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The present invention provides a novel olass 
ot thermally stable ana pa stable subtilisin analogs 
with improved oxidation stability and superior 
performance in cleaning soiled fabrics when ad4ed to a 
standard dotergen~ ~ormula.tion, and to a·metbod fo~ 
preparing such analogs. In patticula~, the present 
invention relates to a clas• of subtilisin analogs 
~aving a modified cal~ium binding site providing 
improved calcium binding capacity, and a deletion and/or 

replacement of eitner residue of Asn-Gly sequences 
present in the su'btilisin an_d a modification ot Qne er 

more methionine residues to imp~ove oxidatloft 
stability. The present invention further :elates to 

deeergen·t compositions containing suc:h subtiliain• and 
to the use of such subtilisin' and compositions in . 
~leanin9 applications. 

Bjck9rou~d of the Invention 

The term subtiliain designates a gro~p of 
extracellular alkaline serine proteases prcdueed by 

various species of Bacilli. These enaymes are al$o 
referred to as·Sacillus serine proteases, Bacillua 
subtilisins or bacterial alkaline proteases. 

Bacillus subt1lisin molecules are ecmposed ot 
a single polypeptide chain ot •ither 274 residues <tor 
subtiliein type Carlsberg produced by Baeillue 
licheniformis and to: the subtilisin produced by 

Bacillus subtilis strain DY} or 27~ residues (for 
s~~tilisin type BPN' p~oduced by Bacillus 
Amyloliquetaciens, the eprA gene product of aacillua 

3 5 sub ti l is, and the subt 1 l isi11 of Baci llu.e meaenter ic1.1i 
. ··--

and the subtilisin of BA~illus subcilic var. -
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am~losaccharitic;ts). When comparing amino acid 

sequences of subtilisin from different strains of 
Bacillus herein, the sequence of subtllisin SPN• is used 

as a standard. For example, based on an alignment of 
5 sequences that gives the hiqhest degree of homoloqy 

between subtilisin Carlsberg and subtillsin BPN', the 
serine at the active site of the former is referred to 

as serine 221, even though it is located at po~ition 220 

of the amino acid sequence. On the same basis, position 

10 220 of the amino acid sequence of subtilisin Carlsberg 
may be said to "correspond" to position 221 of 

btilisin BPN'. See e.9., Nedkov et al., Hoppe-

Seyler's z. Physiol. Chem., 364, 1537-1540 {1983). 

The X-ray structure of subtlllsin BPN 1 

15 {Wright, et al., Nature,!!!_, 235 (1969)] revealed that 

the geometry of the catalytic site of subtilisin, 
involving Asp32 , His64 and Ser 221 , is almost.identical 

to that of the active site of maaunalian serine proteAses 
(e.g., chymotrypsin) involving the residues Asp102, 

20 His57 ,·and Serl95. However, the overall dissimilarities 

between Bacillus serine proteases and manunali•n serine 
proteases indicate- ··that these are two unrelated !and.lies 

of proteolytic enzymes. 

In the family of Bacillus subtiliains complete 

25 am1rio acid sequeoces are available for six 
subtilisins: Carlsber9, (Smith, et al., J. Biol. Chem., 

243, 2184-2191 (1968)]; BPN' {Markland, et al., J. Biol . ...._ ': 

Chem., 242, 5198-5211 (1967)); the aprA gene product 

[Stahl, et al., J. Baoteriol., !.?!• 4ll-4t8 {1984)}; DY 
30 (Nedkov, et al., supral1 Bacillus mesentericus 

[Svendsen, et al., FEBS Letters, !.2.2, 220-232 (1986), 
and Bacillus sublilis·~ amylosacchariticus 
[Yoshimoto, et al., ;z.. Biochem., ill, 1060-1065 

(1988) J. Subtilisin carl~~erg and subtilisin BPN' 

35 (sometimes referred to as subtillsin Novo) differ by 84 

amine acids and one additional residue in BPN' 

P. S 
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(subtilisin Carlsberg laoks •n amino acid residue 

correspondin9 to residue 56 of subtilisin BPN'). 

