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measuréd LT k Wae Emfb% .Uﬁu%ﬁlor% éa)huvt MerSTHI Nodisedescr i bed
herei naf t erThe'Ahvﬁkh.'é &b bloddced haRstSubtilsit doftahing/Be Sibafitbh bfthd @nie)scidesstines diy at

| east ab@UbmpbliqhdiddohssubMisiAlsheWAGH Tab%eet. (HaMAE B/pa ainiyio ded segasheg ardrDNAsequeatecof Of

| oss of @13;;{! iold duptingh @shéwpesigdi.t 0 vari ous oxi di zing conditions. Such
oxi di zjgng condltlons are exposure to the organic oxidant di perdodecanoic
acid (DPDA) under the conditions 3o described in the exanples. Al kaline
stability is measured either by known procedures or by the methods

descri bed herein. A substantial change in alkaline stability is evidenced
by at |east about a 5% or greater increase or decrease (preferably
increa®e) in the half life of the enzymatic activity of a nutant when
conpared to the precursor parbonyl hydrolase. In the case of subtilisins,
al kaline stability was neasured as a function of autoproteolytic 35
degradation of subtilisin at alkaline pH e.g. for exanple, 0.1 M sodium
phosphate, pH 12 at 25 * or 30" C. Thermal stability is nmeasured either by
known Procedures or by the methods described herein. A substantial change
in thermgl stability is evidenced by at |east about a 5% or greater

i ncrease or decrease (preferably increase) in the half-life of the
catalytic activity of a nutant when exposed to a relatively high
tenperature and neutral pH as conpared to the precursor carbonyl hydrol ase.
In the case of subtilisins, 40 thernal"%tability I s nmeasured by the

aut oprot eol yti c degradati on of subtilisin at el evated tenperatures and
neutral pH, e.g., for exanple 2nmM cal ci um chl oride, 50nmM MOPS pH 7.0 at 59
* C The |nventors have produced nut ant subt|I|S|ns contalnlng the
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10  -EP .0 251 446 Bi TABLE | Residue -Repl acenent Amno Acid 5

Tyg21 > F A Thr22 C Ser 24 C Asp32 a S Ser33 ATi 1,J1t0
Asp36 A G dy4B V Al a48 EfcRsHaseiS CL Met50 "CIFV 15
Asn77 D Ser 87 C Lys94 C Val 95 C Leu96 b 20

Tyrl 04 ACDEFGH KLMNPQRSTVW | | el O7 vV dyll0 CR Mtl24 I L Asnl55
ADHQT 25 A ul5@8ABLEIQ S 3 y166 CEI LMPSTW d y169

CDEFHI KLMNPQRTVWY Lys170 ERTyrlvil F 30

Prol 72 E Q Phel 89 A DE@;{&,}QLVNPQ?SE%M[@.ZOAMR A Metl 99 Ser24 C
RL P 35 Fys21S R—T—Fyr 27— ACDEFGH KLMNPQRSTVW
Ser221 8 A C The differ erT ’2 1 Acids substituted are represented in
Table |I by the follow ng Ietter desi gnations: 45 p0 55 EP 0 251
446 Bl Amino acid or res =Qeé)f -letter synbol 1l etter synbol
Al ani ne A G utanmate Qu
ES. ., qm ne - Gn Q
AspaH/at e v D Aspar agi ne Asn
- N Leucl ne A|a4geu EVR L dycine ' Ay
G Lysi ne serdbys| cL K
: : Met50 CFV
15 Asn77 D
Ser87 C
Lys94 C
\__ Val95 c
S~ ' Leu96 D
20 Tyric4 | ACDEFGHIKLMNPQRSTVW
lle107 \Y
Gly110 - | CR
Meti24 | IL
Asni55 | ADHQT
25 Glu156 Qs
' Glyt66 | CEILMPSTWY
Gly169 | CDEFHIKLMNPQRTVWY
Lysi7zo | ER
Tyr171 F
- 30 Pro172 EQ
Phe189 | ACDEGHIKLMNPQRSTVWY
Aspi97 | RA
Met1g9 | 1
: Ser204 | CRLP
35' Lys213 RT
; Tyr2177 | ACDEFGHIKLMNPQRSTVW
U Ser221 | AC
The different amino acids substituted are represented in Table | by the following single letter
0 designations:
45

50

1



Serine* Ser . ' S valine val

V Afginihe ' Arg . R Threonine . Thr
T 15 Pr ol gme 251 446 B1 Pro ' P

| sol euci ne i e Met hi oni ne Met- M
Phenyl al ani ne Phe F Tyrosine Tyr
Y 20 Amino acid or v!ggftﬁj% #ofd6r | 3-letter symbol. | 1-letter S¥bol i SC

Tr ypt ophan Hp
H Except where ot hdrwi seeB? cated by fontd¥d, wi| d-tyPe amiho acids are
represented by the fabove YAMele_ | et t er synbﬁ"é and] repl aced ajm no aci ds by
the abbve single-Idtter ®s. Thus,|if t methi oni fle at fesidue 50 in
B. anyl ol i quef aci erjs sub tﬁn is rep] ace s'rg)y phenyl af,anine} this nutation
(nutant) may be degignate¢ a]S?éi%OF or FpO. laJﬁ | ar| desi gnati ohs are used for
mul tiple nutants. Ijn addi yei to the aj no ids psed Ko rep] ace the

resi g?s di scl osed |in Tablgel . other replaggients| of agino acids at these
resi dues are expectled togpfifgduce nutanf sulye | i sips hayging upgeful
properties. These resi duggingnd repl acepent y@n no pci dsyare shown in Tabl e
I'l. 35 40 45 s0O 55112 Algitidle 251 446 Bl TAR-E |11] Residue  Repl acenent

Am no Acid(s) 6 Threonine The Tyrt21 7 L Thr22

K Ser 24 A AspBRiiger 33 PrecG 10tp P

d y46 Al a48 Ser49 Net 50 Isoleucine LKIV Astig7 I Dik

Ser 87 N Lys9Methionine R a VMebs M L] TyrlO4 Metl24
K A.20 Phenylalanine Al p152 Phe ELI TM Asni 55 d ul56
ATM.Y G y166 G yl6eq 25 Tyrosine Tyr Ty¥171 KREQ
Prol 72° D{N Phelcgﬁe"&g 217 Serp21 i®¥%30 C

Met 222 Each of the |rmut anT:y Plisins |n T#Ig e | kont an'n t he| repl acenent of -

a single residue ofLthe

Exceopt where otherwise indicated by context, wild-type amino acids are represented by the above
three-lstter symbols and replaced amino acids by the above single-letter symbols. Thus, if the methionine
at residue 50 in B. amyloliquefaciens subtilisin is replaced by phenylalanine, this mutation (mutant) may be
designated Met50F or F50. Similar designations are used for multiple mutants.

In addition to the amino acids used to replace the residues disclosed in Table I, other replacements of
amino acids at these residues are expected to produce mutant subtilisins having useful properties. These
W % residues-arid replacement amino acids are shown in Tabile II.
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anyl ol‘t quef aci ens am no acid sequence. These particul ar residues were
chgsen t‘o probe the influence of such substitutions on various properties
of B. anyloliquefacien subtilisin. EFf0@25144¢B1i nventors have identified
Met'124 and Met 222 as inportant residues which if substituted with another
am no acid produce a nmutant subtilisin with enhanced oxidative stability.
For Met124, Leu and lie are preferred TR fdcenent anmino acids. Preferred
am no acids for replacenent of Met222 are disclosed in EPO Publication No.
0130756. Vari ous ot her speci fip@sw@5| qhéﬂscehame\nﬁiosvald@pm identified as being
| portant with regard to sul SpecifTcity. These residues include
Tyr1o4, Al al52, d uls6, Glyl yjL169, PRel89 and Ty{217 for which nutants
cont ai ni ng the various repl E%g am' no gcids presenfed in Table I have

83 I d

al ready been nmade, as wel | resi dues presentedl bel ow for which

mut ants have yet to be nade. lentifigation of these residues,
includipg those yet to be g';:géj s based on the inyentors' high

r.eso Ion crystal structur anyl ol i quefaci ens $ubtilisinto 1.8 A
(see Table Il), their experiees@gwth in vitro nutagemnesis of subtilisin
and the literature on subtil] meso0 This workkiand the xjray crystal
structures of subtilisin contasmrng| coval ently bound peptide inhibitors
(Robertus, J.D., et al. (197RpeBrochem sty 11, 2439-|2449), product

conpl exes (Robertus, J.D., ef Le#®4 ([1972) Bi®chemi stry|11, 4293-4303), and
transition state anal ogs ( veieays, | D. A, Lét al (1975] J. Biol. Chem 250,
712&7126 Poul os, T.L., et aITY”‘g‘lQ?G) J. Bio. Chem 251, 1097-1103), has .
hel ped in identi fy| ng an ext epti de ¥t nding clefft in subtilisin. This
50 subs®rate binding cleft tp "’f?er with §d‘b'T[‘Y'ate is{schematically

di agramened in Fig. 2, accor(di Y o the n%snﬁlu ture ¢f Schechter, I., et
al. (1967) Biochem Bi 0. Res. n he sci gsile bond in the
substrate is identified by an EPW The P and P desitlgnations refer to the
am no aC| ds which are positip |;371re>pecti\4@|4‘gc,t oward tthe am no or carboxy
terminu® relative to the scif f7Popd. Thep and S designations refer to
subsites in the substrate bipghfggoc|eft of subtilisin]which interact with
the corresponding substrate pri@ag; api d residues. 13 EP 0 251 446 Bl
Atom c coordinates for the Apggmzyng Form of P, AlRYI ¢l cauefaciens

Suhtiligin to L. 8NResoI ut i pmMetd2 41.S _ W 4
33. 395 -21 714 I 3721 1J. 714 -21.3S1 | #L4, CO
36. 73 ac%gg the mu%;it m Tab) CQ‘%: ment of Mmglé'rssndue ob%oB
-23.301 2 am ciens mo ce. T ular r&u:lgeaav%re chosen to probe the nfludibe oft
17.111S Ions arious pr ert&* @afi\ ollaﬂefamen subtilisin. 41. 145 -21.491
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$11 Cs mutantghepniBinifig the varoys gpiacement gjpoapids presented in Tabig | ha ﬂ'eﬂ:}y been made,

7T. 4a02 wellas pther readugg_prggz;ted;belqylptg[ whigh mutants havp yetg pe mads, Ab %4 7 Ig%

' W. CA The identificatignof thesqlzs@fg mcludTgt g_ yeA to utﬁed ase ont © i tors g
43. 934 rfgoluz%crystal structure of B. amyloli acigns subtilisin to41 Bg ] Table4|H_), ? expenei@uvg
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- b A (- ld &ntmed g of the threeXiirighisional stru odelin baded on t Bﬂoﬁh
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" Gyi6es A WiHD tienssgment PH203, Ghieisand AspoR onay dp mytated tealietios pesitipreef residupe iy ks

wi t hi n t wéhirgihg segimient Ceangesat Heeasitegmpst Jo campaliply, dpwveveyr. Iy Bs amyleliguifagions spbifiisiy, s 1
25. subshng9 s@ltzlese tqmu' tta w'egh%en-pfy ﬂ@@q thetfects the diseotionotf residuest ‘°ﬂﬂ83 &1
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repl age R 27Oi cﬂﬂﬁj intefdcts with Ghe €6 bid $-3 @libshddC ARy AR trdsldué | Ons

on P-1 sggeido m& 'aﬁaY thwsbdc.f.aﬁ‘, f&rpeﬁaﬂtpaﬂresuauet branesubsiatees. | n addition to those

resi dues SPR6 it Sriainl of GRISDRHLRE a\pait br toPERd §-2@ihd §-4 fsaisitdshAiteRd Spextibisyt forcR-2

am no ac akh P-4 yelefofe Wouk Ha@Rbcied avhinfutafich. Msrebe@t, Bach Imutetidn/rea) coish sédtilisin into an

speci f i Chrhiyio psptilss fok the isamsreasonsYubstifiona ptiLelila6billd bk expestert to prdeedhap@eulted t 0

respeas i velTye @fd12a tesitues likelycto Rostrict the eanfofmatiprial res@@m of the serlence 42613p¢ regiduos

act i t ywhith sy blay i snaior Indes inadeteonitiege -1 repetiificitye feklgeingi F}qgrngy intrpduee metedlexibility

subst i t uthemby braaderingth® BingeTdf dinding %@W'tﬂes qf pichanugntssubt il isin is shown in Fig.

4. As can bbe side ghaircefrlysel3 ispesipd within thesh3 subsite: Alhgkihe poe acidsowithindhe 213:41%

nucl eophistdmentzare alse cpriderae tos be impartany inosubstztecsPaRiicn d\ceasdingln erask PP jfupstrate

SCI ssr”Fesli!?é ity dReopRsiRd. "P@r'?'éti"‘ﬁi‘ Piglj? BiF¥e " st udi es of s i S _ncéﬁgrfecbﬁ
(1972 BP J@!f?éﬁfes  withy BURlERs but dg pogftions 31‘%}% hatjit %m

ol rsﬁﬁgi e B )

transi ¥ r}gs 89%2-47§ rhis ®Chdchliza 221
mai n- 4?' gad ge 9|t |‘se.‘.:o%d ry Rt é? db: é&ﬁb&ﬁ?thg rnQHGI 36 stRptofniids
aspar agi @.ﬂmﬂsﬁﬁnﬁh ccﬁrtbfyxéh witRCSRbtlibi&l - Hirdro, H641. (PFB4)\G Mok RS 178, 8BS #h W Hekmithbeak

Asp, Hi S had3 Helétioslin Hhis regibh.S@fh stihindted d6bdra) OB thuke"eecomidfy dontadtMiesiGies.Jm patidulae t he
st abi | i zabibtn obfesitifee 16N MFRGT164a4 6pbaEl talpradadear miteht albelisbil haiihge mbdited Suttstrate

st at e £orpcEutyb ddbigonp atreanangamentSn thisyaleszoigdured by the Hielbtiupeshouidh aites itheepositicmi af  of
Asnl155 amdnyg kesidoosyiavoived iroSubbtreds bindiey, wedeminatly @hBde Tiiairin ituru| should affest pve@l i ons
caused | actyity abeiost emteirecsous sibdistes at e t ur nover, kcat (200 to 4, 000 fol d?

mar gi nal dethe effent of dalption bisresidies 16 hwbety18¢hag Bepntshown '?V0<F°H‘Pa""ar1i'2? agtivity ok thp
transiti ofid ypa V) spzypie| vith amugnt %ﬁ?ﬁé@ﬁ’"@'ﬂ'“@mﬁ tgtian a welbgq Myfiple subsiitionsiént j on
of Kmsan @191 SN T8/ G $/SIEYR 16111 P41 FRARBOA IREL OhnTia AP RY PRENOMIIPHNS a5 bi ndi ng
proteins for specific; peptide sequen BZ. he nature of which wll be
determ ned by the specificity of the ﬁ@ E rsor so protease. Various other
am no acid residues have heen identified which affect alkaline stability.
In sone cases, nutants having altergdkat kal iKne stata't/Krhty al so have altered
t her mal st abi | ty. In B apA OTT qUETQCEEN$ S4Y lekiof €fsi dues Asp36, |el

07, Lys170, Ser204 and Lyqdgon st Rees @td-il 3 %srem dues whi ch upon
substitution with a diff&rent—amrolacelaiter—the—arkal i ne stabil ity of
the 55 nutated enzyne as conpared to the precursor enzyne. The substitution
of Asp36 with Ala and the substitution_of Lysi70 with GQu each resulted in
a mutant enzyme having a |ower alkali M8 st abi lity as conpared to the wild
type subtilisin. Wien Ilel07 was substituted with Val, Ser204 substituted
with Oys,' Arg or Leu or Lys213 substituted with Arg, the mut ant subtilisin
had a greater aI kaI | ne stabl I [ ty as conpared 29 EP 0 251 446 Bl to t he
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5 MtSOF, @yl560 or S. Ayl66A, H K Nor Q dyl69S or A and Tyr217F,
K, 'Ror *L. The nmutant Met50V, on the other hand, results in a decrease in
the al kaline stability of the nutasPo®2sbuaéBsi n as conpared to wild type
subtilisin. Oher residues involved in alkaline stability based on the

al kaline stability screen include Aspi 97 and Met222. Particular nutants
i ncl ude Aspi DR(WT bes ljcatfhtimestareaep thay i (delgfion @utagiiuh gibsiratadinding)is 28 foid Hightyy \'7\‘#
ot her resﬂhﬂjé%leﬂh'awtab‘eéﬁ‘ﬁ Preel tefficiprey %éheb@Feﬁ?J‘ My Iis s f4 e highar tap Jeg Wt

as deter m"\'TéVd"eb the her na screen her h resi due
i ncl ude t he Qb s%(f@ig‘\ 'T"?"Eﬁ’dr'%sé‘{jﬂﬁj WV%Het Pgéﬁbsglf"tﬁ% °%Fﬁ§d St a"SerF’ e 8%
Met 199 AncProFgTe e latter two residues are also believed to be
| mportant for al kal i ne stabili ty. Mitapisiedy these residues include 1199
and F21. The ami no aci d sequence of B. arryl ol i quefaci ens substilisin has
al so been nodified by substitug tie—t er—BFe—qni no aci ds of the
wi | d-type sequence. Six cat egorl e%‘bﬁ'F“t'?ﬂJPstef"'B'l"Ve'@'ﬂ'bstl tuted nutant
subt NH si n have been identifiefl. The fIH’esi&ueEV\D catedqories conprise
thermal |y and oxi datively stabfe T m:, L xt—hr ee ot her categories
conprise nutants which conbi ne i"‘ ful] pr ﬁ 3tie~ of any of several
single nmutations of B. anyloli que gns subfl kdesi n| The last category
conprises nutants which have rradl fs aI al i d/qr thermal stability. 20
The first category conprises d)ubIAg S -b|}1ﬁl ch two cysteine residues
have been substituted at vari OJS q;g;15p aC| d Gssdue [positions within the
sultd | i sin nmol ecul e. Fornation f aijreail fide lbihglges [bet ween the two
substituted cysteine residues eSld|J163I n jhut anrisssubt]ilisins with altered
thermal #®stability and catal yti ¢ aabireéty.| Theseserut gnts i ncl ude A21/ C22/ C87
and C24/C87 which will be descfi beyien noyre @etéi | ijn Exanple 11. 25
The second category of nmultiplg sEMP8i sin m8erd®2 s donpri ses nutants which
are stable in the presence of YVariRnig9 oxidi zBerdBdagerlt s such as hydrogen
per oxi d% or peracids. Exanples|1l dn#14® delscriThdd4 hede nut ants which incl ude
F50/ 11247 @22, F50/ 1124, F50/ Qp22,G28%y | 1p4/ §8i$85 1144/ 0222 and 1124/ 0222.
The third category of multiple|sul¥B8sin| nuCHA®S cdnprises nutants with
substitutions at position 222 conYHBG wi f h %}’?’ bus |substitutions at

I

positions 166 or 169. These nufant™®%or :1 cqmbi ne the so property
of oxidative stability of the A222 mitatibn WX{f thd altered substrate
spe&ﬂ/fl city of the various 166 or 169 substitutions. Such nultiple nutants.
i ncl ude Al66/MH REwingldiBIoOPS B, intpiied (oGRR2  as [ Irelpsapiation okgmiggiments hereig; and should 2
and Vi 66/ @2BSconTtved kellingiBib ArEponmef thistepriigation. (Thesp speciiip pramplas isciose the sonstruction
kcat / Km r aeficertaigh¢f dhe abgvedidasiified imyiepis] The copstryction.af ‘*EPQ‘S'E mptarts, Bowersyeip appareptfrpm

si ngl e D 2te disglosrre herginang thatiprpsqriedin EBRBuRicaion Ne- RIP0%8s yubst rate with

phenyl al ani néW ferafgesitaions a&?ﬁ%ﬁ[?s%éb'ﬂ?frpwdé’yéﬁ?’%@ﬁrry of nultiple nutant is
deseribed in 35 nore detail in Exanple 12. The fourth category of nultiple
mut ant s cof¥MEEEsubstitutions at position 156 (Gu to O or S) with the

