiRg Mbdified pH-Actrern?rg Kcat/ Km al a+169
58 The/pHbprstile @f th Cys+222 mBtant rre ipExample 16 was compared ¢ethat]q§ ghe wild type

38 enzymeg 101 ef §0cng/ini SAAPFDN '"@M@ /m) o 0.5 ific
e SRS e o E@?ﬁﬁﬁ}i St oA
yC uffer), g
15 and 0 mgé}»{.rrea REATH 408 tHelda@ pRE&E hGlgalGI'ﬂh\é C{'é/r-mﬂmﬁtaﬂt&'&blbi&a y
occurri nﬁa@é@ékﬁbﬁmﬁrﬁbﬁbﬁm&wd Bpsansmet hese nut ant proteases coul d display

altered specificity as weII as aItereds ecific actrvrty, the substrate
shoul & contain sufficient Zﬁggi;’ezi ? ., acidic, basic,
uB ﬁtrg%w é 'E}Qt theRhRbdRASS

neut r al s‘%&fzﬁg’ Wﬁ%%é:pﬁ s1

with on rWepgrfo od RREHrirhérSh \M’rrn | % bdad i tovb eddtrdtionl eﬁﬁ/nﬂ‘e@%&l Kpnhghd EcoRV
deri vat |r§ﬁ|dr theSPALRE Kbrlilahd fheseshkmg Eoristhactionssdiffensgl, ef shoen treﬁm 16l eava e 35
si tes.’s The Bwlue aigs @xLresinb gnytant esbt@srcsnataeosw WeP r?bta ee i) be'OW In

R B

percent caseln I on was prepared |n a 100 MM Tris buffer pH 8.0,
10 nM2&DTA. The assay protocol is as gws: 40

790 [err] 50 MM Tri s pH82100 err perc caserné i gna) solution 10
[ere] test enzyme EMEMI®NO [e r_s_'.{!kzﬁi_m m xed and

al l owed to incubatfla@atey oom ternserat ure 7.6rx 20°hi n& &s10°The reaction was

term &t ed upon t ag tion of 3400 [errg squofﬁarceptx MS chl oroacetic acid,
foll oned by i ncub&%—wﬂ—e%n—%%&&—mem%%he precipitat ed

protein was pelleted by centrifugati gu st he optical density of the
super nat Ardratitis intBpeefidAdNeit, shReablenBasdaret rical ly at 280 nm The opti cal
densi tyy i S Fasi5on rasfrheaits Hom Ekarbdles &rapdné wefe assapedaior pitetaaibedt spiecific activity on a
hydrol y eﬂura'dyagerrnnq wowwesu?sgram ‘FQ?PPSH]:]‘)@FZWLEW""W? a gﬂ d@Platalsee?drﬁDE fdﬁ"t&?%/s ed
oy each RIS AU R T T N

vari ous m«bﬂhﬁt hobl %rs ik M@@eﬂa@k@?&ﬁueﬁﬂ rbdift irhb ImAkitidg dfTeRaiR EiBaVa

a per censiegenhe idelyQisedsubgfape Babhag hivhddibbiny mcareﬁenvazbgeseuEwmr edabin Mdtd. iveese

wer e comﬁmcteédnltms GesispRayinkiceselnce pnd qz\ehdins mwf@ﬁ sfalsaitabpsapbstratey dr ol ysi s
activity b | 948?5%"‘%’1‘6%‘1“195W@%P'S?E’T%éae eftRHAP: ke ﬁAtTﬁéaﬁg\say
55 Al PofsFoliggs A"t s whi ch were assayed shovved | ess specific activity
on casgi n than the wild type 744 koM TRXOERS 1 On of Asn+166 which was 26
percent nore active on casein than the Wwld type. The mutant show ng the

| east specific activity was i1PeHTIg@reant caselrigdigota) sohtioni | d type activity.
Claims 60 1.- A method for generatin of nutations at any one
site wgthin the coding regi on?((;)a\ ‘?‘8’?’5‘?‘5&‘#—%¢r§{mt hod conprising: (a)

obt ai ni ng arnidNAsdOmRivye FELMked @ndbiliowsd Id indutat dtir6din @mpeaiktude For Q0 @hifutes, Whe
i dent i f yreagfion waegrrainated ¢don thetatiditionoif $Q0y] 108 Bercent {richloroadett actdutollovep drw(ricwtlordes

for thos 8" atégqrggem ratwe: HP%P“ECPP@“F@ CteH vyaﬁp leted by ?Qﬂ"&‘?@ﬂ?'@ 9|°@ %a!
one 20, rf % a%rrr %z e i za:r&?h e
whe Neeribds caregr.n varoes

rrade avahh&bhﬁofmmtthﬁtprdlﬁbé hedthahdnemsé s@dﬂlaaepae:dnckge ercx rie§fonfivig ile
regi on asyrexg rve\s§ed/m d:)wls mréresorme a Pnaritid aqtlyrtvolﬁv dwldlggmtwcttaeem ingdyglysis he