SubLilisin DY comprises 274 amino acids and differs from 

subtlllsin Carlsberg in 32 amino acid positions and from 

subtilisin BPN' by 82 amino acid replacements and one 

deletion csubtilisin DY lacks an ~mino acid residue 

corresponding to residue 56 of subtilisin BPN'). The 

amino acid sequence of the aprA 9ene product is 85\ 

homolo9ous. to the amino acid sequence of subtilisin 

BPN'. Thus, it appears that there is an extensive 

homology between amino acid sequences of aubtilisins 

from different strains of Bacillus. This homology is 

complete in certain regions of the molecule and ! 

especially in those that play e role in the catalytic 

15 mechanism and in substrate binding. Examples of such 

sequence invariances are the primary and secondary 

substrate binding sites, Ser12S_Leu126-Glyl27_Gly128 and 

Tyrl0 4 respectively and the sequence around the reactive 

serine (221), Asn218-Gly219_Thr 220-ser 221-Met22 2-Ala223. 

20 Subtilisin molecules exhibit unique stability 

properties. Although they are not ~ompletely stable 

over a wide pH ran9e, subtilieins are relatively 

resistant to denaturation by urea ~nd guanidine 

solutions and their enzymatic •Otivity is retained for 

25 some time in e M urea. In solutions having a pH below 

4, subtilisin rapidly and irreversibly loses its 

proteolytic activity. Gounaris, et al., Compt. Rend. 

Trav. Lab. Carlsberg, 35, 37 (1965) demonstrated that 

the acid deactivation of subtilisin is not: due to a 

JO 9eneral charge erfect and speculated that it is due to 

other changes in. the molecule, such as protonation of 

histidine residues in the interior, hydrophobic parts of 

the molecule. Bacillus ~ubtilisins under90 irrevorsible 

inactivation in aqueous solutions at a rate that is 

35 largely dependent upon temperature and pH. At pH values 

below .4 or above 11 the tole of inactivation is very 

P. 6 
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rapid while at pH's of between 4.5 and 10.S the rate, 
although much slower, increases aa the solution becomes 
more alkaline. The mechanisms of this inactivation are 
not fully known but there is evidence indicating that 

S autodtgestion ls responsible at least in part for en2yma 
instability at this pH ran9e. In general, at 4lny pa 
value, the hi9her the temperature the faster tne rate of 
subtilisin deactivation. 

The use of proteases in industrial processes 
10 which require hydrolysis of proteins has been limited 

due to enzyme instability under operational 
conditions. Thus, for example, the incorporation of 
trypsin into laundry detergents {e.9., Bio-39, Schnyder1 
Switzerland) to faciliLate removal of protcinaceous 

15 stains had a very limited success which was undoubtedly 
a result of en~yme instability under the washing 
conditions. In addition, bacterial alkaline proteases 
compatible with detergents have been utilized in 
detergent formulations. 

20 Because many industrial processes are 
conducted at temperatures that are above the stability 
range of most enzymes, highly thermostable proteAses not 
only will be advantageous to certain industries such ae 
detergent and hide dehairin9, that already require 

25 stable proteases, but may be useful ln induGtries that 
use chemical means to hydrolyze proteins e.9. hydrolysis 
of veqetable and animal proteins for the production of 
soup.concentrates. 

Although thermal inactivation may be the most 
30 important factor 1n restricting the industrial uGe of 

enzymes, other factors such as need for effectiveness 
over broad pH ranges and use of denaturing· agents and 
oxidizing agents may also have a detrimental effect with 
respect to the use of proteases in industrial 

35 processes. It is therefor~ desir~ble to obtain a class 

of proteases characterizeu by improved stability with 

P. 7 
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respeot to temperature, pa, denaturing agents and 
oxidiiin9 agents and other conditions required by 

variou~ industries. 
Over the past several years there have been 

5 major changes in detergent forrnulat1ons, particularly in 
the replacement of phosphates with alternate builders 
and in the development of liquid lau~dry deter9enta to 
meet environmental and consumer demands. These changes 
create a n~ed for chan9es in traditional detergent 

10 enzymes. More particularly, it has become desirable to 
employ proteolytic enzymes which possess greater storage 

.. ) stability in liquid laundry formulations as well as 
stability and activity at broader ranges of pH and 
temperature in a variety ot crn1®ercial detergent 

lS formulations. 
One approach to producing modified subtilisins 

useful in detergent formulations was disclosed in o.s. 
Patent No. 4,760,025 wherein mutations in the subtilisin 
of Bacillus amyloliquefaciens (!!_ amyloliguefaciens) at 

20 positions Asp32 , Asn155, Tyr104 , Met222, Glyl66, His64, 
Glyl69, Phe189, Ser33, ryr 21 7, and/or Glyl57 were 
identified as providing changed stability, altered con­
formation or as h~vinq changes in the "processinq" of 
the en2yme. In particular, a mutation of Met222 to Ala 