Substit 4t | BRlancn pBbodBRdilbBReddils of dubtlh ol iigsA Sinole muitations

i rrpr ove en

acid. When t hgSkowdiiMBhFed 8 Mk i6BRganic PerabidiBiliddAd inabtivate I8 Friitani SuBHIIBMHE Mbtpde and

enzyme nmut ggbseaP@bdo0inidass)! fiis sxampPle Abdchisds Y B6Hficatth. of Peracid-xadiable stles id Ghese
The fifth gahaegaisl nMultiple nmutants contain the substitution of up to

four amgo acirdsmolydeher dinoaadid Mingd clih Peracit Dxidatib iwes SbtarmineduBers . unddn akwstic
mut ant s havdadisgne Giéans, QE.Optealt(i9Fs) Odemichl Moedifications of Firdtainsi Heldenialy.cS.E-0CA Ipp- 160-
properti es162, drgueic spelcids inwidity baho metbionie @he triiitenhen &, subtiising Differendesspactfar ¢ rthes.
| i cheni f or enzgmeliofek dfres25Pmro e B50nm Tgrige | werpudsterpipeshduring Br fnp¢tiation Hiratigy empleyingfthe 75
am no aci desagsthalingulodecgriols arisk (MIRDAFEY pdiianis Dagrite /quantitativagigactivsfien of; e |9agyme, no

si mi | ar s&uBwngecin abssrbance foyes jthis wayelenally ARge iwas nqted asishovm;in Figyes: 1} aad JB dndicating that
(See Exanpiptop Qwafiﬁmq"ﬂmé?"w"ﬂﬁ setF's“ Methods i -iv"-". pin, Soguence Analysis, -
mut at i ons H'g%rgﬁ >Efeg:;g'ﬂf;@v bsgpcs ~ Wﬁ% ' '°F1g
regi on of P [y e
changes ou ETF‘f“fné %ﬁ .:tf(g g s§ - CIQ,i " cﬁqﬁgﬁbﬁg :Eto 'giBgr,ﬂ
enzynes’ resolmo %Q nzy ATl coa;prted |n an enpla
properties Sidid. .x.,.,,.é,'f}n% S1Oo% Purifel £¥3%vas rdbud h&d%ﬁﬂ es
i ncl ude F5g l 3(5% ﬂf' /P A Saaglé(i&e%]tgg ?ﬁaﬂ conce:tr-ghﬁ &lzdﬁsiéeraﬁfe%GE Yci®f

multiple nutants | ncI udes t he gcorrbl nati on of substitutions at position 107
(lieto V) with the substitution of Lys_at position 213 with Arg, and the
conbi nation of substitutions of positi o 204 (preferably Ser to C or L but
also to all other am no acids) with the substitulon of Lys at position 213
with R Qher multiple mutants which have altered al kaline stability

-| ncI ude 01156/ Kll 66 0156/ Ni 66 8156/ K166 8156/ N166 (pr eV| ousl y i dentl f| ed
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EP 0 251 446 51 alkaline stability was the result of the cumul ative
stability of each of the Individual nutations. Simlarly, the nutant
F50V107/ R213 had an even greater ER G251 48 Bt abi |l ity as conpared to the
V107/ R213 nutant indicating that the increase in the alkaline stabili ty due
to the F50 nutation was al so cunul ative. Table IV surrmarlzes t he rrultl
‘nutants moéhatﬁﬁm’"ﬂé'éﬁaqﬁ'%@ Praqege 7R iefiRptiverpstive °ﬁ‘(9f" ?Pé‘?ﬁ"?’ﬂ'ﬁ 3 ippPeThe amp'

addi t i onwa%'ag'eereq for t‘°t9r1“'f“ﬁ§ aéﬁ’&(?ée ity %“dt A P'“Tngf 1f'8ITf'?)Wl ng
resi duesgD ’gﬁg}“’?ﬁa‘f E‘T"Eﬁw? 8§ %ny é ilib nggg

I NCrease l

Gyi116, § ie anu tfg%jfj f’:§' I EE é'f andéﬁdyr %ﬁ ff \% ?% fants
Tri pI € eDFQfA S& FMJLJ Jvdfg%c %%Z 9 volum 554231&% 344@%2%@29.{%@7
F50/L1 2 at 10 mg/mi in 8M % formic ac:d all 4qual

A21/ C22/ Iml CNBr in B8P fdvic 384 Wes £846d-@ Qﬂeﬁ?ﬁrd the sam955%l@3t65fb‘ Ni
66/ L21 @Qﬂr@%ﬂ-@om tempeFﬁ.Qé falhe Garel Prﬁrgfol-g%ﬂ-ZIe&Qphoresw the samples WelOWcphizbd and

F50/ 5 @sdep 208-622dAn! in sampleDut6dl(1% Qytdined 6% INabddshl 2844 Gfestol and blomBghBdol

56/ Ki 66b11|3}fh3d @as&ﬁl’a@&@be'Cfd?EGhﬁtesSG/ K1 66/ K217 QL 56/ K166 F50/ SI 56/ Ki

66/ K217 25 The samples were eledpbfitreblodn discontindcud bidly0iy/amRié eS|, 1 66al. (1953] Al

53/ Si  56Bikkh. 383,Gli5522).8T80geksl wed. staibec5 dskig 6 /PRrmesy #lvercleinily BONiad HeMRILEDH

S156/ s 66.W., et al (1081) Eladi®phoresis 2335-141). S156/ A169 R213/ 204A, E, D,

N G K, V,ThRresyits gb this exppiimeut arg shagngp FiguaB. 46 cabesean. 222 trested it GGy A%zz
07/ R giges3ine resolved bands on SRS} He‘mverz‘z'?" K%Bf'mzeztekf'“s%'?ftfﬁzf f'%‘@?%?ﬁ‘é‘s

Vl%-@ 1 C22% 7and 9 disappear whereas re iy j
addi tion td" f"l‘fé" HB'@' "le Thg the s 's°‘at
resi dis bbf'ev u m in_b %’1 ven
subst r at 3 E rau s was Eﬁﬁ trie Qr%nm 1 II
r od ?un ess n solv -TF i R) cﬁlﬁ t861@§s bﬁs%a’fﬁﬁ-‘# i 0
proauce ?;ﬁéﬁg ndt oblgatg mﬁ&)eCI f I CI t O Su l1sin. MNor eover,
mul tiple Sndi/dRNGo | &s 0?51' @r&yrﬁ@@g@ﬂ%ﬂ dsBE TReS \hrApISs Word q@iﬁnbf i ed

resi dugs ok dSQasﬁéipﬁﬁtdﬁ trRe o8 AURE saplel ibloTbslsgdhideaat f0 Mgl A BM 9L Ba%
substr at '?on%ia%e.ufan%qw ol bi B InffrhYONBIROSE/ARIMIE A6d Wakesdded & rrly@bpotein). ahed 7,
Leul 26 afduda@shlidb2z hddi Mtthedar0bt rbbrs Gofpalanitel the ahrhmds wehneddsalisd of a8 tre X 7 brer eby
al t eri ng chilien SRR IALIYCGEQS cofrsd fasin (TBIE, Patis, France) bapiliBratht withi #8% iscivest B,ca9Peckolyent
Changes &t 260hil Saniesi viekeoapplisalLat d fiow eate aifi frdl @tmituteeandH.0ac2 ml/¢ollgctadrby fridnitoring the he
mut antso Bbsdotbancesat eademBriDr todeetiornf dnettie HBIR: dach desalies sanple rwas dituted ith Stvelumes of
modevi ng sbivenhA.pFhe camples wive Iniected at birpil/mindd minuteg)1nd thegflow ihey) aglisieq F? G5 pplimin
bi ndi ng. (190%a) Aftar 2yminpies, & liprgs gradient tor8Q%<B atH G 'é('“!i!l"faéf"'“g‘ﬁ‘é(? fam *a°h § masE™ the
P- 4 substreeledreplsern samplad Bl and applvees 'sz@' skerhgresis %"f“l"é‘if‘? Lo k
St abi |1 Ty, 556k povpopie oaRied by U ReormE 5L e gy spebas e omogorat By 5P e
i nhi b|390P°%tl9 83c pertigh on dhe kg, ?’Wgs ::] L)’(ﬁa' f'
I\/Ng i fi cat7?Hr79 )WF?]P'%“' sq“P‘f ? ORBNTHE" PHENST B coglp?sét'ona pe yi'sspém P T

fover ? suc an ‘.’Ls's t§e @@V"B‘S%‘%"éﬁqﬁp‘%fI"[Ep’%‘h@&l’phw convert subtilisin to

an am no pep{ [ §3s€.
40 1. CNBr peptides from F222 not treated with DPDA:

ﬂ

Peptide 5 was subjected to two additional reversed phase separations. The 10 cm C4 column was
equilibrated to 80%A/ 20%B and the pooled sample applied and washed for 2 minutes. Next an 0.5% mi
B/min gradient was initiated. Fractions from this separation were again rerun, this time on the 25 cm C4

45 column, and employing 0.05% TEA-TFA in acetonitrile/1-propanol (1:1) for solvent B. The gradient was
identical to the one just described.

Peptide "X" was subjected o ons additional separation after the initial chromatography. The sample
was applied and washed for 2 minutes at 0.5ml/min (100%A), and a 0.5% ml B/min gradient was initiated.

Peptides 7 and 9 were rechromatographed in a similar manner to the first rerun of peptide 5.

50 Peptide 8 was purified io homogeneity after the initial separation.

2. CNBr Peptides from DPDA Oxidized F222:

_ Peptides 5 and 6 from a CNBr digest of the oxidized F222 were purified in the same manner as peptide
6 5 from the untreated enzyme.
Amino acid compositional analysis was obtained as follows. Samples (-1nM each amino acid) were
dried, hydrolyzed in vacuo with 100 ul 8N HCI at 108°C for 24 hours and then dried in a Speed Vac. The
samples were analyzed on a Beckmann 6300 AA analyzer employing ninhydrin detection.
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The pH'activity profile should al so be nodified by appropriate
substitution. These residues were identified frominspection of the refined
mpdel , the three dimensional struckER0@5t s48Bhodel i ng studies. A |onger side
chain is expected to preclude binding of any side chain at the S—2 subsite
Therefore, binding would be restricted to subsites S 1,

and cl eavageArmiouteanitabsqauence data wasbianed af'rPré‘f'°UF'hé°s&'Fﬁ°H(§R‘tdé9W rT!arIetB' “?ﬁgbﬂ?fbe
Leul135 |§EEEE'.‘).E§£’: 58p4ubsite and if nutated should alter substrate

speci ficity Fhgresplserg shown inJeble Vil gadiFisusdki que was | dentified by I nspection
of the three-dinensional structure an i\gggl 'Li ng based on the product

i nhi bit®r conplex of F222. In addition eses sites, specific amno acid
residues within the segnents 07-.103 126.128 afd-—213—=< 215 are al so

bel i eved to be i npor{t @minotand e@@sterrmmeongﬁldrag@emss&gwmasd Methah3 and 126- 129

forman antiparall el lﬁ‘ég%eﬁth“et MﬁhJ‘mEth@d mai n ch@o@Ho,t,etﬁdgbst rqte residues

P-4 thrgugh P-2. Mitlat-Ag—egeves——those—rpegrons—shoutd—afflect the

substwate orientatidn t hioug mal: §SXESP N (enzyne) 5 PRRFIMNMai § (substrate)

Interactions, since|the fain|chalns9Ffhese subst‘?%t"%’“’?"é; "dueqd do not
Interact with these|part{cul gr r 1?5&'?§°°\Mth| n t He SO "ough) 8- 2
subsites. 16 W tthi n he egnjp A "Po3, G Y917, Qg{: ') nmgy be nut at ed
to altes the positign ots )ge3| dueg ﬁgz js%n thin 1g,§eoml§,§ﬂ,gpnt. Changes at
these sites nust be leonpatibile— \,wcvc' D. afyHeetaetens subti lisin

p99 stablllzesaturnlnthe mai n chalntertlaryfol %ﬁs‘%that f‘ﬁctsthe
di meCt i on of Paptidss fige gnd| Box_ refgrsto meptides Srasd i6f ignlafds f’%ﬁ@?’l‘i‘ zed,AEP"ons

i I
inan Ag,ggg@?ﬁﬁgt’.t?ﬁ%;" o e ety oL e 0B % %@ ol asetsa
chai n turr1n Figre ot Yepis e o gsﬁ i ai n
directi on. PRI 1nd i‘.‘d e s%'t?“-”"g%"’g‘ﬁ Lﬂa o%tdote%m al'ﬁ%ffaaln
chain dlrj’ﬁef%g e okld&io ag S Hile &t rabiaues ¥ Sa 1ot eracts Wth substrate P-3
am no agi € chal ns of substituted am no acids thus are expected to

Si gnlflcargmpgé§ect specificity for the P-3 substrate amno acids. Al the
amno aci ds—within the 127-129 segnent are considered inportant to
subst r at e &b &iMeis50 ardMméth 240iR Subitiisina@a222Qoned such that its side chain
interacts Wih the S 1 and S-3 subsites. Altering this residue thus should
aI ter tie spwa oh toy ahins abld orosobktfdtich atedatidueas kebed orethe Lavaitahier sequenth alalgi fefe
hak of Guintliaas feomByriicteetormis (Suith, BE., #at nsta&wﬂ&mﬂm&mmeﬂt%& “ed

SpeCI fi ci tefaf 1P8IPHOPpa Peyier'sZ. PhysiolCham: 3¢iH\FAT1948). B S ot al.
‘Moreover, (96FhJ. Biol- Shorm 242518631 endiB. gubitis (Blek; 'W'-r?ftabézﬁg) ; ;' g‘gﬁ;“lﬁ b’%‘@’ For
f

the sane ral®awpPodigndpisaphepipanie- SE%ﬁ'ﬂ‘%svtﬁ'ﬂ'PH’ ghe ' thg Qat
resul t.%30 At posifien ﬁgf‘-c?lﬁgb"‘i"ég‘?"ﬁ!g H°§s°fﬁ %@ pt °°t' Noldints)

ra ti ] the mos rob
Lrgheegt‘j?nmn?f lgggjj-?'b Tom; I185‘é?6 n an gucme wereI c rr St 9 *g 4oy
t | r idati
t her eby b;g F Iéer e c | E5dicRb2, ﬁ!&? 22’2““#5%[*25/02
side chagin f”’Lal sfsple oca eder Ee - subS|te of the am%g
aci ds W'th I\Jil‘ a%#&ﬁﬂéo&%%%c%ﬁ‘sﬁ'aﬁ@s@onSI dered to be i nportant to
substrate speC'r' gry, altered P-3 substrate 35 specificity is

expect ed upoRy mdﬁléﬂldtl&i% f@'ﬁak@&émﬁtﬁﬁh&l&&v&eﬂ%&ueﬂ' wiit Dk HS4.8 ssithrectolde sistigied in EPO

i nteract WdblicabdhbRg. roasoysduid Welisp04i, bt aiNEAsss Gele 84 315-323. TwpupAabodfh fFige 10.thhe 4.
conf or mat | @matdhs iserdtaded usingithb cng@@sis Briier stiewn &l Fig: 10,rine Bitand empiyed nrea:eroyfzm
resi due shdesigobtea§ fscmbtrictionpBfiGitions whigh tsedeseriteld bplew. cyipfva |af Mi3 an'ates?jvetﬁtnm dha y
I'n addi ti osubtilisinighms, Midroms 1-SUBT wis usei dar Seterodupiek syitheels (sleiman ot Er{t?éﬁt PHA 20t83-

del eti on 0f93pFellawing rtransdection efoIMIQT (ARGCHI3BTR) the - 5t'Y‘?e§$§'t%ﬂ]'i‘hF’39"E96 gtag
resi dues 18@tiisi Henm yas subslogsds feam Magardil {SUBT Ry intorprecipient t%’&’édé@“ 42 the
resi duese neepstactiop of whigh s dageribpin-E é?:B‘I'RH%ﬁ" 1?1‘1??6 rT§ 69’? '° FHHT h
nodel of sPAEhtiRthfcthe resylipg plpsid, peal, dd‘ﬂf f"ﬁ'sf'e z
Hi rono, et poéMacry T | eloctr reS| | ar m es a II’ ular (] ran orme
del etion i Fﬂl ells l ). ls a asmlds wer Ctl si@ for the
ant act " r li . as f wer sa% n ﬁ h]%ae 1"
rom nJeQIﬁl'e $1§5 Esoéﬁg t ahd

i hih th% I5n %Y{hggu eh@“asgdbhﬁd fdgfert3). pASO
speci ficit a@ é(P ith P@pnr %ré RHRRI4.0 Kb Frél nﬁntacroﬁtaimgﬂﬁ%e 1Y the REbtilisin
del etion s c s ﬂmdo(iradmﬂb’ 2) @RabEsHRS 1108 @ W 5), Bnd diRddx BrIe
bi ndi ng, predontnant y at P-1. in turn, should affect overal
activity agai nst protei naceous substratgi The effect of deletion of

resi dues 161 through 164 has been shown®Dy conparing the activity of the
wild type (W) enzynme with a nmutant enzyne containing this deletion as well
as nultiple substitutions (i.e., 50

—8153/8156/AI58/C§59/S|60/AI61 164/1165/S|66/AI69/R170) ThIS produced the

. - g g— vy # & 2 ae .

expect eas t L gﬁ)eo
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EP 0 251 446 Bl The WI has a kcat 6 tines greater than the del etion mutant
but: substrate binding is 28 fold tighter by the deletion nutant. The
overall efficiency of the deleti &Po2taa6B8t thus 4.4 tines higher than the
W enzyne. All of these above identified residues which have yet to be

substituted, deleted or inserted into are s presented in Table VI. TABLE VI
Substi t uPﬁsﬁe}‘i'P’f ﬁ%"é’ﬂtf?’dﬁ?‘ﬁ@%?qsbﬁﬁ’ (Fhagedrerspenge dingiPlswere mixed in a molay ratias of Lbl?l' 26

Al a153 L@ﬁ ly. For the paglic i thls example the tgined the triplet TFY
Ser 101 odon 5 w@ct)r/ i%c?d@ )}‘Togns Eﬁasz\g asdvg%da%?muta&qgsub@ﬁup 2g d&s@nat d

Leul 2% rs0. Ser159 d y127 Serl 61 Q@ y128 Ser 162 Pro129
Ser 163 Tyr . The G y215
Vel 1 65 B Sobftmoton of Mutatbflad Jnpde2and 127 vs1 70 Prol 68 Tyr1 71

Pro172 30 Tde ploBlobiad W BebnibleSa s WiwddSin bibb@mEsbteh SxcaR e 1@ SnuagbiRRIE BRAd AL | ON
of “enbodiFgHehf IheCT Radusedahd réshtRiidnGpuiiRbtioR for 18 ESSHWREinda 124 WislubdiDinlabi@tion g e Of
t hi 5. apPDNA 2iseéife. (shhiRISRQPRRS Fifirs 1 £ NASTH)| cORaltlaaRd B5IE AT dor GELDA H2ANRHIGhCIRCcabs

cert &h nf aidn@rTalooLe. Tibes plasni@xwiiaht @htaited the utsititivh bLIBK foOMettd4wbre Rlegirastsd

mut ant s, pih2wEheanytant subiifsipavae tdsighated 35 t he di scl osure herein and that

pr esent ed I n EPO Publication No. 0130756. All literature citations are

expr ess| §. Ganeteuction ohYasidusipo/e4/@228 sdsiple MPLE 1 40. I dentification of
Peraci®d Oxi di zabl e Resi dues of Subtilisin 0222 and L222 As shown in Fi gures
6A and 6B, T8? yilei 'E“‘?S\*) PN a4/8222 0 wast constiveied f’%taéhfﬁ?wayn'lﬂ?‘é?nt'" whyeh pach drpgraen

I\/E%ﬁZZL %‘?’?H‘" t°2‘22§ 912‘292 BHigton ? "'ﬁ'ﬂ ep%?gbmggpfrﬁ% by cgs;;gg
dest i f ? P} 45
e i 5 aﬁ%%i"%‘it?f’ STl e 1Co
%gle}oltcg egt * .% rrstn?é Eﬁj\ﬁg Al n %g k‘?sr%f %Lmnds
per aci d sthgiq&fm G pdSRbi e tn@wmgpetf&?m i, 0t oot e S

spectra of thilFsoadbay Gk 192480225 RGart® W cbridimeRE 1A SR FraNRF Bcc trﬁ{mst% Adg | NY
an i n@gtfraga{ehtqmmtﬁg“;sa;ag (93d fn e @iidl Béhsirdeont €agent , di per dodecanoi ¢ aci d
(DPDA) as oxidant. Despite quantitative inactivation of the enzyne, no 50

change i D. GativelSHbilis cdQLa2 MUtdn® Wavel engt h range was noted as shown in

Figures 7A and 7B indicating that tryptophan was not oxidized. Fontana, A,

et al . (198069 ahivbhodants werPegpblyzid famstakifityo toe pevacBi gridstioe Abnshbwrs ins Fig. (20, upBi r r
d.) B siecibeton viibdipsaioltecanpic @D (profdire 2m@ymb.nexisian f 75ppmiPR. diothathe @dR22candi thn

_ Wed B50Y1t24(G32%h are fcompietely stabip whereds the) ESO/QRRR iovel the Q322 #rp dneftivetad. ghis fndicates

arryl ol i gttt eeaveesies of Met1Rf itas |184 inwililigip &?%'SP“WW‘ &oerfer fasislance tp @ganie perAcid

reconbi n&ff@™&ubti | i sin Met 222F was cl eaved w th cyanogen bronmide (CNBr) 55

bot h befg grgg after oxidation by DPDA. The peptides produced by CNBr

cl eavé@e al yzed on high resolution SDS-pyridine peptide gels (SPG.