5' and 3“‘%’,@3 23@‘“”& thepre O e An H%b: 2 s a\lﬂl to the
Cost 1 g R d o gt Lt Wﬁﬂ B
MO kihding thé Raf ¥Pdchie IaVitPwasSi édattlérwér&he tyan |nsert I ons
of at Ieast one amno acid in or into the precursor proter n; (e) di gesting
t he rmlrsoeﬁylm!# step (c) with restrr ctron enzymes capabl e of cI eavi ng the
uni que®%site onucl eot | i nto
e di gosh,a EarBe e drvectt i B R B se AR R i e eaR BRI es
are obt al NEg) obMingdPBNR Adldtyerkbiting 4l1daBtey poRicRRB s prb@in;  (g) expressing each
of said nni(btrdesnm sregiod avitbin greobadétyy i N a suitable host; (h) recovering the
mut ant s5or ot (e sybstigfting pegipotidgs: forghase girdady existion withjn thegegiordp ofds) torpraaterat lspstotei ns
for the desirable characteristic. 2. The nethod of claim1l wherein the
restriction enzyne sites are differentz 3. The nmethod of claim1l or claim2
wherein the oligonucl eotides are | ess than about 50 bp. 15 Patentanspruiche
1. Verfahren zur Herstellung el ner Vielzahl von Miutanten an ei ner
bel i ebigen Stelle innerhal b des Kodi erungsberei ches von Protein, unfassend:




20 (a) Erhalten eines DNA-Anteils, der wenigstens einen
genannten Proteins kodiert; (b) Identifizieren eines Berei che E‘iﬁﬂ w”m
des Anteils; tc) Substituieren von Nucleotiden fOr die schon inner

Ber ei ches vor handenen, um weni gst fﬁﬁﬁité kti onsenzynstell e zu

schaffen, die einmalig imAnteil i nmal I ge Restriktionsstellen

5' und 3' wesnidtioeerzyrhe gteamiqae toBae enoieh Wwissréby giniaie GEtAEtDN isitases’ a3’ 16 thd édedtified

kei ne die VGGWYBEF enawmwieémhéhﬁtzgthmltn@sm agids acrmefqr by (I-d)'eglon as expressed;

Synt het i si ere eff) é‘f”ﬁ@F'z'\'ﬁ %P pligonyclegifssdiedangd pnd

H'"s”g AgREN
pable of an t%e restr, ctlon rrgsues ad in %ﬁ andw en hgatedtlt.-? ﬁ:é
jeveils Seqha ﬂgh zs‘%ﬂbstl fad’ﬁtlgnssa'naldrmgﬁ't 9%’51 least one amlno amd in or into the
Restri kti orﬁ@n.&wﬁi&ghj en zu verschrre | zen, die 1n Schritt (c) eingefihrt

wer den und di (9) dmsnng themomvtofdGMCAwltblebtrlbtio?Iemvmempaiman cleb¥nd3hb Lniud sitennen,
Loschungen 3‘1’ » ‘ﬁgzhf’% ?nu%@m' ﬁ@ﬁ% ;%gmgmeﬁ%aggg%qfﬁsﬂé?hvﬁ@@brﬁn
das Vorl auf n des Anteils
aus Schri¢ %:%fn Fn'ulﬁal mouet sas mugﬁprot?m %sl?ab% OStdl e ei nmal i gen
Stellen zu Sp sua&un sthrb @) anﬁﬁtura ﬁ§fo & dédirbtg@eHdrk@adticde aus Schritt (d)
i n den di geri &rThemethnd ef diaimd svh@einrthd rest(i@ipn enapalel sith awidifteredt.el zahl von

mut ant en DNA Adhemetiad ef gt § onclgimrdvhegritithpaldonkdestidegatetiess thagjaboutEhbl-t t e des
(9) Exprf ens ges der genannten Anteile als ein nutantes Protein in

ei nem gei g E'H ’W‘P Ch) Gew nnen der mnutanten Proteine aus Schritt

(9); und G) Sqreamanzudﬁe.@umlataﬁmr PRIt Ve MBtdRterrah binbit be(.mgehrstémezmrramfdesil e
gewunscht erKolielgagsberkiaiics ®@on PrateinManfagbicen nach Anspruch 1, worin die