25 or Ser assertedly resulted ln improved oxidation 
stability, but the specific activity of the en2yme 
toward the synthetic peptide substrate, auccinyl-L­
alanyl-L-alanyl-L-prolyl-L-phenylalanyl-p-nitroanilide 
(sAAPFpN) was decreased when compared to the unmutated 

30 enzyme. It was suggested that substitution for Glyl66 
with Ala, Asp, Glu, Phe, His, Lys, Asn, Arg or Val would 
alter the kinetic parameters of the enzyme. However, 
none of the mutations disclosed provide analo9s having 
greater stability at high temperatures or stability over 

35 a broader pH range than the wild type enzyme. 

• .. 

P. 8 
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In anoth•r approach, Thon.as, et al, Nature, 

ll8, 375-376 (1985), disclosed that the pH dependence of 

aubtiliein may be altered by ch•nging an Aap to Ser in 

Asp99 ot subtillsin 8PN 1
• This change ~•presents an 

S alteration of a surface chArge 14-15 Angstroms from the 

activ& aite. However, Tbomas, et al. faila to ptovide 

any indication of improvement where no change in surface 

ch4lr9e i$ made, a.s is the case "1here one uncher9ed 

reeidue is aubs~ituted tor anoLher. 

lO A third approach, described in co-pending u.s. 
appll~ations s.N. 819,241 and S.N. 771,BBJ relates to a 

class of Bacillus a&rlne protease analogs characteri~ed 

by deletion and/or modifications of any Asn-Gly 

seq~enees preaent in the proieaae. 

15 TAkagi et al., J. Biol. Chem. !!.!• 19S92-19596 

20 

(1988) disclose that a change of isoleucine 31 to 

leucine increases the activity o~ &ubtilisin compared to 

cha wild~type enEyme. 

Summary of t~e Invention 

The present invention provides G class of 

subtilisin analo9s characterized as havin9 improved ~H 

and thermal stability an~ oxidation scability thereb~ 

25 rende~ing such analogs especially useful in detergent 

formula~ions as well as other processes ~equirlng stable 

protease$. The subtilisin analog& accordinq to the 

pres~nt invention are characterized as havin9 an amino 

acid sequence or a naturally occucting Ba=illua 

30 subtilisin tha~ has been modified by having (i) one or 

mor~ amino acid r~sidues ln a calcium binding &ite 

pres~nt in the amino •~id sequence of the naturally 

oecurrin9 Bacillus subtilisin replaced with a negatively 

charged &mino acid, and (2) either rasidue of any Asn-

35 Gly sequence present in the amino acid sequence of the 

n•turally occurrin9 8Acillus subtilisin deleted or 

... -

--··-1 
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replaced and (3) one or more methionine r•siduas 
replaced with another amino acid residua, prafarably 

elanine er leucine and (4) one or more amino aeid 
residues surrounding the catalytic triad (Asp~ 2 His64, 

S Ser221 ) are replaced with another amino acid. The 
present invention further provides detergent 
compositions comprising the subtilisin analo9s of the 
present invention a~d to the use o! such subtilisin 

ana.log& and compositions in eleaninq applications. 
10 The subt1liain analo9s of the present inven-

tion exhibit impfo'1e0. thermal, pH ~tability and 
oxidation stab1l1ty, inereaaed specific activity and 
broad substrate speciticity thereby increasin9 the 

detergency of detergent formulations eontainin9 suoh 
lS analogs. In particular, the aubtilisin analogs of the 

present .invention provide improved thermostability, 

increased pH ~tability, increased oxidation stability 

and higher specitic activity than found in "wild type" 
subtilisins .. 

20 In additign, the present invention relates to 
DNA sequences hav1nq codons encoding a subtlllain analoq 
as deoo~lbed above. 

The present invention also provides a process 
for the pioduction of subtili1in analogs compri&ing a 

2S host cell having nucleic acid encoding a subtill•in 

analog as described above. In such a cell, the nucleic 
acid encodlng the eubtilisin analo9 may be ehr:omoaomal 
or extrachromosomal. The ho.st cell ie preferably 
selec~ed from a strain deficien~ in secre~ed p~oteaee•, 

30 allowing tor 'acile isol~tion of the analogs of the 
present invention. 