33.%458;%@}_% gm!@ﬁés 165) ur ' fi I ed
addEd t O a SthnQIk contite %R'ehé’rhb&’ Qincﬁltg é?e@t vmion & %Qﬁﬁo@ﬂ% &a@%nd A%gnserved glycine at

40 residue 166 was replaced with twelve non-ionic amino acids which can project their side-chains into the S-1
subsite. These mutants were constructed to determine the effect of changes in size and hydrophobuc:ty on
the binding of various substrates.

A. Kinetics for Hydrolysis of Substrates Having Altered P-1 Amino Acids by Subtilisin from B.
45 Amylollquefacsens

Wild-type subtilisin was puriied from B. subtilis culiure supernatants expressing the B.
amyloliguefaciens subtilisin gene (Wells, J.A., et aI (1983) Nucleic Acids Res. 11, 7911-7925) as prewously
described (Estell, D.A., et al. (1985) J. Biol. Chem. 260, 6518-6521). Details of the synthesis of tetrapeptide

50 substrates having the form succinyl- L-AIaL-AIaL-ProL-[X]-p-mtroaqude (where X is the P1 amino acid) are

- described by DelMar, E.G., et al. (1979) Anal. Biochem. 99, 316-320. Kinetic parameters, Km(M) and kcat-

{s—') were measured using a 2 modified progress curve anaIyS|s (Estell, D.A,, et al. (1985) J. Biol. Chem. 260,

6518-6521). Briefly, plots of rate versus product concentration were fit to the differential form of the rate

equation using a non-linear regression algorithm. Errors in kcat and Km for all values reported are less than

s5 five percent. The various substrates in Table VIl are ranged in order of decreasing hydrophobicity. Nozaki,
Y. (1971), J. Biol. Chem. 246, 2211-2217; Tanford C. (1978) Science 200, 1012).
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EP 0251 446 Bl (DPDA) at 26 ng/m was added to produce an effective active
oxygen concentration of 30 ppm The sanple was incubated for at |east 30

m nutes at roomtenperature and thepo@seasdBd with 0.1 volune of 1 MTris
pH 8.6 buffer to produce a final concentration of 0.1 MTris pH 8.6). 3nmM
phenyi met hyl sul fonyl fluorlde (PMSF) was added and 2.5 ml of the sanple was
applied to a Pharmaci a PD10 col um equidBbYlHited In 10 6 nM sodi um
phosphate pH 6.2, 1L mMPMSE. 3.5 m of 10 nM sodi um phosphate pH6.2, 1nM

PVMSF was applied a dpigmsst@{emp@gl | &ed@eh) FQ/R,a(mmd IRE’%quw’i)zed F222 were

precipitated with VUI urnr-,'ﬁl of—acetorEat— le S oS vere
BM urea | n5°88% o%g a

resuspeﬁded at 10 jl owed to sit
for 5 mnutes. An qual vqPl e of 2002 rrg/m 88/6 ol C pCid was
ein) a Cthe sa Ipssmc fpr 2,

added (5 mg/m pro t pS af room
tenperature in thejdark. Rgdor to del 7edectrop, S, t ’ogarrp es were
| yophi l.j,zed and re$uspend at 2-5 |mg/yng i1 segggg buffeh dog%p ridine, 5%

NaDodsO4, 5% gl ycefol and dy onophenjol gaeye) aryi;ogll shssoci atogd af 95 * C for
3 mnutes. The sanpl es werghn el ectr oph@eseq orgzdoscantl nuQwe poj yacryl am de
gels (Kyte, J., etjal. (1%8) Anal.| Biagh. |133,50615} 522) .4,90be gl s were
st ai ned using the PharnmaciGu silver [st aig4i ng t echBai gue (Samténs,| 15 D. W,
et al. 1981) El eciTtopnhoresrs 2 I35-141). Ihe results of this experiment

are shown iny f B’ oF ki als%%\‘emﬁ tégse&talﬁg gfﬁciény%ttﬁéjad%&ﬁ sEQURS orddH rite Sbné@nt
ni ne resoly& @n&gorpaf ViRV ubstiéi QB + By nky%\eadltﬁoprtsdu&@’{ )Veinbks DAY
prier to a8 HEGheR R Snd>i~:nzg7m (McGHAWSIR R 66Y) ppVRET-LBBSFIRsht) A ERzymB Strtudd éhd
greatly i riidchanismO(FreBmér) e Flahdisco,! 18770 ﬁﬁ62261287)dﬁ’£e€|6§7‘(l(6ww isChiopoHtiondn @ transition
met hi onf’n Gratemidingehérgy; A&, A PBEH teflog Kee/KEINBFsuDIRE hydebpBobivRG ofi tiso 1adideethalo (Fighng
rever sed pilapshewskifong balrefationt(hero.asj) aitiathé excegtien of thdglydinefshisstrate whitteshowsevisietde
Sol vent A féraapepoadsdtiva bhdifm| Theset défa (sbawgthat @latifeodiffednicesHpit@en dansitipnistatasbinding
0. 05% t r i esnbrgiesiamies’ accouinted ifay doy eskifiersnces iind P Tida-clidiA\ydraphobigity. When dhe transitiogstate
not ed, golbinding shewglon s caichialdd Br (B5e TEARITIE and plgfterl vergysy it repegtive eidggwn
TEA- TFA'i rhydrophebigifisnite ling slape I¢!-2 Kret/\ﬁ'}om)e*\\me @resteh{hprmuwtxt es ispgije theppase for
anal ysi s, @W‘WP@V’E@P’F%‘% Elz_ﬂ_ﬁi Fp angMeg t(F ’ﬂ%‘i‘a@ ﬁ%‘ s é’§7
wer e acet difpens’ g AJ-» % 2099 gl
were resudpd] 'Eﬂé’ %ﬁ "(°*4"g ¢ wer

P
at irical rmu th
Of 200 m%mogg, id, dro ZZ%E ‘: n : :- |"tﬂ-§é %:p: g’ ré119 S%l 05932 b}éiéﬁe
Pari s, th E( b

des al t ed k lei%te{d*%b( Q {ehiBHith
n#%ﬁ]mg&g f ’ e Z@He@a&svgat o, aaeg N 2358 B
sanpl es V‘ﬁ&@ ﬁP Si"{hataduu e & te & P-105idBL RN Mo eépegm—ib tl?e ¥drophobic

col | ect &d ik Al shssirhta davahds #6m td aﬁaaa&@plat(e.@mm totrihbdrEl tambitiomtets orflexon
the HPLC, gas)) HoRsa, 1hesh AT SsonSniétprotdll @sithivhyjidiopRobithty bFtRSP10dideshdily effetting.theThe
)| es  Wegrientatioh, i @ridis &e slisddptibliifynof fhe( stissTleNpsptizie Joomid riudlevphilicoatiatkignthe tydisd/led
to 0.5 /gﬁmo(ﬂ:@ﬁ&tﬁlﬁ):Savﬁﬁter 2 mnutes, a linear gradient to 60%B at 1.0%
"B/min wgs inWhe déppodender oirkextlsh oh Ry sidm chmmeywhmy pegdesieddtat: theg laqat/in for
(50ul’) andvweehiopie substsates sy ke inereaseshivoinaresisg &y hydrarhebigity (of B Sylebindingcgybsite. To
pol ypept i dest thisgiypateasisdydreehplie amifo prichaubstitgions ofGly 198 yyererpaedueada) yzed - f or

hormogenei t %EWC‘*?F(’GW'EZE“BS a"ﬂslgg‘i f"i’ecﬁ'i‘a'B’f 'sé’ﬁfﬂ"fy @E?W"HE' 9 ﬁ'd 'Fﬂ?'" R r%{;g
orarnce by i ?n”é‘o—&m ey r-ﬁ% i o
where nee tra tle cﬁ:él?q_' o r twe l anc esa 6lmo gpo mégrys -

fol | owi ng gﬁq }% eve nonc e tatl | % ti |cmes

F222 not t %‘egg 'e 10}cect ed to tvvo addltlonal
reversed p@@g&eﬁ}@,ﬁa& ;,ésgrbethemgmg, g,gatc4 colum was equilibrated to 80%V
2098 an® th washed for 2 minutes. Next an 0.5%

n B/ nin gragdiehibpaiion bithiting b@lisints cbhtaining telsiBsMulidhi & e aloptobio AMING laCidagia) N
rerun, thial brid'he Gito febiBue’f86 BE3 Kedn déscritied iERD Publichtiei . 013078, TheGsaite mrathed W i N
acet oni tridsed fo- grodupe me Ireralriing) hytiophobio Inwesnts aBresilitec 16§ dipglyibg tMaandtiibdntivd maibuet O
t he one 5] Uit siibpt @tiidien sitePevpiel itt@dickd invaes subitilisingetes do tisetyrilenkatbleltatgetosvedn 166. As
separ at I oncaabb esentim Eigure i1 3, ittel wild ype rsadquenpediima 1) waseiteredh bypéite-dinectedamytdgenedis 13
washed f orusing therindicgted §Tmed niitagénesia prined.Go/dhjrodueaal 1 hbrOdelsption] (daBliadiine) apdadiaearSach\as
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after the initial separation. 2. CNBr Peptides from DPDA Oxidi zed F222:
Peptides 5 and 6 froma CNBr di gest of ¥he oxi di zed F222 were purified in
the sane manner as peptide 55 5 fromthe untreated enzyne. Am no acid
conposi tional analysis was obtained as foll ows. Sanples (-1nM each am no
-acid) were dri ed hydrol yzed |n vacuo W|th 100 uI 6N HCI at 106- C for 24
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EP O 251 446 Bi Am no term nal sequence data was obtai ned as previously
descri bed (Rodriguez, H., et al. (1984) Anal. Biochem 134, 538-547). The
results are shown in Table VII arEP ¢2ou4ss Bt 5

TABLE VII Amino and COOH term nii of CNBr fragnments Term nus and Met hod

Fr agment ~am no, nethod - COOHK net hod K>10 t X

1, seq uefinec?). pA166 was 'cut open with Sae égglt ?Qgrgagaed linear molecugiwerg @@ure 13, Iine

1’19 co )og?°ﬂ qa §ynthetic olugonucleotl qdesco ' tatuon of interest weieg@nea glq;hm%/\
re 13, line

(@]

ligat
igg igq qsﬁ%u;ﬂwerre st?:re? z-:-: cogfn o que§ L
Pept i desp E‘% el ol 'Esaen st@oﬁ °9§?91 séJd ava&%t s
of the oyl g vﬁn‘l ionb

le ed ﬁc f
From t he o{iabay, Vfﬁg{ﬁa L, %49&34)%”6’&596?‘1@%@& 'E%t}ﬂ D) 16&!5?.33 lbﬁémt & 6518-
oxi di zedggyyd natrve protei n-dfrgests in Figure 8, |f‘ i s apparent that (1)

Met 50 i.s oxidized |leading to the | oss of peptides X and 9 and the
appedrancenglowing satlaté Bpeciibity by $teric HalramoOXi di zed | eading to the | oss of
peptide 7 and t%e accunul ation of peptide 6. Thus oxidation of B.
anyl ol i qui fraqiraba thehilirigb in sebstrataispdeifititycaysed by stetic allérgionsio the Senwibsite suosition| 168.d s
t 0 t he spwtivwereosiictically emalyaéd veesub iFd reubstratas ofr inereaging $iz6 @-ea ridh, Met] Phe BndERm\VPLE
2 Subgs i Retios oh kept/Kviaresmesentgd [inetop Jormi in Figwigt 15] 1o gllow dijeetcpmpgrisens of trangiiian-¢igle) ce
of ami nobiadingienprgies efyean; verpus enTyme-subBa®®als based on the avail abl e sequence
da\£ f or Kyhecording to jrapsition stalgdhaopyothp fee pepydiffarence Pﬁ*geegjﬁmffeﬁ engyme, Plus gpbsifio

8) JE Bl%rmd o, Eapsitionsigte eomplex (= §°) ypan be cRipulategiligmpRauation (et 5 " (1083)
Ho ppe Sayler's Z. Physiol. Chem 364 1637-1540), B. arryl osacchariticus
(Markl®And, F.S., et al. (1967) J. Biol. Chem 242 5198-5211) and B.

subtilis (Stahl, I\/l.,e\t I erl 5 11-418). In all
cases, position 50 % ﬁnyllﬁﬁﬁleﬁc%éﬁt %ﬁ gﬁééefore Phe50 was

chosen for constructi on 96 At position 124, all known subtilisins

POSSess & WRENkADisRe torhdver hutbee K isMRS RfidkbaRs cHRREAY, IR 18 dnddhast dbRstint, T &Ythe
derived Wn%ﬁiufb fld H&&Mérﬂ's%ﬁsténh QhEh W BlaricR B icériREntt Spedidin IdMerdfces Ak ¢¥P@ésed
pr obabl e qGanighivelid as Jiffbrofices bétwdentitahsition stafe! g lsherdiés CaEIAGHaL @@ car Betaiulion e
and | euciibf edeiiéh @hosen as the best residues to enploy. In order to test

whet her or not nodification at one site but not both was sufficient to
I ncrease oxidative stability aI | possi bl e conbinations were built on the

[
0222~backbone (F5QLC222ak / F50 11 22 Constructi on of
Mut at i ons Bet Ween(% dons ?4 ]ﬂl ’?ﬁfgﬁ/dg’fz) )gﬁ ?@mhssette

nmut agenesi s were carried out on pS4 5 u3| ng rret hods di scl osed in EPO
Publ i cation No. 0130756 and Wl ls % 8@% Gene, 34, §t15 323.
The pﬂso’\ﬂﬁd Birgprosery eithey Pﬂé’ dzf"”%‘s“ﬁﬂ'ﬁ*ﬁf Fi?ﬂ?d\ﬂ%"tﬁ'ﬁ AT LHYTR: PhY© fMytant enzymes

h
dosrnat ed A Q?B T erer N EQ& §>°fo’¢ °°%a'“4ﬁ‘§r%w 1%5 A2 13&\{1 Glly. o
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nga and overlined sgque
‘ e _BXCO| over osition 166(@&%§ea uences
Ie»?p

L
5505

het er ogu p.L,d & Ng
transfectAyaqm bs“Ll}g;, (ATCC 33 76 t e 1 5 kb EcoRI BarrHI fragnent
cont ai ni ng dgaaficdic |chdn§ésﬂn ﬂl@'ﬂ&lﬂbﬁ%@dﬂ&%ﬂrﬂ @6thfak BeThrdSeRcadf & sPidxyl Group) B-Cora
reci pi ent,-aWghaficorariching) FauRb IRje Jobddsds inRatlth foCagst Filsiibstatas. Otroddeing a2 4-Bydroxyl
descri begroup irE¥gPIdM A0ESt (Figire N6A) 10 153667 frigure TIGBR rausesharf & ffold hrel 4risldametiuciaginence
(P, 50, 4] ikeapKeh) for Phe ande Syt bubeitptgs| aespactivelyo ehilartie @luge &I skl wnd MeKsutisiratesn are
| i near nohehenged Prodpciag pBrbrancted stoyctyos lin/gaingyffoan$ 188 tgE166 abatis incpdren efslidand 4
Li near nidieinukcatdmpter Bhd angalye despeatikelyt. dhese clifierendes aref dightly magnified ferd G whithtlisi nt o
E. coli IsidhByilacget 4nd igoAPEONE TIAS )Enlaraing| the @aragxh%mbasuem rf'ems\ﬁﬁ%@rfé‘i? q8ys es a
restrict ileweringredkgeyKe between e apg)pix foldstpywasd Mgty alra"ﬁlTé{EFHbﬂ?‘WP%“g

confi ritediryce. burpleciag Mioh-(Figura A vith |L166; (Figyrp ?ﬁ) ’ch

t hat 'W&'Er%éf”f"r"s Hé’ ?Mbﬁ'al Sneg phatie oy E?" %é% t
wih S Ko i ,Zgw? %d%a? ablegly, v

from L

subti i sn“ﬁ "° <° m, g‘é" ) Haﬂmgse i RO I f&‘a 55 &h G‘o’itsﬁgzlf’é" th
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Kpnl sﬁﬁ’ ral f
subt | l ! Slvglugefgre 5 Bsitihir G U&g}ﬁ\% Y@%\ pMé' JTFJ? t J:(f%at s 1.
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respectively. For the particular construction of this exanple the DNA
cassette contained the triplet TTT for codon 50 which encodes Phe. This

pl asm d was designated pF50. The nEP®@513MéBil i sin was designated F50. 5 B,
Construction of Mutation Between Codons 122 and 127 The procedure of

Exanpl e 2A was fol | owed in substantial detail except that the nmutagenesis
primer of 't %ﬂdé“I'P M?t iSpRetrate {fzpgches @ agimum batween \UEE aneL16G: The Bhersubstratp showsiee

"EcoRV si t &1 “tlfs‘éﬂﬂ'“a' Yith 4x186- Hewgnthe tﬁFPéa"EBNA pesition 46§ @‘bftglﬁ'a'éfefﬁm a ""9
sequence, ;ﬁ‘ 't° Hg 5%f8 t'%YYeﬁé‘d“’P ?’] a'ﬁ?ﬂ”f Sch
encodes | i gj‘ gf ‘E' d oy ild P(B °‘EZM °(G'V166) and
substit Ot i O 's ady °?r° oéeja Eﬂ’e'c '?dl 1

b(? d S | sf Ime e% r non Eﬁd %‘ I r. e ularSI n
was desig gf 27 b ructlon 0 arl ous 185 &ﬁ‘fé’ RO i