Restr | kt ?"onseht hﬁ@e Plhesrpﬂme«rﬁwbcdvr wenigstdns smﬂdAbsﬂwmtt\,@ls gertanetan Prateivs Apdigt,uch 1

oder 2, wori c ! st%wl% UEI gieh ?fé"’t?? E’@ 50 Basen gare ent hatens
40 Revendi G Rolieidnsontyimiaon BGHen! ﬂé%jg URadea!di 192? aifuég
mut ati ons @nurid@ilorh ideRtifidiefen Befeidh®@EHiBa @Ql@e sbﬁlﬁ kB h&&i Bereigh

consi st ast Akninosguren verdnagrt;obt enir un fragnment d' ADN codant au noi NS une

portion de | adl Senthstisieren nleer ﬁ?)ahll Y!Jerﬂllgbrlluelleotmw de®g|50rundaﬁ‘r§ndee Iqvyeii Benvenzer c)

substi t uer tsg i858 gma tr stel 9"&"r%‘l‘s§ﬁh@f‘ (pingafihrt
i e ST ol s M e e
pernettapt al (@ﬁﬂ)lgeﬁlﬁre HSPERE a Scfﬁh"(@ﬁut'ﬂ@dtm&i&%e mér?&’bféh@tslna

A | a regiomubsmaet:i fi 6e, de maniere qu' aucun n'altere les aci des am n65 que
code la reg |0W f?"de‘getg;:@g@vﬁ;gﬁeus cbrjtt@ nﬁﬁylsﬁetew;r?sm Sdhritt tﬁd)mmderch
d oligonuc

quuencq,g cap gdg mﬁfégm:%ngizgﬁ,af an m"ta" e(?g"’rteé'é{"re'"ef“ %’r?"‘r’tﬁ'? ?’Srﬁw ts

A | etape (c)m@crem,de Infukdnted’ waddule&m&wa\ube‘zﬁ@ﬂmatgew@‘safwmgmmha&aus I a
forme de subsi.iVerrhrepnech Alebrgth b nerie tile Gestilktiersedzymstselled 'uatarsehiediich gimdl. aci de

ami ne dans oy '@(eﬁah“ﬁ‘t ch Aperush 1) ogep?. yrosip ke Qligepisiestider wenlimr als stwacB0 Beisenppase

l e fragngnt tape (c) par des enzynes de restriction capabl es de

sci nder |e$geﬁn&|9§inhml qgues; (f) Her chacun des oligonucl eotides de |'tMape
(d) dans |l e fragnent digere de |'tape (a) pour obtenir ainsi un certain
nonbre de fra Wigthode oyt la ntoduafondih cepein hieralrk derhitatinme en tolitsise dena [aedpion de codage

t

ek f A mac'gﬂn?yu”mé’-ﬁ%%etvgm% AP e RTRBPr 1 es pr ot ei nes
l e j

mut ant es de | (cf QpSitded des @Jcl éblides QX8iM Elﬁb‘iani a§a RERLISirdyRh IR HRE adl fholns luARRe

(h) a | a rdEhomelde redeiction uinuaet tragnsnt, feraesou hiasi e Bispnserdie shvistungles dbaredtidetion

r evendi ngt iCRIpS 5 ey 3 |agdgiaryidenyfidg: @H'Z%Nﬂ? Qeaupuntaltire fes aeides eminéeid\feicededmrégion Blle

Met hode 818%?%& El%r%t r?arlw r;lbm%ll’je &'éf nuclregtvde %n?la )% é? cQtes 5 et 3' contiennent des
ol i gonucl 6@§du les' dé r@cﬁir@&”x%nté ogéi'ly niede 51 a I'étape (c) et qui, lors d'une
ligature au fragment, s'expriment sous la forme de substitutions, délétions et/ou insertions d'au moins un
acide aminé dans ou a l'intérieur de la protéine précurseur;
55 {e) digérer le fragment de I’étape (c) par des enzymes de restriction capables de scinder les sites
uniques;
{f} lier chacun des oligonucléotides de I'étape (d) dans le fragment digéré de I'étape (a) pour obtenir
ainsi un certain nombre de fragments mutants d’ADN; et facultativement les étapes supplémentalres de
(9) exprimer chacun desdits fragments en tant que protéine mutante chez un héte approprié;
60 (h) récupérer les protéines mutantes de I'étape (g), et
(i) examiner les protéines mutantes de I’étape (h) & la recherche de la caractéristique souhaitable.
2. Méthode de la revendication 1 ol les sites d'enzyme de restriction sont différents.

3. Méthode de la revendication 1 ou de la revendication 2 ol les oligonucléctides sont inférieurs a
environ 50 pb.
&6
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