In addition, the present in~•ntio~ provides a 

~etnod tor imp~oving the thermal, pH, and oxidation 
stability or subtilisins by modifying the calcium 

lS binding site and/or subs ti tl..ltinq an amino aeid other 

thAn a•paragine for an a$para9ine in an Asn•Gly sequene• 

1iii1ifff 
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and in pa~ticular eor the aspara91ne residues at th• 

pos!tion5 in the amino ccid sequence of th• •ubtilialn 
which correspond& to po&itiona 109 and 218 in the amino 
acid sequence as dieclosed in Table l, and aubstltut:ing 

5 a~ amino aoid other than methionine at the position in 
the amino acid sequence of the &ubtilisin ~hieh 
corresponds to positions 124 and 222 in ~he amino acic! 
sequence as dlscloaed in ~able l, and eubetituttn9 an 
amino acid other than the naturally occ~r~ing a~ino acid 

10 surrounding the active site of the enzyme. 

Brie~ De•oription ol the Drawings 

Fig. l schematically illustrates the 
15 cyclization of Asn•Gly residues, such as tnoae found at 

positions 218 and 219 ot •ubtilisin aa set !orth in 
Table l, to form anhydroaspartylglycine And also depicts 
base-catalyzed hydrolysis thereof; 

Fi9. 2 is a partial reatriction map ot an !E!.A 
20 gene-containing an !£2RI-~pn? gene f raqment of Sacill~a 

subtilis (B. subt111s) strain 08127 and includes a -partial restriction map of the aprA gene and flanking 
aequenees: 

Fiq. 3 is a patti~l restriction map of a 
25 plasmid pAMBi1; 

30 

35 

Fig. 4 is a flowchart illustrating stages in 
construction of pAM8113, a plasmid which directs 

synt~esis of [SerJ218-subtilisin erom ,!.=. subtilis host 

cella: 
Pig. s is a partial restriction m.a.p of pAM&JO 

plasmid; 

Fig. 6 illustrates th• construc:tion of 

pAMBl06; 
Fig. 7 illustrates the construcllon of Ml3 

mpl9 ap~Al43. 

p. l 1 
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Fi9. a shows the stability of [Asp76, serl09, 
5er218, Ala222] subtilisin in bleach. 

Figures 9 and 10 show the washing performance 
of [Asp76 , Serl09 ser218, Ala2 221 subtilisin. 

Detailed Descr!_ptlon of the Invention 

The term ••subtilisin'' as employed herein, 

refers to ~ mature, secreted form of the enzyme whioh 
10 lacks leader sequences cleaved from the mature enzyme 

prior to or at secretion. Subtilisins that may be 

L ) modified in accordance with the present invention 

p. 12 

include, but are not limited to, naturally occurring L 

subtilisins represented by the amino acid sequence of 
15 subtillsin Carlsberg, subtilisin BPN•, the aprA gene 

product of Bacillus subtilis, subtilisin Dil and the 

subtilisin of Bacillus mesenterlcus, ~nd the subtilisin 

of ~· subtilis ~ Amylosacchariticus. The amino aoid 
sequence for subtilisin Carlsberg is described by 

20 Smith, et al., J. Biol, Chem.,~' 2184-2191 (1968). 

The amino acid sequence for subtilisin BPN 1 ie 
described by Markland, et al., J. Biol. Chem.,~, 

5198-5211 {1967). The amino acid sequence for 

subtilisin DY is described by Nedlov, et al., HoppeM 
2 5 Seyler• s z. Physiol. Chem., 364, 1537-1540 ( 1983). The 

amino acid sequence for the subtillsin of Bacillus 
mesentericus is described by svedsen, et «l., ~ 
Letters, ill• 220-232 (1986). The amino acid sequence 

for the subtilisin of BAcillue subtilis ~ 
30 am~losaccharitic~s is described by Yoshimoto, et al., 

J. Biochem., 103, 1060-1065 (1988). The amino aoid - -
sequence of the aprA qene product of Bacillus eubtilis 
i$ described by Stahl, et al., J. Bacteriol., 158, 411-

418 (1984). The amino acid sequence of such 

35 subtilislns are incorporated by reference herein. Such 

subc.ilisins are characterized as having calciuro binding 
sites necessary to stabilize tha molecule. 
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In aeeordance witb the present invention, a 

class of aubtilisin &daloge ar• providod which possess 

improved cap&oity to bind to calcium. Calcium has been 
U5ed to stabilize subtllisiP in powders and llquid 