Mitants 1 Jp{uhg Is@o ﬁ@{ posn 0{6& Jﬂgc%a%%volmsm I%Lsr rﬁ Iﬁtq Lfr tﬁ) %ubstrate
three-way fd. oféemn sﬁlﬂtré@'ﬁo bsra@ INRBPhE Ql%ﬁdt@elﬁyﬂ % &6mbined
mut at i 0Rs .voili6s ©F Melepl kg 2Bproihte b vilGHRe 1OF SIBACRA b Ml m&eé ¥ §ubslte For
mut ayenesitse aAmARRSS, dsrrya sEB&tPuhbemtsuMatblq.wm&QZEs@ate @o/MeOsubdifa®} arfan
was cont ailresohaosubsiratd, Bl RoAbinsdl volumed ure| 466,295308839t and ROMAT) idaPsctivelye sablraémg the
mut at i on walsme ohthaipagtide backbong GlombyactPpaid (6.t t@o Ames the fvolargereinglycihe), ad avarage sidie4
and t he QzR&n mlinget df $90:924& for prothalivecbihding cdh bs calbuldedai | to Avail fragnent from
pQR22. 7hhe t Feclfodt obxgivmat is exgessdo Hegdductive binringhvelimered therdsopdi tansitioh-state indifg

coi | MwR9sneray rap berastimatedciranpihe dyrzdulsivets cuve (hotiesmpans!, Figuneri §).shecavsethese data, and

t ransf or mefRdaling Slyeips (righre2h Sugged dhat any spishitution beyond plysine qausss plesinepulsinnsA besttti on
i t™fas corffReArenio Al daﬁjﬂﬁé =031 pives; & gopg indigating (2 los ofgughly P keplémalin) t(}ﬂﬁ'tgﬂétate
subti | i si PNgEnaaeeiq0f; of sxqesp Wmﬁﬁé""ﬂ'ﬁ&%m#m? Pig Pt atayev! ﬂﬂ?)?'@? 2 and
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progress @ieupdedBaajas Véley Ftsrseibmce, Mw/York, #874)kdp: 11141985) J. Biol. Chem 260,

6518-6521). Briefly, plots of rate \{ersus product concentration were fit to
t he di f f erfeRiopugtion of apyFlastasedhike Peacificitydn Bubliisih usi ng a non-1inear regression
aI gorithm Errors in kcat and Km for aII vaI ues reported are |ess than 55
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VAV Al a 1.9 : 5, 500
11,000 Ay 0. 003 8,300 21 Gn

3.2 2,200 7, 10EPS:E251 446 B1 2.8 1, 500
4,200 A u 0.54 32 16 The ratio of

kcat/Km (also referred to as catalytic efficienty) I s t he apparent second .
order r aloward Bnyﬁfamgefssbs‘fﬂtﬁﬁef°b'é$ﬁ/‘@fs§? Bn16§1s ‘F‘f'@éﬁdé?\i‘ opsiP: substrate +
8) to enzyibe ﬂ?ee'ﬂc' dBigrgeqes betreep g 3%‘6?65""'9 W’ o

d P

and Enzy?ﬂlﬂ“e "Svﬁ;" pltjo afV aseg&' %%&%ﬂ;

0 2" o 1" Bi r |
ngéu?t g;%o blc su %{ %ﬁ( Q‘i [}Tarreu b ch sﬂ § ﬁid' ‘sg?t? ge tow;
pl ot of dmb”' mvers |C|t the Pl S|de chaln
(Figure oWs a strong correlatlon (r 098) vvlththe exception of

the gl yctmwﬁ_glgst rate which shows evidence for non-productive binding.
These datastiow that rel ative differences between transition-state binding
enerMSs&baﬂthﬁoﬂ&ﬁ@mﬁ@ﬂcﬂsQ& dwesli fferences in P-1 side-chain
hydr ophobicitTy. VWhén the transition-state binding energies are cal cul ated
for these gndednsinictd ohsdtipindivtant cossltngsthé Sbbtitutiore sfpledonic/anien atidls A Asn, 2B,
hydr ophobjscarti asg atehdisdideect Ins [EBP ePublication2 N6.nB30Z50khe present IWQ;F‘@P&(“EP théhan
uni t y 6 asenstaictonobthe Imutaptayetilisip o y 8t psqlthn (188 a""R“”'E?ti“?PF@“SPP‘Umr e
and Mec heaw envithqspimutenis: Furties datiprppeftion 196 andy156 md@ a"dzdz’eb'a ta""HarP ?"*“’ 0
(1984) peﬂtﬁcﬁesﬁt'bat' r"yExamle 329/9%0' W‘“‘ %l eft

oger r'?a)rpf |gu or thea?od
enpl r| caT°P frﬁ"h 'glﬁly.'a'fs [I% ?ltgan m E%@tﬁe i:mm Bc(')dsej al-.

J.
1012) FE?F" ;8% %:'be K “2"6' ‘ﬁé’et olb sacatﬁmaeheﬂo@&.pt he
s anblysis

acyl ati on“rgaa‘ﬁ d| sso Iati on const ant, for

M chae ﬂ shg},;,t,ﬁﬁﬁ;mq H, et al (1956) Bi ochem J. 63,
656. 'gpe fact that the l'og kcat, as well as log 1/Km correlates wth
substrat e hydrophobi ci ty i S consi st entapyk fxnh proposals (Robertus, J.D., et
al . (1972) Biochem stry 11 2439- 2449; Robertus, J.D., et al. (1972)

Bi ochem istry 11, 42c 03 rd N raliQn step the P-1

si de-=chai n noves deep¢gr ﬁ 1)6? hyd 1 9*\ te‘a(gfgfk. txairo 9 substrate
advanees fromthe M ctael is conp exP(IeE- t dlat hg t etGlhed| al
trangition-state conplfe vﬁ%tvﬁe)) Hawgevel, {hesg dapgoxan|al so be
interpreted as the hydroy I'cr'ty ofgd he Plo__si dgq- chalogh ef fecting the
orientation, and thus t@@(guscep i bidg ty|of pithe |Sciwsod e peptide bond to
nucl eophilic attack by Adigmhydrokyl1group oi2thg cababyti ¢ Ser221. The
depend&nce of kcat| Kmlomnf)1l si dp cbwd n hydeephqbi ciong2 suggested that the
kcat / Knm f or hydropholjiigsggbst r aj essamy be e2Acrgqased.2by i ficreasi ng the
hyophobi city of the |Sarg(®)indinfy sébsite. 50 tdst 088s hypothesis,

hydr ophobi ¢ am no aci d sSubsStrtutl ons of yI'66 were produced. Since

hydr oppobi ciLy, bl ihfBa e §ha$%a ClhoN Seid -Sutbdlitlifohd lal d%@ﬂiv%' iMpled! Satalytic
si de- chaigfigierdlel Ycsdl) §& Sy chdrded . P-£ bubBirates((@d Magh RC50017618) ahd oordBdatdhdiS
Reynol ds efidierdy for e Bdrged L PdubjtradsoC. Natl. Acad. Sci. USA 71, 2825- 2927),

i ncreasing the hydrophobicity In the S-1 subsite may al so stericall y hi nder
bi ndi ng @&kam r substrates. Because of difficulties in predicting the

rel atiwe 1nmportance of these two opposing effects, we elected to generate
t wel ve n@nbstifotunpeGlycing @ Ppsiiios 188 position 166 to determ ne the resulting
specificities against non-charged substrates of varied size and

hydr ophobi cTheysubstitytiqp_of (Blg16@ tin B. amyleliguefasienss subtilisin yith pNe adBar ({3, deseiled inrFRO

pr epar at iPabficgion it 8130758 Bhei ﬁaF‘gi'ﬁ'PémEd‘ﬁf &F“H'l 1p gnake, e serprlning; 11 Mt Fonfajping all

hydr opfolgther sahﬁ“hema@freéc'slafaf PO%?"‘ i nt eS| due 66 ;has, sublo
descri bed fﬂ‘e l?l‘l’if%f?‘? f‘? f\‘B‘"‘ 69“'t % "er m “""?zrﬁwea i uted
produce tFRM%% rﬁajj ‘Wf"g A reé’s? t“% ?hl this
met hod, R8P Gﬂ Si I en restrl ction SI tes Were i ntroduced i n the

subt|I%S|n genes to closely flank the target codon 166. As can be seen in
Flgure 13, the wld type sequence (line 1) was altered by site-directed

nmut agenesi s in ML3 using the indicated 37ner nutagenesis priner, to
i-ntroduce a 13 bp del ection (dashedline) and uni que Sacl and Xnal sites
(underlined sequences) that closely flank codon 166. The subtilisin gene
fragment was subcl oned back into the coli - B. subtilis shuttle plasmd,
pBS42, giving the plasmd pAl 66 (Figure 13, 37 EP 0 251 446 Bl line 2).
pAl6i was cut open with Sacl and Xmal, and gapped |inear nol ecul es were
purified (Figure 13, line 3). Pools of synthetic oligonucleotides

-cont ai ni ng the nutatlon of |nterest were annealed to glve duplex DNA
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0130756; Yang, M, et al. (1984) J. Bacteriol. 160, 15-21; Estell, D. A, et
al (1985) J. Biol. Chem 260, 6518- 6521. C. Narrow ng Substrate
Specificity by Steric H ndrance ToEproodst 4ab®i1change in substrate
specificity caused by steric alterations in the S-1 subsite, position 166
mut ants were kinetically analyzed versus P1 substrates of increasing size
(i.e., Ala, Met, Phe and Tyr). i$ gdialll 9 Rfg MCpt{Km are presented in |og
_ ilsps |ok {ransition-state binding
ener gi es between various enzyne- $uwpgt lav g oer rlsp According to transition
state theory, the free enery diffeamndee Hecaegnat he free enzyme plus
substrate (E + 8) and the transif eAGONPRek (EAS)) can be cal cul ated
fromequation (1), 20 (1) &GT iAG&kdas/ Km + RT In kT/h 25 in
whi ch kcat is the turnover nunbe tAGA NI Thhel is constant, Ris the
gas constant, T is the tenperatu BaTE 4néinh' s constant, and h is
Pl anck" g constant. Specificity di sTG@ g Wzpressed quantitatively as
diff nces between transition s i ¢ dn€rpies (i.e., AAG ), and
can be calculated fromequation (2). , 30 (2) AAG - -RT in
(kcat / Xm) A/ (Eazhtof thxpBsiiidsS eontahing csubstilueiarahBi69 va iidsiyfated pMI6d] iwhére XSBiresents the
subst r at essubstitvent eulina geld. The inhient sebiisine wvasersimiaity debigiatedLit ant enzynes assayed
agai nst 5t he Temef the peove mutant subtiliging) ABRP andc§169,vera #alyzed dorlsibstratm Epédifieitys agatpstof
t he si de- caihalc sybsistesi contaling B, LaycAle ansicrg inttks R-1) besitiom (The foliaving resuitacares ot i
fromlar geTaPB smal | P-1 side-chains. Enlarging the side-chain at position
bf’causes kcatl Kmto decrease in proport| on to the size of the P-1
substrate side-chain (e.g., fromGylGE '?'ﬁ’td type) 40 through \/\166 t he
kcat/Kmfor the Tyr substrate is decreased nost follQ by the
Phe, Met' and Al g R [Effdct sfitisdterantl Alajine I&m&mnéateosittoenssmn@hlastga&telspe&ﬁwy osi tion

166 si de-chai n, |SUCB,sfi5y T PT €S nce of T5- or
1-aliphatic bramchi ngs, rE:ause I aE decr %?SM&%&W}B 1 argerP1
substrages. | ntfoduci ng a pe-hy rox'iﬂe gr pup ken gdl ng Afar onp Al@‘ﬁg(Fl ure 15A)
to S166 (Figure|l5Bhy wawpss an 8 fapd apd 49 ol d requctifon gy 45 kcat/Km
for Phe and Tyr [subafepat es, respectipyel y| whad e the val uds fee Al g and Met
substrates are yinchamged. Producingse flibrafched st nuct yre, olsh gdi ng from
8166 to T166, results in a arop of Iz anud—zZfofd |r| RTavRmTor and Tyr,
SI %ﬁflta;\/i;l?he;ehﬁg qt\d?cfag tﬁd?%ﬁbsstrt ﬁ M fer %? dvef Orlr‘tg %& cﬁﬂ'\é\/ﬁr car}alytlc

1 p E& ter al sus robablj
Subst i t UeRbcude BHiok 480 ' m;taram i ab m R nd
six fold tovvar he and Tyr su strat es. nsertr ng ay’7- branched SO

structure,Ethpr_e@I acr ng ML66 (Figure 15A) with L166 (Figure 15B), produces
a5 fol® and 18 fol d decrease in kcaVKm for Phe and Tyr substrates,
evﬁgectl v Sluystitutfdni ap P@dtio 104- br anched appears to induce | ess steric hindrance
oward the Phe P-i substrate than p8-branching, as evidenced by the 100

f ol d decr easerith hicieelsuhsfituled witheAlRItis, Selh et aticSer. IThg olethad Gised Wad b mbifidaionlct 66.
Reduct i gnéhei sfe Kicestgr imutagenesis imethod. rAseardingcto dizespratodohof Fiigue 9ha primesi(shedddrin tifeet) S- 1
subsite, #irodysedpfupiguesindly sitecangy anframeohift mustation 3t odes 194. Restrigforypunificatienhionthe
are quant |“'E' -\)-’&" s"P |f?°t!r?t°r’ét°é§9'%ﬂ?r' of top fputant gequense ("R%&)t Fvetﬂﬂmrsab@or éﬁa"ﬁ'rfb's
posi tion "?T 19 SR upeso Pipigin pgsion dymutaplse  and Tyr P-
substrate ?’ﬂ PaLyip g r"8"ﬁ d’ﬁeddblﬂted’ﬂt“ﬁré Qb Figure 1% ﬂ'(‘?c"t fortap §94 °°a?"e""'}!ﬂh(§t~"?s§'élt°d
versus 4 h 8 TR EESsi de- chai n voI unes (Chothia, C (1984) Ann. Rev.

Bi ochem 53 537-572). Catalytic

maxi mum f or 38 EP 0 251 446 leQI6
reaches a maxi mum bet ween V166 ah8T&1p&
kcat/ Km peak but is optinmal with &I66] LHErACA e | 8- branched position 166
substit®®itions forma line that ils”Barp Wut roughly 50 fold lower in
kcat VKm t han si de-chains of sim Y 166 versus T166, L166

versus 1166). The Tyr substrate | 5 jlcientfly utilized by wild type
enzyme (G6y166), and 5 there is tead ge as one proceeds to | arge
posi ti gft 166 si de-chains. The #-|b o )

a parallel line bel ow the other |ngisc S Qstltutlons of simlar

nol ecul ar vol une. The optimal subst-H tlpogiti on 166 decreases in

vol une with increasing volunme of the P1 substrate [i.e., 1166/ Al a
substrate, L166/ Met substrate, Al166/Phe substrate, G yl66/ Tyr substrate].
The conbined io volunmes for these optr mal pairs nmay approxi mate the vol une
for productive binding In the S-1 subsite. For the opti mal pairs,

G y166/ Tyr substrate, Al166/Phe substrate, L166/Met substrate, Vi 66/ Met
substrate, and

he Al a substrate reaches a
rF tlhhe Met substrate it

ranched substitutions form




1166/ Al a substrate, the conbined vol unes are 266, 295, 313,339 and 261 A3,
respectively. Subtracting the volune of the peptide backbone from each pair
(i.e., two times the volune of QEpP® 261)44681 aver age si de- chain vol une of
16032A3 for productive binding can be cal cul ated. 15 The effect of

vol ume, in_excess to the productive binding volune, on the drop in

transi ti ontes bgrales iifahle Xd were yyedta anahze e sphpisate sperifiginot heseTRutants  Thotressitse
curve (b¥RASATAA pubtisings ghowsin Taple¥lause t hese data, and nodel i ng studies
(Figure 2), suggest that any substi tbtéé\ﬁs%beyond gl yci ne causes steric
repulséion A best-fit K> line d o all the data (r = 0.87) gives a
sl ope i ndi cat i ng—a—toss—of—roughly 3 kcallnpl in transition.state binding
ener gy per 100A3 Sbsteecdss vitatime. }( 1LO0A3 Kms appr gxi rratKetWyLMt he §ize of a

| eucyl side-chdin.) 20 . Jsph rmgg Catva+yt c .ﬁ@jrc es with
| ncr easi ng Hydrlephobe-y—ot—the- .tsn.v.. -66—StH anti al

Lru
i ncreases in kcaWARﬁ?"lch i | 1P2&n | al-Héfient 761‘10'{'3113 si de- chai n,
except’ for the E qugsgt r aé%;;( Fi g:_' 1p) X185} Km
i ncreases in pr|o g Tr.Qm 146_" L pstrate (net
of ten-fold), fladromgs%®s {1272 4ot "Xé‘?neiws"‘ uh 't en-f ol d)
and fromdyl66 to A166 for the Phe substrate (net of two-fol d). The
i ncretfses Fremidoase dalprit iscolpacihet the substitutian|of Hig fan rrmaheq;lt-yywmwdm prenzyewhicy s
in the viamogetiogatihighes deaim) yhencitheriy gt the) Redt subtiralg resliipsdhantwhem dlaris gt the Rt
di st ancesuB¥pemadiore (1/06) and because of the weak nature of these
atf act i %ces (Jencks, WP., Catalysis in Chem stry and Enzynol ogy
(I\/t:Gravv- 969) pp. 321- 436 Fersht, A., Enzynme Structure and Mechani sm
30 (F'f‘eeén%g S cisco, 1977) pp. 226-287: Levitt, M (1976) J. Mol.
Bi ol . IMMOI‘ exanple, Levitt (Levitt, M (1976) J. Bi oI
104, 59- L0Zksd3qs Gt GiletRH bl 87l ant36: 1ol Widted o@t.tcteeﬁsm%n?ﬁ

es wou roug

net hi onydpedifity produce a maxinal Interaction energy o

-0.2 keal/ Im.l wild HyHoDNABaBHCo VR Infitaleti ) SHedl182/b 133 Blthet o S0lird 4) as@rrg%seow

kcat / KM reshit@on-gipficfonpprodch Gt ad neiwl Fr%_e&ts | Gthe? AieMnCrhoR sHaYed ol Rn e Fighe 20,
subst i t ustisenifie 8land G52} e 1B) Abfited iR M IKPAII sitsd Bwayodnd Subh tnfithn{sOrerddioldtdtCisg RS | N
t he hydrreshtsén-sietgon focéda® aS-ddschbEdbive for aeofitieKpaisie kcaVKm observed for the
Al a and MeTheswist ohthess substitutionsdorethe alioye pytietic substisld contalaing ihaiPAl amine acsul d
be ~exedthed,eu et Ala sre stopaiiofabBINICi ty 1S roughly proportional to side-chain
.'sur\f-ace area (Rose, G D., et al. (1985) Science 229, 834-838; Reynol ds,
J.A, et al. (1974) Proc. Nati. AcadTABEEXN USA 71, 2825-2927). Another
exarrpl e that can be interpreted as_a hydrophobic effect is seen when
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conparing kcat/ Km f or |4sitiens@8t € i C sulsaﬁs\ratg(kbmﬁ.xmh‘at d ffer in '
hydr offhobi city such a3 8166 and TguT e 16 1e i s considerably
m\)ve hydr ophobic thanj|serine (-1 0 D8 siis +ePY (Nozaki, Y., et
al> D78) Sci ence 200,