5 detergent, especially in applications requiring higher 

temperatures. The preaent invention relates to the 

modif ioation of the calcium binding site ot the 
subtilisin molecule to increa$a calcium bindin9. As 

used herein the term pmod1fi~ation of the calcium 

10 binding site" reters to replacement of one or more 

amino acids in the region ot a ~alcium binding site 

present in the amino acid sequence ot subt111ain with a 

negatively char9ed amino acid thereby enabling the 

r•sultin9 subtiliain analog to have an additional 

lS negative charge. tt h4S been Cound that one calcium 

binding $1te in a s~btilisin involves the following 

amino ae1as: Gln2, Asp41 , ~eu75 , Asn?6, Aan7 7 ; Ser78, 

Ile79 , Gly80, va181 , .'1'hr 208 and Tyr 214 relative to the 

20 

2S 

30 

lS 

'~mino acid seq~enoe set fort~ in Table 1. The present 

invention preferably involves teplacement of one or 

more of the amino acids present in the calcium binding 

site with a une9atively oharged~ amino acid such as Asp 

and Glu, and more preferably Asp. It ahould be noted 

that ~lthougn Asp41 in the calcium binding site is a 

negotively charqed amino acid, one embodiment of t;he 

present invenlion involves ch•n9in9 Asp41 to Glu41 • 

The other embodiments relate to ohen9es othe~ than to 

Asp4 ~. 
One preterred embodiment of the present 

invention involves a sub~ilisin analog wherein Asn76 is 

converted lo Asp76, Another embodiment involves 

~onversion ot the Ile7 ~ to Asp79. Another embodiment 

involves the above preferred modif lca.tlons to the 

calcium bindin9 site and aub5ticut!ons of Asn1o9 and 

Asn218 to Serl09 and Ser 216 , thus eliminating two 

unstable Asn-Gly sequences. A more preferred 

p. 13 
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embodiment of the present invent.ion invol~e1 the above 

preferre~ modilications to the calcium binding alte and 

Asn-Gly se~uences in combination with chan9ea of 

~athionine 222 to alanine. Another proferte4 
5 amboa1mant involves th~ above preferred modif icatic~s 

to the caloiurn bind~nq site an" Asn-Gly aeq\lences and 
Met-2i2 in combination witn amino acld modif icationa 

that increase the specillcity ot subtiliain to an 
azocasein substrat~ or a sAAPFpN eubatrate i.e.# 

lO Methionine 124 to Leucine or Alanine and/or Isolaucihe 

Jl to Leucine, and/or Serine 33 to Threonine, and/or 

r Serine 62 to Aspara9ine, and/or Ser 1ne 63 to Glycine, 

and/or Tyro•ine 217 to Leuc1na and/ot Arginine 247:to 

Leucine or Methionine. 

15 tn addition to the calcium binding sites 

described above, subtiliains may have one er more 
aad1t1onal ca1cium binding sitee. ~ha claimB of the 

present invention encomp~ss mQditioation of one or more 

.ot. all calciurn bindin9 sites that m.ay be present in the 
20 $Ubtil1sin. The number of calcium bindinq sites in any 

particular subtilisin that may be modified depends on 

many factors, i.e., the specifie subtilisin, the 

particular application for the su.btiliain analog. 

Other potential calcium binding site• t~at may be 
25 present in subtilisins·include the following (l) Aspl40 

and Prol' 2 ; f 2) Pro14 and Gln271 ; and (l) P~o172 •n4 

Glul9S or Asp1 97. 'l'he specific calcium blndinq site 

pres~nt in each molecule dapend5 upon the particular 
subt1lis1n to be mc4lf 1e0. As previously ~~ntioned, 

30 the replscement of one or more of the amino acids in 
the above potential calcium binding sites will reault 

in a subtilisin having improved thermal and pH 
stability. Representative of replacements include 
Asp140 with Glu140 , Pro172 with Asp172 , Pro14 with 

JS Asp14 , Gln271 \Ii.th Glu 271 , Glu1~? With Asp19i. 

P.14 
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In addition to modifying the calcium binding 
sites of a aubtlllein molecule, it 11 preferr•d to have 

diny Asn-Gly sequence present in the subttliain deleted 
or replaced. As previously diaclosed in u.Q. 