1012). The difference]iAaidityegdhpbi4®i0t y |cornP8l atles WPt h fhe observation
that gl 66 becomes noneSeeficient rdlPatijve 08 Sdr he hydrophobicity
of the substrates increases (i.e., Ala < Met < Tye < Phe). Steric hindrance
cannot  explripisé résiil® Sridticalb ftrfa€ i ddAREt 18 PositoRs RIgSAd $63 foPiecomant GO AIG1SA NIt Bbror iR | er
t han cysdaGden@ drdMiatie/ RIiGAtion thlo3Biglic effdities dcrdss all §ubsttes tidsiéd Ofhist SiGgestSMIaih2) i

(ed. S. thatopiaf theY 5-@subsith,em&Che the eptirie \amiro rdsid bbEahde S¢rpend IGil orbAdmolbgous Ala

Pr oduet i sobstiiesan El ast ase- Li ke Specificity in Subtilisin so The 1166
mutation, illustrates particularly well that |arge changes in specificity
can be pP@MREER by altering the structure and hydrophobicity of the S-1
subsi te({ﬁg a Si nj%l e mutation (Figure 17). Progressing through the snall

(1971) J. Biol. Chesly (@46, 2F110221_;

hydr ophaieituliphaliPesiionds6 2 naxi mal specifi ci ty i rrproverrent over wild type
occur® for the Val substrate 16 fold in_ kcat : As the substrate sr de
chain size g “P,‘h%?%m rﬁ‘?éﬁ?? F'e f°§ ﬁH‘?ﬁ(h ’d'
and His °§?{B’ t d";ﬂ 'e ‘g‘ﬁ? ﬂg'f% f "'t '%%fm ‘P matl c
55 sub<falles i 0 [ e (i R
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2211-2217; Tanford, .C. (1978) Science 200 1012 The decrease |n catal ytic
efficiency 39 EP 0 251 446 Bl toward the very |large substrates for 1166
versus Gyl66 is attributed to steri c4%'epul sion. The specificity

di fferences between G yl66 and 1166 are simlar to the specificity

di fferences between chynotrypsin and the evolutionary rel ative, el astase
(Harper, J. W, et aI (1984) B| ochem stry 23, 2995- 3002) In eI astase t he
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The construction of subtilisin nmutants containing the substitution of the
lonic amino acids Asp, Asn, Gn, Lys and Ang are disclosed In EPO
Publ I cation No. 0130758. The preseBP 0263@a6B1descri bes the ia construction
of the nutant subtillsin containing Gu at position 168 (EI 60 and presents
substrate speC|f|C|ty data on these nutants. Further data on position 166
and 156 si ngPensiystiongejupspiion1f8ingle mujanty were prasared By figation ofi the threps sagmepta d1-8in
Exampl e 3, '"‘\‘g),&??d df Hedpigp %Ft'%"es@c fragiRgy ?(n‘ii’l"‘a'"“l‘%é‘ecféft'?%yée@tnﬁ'd}?d'°'DRfAth% alilsin; o
(under i né&"%ﬁﬂ P‘? Yilfiuge Ropitign; 168 cofdon, rY'a?fs G‘P‘éa “3618&Ht§é£" FRament; fsaamentcan
for the cod $oTNCTHE Fhee BHFRtR AR T %Ps?%yﬂc t"'s“i* P Y9t
pl asmi d deﬁaﬁg 5 ﬁ% ﬁ% e ﬂn ﬁ%ﬂﬁ 4o vTé% q§”
BAES HeSm BFaE Al

mut ant su

_ TT- tant
substi t ueniyqaftd Pastick |§'th w%sﬁfeﬁo «pwe e If flgat
further ananuARs i HonlVah wab baiimot oy SHOSLRANE sof&chn It&bf?},;w'éﬁﬁjv gf - RS Res

mut ant s;o\Wefigestad wii? RBhi \hd RedidaBwitned ﬁn?t@%prﬂ BolfH& 8o "1 Ar&Stragment (Kienow fragment from
SUCCINAY | - LaoMiriabr-MirARGIN)LpiS-50 1M idokyhacMotide Rphosthaes at'67%8 Sor B30 Gnin. Ahie. cbBted Slblnt
The resul tedd fat fehiin‘ateﬁﬁﬁth ¥6dof 181, Thés DRAWad dktrdotdall viith 1. voldimesTpNShdE ardXCHERSAnkl iDDIA

166 iPthd aGusload phadecwsslpoatipitdion by aliditioh)of 8.0 volumes 5M ammonium acetate and two volumes
Phe ethanidl.oAfter centrifugaticGh andGiveshiGg\ihb @NAels} wittBB1%) ethanol, the DNAAwas lyophilized. ®NAO 2
As p (D)5 was digested @ithdBamHi and thg)4.8kb plece (fragmgitol)\iasmumeg |§y acrylamide gel elegtroghoresis
0.4 follewedh) by, e;qgtﬁ)elem Fragment 2 was1g dyplex syntheti¢ DNA cassette whigh (yhgn @tpd(v@y\
57.0 fragmers 1 and 3 proqprlbggstq_ the Kr?)dmg sequenoe eg.gpfoat codon 1569 The top strand wap o
Ar b_,.( R synthesnzed to4>2nt in a glutamr don, d the com r %“’Fé%t?f fegmq ﬂd’sﬁ'at e
that ch %r H%ﬁ;&%@?h :Mg‘?f' F?Sg‘?tﬁef) fpadsh ‘P;[F?r a"ééa" yéﬁt

ef ficienci

500 f ol d) aO{]he tﬁipfl aétran%gﬁs ﬁf?{oﬁ ory ‘19{;;)0%5 eaef ¢] th r n prlaoi1
EXAMPLE 5 E utaig sa\Ler (?s% a tbgfo T

A yl69 in . Hﬁ %Ed Qsanéb d.u%ﬁ %rnaﬁt%u iﬁs?.f‘sr b|

EPO Pubjsi Gakd 9&9\ ed ks @ /sebilisi -h&tr&%ea@@ 9( n"t‘l‘?h'ianiJ ﬂlll ! 8)8s 'bn%ﬁ@dsﬂ' ng

17 nut ant SyeSABécE CORURE wakd foftdntad iHeshaksLiasis térba 1l at M (A 18Gh&HRa Joﬁ:amm@sz § mghhL
169. The CcahREmbhbAlcbId BitRisiCWs pufitied HEMRNuZELSlpbriatdntsCidldeschifed. Ry 6F\sastifdiOwAd
and under speatee thaslgsw bjudgod 8y dpSIPAML cassettes used contained the foll ow ng
triplet encothesg niutaet glasnsdsi desighated 158 Bl pQTS6 cad evditaai subliisihs idasignbted E356]are!
169. 5430400156 wki8 ddailed with theBiboveSyithetic AubstraidsGvhere Bl TGEiprised s amifd\@cids Gl GIAT

D Niot @hd Lys. TBNIres@is BT @iis analyses arg\@ésenteRinGR@nple & AGC S CAC H ACA
T ATC I GIT -V AAA K TGG WOIT L TAO Y Each of the
~plasnrids BAMPHERI ng a substituted Gyl 69 was designated pX169, where X
represents the substituent am no aC| d. The nut ant subt i I | 5| ns wer e

si m ai r oy MtiplefugnisJVithyAliered Subsigglo Spocifielly - ubaliution af Bgsitions 8 ns, A169 and

889 Wereaal Z dlfpr substlra% CI]: t t heti.c, supstrates
U o et SRt e T ﬁousocmé S
stl

ar e Shown compns ﬁe sub O varl UsS amino acids at positions 156 and 166 can be made. This example
40 describes the construction and subsirate specificity of subtilisin containing substitutions at position 156 and
166 and summarizes some of the data for single and double mutants at positions 156 and 166 with various
substrates.
K166 is a common replacement amino acid in the 156/166 mutants described herein. The replacement
. of Lys for Gly166 was achieved by using the synthetic DNA cassette at the top right of Figure 21 which
45 contained the triplet AAA for NNN. This produced fragment 2 with Lys substituting for Gly166.
The 156 substituents were Gin and Ser. The Gin and Ser substitutions at Gly156 are contained within
fragment 3 (bottom right Figure 21).
The multiple mutants were produced by combining fragments 1, 2 and 3 as described in Example 8.
The mutants Q156/K166 and S156/K166 were selectively generated by differential phosphorylation as
50 described. Alternatively, the double 156/166 mutants, c.f. Q156/K166 and S156/K166, were prepared by
ligation of the 4.6kb Sacl-BamHI fragment from the relevant p156 plasmid containing the 0.6kb Sacl-BamHI
fragment from the relevant p166 plasmid.
These mutants, the single mutant K166, and the S156 and Q156 mutants of Example 8 were analyzed
for substitute specificity against synthetic polypeptides containing Phe or Glu as the P-1 substrate residue.
56 The results are presented in Table XIN.
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Ef fect of Serine and Al anine Mutations at Position 169 on P-1 Substrate

Speci fici'ty Position 169

P-1 Substrate [kcat/Km x 10 4) 25

Phe Leu Al a EP0281¢g46BY (w |l d type) 40
10 1 0.4 A169 120 20
1 0.9 S169 50 10 1

0.6 30 These results indicate that substitutions of Ala and Ser at dyl 69

have remarkably sim|lar

substrates conpared to tHgi.L
becausE position 189 is | ¥
EXAVPLE 6 35 Substitutiot:Eag
Ala, H's, Leu, Met and Sgj.%
directed nut agenesi s net ¥gdy

primer (shaded in line 4)i¢

tgfl ytic efficiencies against a range of P-1

position 166 counterparts. This is probably
he bottom of the P-1 specificity subsite.
Position 104 Tyr104 has been substituted with
The meghoy gsedgwas g ot fhcation of the site
Accor th my ft o<t e pryt ocs of ~Figure 19, a
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shift nutation at codon 4.

Restriction-purification for the unique

H ndiV site facilitated the isolation of the nmutant sequence (line 4).

Restriction-sel ection agains
used to obtain position 104

t this Hndlil site using piners in line 5 was
mutants. The following triplets were used in

the prinmers of Figure 19, lglne 5 for_ the 104 codon which substituted 46
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The re€ults obtained fo HLO4 subtilisin are shown in Table XI. TABLE Xl 5
Substrate kcat S OG KAp p @ w w0 wegt | Km W H104
WI - H104 w2 FRO0Z SASPFRANR S $080S ©22.0 1.4x10-4

7. éxl&sg 3. 6x185: 3. 1>C% S ANNE X B % % gﬁoszg)% §.03x10-4 0
1.9x1 1.4x104%) 1x1 FAPE M . N 0+ <. 8x20-4 4.1 x10-4
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kcat | Km) when Phe |

P-4 substrate position. EXA
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substrate specificity. 26
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As can be seen in Table XIV, either of these single mutations improve enzyme performance upon
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substrates with glutamate at the P-1 enzyme binding site. When these single mutations were combined, the

resulting multiple enzyme mutants are better than either parent. These single or multiple mutations also
alter the relative pH activity profiles of the enzymes as shown in Figure 23.



30 Phe,” Leu and Ala are shown in Table Xl I. TABLE Xl | Position 152

P-1- Substrate (kcat!| Knxl o-4) Phe Leu Ala Ay (G

0.2 0.4 <0.04 Ala (wWEPQ 25y448 B140. 0 _ 10.0 1.0
Ser (S) 1.0 0.5 0.2 These results indicate that,

in contrast to positions 166 and 169, replacenent of Al ai
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subst i t ut s8™e :%% t £ o
rba eqs ?g aﬂ’g\/

subst r at eshesg Spgays singlp and %}ﬁ%&h@"@ s b -1 rate aMiNg sl
Mo B agg;fmﬁg Fgfaly 78 gﬁﬁgg[%%
th bSti : -
®ihe ISfS"F‘T"yFT'g'ﬁ 0 J:ef)l o %Egrg;ﬁqél gure 21. Tﬁi s method was desi

to the overa

52 with Ser or
gl greeiicily &pre iothar dhiemisa) dinging forces,
rytants ayerpoanalyzed; fat theip gbilily 1 hind and clogygssypibetic gy

ed gpmparisons

Y 0 rmjft
PR T,

ghed to

facilitate the construciton of nultiple nmutants at position 156 and 166 as

wi |l be described hereinafter. However, by regenerating the wld
A y166,,0singl e nutatj ons at & W56 were Sbiained. 6% = ~The pla
i s al\véady depicted jn 8@ 3 & Figuke 35 Bhe~sin=hei @ &l isgon
at the top right ofulFi gu¥ as2d weps ememt b hé sane ENA cdseeil as d
line 4 of Figure133] Th& prasmid p166 11 Figure 2T thus Tepresen
nutant plasmds & |Bxanf] & 2 Sh& 48 B &hBs Haft icB & Sxpdlnﬂe,
contains the wildglype @ Vl68. A2 <« BP9 <51 446mdls GINst Muchi 0
position 156 sing&¢ nutants were prepared by ligation of the thr
frﬁgrrents (1-3) imflicated at_the botitomaof Figure 21, Eragnent 3
cohtai ning the ca@oky-feriQall rE M IS SuRiFTiRie SR |
the wild type posgyjpn iEGF;ngg],";V\ﬁSJ W & ef gsqa H1P o Sagl -
fragment’. Fragnent_{d| cort arned~t he wvect or sequerices~ as weM <as

am no-term nat sedgiehces cb dher, bt W 30 negenet ® rcodon
pr oduce fragpﬁel'm"t ufi due -Kb’ni":svtga‘%--gog)nfl Z%IW% Tonty gduc
wild type sutia i sefUEncE #1om Bsh 57 S 'e-8i et ed Yulagéne
enpl oyeg a pi der *Havi ng the sequence :
5'-TA-GIC GI'lg &0 - CL-TCE- ISR & ROompddEC® e nigt

for the nutag Zseqijepce N Fcd DI Psedbf RestrictIdi R
purificationapd $ | iy Bn 2 TReD2mB Bt DseuBnle TRt S
site was conf$ Pme@®Yy diJ egt PlAST d SEWERCINInt O G U8 BVie
fig) was Bp Figegiled we IBKEnIM and<t rpde® W tH £ thiNsTol DRA
| large fragnest | Enowe fagmeEnt™f mom Boer Myer- Marmitei 7)) “plvs

deoxynucl tiéi t mjphosphates at 370C for 30 mn. This created a
that termanat@ee weiih) codon 1&1.=The-DNA wa t4a i #h=d1=vo0
phenol ands CFiEEe and| DNA i n Khes aguGows phgsgvgsgtpr?go%ﬂpﬁ?ge]% b
of 0.1 %ol unés +5M gshoni um aeetdte ane t worv el uNes @i anel = Afte
centrifugat| g&and {@hshing t e DNA PelTet w th 70% et hanol ,_ the

| yophi |i zed. JoNA i 9 | wasg dgg@stRBwWRt IR BanR And Bhé 4068b pikce
1) was purifi®@ by |afrylanidel gelaeliect r aphordsis«F ob | Gwad <y

el ectroglutl o2 Fragnent 2 was a dupl ex synthetic DNA cassette w
ligated with frgagments 1 and 3 properly restored the coding sequ
at codon 156.2%he top strand was K. ... synt hesi zed to contain

codon, and thgeo enentary bottom strand coded for serine at 1
Li gation of hetero sphoryl ated cassettes leads to a |large and |
. bias fo#s the phosphefyl ated over 20 the non-phosphoryl ated ol i go
- sequence in the fizhal séyratad plasm Jf'p?oa"uc%l éT er%f%r g, '-fo'-:obi
the top strand was osphoryl ated, and anneal ed to the non-phosp
bottom strand prior to ligation. Simlarly, to obtain 8156 the b
strand was phosphoryl ated and anneal ed to the non- phosphoryl at ef
strand. %Mt ant sequences were isolated after ligation and transf
and were confirnmedgy restriction anal ysi s3¥and DNA sequenci ng as
express variant sublild shns, Plasy @5 26T est bansfrged igte a
subtilisin-neutral®g g},e%sg @I@tgo% rgltgn@,' % 8§ Subtkl 3.3 B8R0
previ ou%Iy descri lﬁg Cultures were fernented in shake fl asks fof

37 Cin LB nedia qpmia ning B.%5 Ruizchl of agphers col Sam Supt i |

4356

1

&

type

Jul d;pAI 66
icl eot i des
bpi cted in
s the
plae

N Of

be

el @i ng

Bant];

he -

151, To

bd i‘@to t he

5is ITh ML3

Enrd chment
-

e Kpnl

/152 (-1

pol y®er ase

b0 ttM

bl unt end

unes _

ad®i tion

2

DNA was

(f nagnment

™
i ch when
bnce except
D gl ut am ne
b6.
avBr abl e
hucleot i de
ai & Q156
har yat ed
)tﬁ 8%1
)
behat i on,
BbfBre. To
T~

B & 53
B4<h at
IS g was

purified from cul ture ~supernst ant© & Wewcky bedv Rurwety & BuBdt |

BN was

greater than 95% as judged by SDS PAGE. These mutant plasm ds desi gnat ed
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Exanpl e 9.



EXAMPLE 9 38 Multiple Mutants Wth Altered Substrate Specificity -
Substitution at Positions 156 and 166 Single substitutions of position 166
are de_sc_ri bed in Exanples 3 and 4p ¢2saqaee18 descri bes single substitutions
at position 156 as well as the protocol of Figure 21 whereby various double
mut ants conpri si ng t he substltutlon of various am no acids at positions 156
and 166 ca ¢ s o xiw: 40 describes the construction and
substrate 2() CIfICI ty of subtili SI n containing substitutions at position
156 and 166‘‘dnd Burmenbzilisone BE t p@36at a €xpressigiec ahvddcabed nutants
at positi onadimtirenitcibl isim were cfernentedaand. enzpsesspurdfantn

rep: ac,semntamnmvéauﬁh&dhgcsﬁb%%()ﬁetgﬂs c%?ggrﬁl)e“g t(ggféﬁ)n %Ihe

repl acementBigl L Chen, b6 s eve EhBt A

fcassa}\l}\le ath QW'E?ﬂrI%} ?ﬁﬂﬁwiﬁgzﬁl%?éhaﬂg Eélﬁﬁﬁned the triplet AAA
or T produced fragnent W|th Lys, subst tut | 66. The 156
substkt uent smwer’ée%l ﬁhﬁﬁﬂe%éf’ t ééq é Hﬁ%gy y156 are
cont i ned v Bup, ngrr&ﬂa@e(% 'BI‘h 180 T e mut ant s
wer e produ by conbi ni ng fragrrents 1, 2 and 3 as descri bed |n Exarrpl e 8.

The nut ant s(&)L5 6_a S
differentig) ( ?%?ég ?I%% %éxg‘;ﬁgk ﬁs I‘E?ﬁ%a ga%g ﬁig %é doubl e

156/ 166 nut rehe’ €d B gation of
the 4.6kb faﬂﬂﬂia L beh‘fxﬁebemﬁ- 36 1Bleas e @Al Ni Ng the
0. kb SaC' IAATERL ol 601 i) QiHY, pkf@hi&élsffbﬂ 1dgeygmalt ant s,

t hesingl e gyéantsﬂgﬁﬁ Imsides SPHafentHeQRBO MUIADLS @riowEp/ dn8 were

anal yzed fogetdbfihationseecktatyky agd 07knsutrehdelowpSiypepti des

cont aihi ng Pg$ or u as the P-1 substrate residue. 55 The results are
a

pr esent ed i f bBecXhbe. villues EFox 261uls6/B&pa66(D166) -are teo- -~

& tn BWEL1OtO datePmifle accuravely, tlie4daxdmumodifferEnce X X X
X X X *xtakenX for GluFPlvpDsubsttatet i® limited to a charge UN 6-4
,-U. 4 |range of «1l2tov-1Nchargenchangeém U n inm H T m m U.1

I I I I I I I - I I O K X X X X X4KM X
X X * n.d.; =gpotodegermined » | 6 * W6 6 25 X
vd . il; -4 n _t-4- v;4 t Z000O0v OVvDO O* O O 30 It

en M The KBatkm3fatios shown are the second order rate constants for the, cofldrsibn of substrété to @

., - Rb produchand represent Ahel ehtalytic efficiericy of the Afzyime)\These ratios argufpresdpteld in logarithmic | 4
6. \44 form icdcale the, datalandibeddse log kcat/Km is proportional to the lowering of transitiogRetate activation-\\/
Cs- 0@ W energy (AGr). MittatioBs-at pesition 156 and 166 prodg@re-chiggges-in catalytic-efficiency toward Giu, Gin,

to S 35 Met and Lys P-1 substrates of 3100, 60, 200 and R0 faly, respettively. Making the P-1 binding-sitg more _
S .2 81 positively sharged [e.g., compeye GlIn156/Lys{§6/(Q156/K1686) versus/Glu156/Met] 66 (ﬁlu156/M166)] dra- 0

u 35 matically inpregseq Keat/Kra dowardthe, Glu P-3 ispfpstyate ﬁt@etg ﬁhoontplp)og q;reaseﬁ Z(lilﬁ catalytic

ef r meuo oEgegs tteyeed rp dye Balt substraiecen to iy aIyt'c
obwdoh apfigency ypf ", v QIII e cpy |'°§o°'?aHV%'E%" g@ﬁ&f any ﬂ Iaﬁ ates by
W 4 4 mutagenesis of the mg site.

The changes in kc Km ore cgused predominantly by changes in 1/Km. Because 1/Km is approxi-
40 mately equal to 1/Ks, the enzyme-substrate association constant, the mutations primarily cause a change in
substrate binding. These mutations produce smaller effects on kcat that run parallel to the effects on 1/Km.
The changes in kcat suggest either an alteration in binding in the P-1 binding site in going from the
Michaelis-complex Ee«8) to the transition-state complex (E-S#) as previously proposed (Robertus, J.D., et al.
(1972) Biochemistry 11, 2439-2449; Robertus, J.D., et al. (1972) Biochemistry 11, 4293-4303), or change in

45 1he position of the scissile peptide bond over the catalytlc serine in the E+S complex

Changes in substrate preference that arise from changes in the net charge in the P-1 binding site show
trends that are best accounted for by electrostatic effects (Figure 28). As the P-1 binding cleft becomes
more positively charged, the average catalytic efficiency increases much more for the Giu P-1 substrate
than for its neutral and isosteric P-1 homolog, Gin (Figure 28A). Furthermore, at the positive extreme both

50 substrates have nearly identical catalytic efficiencies.

In contrast, as the P-1 site becomes more positively charged the catalytic efficiency toward the Lys P-1
substrate decreases, and diverges sharply from its neutral and isosteric homolog, Met (Figure 28B). The
similar and paraliel upward trend seen with increasing positive charge for the Met and Glu P-1 substrates
probably results from the fact that all the substrates are succinylated on their amino-terminal end, and thus

g5 carry a formal negative charge.

The trends observed in log kcat/Km are dominated by changes in the Km term (Figures 28C and 28D).
As the pocket becomes more positively charged, the log 1/Km values converge for Glu and Gin P-1
substrates (Figure 28C), and diverge for Lys and Met P-1 substrates (Figure 28D). Although less
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EP 0 251 446 Bl To isolate the contribution of electrostatics to substrate
specificity fromother chemical binding forces, these various single and
doubl e nmutants were analyzed for tEr0R5td48B1Yy to bind and cl eave synthetic
substrates containing Gu, Gn, Mt and Lys as the P-1 substrate arri no
acid. Thjs permtted conparisons between side-chains that were nor
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- = Xi’lghly 10-fold as the cgmp'lementary ch ge or the en e increases (Table XV). When tomparing Giu-
* versus Lys, this dlfference is 100-Rc/>lld and the: change in substrate ‘preference appears predo%lnar&tiy iﬁlge
0

aaaaaa ' Gh torm, e% - rr Nru-

1F &N/t MOW W cCO W D UV\D . N vW8 o N
14 .. ... % TABLEXV . . ...

I 20 . 41 NM M 1 M- )

.N SC 45,[2 it Dl@ren{h Effect on Bmding SItO Charge "on Iog‘l’éat/ﬁ“ ogf?og 17Km) 109 PI1 SuBTrate;fhat Diffor fn '
l * * II\ /\ 1 1 (‘ o o Cha'rge(n)\l\l =Y |
w.ri % n ' 0P Change in PQ @rg]mg@tte Charge“” 4 VZ 1 :]IVI 25 Alog kcat/th AAI 1_1Kr5)2 o |U}

Aea al |aD y X a a- an M a a a- a alagusna O/I@au_ys Quubys
_ URAWRAY) . . . ' ' . T
* 20x |-2%t0-% - " . nd. 2,\(1 2 nd
. | 3 ~
q rw I\'I;;t;°f16cn N t-or' 0o w © coJ 4 ?;: rW:)% 3) V\g;g]\g ! M
E/I ! S\la/l’ ,d}g c%npﬁ% IJg lJcathmB\ r (log %m) perlufut ch%gwhanggﬁ 1} (1.0) 8) |V s9 (1B |

-4s @ZD V- 4” AL ] dﬂ‘fe(pnmmp g_lopes omumweramd:etween thJYP 1 Isubstrates over the charge a
jJ3 interval given for log (kcat/Kmy (ﬁg}ge_ mr B) and (log 1/Km) (Figure 28C, D). Values represent N A

M 52 1 4 NO-thq differential effect a charge change has in distinguishing the subetrates that are tfﬁmpared NVE O O
® Charge in P-1 binding site is defined as the sum of charges from positions 158 and 186. ",

* * * * *
- .1 tok
14- Aw. , 30 The, fﬂee dergy of eIeNrostéNﬂnterﬁctlons ml\thdl@tﬂlc@re and energetics of salt-bridge formafigq
N “r  V dspends 6n th&Ristance beresn the ¢harges and the micrascpyic diglectric of the media. To dissect thege)  *
*Q0 45 structural and micfgendrpdmentdl pffedts. the grergiagnyO@E! in specific salt-bridges were evaluated. In

E Z addition to the possible salt-bridges shown (Figures 20A and 29B), reasguable&el&b be bunlt

=laz between a Lys P-1 substrate and Asgyat positiop 66, and betwsen a Glu P-1 substrate agi

* H..........ss* ngmronawe (not shown). Although only one of these structures i n;ur ed_by | X-ray graphy
_, )4 5 t 76) Ja Mol ngbgl %z/mga) all models have favorable torsion an s (Sielocki,

E E-X AR et al. 979) J. Mol. Biol. 134, 781-804), and do not introduce unfavorable van der Waals contacts.

The change in charged P-1 substrate preference brought about by formation of the model salt-bridges
above are shown in Table XVI.
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a: r 45 EP 0 251 446 Bl Footnotes to Table Xlv: (a) A subtilis, BG
2036, expressing indicated variant subtilisin were fernmented and enzynes
purified as previously described (Estell, It al. (1985) 3. Biol. Chem

260, 6518-6521). WIld ty subtilisin is indicated (w) containing G ul56
and Ay166. (b) Net cthedd in the P-1 binding site is deflned as the sum
of charges from positigdh® 856 and 166 at gH 8.6. (c) Val ues for kcat(s 1)
and Kns(l\/p were neasur §h & 2I0. 1M TI’IS H 8‘6 at 25*C as Qrew ously descri bed
65 agai nst P-1 RB5853Crafefl B § Be in oform ~

succi nyl - L- Al aL- Al aL- P @-§I1xJ- g- ol tLoa |I|,de where-)é-us t he<i ndi cated P-1
am no acid. Values for §®8gil/Kmare showa inside parentheses. Al l
errors, in determ nation kcat/Km and 1EKm are bel ow 5% 0 (d) Because
val uds/for G ui 56/ Aspl 66(D166) are too smahl to determine acgurately, the

maxi mum di f f erence takgn f rzliqml!l"sﬂbstrate BsMidiZeB to H charge range

of +1 to -1 charge chamg@® X% m ; & ot dbtergi nkds TenkcatZ Km rati os
shown are the second or td constdnts §or t'hé cbnVersi onmof substrate
to 3o 75 product, aEd repgdsent the catal yti® efficiency of th® enzyme. These
rati os are presen ad |nwl"-og ni ghg c,\fg,rmtg scal & themdat a, §nd because | og
kcat/ Kmis proporgi gnal =E‘t herl oqer,i Ag of ,trafisig iPrss¥ate gctivation :
gy (AGT). Miutatgons at= snctlce)rPl§'6 an,g 16§ § RugeSchares In
catal ytic effici eficy t owar u, G n, Met and Lys P-1 substrates of 3100,
60, 26® and 20 fofdw respectively. Maki ng the P-1 binding-site nore
positively charge§ ue g ,3-5 npare G nl56/Lysl 66 (QL56/ K 166) versus
A ulb6/ Meti 66 (Gl‘ﬂl . dra- u35 rmtl cal ly ¥ ngreage® kcat/Kmtoward the
A u P-1 substrat eo(g fz)lgl and decregsa £h gat alytic efficiency
towar d,the L bs r,SaE ﬁ 2. =G fol d). I mddi i gh, the results show
that the catal|yti @ & fici@H d':{ype enzyme can be greatly inproved
toward any ofd{t heBf @ur P-1 substrat es by nutagenesis of the P-I binding
site. The ch&jges™i # kcgt§4m ore caused predoninantly by changes in 1/ Km
Because |/ Kmftls afipgbxi E# g abyweagal to 1aK éhe &nzymne- substrate
associsati on const®nt, t&ep &t atd dfsSpid marily ¢a e-a—.change in substrate
bi n\i-l/ng These nufiatd on® pEpduce smaller effects on kcat that run parallel
to the effects on,1/m The changes in kcat suggest either an alteration in
binding in the P-4 nding site in going fromthe Mchaells-conplex E-S) to
the transition-stete conpl ek |(E-SO as previously proposed (Robertus, J.D.,
et al.®¥(1 972) BI?: mistryl 11, 283% 22149; Robgg tPise 8 2, et al. (1972)
Bi.ochem stry 11, 42%B8-4303) or-—'c anyepin 45 thegplshyithn of the scissile
‘pew¥i de bond over U e cat al cgsgr Eexin the BB & Rodplgex. Champges in
substrate pref eremces t hat & Qalifesfron q.hanges i thesny Tharge ifn the P-1
bi ndi ng site shows rends t ahembgstgaccountegi woy By “w®lectrogtatic
effects (Figure 28). As t hé| B 1=:b|¢:ng g cleft bRcBmEs grf e posifively
charged, the average cat al . Bf i 6 ancy i ncréasesentc nore f¢r the GQu
P-i substrate than for Its utral and isosteric P-1 honolog, Gi{n (Figure
28A). Furthernore, at the b’ tlve extgene bot h, 50 LSWPsirates have nearly
identigal catalytic effici 8. ol e odntrast, wsHteP-9 site hecones nore
‘positively charged the cat A, e.-ff'icaency tog g eg-Lgs P-1 qubstrate
“decreases, and di verges shadlip| y<f f k0@ i8s neutr an teric rorml og, Met
(Figure 28B). The simlar par d l&lsupward t¥end wi th ircreasing
positive charge for the Met jahdadd -2 substr ates ly resdlts from
the fa®t that all the substraLgé.‘ & && s8cci nyl at@ddo r ani nd-term nal
end, ‘and thus 85 carry a f P fedatPve charg®. ®
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The trends observed in | og kcat/Km are dom nated by changes in the Kmterm
(Figures' 28C and 28D). As the pocket becones nore positively charged, the
| og 1/ Km val ues converge for G u aERI0O@5h44#6 B1substrates (Figure 28C), and
di verge for Lys and Met P-1 substrates (Figure 28D). Although | ess 46 EP
0 251 446 Bl pronounced effects are seen in |log kcat, the effects of P-1
charge on | og kcat parallel those seen in log 1 /Kmand becone |arger as
the P-1 pockRectmotesstapTablesXViIgely charged. This may result fromthe

fact that th ransition-state |Is a trah | ani on an a ositive
charge in thgaenﬁ%eﬁﬂ a§e?‘9§eﬂ-§" 551"85 _ pa

t[]ansitfon-sﬁ %th FBE sEnee &t §:ce)the
S o0ds e eRlIRS RiFee L e ser ettt | 1

28B). The avk 3 ghange I n substrate preference (Al og kcaVKm between

char gedy,and “b"”ﬁhzﬁ%t e&b fipalBa! S E'%‘érﬁ@:%q%y oggRlY at0-s@iNoas the

conplesrent ar y &‘BafHE gk 11el 188 MNaRCT @aT¥ex 1ok ¢ chdrgeVieat cothering G u
versus Lys, a§cqt ge @& ilon.100-fold and the change in substrate

pr ef erence appears predom nantly In the 'lo Kmterm TABLE XV Differential
Ef fect on Bi A8 ngrfiet e pehar gubetratescaionfarsd (|age 1/stjuétursl ly
Substrases tBamiDakf emuth I®iffer in charge. The charged P-1

Char ge00 Chaggbstpalel i8 maimpd eSienta®yartge(the charge changembgtlkeat VKm
( og 1/ Kn) posfition indiidated bet@eedn emaynes 1 and 2

n. % ()1 2) nd. -1to0

0.7 (0.6 f pete) frgml gb]; I)V+yas used to compute the

1.5 (1. ‘8) gisfegre@)ce ino leg n ntT‘ 'i‘i’ (| og

1/ Km) per unﬁhechanecbﬁaﬁgé 1" ate 1( % (a) The
di fference | RPreferengsy 5° of Fve§ enpﬁﬁf 59 Fhe rates
over the chaFG@ﬁrﬁtt&J\)’al tVKr’r) (Figure 28A B) and (! og
1/ Km) (Eigur 8C f f har ge
change has |§e3| s ufi é% s ﬁg‘rée'%;e'z%'nc@c Gizgigmarge
in P-1 bindi i ghap‘gggea% &ﬁmw | gAe 156 and
166. 30 c s atic 1nferactions |nt e structure
and energetics of sa t- ?or rratlon depends on the distance between the

chargesssand the m croscopl o d| electric of the nedia. To dissect these
strietural af difference ibetween natairtia| sffisfonciest Go- tlee keavkmyifesshe aarged eand jngutral P-1
speci fi ¢ swubstrales fetyclys vmirus Ney gt ﬁb.'treaus ‘F'w dypche Ptthﬁtf%m@h@" 9% P35 @nzyme. The
sal t - bri dgrbange firysyastials; Rigference faAlog e °§“é5%?m§5q' ghdmgre ¥ %{&dgeg‘eéa °'
bui | t bet vie@n Gi1¥ Br{@wﬁs |m"§'a&'t‘P%(%56)é<Fhﬂ‘6 ﬁ"eals tb%%’lat‘9° 'H °i‘8'6"° Betada 2
GI u P-1%s LﬁS‘EW"&ts@

e of t he e &? ? O 5/'%6 rence |s cg Si g:fol ’
| ros |c z] rekp u |t %?
t Or si On a c uI és% 2 at’ posttions th res g?f

and do gy |l|5.’sﬁi #XI‘Q rﬁnber%@ fr I§el§(9’9$tﬁﬁun$erac‘-nr ShEorCthe ) ﬂﬁlgloﬂfree
char ged P— @@gseatp{oe rﬁ.rtms, gﬁg maout by formation of the nodel
salt-bri dges above are shown in Table XViI. 40 45: 50 55 47 EP 0 251 446
Bl 10 0. EXAMPLE 10 CDn 64 r. 5 "tP4 U QN

+F4 X w 44 Ci noN sn ,l.ewo to
:s4 -0 SUbstltutlons at Posilisn 217 104 V, w O 1- a a X~ e
F 11 0 W AN ) 010! X

Tyr217 has been substituted by all other 19 amino aclds Cassette mutageneS|s as described in EPO
publication No. 0130756 was used according to the protocol of Figure 22. The EcoRV restriction site was
used for restriction-purification of pA217.

50 Since this position is involved in substrate binding, mutations here effect kinetic parameters of the
enzymse. An example is the substitution of Leu for Tyr at position 217. For the substrate SAAPFpNa, this
mutant has a kecat of 277 5' and a Km of 4.7x10™* with a kcat/Km ratio of &x1 0°. This represents a 5.5-fold
increase in kcat with a 3-fold increase in Km over the wild type enzyme.

In addition, replacement of Tyr217 by Lys, Arg, Phe or Leu resuits in mutant enzymes which are more

55 stable at pHs of about 9-11 than the WT enzyme. Conversely, replacement of Tyr217 by Asp, Glu, Gly or
Pro results in enzymes which are less stable at pHs of about 9-11 than the WT enzyme.
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5 B. amyloliquefacien subtilisin does not contain any cystein ues. JThus, ) Z{l&o produce
BOA ° pymptcliier et pipmpriindidips

t 0d therm: llity by Cys cross-linkage required the substitution ré than one in subtlllsin

W W with Sgi?ie n;c;llowlng subtilisin residues were mely V\}Jbﬁltuted with cystelne e 743334 0
4 J14J %24/38!‘8%( S 111G WWW A> W 25
> 4 Mutageriosis di‘sefd to Cys was carried out with a 5 phosphorylated oligonucleotide primer havindRhe
___ X=‘~sonuéhcd 0] n0 &M In u nL 40
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| ndi cate bnméat.&i Bmoﬁ :
15 $i MypL@fon wal! Ef 5 ryla r%(ﬂavuﬁ tle soHidRtd ate T's
enzynes 1 and 2. (d) Date from Table XIV was used to conpute the 20
difference in |09 (faiddedcPrigRsceRetebagardTondcr-3".,

del ,
enzyrre a elrgqﬁgd 5%2 =]
i 1656 S DONGe19 e ugal |y
conplenmentary to t e charge change at t e posi tion indi cated between

30
o/ (The asterisk indicates the position of the mismatch and the underlined sequence shows the position of
a new Mstl site.) The C24 and C87 mutations were obtained at a frequency of one and two percent,
respectively. Mutant sequences were confirmed by dideoxy sequencing in M13.
Mutagenesis of Tyr21/Thr22 to A21/C22 was carried out with a 5' phosphorylated oligonucleotide primer
35 having the sequence

51 ~pAC-TCT-CAA-GGC-EET-1ET-GEC-TCA-AAT-GTT-3" .

(The asterisks show mismatches to the wild type sequence and the underlined sequence shows the
position of an altered Sau3A site.) Manipulations for heteroduplex synthesis were identical to those
described for C24. Because direct cloning of the heteroduplex DNA fragment can yield increased
frequencies of mutagenesis, the EcoRI-BamHI subtilisin fragment was purified and ligated into pBS42. E.

45 coli MM 294 celis were transformed with the ligation mixture and plasmid DNA was purified from isolated
transformants. Plasmid DNA was screened for the loss of the Sau3A site at codon 23 that was eliminated by
the mutagenesis primer. Two out of 18 plasmid preparations ‘had lost the wild type Sau3A site. The mutant
sequence was confirmed by dideoxy sequencing in M13.

Double mutants, C22/C87 and C24/C87, were constructed by ligating fragments sharing a common Clal

50 site that separated the single parent cystine codons. Specifically, the 500 bp EcoRI-Clal fragment contammg
the §' portion of the subtilisin gene (including codons 22 and 24) was I|gated with the 4.7 kb Clal-EcoRl
fragment that contained the 3' portion of the subtilisin gene (including codon 87) plis pBS42 vector
sequence. E. coli MM 294 was transformed with ligation mixtures and plasmid DNA was purified from
individual transformants. Double-cysteine plasmid constructions were identified by restriction site markers

55 originating from the parent cysteine mutants (i.e., C22 and C24, Sau3A minus; Cys87, Mstl plus). Plasmids
from E. coli were transformed into B. subtilis BG2036. The thermal ¢ stablllty of these mutants as compared
to wild type subtilisin are presented in F|gure 30 and Tables XVIl and XVIL.



the non-charged P-i substrate (i.e., the substrate preference). The
substrate preference is shown separately for enzyne | and 2. 25 (e)
The difference in substrate prefergmggsbate®en enzyne 1 (nore highly
charged) and enzynme 2 (nore neutral) represents the rate change

acconpanyi ng the el ectrostatlc i nteraction. 30 The difference between
catalytic efficiencies (i.e., Alog kcZ®Mor the charged and neutral P-1
substrates (e.qg., Lys minus Met or Qu mnus Gn) give the substrate

preference et & BFNoiRg MAETImd B IBRtivationsdA INIE-T e @ndDigdifizie atumets cE3blilisis"

kcaVKm) bet-ween—tire—charged—grmd—Tore reut T al_enzyme 1nonoiogs 5o
G ul56/ W \166 il RRREmey n156( qL58) /G y166) r mes_Lhe_chélnge PR Al ytic

efficiency that nay be 35 a#tri buibed solely to ePEEtrostlatic effects.:
These resylts show that the gpverage changg,pn substrate |cref erence S
consi der ak SF-O5 L -E—SHPS i tH-—oRS—aF ptottcet—at
positiop 166 (50Widiydein kcalvkm Vs us po$iti on 856 (12-fo| d i Akcavkny.
From\thesq Ax| ogCR¥GH7/ Km val hes, arfaverage chang® in trgnsitioddstate
stabi | i zat]li on enE?$B7can be kal cul ed of 11.5 anf? -2 4 Wcal /mmitStar
substi t ut i ompyrfibd EH2rhdsi weRseitAd? Gredidirbr Afi GroatécD@IB@EMM\DIIT Yind didtyz8d @itho WihodO
represent t{pmmsbdEDh RinmdtabrS0RNETrg YoHCE) tor il Dhit a2 d * €.1Epzyme chrarentratidni @ere
el-ect r ogt at ddjusted toc0aIcliquots wemrquéricedain itdiandjassdyed focwsidyryactivity Helttimemfot rat e t o
formthe trauhite inastivationwere dateminedfronEsemivion Plots Of o (rSidyaleftivity) vesss Y®e- Posi ti on
217 Tyr 217 Trase flaewers ligar foriouer 88%|e{/the Inpctivatiier 19 ani no_aci ds. Cassette
rmka'genesi S as described in EPO publication No. 0130756 was used accordi ng
to the protocol of Figure 22. The EcoRV restriction site was used for
restric®ion-purification of pA217. 50TABLEXVHi nce this position. is involved
I n substrate binding, nutations here effect kinetic paraneters of the
?RéyrsTﬁbS?pa?)éang} Nﬁ* igrlflsqg :ti!brtups;n cﬁq\eq-lalf-"f% of Rtitolé&_yta@fvatﬂf?gt'ga"@n (2)?-7 For
4. 7x10-_245 with a kcaVKm rati &nzyme6x1 05. This represeﬁts a 5.5-folH increase
in kcat"™with a 3 fold |ncrease in Kmover i he W|Id tyﬁﬁq enzyrre I h
addi tion, repl acgren Ar-gr; ™ nut ant
enzymes whi ch ar¢ more 55 MHHY@ at pHs of about 9 1112 han the WI| enzyne.
Conversely, repl §cenent of r217 by Asp, Gu, Ay or pro resultsjin
enzymesgwhi ch ar¢ | ess stab  at pHs of abgut 9-11 t the WI' engyne. 49
EP 9251 446 Bl EXAMPLE 11 ) b ple Muitantg Having Al tgred Therma
~Stability 5 B. anyl ol i qUiglasi en subtili|sin does ngg contai n aPy
cystei ne residues a =¥ees o—p+oe by Cys
cross-1inkage requ? Ha!fdiﬂteh@rsl!m@!"@@j't@ﬂemw%? d?ﬁﬂ’“é'eﬂ ﬁaw'ddm aa‘i‘ri“H'G"tam dIn
subti | |8in with Opsbtiismecestegoriogiinihe logane tq Table i Penurified @ad Roayeduehd) ¢ p) y

lg.«t ituted with copatmes were ugeqdectiniom B. subllis gyltute SupprRiapt nonesi s af  Ser24 to
Cys~#was carried out with a 5 phosphoryl ated oligonucl eotide prinmer having
the sequenceThs dififfidds airot(dbd Ggo sukiiEin/Ad néETmprdva-ti Bitolytic Abilily iof e mufteolerizirees

| ocati on ofhefiicommieninte sheawild-tip enzymee Howemerdths digultslecndshditerovideea paraint of gplolgic
the al t & ethbByudtn sompardd BHesirB:ormesppidisigi redyesdaddublersysiaingt anpymet ngf@tf@ %3 highly 5
kb EcoR! - Béiviell x¥ayzstynature of wildriyne @ﬂ@ﬂm_mwe&ﬂlﬁﬁweﬂis “!99 Hta‘ ogppThra2

Stranded DA Saei2 %gsaéggggmggg% ;%g]?f‘é;g ‘WPB et Fogen Bor
with the I | €

mut agen&s?@ﬂﬂisﬂgﬂv ng °'°y % lc s VQSt than ther
was transf fég"‘i' WP‘?{‘T Iﬁ) . e on T ) Batigatir d:a,{ (B,rotetnhe
mutant _se |I| closer b ‘ 87 I Eﬁ stdhhe mutations
6487- 6500; i a]: Shde bo nﬁﬁ&t lnc?easm étg’cﬁl b digveN@ss?

t et r amet hyﬁ1 @J @ o é | zat I on protocol al . (1985)
Proc. . Aca . (&‘,A 585-1588). The Ser 87 to Q/s 25 mut ati on was

prepared IMFQE%| ar f ashi on using a 5 phosphoryl ated prinmer having the
sequence 59-pUGGEC-GIT- GCG CCA- C- GCA-TCA-CT-31. 30 (The asterisk Indicates
t he IOOSI t i G Mites Confamig GlabsEtibné BiePosifidhea2d bricRbsidanqlee nct89shows t he position
of

5 Double mutants 166/222 and 169/222 were prepared by ligating together (1) the 2.3kb Acall fragment
from pS4.5 which contains the 5' portion of the subtilisin gene and vector sequences, (2) the 200bp Avall
fragment which contains the relevant 166 or 169 mutations from the respective 166 or 169 plasmids, and (3)
the 2.2kb Avall fragment which contains the relevant 222 mutation 3' and of the subtilisin genes and vector
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a new Mstl site.) The C24 and C87 nutations were obtained at a frequency of
one and two percent, respectively. Mitant sequences were confirnmed by

di deoxy sequencing in M 3. Mt ageezs1s446B1Tyr 21 / Thr22 to A21/ C22 was
carried out with a 5 phosphoryl ated ol igonucl eotide priner 35 having the
sequence 5' - pAC- TCT- CAA- GCC- & T- &&T- GGC- TCA- AAT-GTT-3' . 40 (The asterisks
show m ssaauanhetsomﬂ)eteheemem&&mw'dse uence and the underl I ned sequence shows
the positi @lthogsh mutations etrr@ait-@aa?sﬂn@p\teeox ation stapility Aftey Gife tang to jneresse N

synt hesi exanelp ds shaemin Tahle XD In this<caseyine Af42Haetior, asceombingd with tha, Kig6, aygtio o,y g
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into pBS42. E. 4s coli MM 294 cells &P ansformed with the i gation

m xture and plasm d DNA was pwifiedfromjsolated transformants. Plasm d
DNA was screened for the losq of the Bag@A si K@ afl codon 23 that was
elimnated by the mutagenesiq @il mer. | Ty PylxseF+ 16 plasm d preparations
had Nogt the wild type Sau3A [shdse. The gait hilexdeqyence was confirned by

di deoxy sequencing in ML3. Dguiisg nut ands, | @220E81 and C24/ C87, were
constructed by ligating frag Rise/aadzali 2y p2ooonby Clal 50 site that
separated the single parent ysqi)l e Speciijically, the 500 bp

EcoRi +&£l al fragnent containi ﬂﬂ v &% onof dhe subtilisin gene

(i ncluding codons 22 and 24) was ligated with the 4.7 kb d al - EcoRl
fragment that contained the 3' portion of the subtilisin gene (including
coslen S7EXAMRLE 18BS42 vector sequence. E. coli MM 294 was transfornmed with
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C to produce halos of about 5 mmfor wld-type subtilisin and were

d| scarded The pl ates were stal ned for 10 m n at 24 C W|th Cooma55|e bl ue

~N NI~ P~ e ™ AN\ ~r~ns a2 I 1 ~r—n 7

h

heg

O-



intriplicate to confirmalkaline pHresults. 50 D. Identification and

Anal ysis ‘'of Mutant Subtilisins Plasmd DNA from5 m overnight cultures of
nore al kaline active B.subtilis @&Pnest 48Bprepared according to Birnboim
and Doly (Birnboim H. C et al. (1979) Nucleic Acid Res. 7, 1513) except

t hat |ncubat|on Wth 2 | ysozyne proceeded for 5 mn at 37-C to ensure
cell sF'L°3%['nf&' this apalysist P_Bh Er_"md 'eHUP Aistioyted evar the, gybtilisin gRas staring %S edeng o
r em)ve cﬁ*ﬁt‘ﬁ 16& ’°SW?F§"91V és °SF f’é@‘f?ﬁﬁ't ‘”’éd’ﬁ éﬁ" drﬂéﬁ the ' site
subti | i s|of® %\%ﬁﬂﬂ%&g ek i Wg pI "%59 ‘?"@‘H for
DNA sequgﬂ clonawzre eCes: (] c:e e%ack an |vm dncyt I - |d
seavertts Kighlo dﬁrﬁa@b&&nﬁ ;a 35@%” DL

Id i D
251 446 t}a Fn c&ﬁ%hlﬁu@ctﬁg %ieqlg l?en yr '@P Eﬂﬂ %%?ouncﬁ %'Wg "93’ “&g t 0
the dNTPﬁ,Smmaﬁldmomoﬁﬁahm thrl the ﬁ:ﬁ&bw di Hilta aripfed BY b @Rén @mm Wafsie@pl i ed

over .t heg 8p)grdviRied B détirRatd b ehilageftidis Rficiery u@#ﬁ% e(utre ébdm BedRibritd (-A000 bp).
di deoxyguanosi ne sequence track was applied to |dent| y a nutant fromthe -

dGTPas library). A conplete four track of DNA sequence was perforned 200 bp
over the site of nutagenesis to confirmand identify the 5 nutant sequence
(Sanger, F., et al., (1980) J. Mdl. Biol., 143, 161-178). Confirned
positiwe and negative bacilli clones were cultured in LB nedia containing
12.5g/ L cnp and purified fromculture supernatants as previously descri bed
(Estell, D.A, et al. (1985) J. Blol. Chem, 280, 6518-6521). Enzynes were
gr er than 98% pure as anal yzed by SDS-pol yacryl am de gel el ectrophoresls
(Laemm |, U K (1970), Nature, 227, 680-685), and protein concentrations
were &l cul ated fromthe absorbance at 280 nm 10 0. 1 280 =- .i 15
(Maturbara, H, et al. (1965), J. Biol. Chem 240, 1125-1130). Enzyne
activity was neasured with 200ag/ nL

succi nyl - L- Al aL- Ai aL- ProL-Phep-nitroaniilde (Sigm) In 0.1M Tris pH 8.6 or
0.1 M,CAPS pH 10.8 at 25'C. Specific activity (a noles product/m-ng) was
calculatbd fromthe change I n absorbance at 410 nn1fron1product|on of
p-nitroaniline with tine per ng of enzyne (E410 = 8,480 Mlcml; Del Mar,
E.G, et al. (1979), Anal. Biochem, 99, 316-320). Alkaline autolytic 20
stability studies were perforned on purified enzynmes (200ugg/nL) in 0.1 M
pot@sse um phosphate (pH 12.0) at 37*C. At various tinmes aliquots were
assayed for residual enzyne activity (Wells, J. A, et al. (1986) J. Biol.
Chem, 261, 6564-6570). E. Results 251 1. Optim zation and anal ysis of

nmut agenesi s frequency A set of priner-tenplate nol ecules that were randonmy
3-term nated over the subtilisin gene (Fig. 31) was produced by variable
extendfon froma fixed 5-prinmer (The priner nutated a unique Aval site at
cqdon 30 11 in the subtilisin gene). This was achieved by stopping
por™ynerase reactions with EDTA after various tines of extension. The extent
and distribution of duplex formation over the 1 kb subtilisin gene fragnent
was asgessed by multiple restriction digestion (not shown). For exanple,
production of new Hinfl fragnments identified when pol ynerase extension had
proceeded past liel 10, Leu233, and Asp259 in the subtillsin gene:. 35

M si ncorporation of each dNTPas at randomy term nated 3' ends by AW
reverse transcriptase (Zakour, R A, et al. (1982), Nature, 295, 708-710;
Zakourss R A., et al. (1984), Nucleic Acids Res., 12, 6615- 6628) used
conditions previously described (Chanpoux, J.J., (1984), Cenetics, 2,
454-44). The efficiency of each nlslncorporatlon reacti on was estlnated to
be greater than 80% by the addition of each dNTPas to the Aval restriction
prinmer, and anal ysis by polyacryl am de gel el ectrophoresis.

M si nédrporations were 40 seal ed by polynerization with all four dNTP' s and
closed circul ar DNA was produced by reaction with DNA |igase. Several
mani pul ati ons were enployed to maxim ze the yield of the nutant sequences
in the heterodupl ex. These included the use of a deoxyuridine containing
;tenplate (Kunkel, T.A (1985), Proc. Natl. Acad. Sci. USA, 82 488-492;

Pukki I®a, P.J. et al. (1983), Genetics, 104, 571-582), in vitro nethylation
of the 45 nmutagenic strand (Kraner, W et al. (1982) Nucleic Acids Res., 10
6475-6485), and the use of Aval restriction-selection against the wild-type
tenpl ate strand which contai ned a unique Aval site. The separate
contribution of each of these enrichnent procedures to the final

nmut agenesi s frequency was not deter- 7P ned, except that prior to Aval
restriction-selection roughly one-third of the segregated clones in each of



the four pools still retained a wld-type Aval site within the subtilisin
“gene. After Aval restriction-selection 50 greater than 98% of the plasmds
| acked the wild-type Aval site. The&Plb2sil4as®10Rl - BanH subtilisin gene
fragment that was resistant to Aval restriction digestion, fromeach of the
four GsCl purified M 3 RF pools was isolated on |ow nelting agarose. The
fragment was ligated in situ fromthepggarege with a simlarly cut E
coli-B. subtilis shuttle vector, pBOI8U,and transformed directly into E
coli LE392. Such direct ligation and transformati on of DNA isol ated from
agar ose avoi deg~88oloses and al | owed | arge nun@ers of reconbighants to be

obtai ned (>100® per ngtequispbaseisient clonesyy 3 ?ﬁ nt Therdhtgquency of
mut agenesi s f oft 0_,’f t Betef our EMTPa2ndr Si ncorﬁb reqﬁrl ons was

estimated fro 0 Bedegt-iom a rourd| memcms_ﬂm.el i m nat ed
(Tabl e XX). The uni que restricti sites, 55 251 446 Bi chosen for

this ang ysis, d‘%e Pvul E8hnd ﬁ&ﬁ &/e?e %og?rl bL?[ ed over tthe subtilisin
gene Start | ng at @odons 3BstIl04, 0a3dd 1460 r@edpacti WeP§l As D.@ontrol, the

mut agenesi s frequency waspget er mpsxd adp.$ hepfdep! sigge |ocategy In the 8

| act amase gene Lch was i de,t wi,ndo mut esis. Because the
absol ute nut age\rqg‘]éi S frquﬁy vvasggl osegt\(l)\bt % pe?’gg age 015 undi gest ed

pl asm dDNA, two rounds of restriction- 5 selection were necessary to
reduce the backgmemend of gmawi viogeauncst widbigype gpl asmid DNA bel ow t he
ant plasmd ( %bl e XX) cyae backar qnd of 9§ur VI Vi gp plasndgd from
o

-type DNA probably represents the sum total Eont aneous mnutati ons,

uncut wi | d-type p asm d, P& th8- il enc?flvz(/lth vhitdh I|nea3rs DNA can
transfofm E. coli¢ Subtractlclhg t Be55 r duency.oBor urmrﬁ@ﬁagenl zad DNA
(background) fromthe frequency for mut ant DNA and normal i zing for the

w ndow of nutagepesi s sa iven ctl analysis (4- 6 bp)
provi des an esti e of {T%&‘-‘ﬁu 8%?29{9 eff ’(9? ncy over the entire coding
sequencg (-1000 bB). 15 2@veH | 30-45 A9 45 63755 5@.35 EP O B81 446 Bl
TABLE XX: a-thi ol €NTP pviat rigCig ong7%0 r egjosh ant ochones % mesi st ant n

(b) Site I's 2nd . 8&) NES, OVef ,aptr ted el ection
&Backgro%f a é)Noe%e b.40 038 =

round round Tot al Pst | 0.32 0.7 0.002
0 - *10 G Pst | 0. 33 1.0 0.003 0. 001 0.2
T 30 Pstl Nofe 32 <GphI cO QO& 30 0.012 o 0C - Pst !
0.4 3.0 0.0134 0.01 g 145 Nong a4 OCL_@I 0.g38 5
0.014 0 G G al 2 2 5 1. 380 T
d al 0.48 31T 0.15 ?’43‘8 15 gg"séo Lo c 8 d al
0.55 15 0.08 ¢ . 0. 0@1 1.4 N¢ne 0.38 PpPvP.B7 0.08 9329 0. 023
025 % G Pul | 0.41 90 0. 37 0. 35 88 T
N% 0.10 67 0. 067 0. 044 9 C PNGTT 0.76 53

0. 38 (a) 95

Mutagenesis freguency is estimated f£from the
frequency for obtaining mutations that alter unigue
40 restriction sites within the mutagenized subtilisin
gene (i.e., Clal, Pvull, or Kpnl) compared to mutation
frequencies of the PstI site, that is outside the
window of mutagenesis.
45 (b} Plasmid DNA was from wild-type (none) or
mutagenized by dNTPas misincorporation as described.

(c) Percentage of resistant clones was calculated
from the fraction of clones obtained after three fold

or greater over-digestion of the plasmid with the
50 indicated restriction enzyme compared to a

55
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30 - None &m 0.41 3 0. 012 0 G w 0.98

35 0.34 0. 33 93 T pBnl 0.36 15 0. 054
0. 042 8 C M El EHo0451 4881 O.38 0. 37 93 36
(a) Mut agenesis frequency is estimted from the frequency for
~obtaining nutations that alter unique 40 restriction sites within

t he nut agemorediigeaniad i sontgede (i Restrdichiomyesistantcprlpswddpared to
mut ation f rQ!‘&ueﬁEP@s td7e t farspsiround cwas heebieated 3‘-!-"dea saeopndow of
nut agenesi Foynd of P’Fﬁ§ﬁfé|°tmﬂ"sﬁé§¢tﬂp@m wie-totel reppREfDts,

t i zed i & en E@&’-sé Pef HF& f
S Wf@ jg;fiﬁ‘) e of L Eae e e B o

t
| nd cat gijdp c; F:g}i% bﬁPOFl‘m’e‘:? ush fl; gggi%gjpg 0 251 446

Bl non-dig trrction- re5|stan romthe
first roun vvas subJ ect ed to a second round of restrlctlon sel ection. The

total\repret®hts phecentOdpebisthnt! NC1dddst iwas @hicngatedanpy clones 5
obtai ned fguykrd@iihg ' AHES pedicent@giCt io@n :eadxieueﬁ-eersseahaqe of
restricti ocXdnes Mobgaineldontsr i willlds tpedi DRA Stidkeli,nongwwe) . fbpguenci es
wer e deri vathdt aobtoiméd nfortmbeant BRAcol oni es and usual | y greater than
100. (1&Ed) P)ercent resistant clones was calculated by subtracting the
per cent age (ﬁ r eshi s cextrapediateantfxxinongdse ofteguency cofwnhdiatipe DNA
nonayveéx oeatchatrextmicleton osifet abe BNe entire subtddjisini s
&F«apol at egene ofr 1 hkb) r eqTdisy hefs rheen i nornadizedchor ther humber site to
t he entire efibpossiblegehases| (@6 bRl swhkbipe®adivr KRELXdGEAON he nunber
of pod8ibl esbt@es that bpFadi t hike cadtutagenizedon DY  8itegivePat  can
be nut agéhl-%b%lwrwrathon EJYQBFI m si ncorporation event. Fromthis
anal ysi s, the average percent age of subtilisin genes containing nmutations

that r esu' tFrgn'; 0y grélysé:l Qﬂ? ggﬁﬁge Qf suﬁg-gP ag%nég tahidg AR t Y&dai from

est i maf edgirysPecTRYS, of €T é\a\?&o@@r&fbﬁ Was eétifmaied ¢ b/, Yo, a%@%% rtdnq aspactively.

mut agenehese indﬂQM@thj‘eh&% HRf6hc@6 WaFeR hdrdralibli® Vardbled BdpBnciRPRBA IR INTHAB shile

dNTPas awnftindbrperition leficibriel @Nthi fshtd. MisGip6rationlefilcidhdy has bédn rbfloRéd e WeMothadepsn

ef fi ci enaygnt bathe kiae Bf miepacH, el thedcdaxtd primetl EGhampoud QX, (1984)1 $kinds] NAL, @fal. (1986)

m smat chNudskdl Atiie Reant469486968)r Blamed hisSiheonpertion efficiehcy of HGBPRS; anBkdATRes oved . A. |

et .al .30 ( HDEGS hikibban previmisiyl obéte®d , (Stoftle, 694526 938Y). GBietisse d1071589-565p rymikeathe on

ef f\~e| endGTRs, diIPes sand rid TRHETIBrEesOthe reffigiBney (BT Tidtegeriasis fdy dendAJiPes misingérporation

obser ved lifraéh geuld wot beaccurgtely absessed O@BYse 9% mé the estrictiontesisBBicplamERlp andlyapd fmply he

dGTIPas, Hcrepdke subtilisincgpTeingert. i This rablem prokeblsfargse ifrem cspit-tigation ef e vrstyr whenothe t he

dATPas ni4TRee dFLtSﬂSP‘a%eldoﬁ#b‘I"F'b 198Re, waso gHbglonedt froge MAg dnig a'PQé %ﬁ‘"é@%é‘?! thRo vastos o
0% of® t H%?"Q’B‘g‘t’r T’% Pt the muta S'T)T’?i’g?ﬂ% groupe,? Q"é’if in)

isipe ation
poeds et TPy oy
e s e ﬁ g;ﬁg%%jgﬁg}a R it ey, s oLk w@%ugacw om
atlo

ML3 i nto p Jnﬁlst.ox b Yoo g.nay Dok HooGS LdallBefig t €
NUt aggpeghrdspon@int Bthy nﬁ’sﬁn@ﬁﬂ&atgis‘at RiGddokyRbicidoti jﬁ@ 3? tfte giHe SbIdWEH QPE%% E{e ,
library. sufidk SEDRA 3bdterRing Gocus8R thver (thPdite DN MtHatlon. 6N MMERIREHRAYISthE dfstrisutﬁﬁlcl es
for dGTP@gs amfbr doT'EEla%pd?i‘eéb SASHRPEMLLIOA985E xR e ol d@h&@bﬁeﬂrebﬂcl@c&u@& Agerfd ornd

30 per ceBéletioh aufafinb. The bivporiaSe AG Gitatidhe wes RIgheSINE Yhe & mikiBooRoftichibfy, &1d some

I nact i vaumergpcted ipeibt niutatieris appsamd inlt6@dTTPas and dCTPas libraries.

: 45

2. Screening and Identification of Alkaline Stability Mutants of Subtilisin

It is possible t0 screen colonies producing subtilisin by halos of casein digestion (Wells, J.A. et al.

(1983) Nucleic Acids Res., 11, 7911-7925). However, two problems were posed by screening colonies

60 under high alkaline conditions (>pH 11). First, B. subtilis will not grow at high pH, and we have been unable

to transform an alkylophullc strain of bacillus. This problem was overcome by adopting a replica plating

strategy in which colonies were grown on filters at neutral pH to produce subtilisin and filters subsequently

transferred to casein plates at pH 11.5 to assay subitilisin activity. However, at pH 11.5 the casein micells no

fonger formed a turbid background and thus prevented a clear observation of proteolysis halos. The

s5 problem was overcome by briefly staining the plate with Coomassie blue to amplify proteolysis zones and

acidifying the plates to develop casein micell turbidity. By comparison of the halo size produced on the

reference growth plate (pH 7) to the high pH plate (pH 11.5), it was possible to identify mutant subtilisins
that had increased (positives) or decreased (negatives) stability under alkaline conditions.
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The | ocation and identity of each nutation was determ ned by a single track .
of .DNA sequencing 40 corresponding to the m sincorporated

at hi odeoxynucl eoti de over the entiErR0@6N&4dBI | owed by a conplete four track
of DNA sequenci ng focused over the site of nutation. O 14 nutants
identified, the distribution was simlar to that reported b Shortle and
Lin (1985) eBavahhi 1008 celonipsysre wm@dv@mrﬂaeh of dhe T "r'r'r?etp?f?’t?ﬁ "H%I"BG%T'E‘;P tage
mut at i ons of qq'P@'ef)PWtﬂﬁtaldéfﬂ’%tP' 'm qfrﬂ‘f“ R 1{p, ver &9 pr s t oel%

" ni si ncor pGF‘&?‘%W‘?’WP ’?"“ %”5 E r‘i:f - gf%é%? Ln
T G T L o Sﬂ%";zrw TR Tﬁ%‘r‘r:rs“ Sisrbin

Al kal i n& Sf‘ Pg sitive mutay tsw rglb fle W 7ang$l21930§’ ic]eof n8 a%wsquosﬁrogs%es
pr oduci ng 28 (g PR 'o nl"n o6 Cas gest N

(1983) NudT @M VAGi ds Res 11 7911- 7925) However two probl ens were posed

by screemaﬂ@m&@t%'A%a.trﬁefswﬁgﬁwuar\eamawgme condi tions (>pH 11). First,
B. suhtj,l we have been unable to transform

an al kyl ophi gipgisfht hatérits Rére Padiel lahs therT RuBlyit QiDilees Was mausred MyEthd Ymadoynts ofg. a
replica plikdvatdnst pRU2Q FigsN32\éhd @B). PESited meantsvRIsEifig ftonwnthe scréenl (Lea V3 0%agndR2MA)r al
pH t 0 pr odisaemartl pdsistahtaid aikatingl inflickd eutalytis Urastivetive orhparedrio wid-type; nebiative nuestsi (ke-.

pl ates at EIF0 dndl. 0} wera fesaesistariyt We hasl avantsgpopsly prodwqeduenather matentmcﬂlorssq {&0)
casei n i dglsite-dirsotet! mpnes-erﬁtsdmetamwaun@rq)aeggrm witd-HpRy °'P’-MEPSB§;'PWE?1P‘§EM§

cl ear obs dregiivetionr{Figf 33) Ab the deripination o thesautolysia

briefly stsattﬂtim?r@ma ujplvged{p F%e’@?b?%???'léwm 'ﬂ%'ema'" F' Zones
ang.aci di f\{v} Hg 8 ffests ‘tchWYe\'/:'@T t S mu ’son
of the hal\JO¥R33 ( ‘?a)nt

2 H

gm o a s| Wmutntalrh h
pHp'at“E”% ”nge% 'L%f il

{ th b§ Lun ad
i ncreased %;'0 fina |c s
condi ti OnSsho bi has chﬁﬂ n rﬁ&‘ %I@ﬁe%faﬁt a‘hﬁlﬁ%@nﬂ% rhdyOMm
each of th fr ghiyf rcﬁgrh,,g,{l Hi a@Jn(sﬁi,g SifhidafInf QURhG B8 a@blysiddayiafdior
showi ngzsa gcsi §t§’d’\$zétﬁ RS by borfidd Mibdstonadt Ii?b‘ér Lbtopsiy/ péptitss. Pidse alkAifs aaslysised
1.4, flies AEVE bBerr¥peaied b Sophi@io| pufiiiel @Rby@S btEHoe @teéksénticiytiiclsamb hdsaits. Rates
dGr PUS d'%T'%@tSWSIQ-Eﬂ_dBMSdepQ{MbMPM tonforneationa stabilmys pe ebll we thy . sp&dficoacthlity of the

t hese negadubtifisin GdriameWellsES.A, & alg(1288); dBielnChom, 26 1\/8564-6570) tovas theretoretnessiblethalitheg| e
base changecrassesin s ineclivdtion ratdsaayesit fromrdeopeses rsppdifisragiivity Pt ermere stable

t hey- caswe. miteg atder akalinst canditions. ircgeneteldhe/®Bositea0pgars tecbe\IB0caser e [ere steplg gutants,
mut@ant s wef anyihtbantiavé k eelatiusly WgIBT spactiic RClty, tharhwiidrtypei ltﬂd‘iffa'kﬁ'é‘g &endiges qng the less
posi ti ves sable motewyh hgvese:ralatively Iaen [specific yactiity Thepe wikt! et?f?"tgﬁ'(’nts“P1"i'“§| %t s
at Al kal i NOFRRIBENFBUY10PERT3 are cuppialive airhethptt §.6 ped 104, J “‘t '@f‘?es {1 ""
stabi | iti eganyefiest W@*ﬁ%ﬁe@ﬂ“ﬁx supgirato; speeificiy, panovess it js r%%’ 'ya °s )
(Figs. %2 WRareyithin 64gta haupdmpdet sufptiats; (Behsttyss v Bcl"‘ra § ik V107
and R213) were nore resistant to al kal+ g&‘duced autol ytic | nact i vat i on
cogpared to wild-type; negative nutant Kb?F , E170 and V50) were |ess
resi stant. Ae_Nad adMvanlagegls P-4 Hot+H€ H H S OT
(F50) 15 bl si tneraunnsrmwmmtamenwpsc-t-wmt@Hrﬁftoam8w&a'kﬁ'w eu@rfarsta@“fr han
w | d-type Enzypg, i al kaling aut Cﬁe}éﬁ\}efspécﬂuaﬁ&ttvmt i on | Alkdiige autoBysis Abif-tiramin)b
‘term natioh of the autolysi$—stud SBSTPA s confirmed that each
subtilisinlvariant had autol vzed""?,grf5 ot oRE 18Bnsi dtent with the rg;@_j_nr ng
enzynme act| vit widtfpe st abililzi ngioefif ect $ of M0=307, R213, and PBO are

cumul at isve| SeemTmbl e XXI. The daebl e mjit ant 28m07/ R213 (nade 1By subcl ow ng
‘the 920 bp| EcoRitepnl fragrrﬁent of26EBO1L8(V107 %Wt 0 the 6.6 kb ¥WEoRI - 20
fragment of pBGEBDR213), is|nore %tabl e |t hamO@tk her |si ngI e mMant. The
triple nuthnt, VFGURIB®7/ R213 | ( madH® su cl ont%# t he
fragment o pF%O(Exaan e 2) int&6the 6]8 kb BttoRI -
80N1 075 i 5 nof8 st abl e.t han t helddtubl e nut alff*V/1 07/ R213 or
i nacti vati pn_cPYEO7ERBY a Bi phat®Pt® chadact el®*that
t he nore stelpbrtive BEsciiit! baivity mmby@mﬁe frdrh riplica@\activibsdetdrmihations divided bylthet abl i zr ng
cheni cal nowliditypeatlu®d fis)sarhe pH. Thel @armgalsppcitioractivity pf wild-tiph enzame el phifi.Gandt udy

and/ or 25 rsxhmesdostadsinin-og erd3Tundeswid-mgyresnedybliet e di gesti on of | arger
‘aut ol ysi°% p¥Jiniede sachftsastivty kvad teken from Figh.y38iaed 3 udi es have been repeated on
separately puritied enzyne batches wth essentially the same results. Rates
of autolysis should depend both on the conformational stability as well as
the specific activity of the subtilisin variant (Wells, J. A, et al.

(1986), J. Biol. Chem, 261, 6564-6570). It was therefore possr ble that the
decreases in autolytic inactivation rat. 2 may result from decreases in
specific activity of the nore stable 30 nutant under al kaline conditions.
In general the opposite appears to be the case. The nore stable mutants, if
anyt hi ng, have a reI at | veI Yy h| gher specr fic acti VI ty than wi | d -type under

o o, e e o o . o, .

735 bp ECBR - Pvul |




TABLE XXI 40 Rel ati onshi p between relative specific acitivity at pH
8.6 or 10.8 and alkaline autolytic stability Enzyme
Rel ative specific activity Al kalgpe2spusdsysis half-tine (mn)b pH 8.6

pH 10.8 W d-type 10011 1003 86
45 QL70 461 282
1 3 V107F- Random Cassette Mutagenesis of Residues 197 through 228 g5 102
R213 Plasmid pA222 (Wells eg7l+&%85) Gene 34, 315-32 1021d gested with Pstl and BamHI n%%% %
s Gene 34, i i BamHi a

25%27/ R2 1§b Psti/BamH ment (fragmgn 1, see Fig. 34) purifi ogba polyacrylaml I by electroeiution. 0
1233 5§  Thets kg%waamm fragment from pS4.5 w igflﬂ xlé?y dlrected mutagenes! ?
152t 3 performed to the A1l rgv alznt antigs t aianeou y_in Ssif site o or codons -1 9? 2@

t Bl tant EcoRl/BamHI fragm §&e led ?é §e age
fromtri fTahd 75 5.5 ¥b BamiHRsEF Qﬁkﬁaﬁﬁ\@m st ﬁ‘vn‘M é? aYdiE. V

and 10. 8(c4@uns 3850%0) SbiigoddxyRikibotided WE ldBskinad - (ﬂgestcﬁ'@mfw\(@ o wil

Time T Feaidatd DERAtaGh oitb bivsshBla gakest chdoRsete- 26, (3)3leat Wisiidmt -SmaPsite ovdr

446 Bl F210amndsnn (Godiminate ahdVBstioge 0@ icedoné 288230 dsse Figl 35). Diijoastgihuddstiadsl wessr d
PA222 ( \\inthesizegtwital2% dof@Bmitingpusofidbs aBdsth S&B) of \shesi, (pars, tdaTIP Yalahdmt Wast dpikednd
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Filters re then lifted to stacks of filter paper saturated with 1 x Tide
comerci al grade detergent, 50 nmM Na2COs, pH 11.5 and incubated at 65 * C
for 96 min. overni ght growth plates were 40 Conmmassie stained and
destained to establish basal |evels of expression. After this treatnent,
filters were returned to pH7/skimmlk/20g/n tetracycline plates and

i ncubated at 37, C for 4 hours to overnight.
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Mut ants identified by the high pH stability screen to be nore al kaline
stable were purified and analyzed for autolytic stability at high pH or -

hi gh tenperature. The doubl e nut argp €261448HB was nore stable than wild
type at either high pH or high tenperature (Table XXIl). 45 Thi s mut ant
was di ssected into single nutant parents (C204 and R213) by cutting at the
uni que Smal restriction site (Fig. 352 and either ligating wld type
sequence 3' to the Smal site to cr 25| Ngl e C204 mutant or |igating
wild type sequence 5 to the Smal site to create the single R213 nutant. O
the two single parents, | i ,éabl e as the parent
doubl e ut ant (Co4/ R2 EBAb At B =t et T tabl e. See Table
XXI'l. The R213 nutant was onIy sllghtly nor e stable than wild type under so

both conditi on nof shown). Al [ a e o] h & een of
the 197 to m nPB% ?%p Séﬁgé r%ei'g %8; F\élds ?ur{ agt g'Was nor e
stabl e than gj,ﬁayuga, qsnumhatum prtandahkghineanFaquésbuPrl a5 stabl e

than\c204. g5 EP Ogg LR ¥ &t e62°'c for thermal
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times smrpl es were assayed for resi I z ct t el BeCldgei i ONns
were roughl PERRARIEITSS  OFARE, }72 ee% t%lie/ét{%r% |tE took to reach
50% of the Y@rEéehasokvbeythe tartdng a@tie«#kylimnf—w separ

t %2 (al kal i ne (thermal autolysis)

aut ol ysi s) eriments. Exp. Exp.
Exp. 20 Exp. Subtilisin variant #1. #2

. #1 |# wild type t 1/2 3& 1/2 25

20 23 30 750/ V107/ R213 (alkaline (thermal 49 41
18 23 R204 ‘autolysis) Fatolysis) 32

24 27 C204 Exp. EXp. BXP. EXp. 46

38 7 48uBRiEIR4hUbRant . 42 _Hiso #4252

20 '! 2%34Q €eypBandom Mut agenesi 3&t Coddfh 204 46 E&sed 0313t he above

results, codon 204 was targeted for random nut agenesi s._ Mit agenjc DNA
cassettgs (f gsopwdoy/R21304) all cont #A%hed a 4} xed R213+8nt atl't’) whi ch was
found to slightly augnent the Stabl|lt{ of the C204 rruv\ig %§md DNA
encoding theRRO&t i |lisin nmutant C204/ B was ?j?gested h Sst©"and EcoRi
and a 1.0 kb 50 EcoRI/Sstl fragnment was |solgé:§d by elgglaro ekytion from
pol yacryl am @20l (fragnment 1, see F| ? 35) 04/ R213"Was al SO di gest ed

with Sn#l and EcoRI and the Iarge 4.7 EP frag i ncl ggi ng vegt or
rST&Jences an®3H/RR1orti on of coding egl on vvas i solated from | ow

i ng agarose%() pent 2, see Fig. § Frggnents 1 ggd 2 wene conbi ned
in four sepa R - way Iigati ons w h het er ophosphoryl at ed 55

fragments 3 (see Figs. 36 and 37). This heterophosphorylati on of synthetic
dupl exe® shoutd pteferenttatty—drive the phosphorylated strand into the
plasm d ligation product. Four plasm d pools, corresponding to the four
ligations, were restricted with Smal in order to linearize any single cut
C204/ R213 @r@g@dmw‘,ugngsfsraagg@nboﬁ i solation, thus reducing the background
of C204}R213E~coll was then re-transfor med with 61
Based on the above results, codon 204 was targeted for random mutagenesis. Mutagenic DNA
cassettes (for codon at 204) all contained a fixed R213 mutation which was found to slightly augment the
stability of the C204 mutant.
; Plasmid DNA encoding the subtilisin mutant C204/R213 was digested with Ssti and EcoRl and a 1.0 kb
so EcoRI/Sstl fragment was isolated by electro-elution from polyacrylamide gel (fragment 1, see Fig. 35).
T C204/R213 was also digested with Smal and EcoRl and the large 4.7 kb fragment, including vector
sequences and the 3' portion of coding region, was “isolated from low melting agarose (fragment 2, see Fig.
36
> Fragments 1 and 2 were combined in four separate three-way ligations with heterophosphorylated
55 fragments 3 (see Figs. 36 and 37). This heterophosphorylation of synthetic duplexes should preferentially
drive the phosphorylated strand into the plasmid ligation product. Four plasmid pools, corresponding to the
four ligations, were restricted with Smal in order to linearize any single cut C204/R213 present from
fragment 2 isolation, thus reducing the background of C204/R213. E. coli was then re-transformed with
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EP 0 251 446 Bl Smal -restricted plasmd pools to yield a second set of
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8. An expression vector containing the nutant DNA sequence of cI aim 7 . A
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