5 Application s.N. 8191241, a conserved acqucnoe, Aan­
cay, at pos.it1ons 109-llO and especially cat positions 
21e~21' ot Bacillu$ subtilisina has been identif iao as 
a major factor responsible for the pH instability of 
these sub•tances (aee Figure 1). ln order to eliminate 

10 the unstable element, Asn219·Gly219, from the 
aubtilisin molecule it was di~close4 to either replaoe 
Asn218 with any amino acid other than asparagina and/or 
chan9e Gly219 to any amino acid other than glycine •. ?~ 
a like manner, modification of the ~netable Aan-aiy 

15 element at positions 109•110 was described as providing 

stability to the analogs de~eribed therein. 
I 

In addition,. as previously noted, ca preferred 
class of analogs of a Bacillus aubtilisln aooording to 
the present invention have an amino acid sequence 

20 wherein in addition to a modif ic~tion o~ a calcium 
bindin9 sit•, positions oomprisin9 an Asn-Qly sequenee 
in the Bacillus subtilisin do not comprise an Asn-Gly 
sequence in the analog, and in particular wherein there 
are fewer Asn-Gly sequences than in the Bacillus 

25 subtilisin. Most preferably, a position correspondin~ 
to position 218 in the amino acid sequence as sat forth 
in Tabl• l, does not comprise an aepara9inyl residu•, 
but ~a~her comprises a ~e&idue of a diffeient amine 
acid, preferably an amino acid selected !rom among 

30 seriner valine, threonine, cysteina, glutamin~ and 
isoleucine. TO the extent that replacoment cf 
asparagine with certain amino acids n\ay give rise to 

~nterference ~ith active slle conformation, (e.9., d~e 
co ·sterie hindrance ~hich ma~ be introduced by the 

35 presenee of an aromatic amino acid or ohangee in 
tertiary structure such as may be introduce4 by the 

P. 15 
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presence of a prcllne> &ubstitution with such amino 

acida would o~dinarily be le~s preferred. Likewi&e, to 

the extent that :r;epl!lcemel\t ol aapal:'a9ine vith othel:' 

amino acids may introduce a char9ed group (e.g., 

S aapartic acid) into the proximity of the activ• site, 

:5Uch substitution would be leas preferred. 

Illustrotive ot a presently preletred embodiment is an 

analog having a modified calcium binding si~e and a 

[Ser218J modification of the Asn-Gly sequence of the 

10 subtilisin. Alternative embodiments of analogs within 

the contemplation of the invention a:r;e those having a 

modified calcium binding site and wherein Asn109 of 

aubtilisin BPN' or of the •prA gene product is 

~eplaced, preferably by a serine, and wherein ~lyoine 

15 residues at positions 110 and/or 219 •te replaced by 

different amino acid residues. ln other subtiliaine • 

. <modif ieation of a calcium binding site or sites and 

substitution tor A&n ae tesidue 62 or Gly at residue 63 

of •ubtilisins Carlsbetg or DY are also comprehended by 

20 the preeent invention. 
In addition, 4'.S previously notad, a preferred 

class of analogs of a Bacillus subtil"isin according ta 
the present invention have an amino acid aequenee 

wherein in addition to modifications at the calcium 

25 binding sile(s) .and Aan-Gly sequenc::eo, a Met residue at 

position 222 is replaced with a d~fferent amino aci~. 

preferably Ala, to imptove the oxidation stability of 

the ~ubtilisin analog. 

Altarnacive embodiments of analogs within the 

30 contemplalion oe th~ invenbion are substitutions of 

amino acid~ surrounding the active site residues 

(A•p32; His64 and Ser22l), so as to increase the 

specific activity of the enzyme toward a.ac:u:aaein and 

synthetic peptide (e.g., sAAPFpN) substraces. Sueh 

35 modif icaLions are especially impottant in analogs 

incor~oratin9 o modification ~t Met222 to Ala becaua,e, 

P.16 
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as pre~iously noted, th• Met222 to All an•lo9 has a 
specific activity toward the aAAPPpN substrate that ls 

less than that ot the unmutated enzyme. The epeclf ic 
~ctivity of any analog incorporating the Met222 to Ala 

S substitution can be incre•aed by incorporating one oi­

·m·oro of the followil'lg additional changes: Metl24 to 

r,eu, Mec124 to Ala, Ile3l to Lea, Ser 33 to Thr, Ser62 
to Asn, Ser63 to Gly, Tyr217 to Leu, Arq247 to Leu or 
Met. 

10 Due to their capacity to secr~te substantial 
quantities of p~oteins and because they are currently 
use~ to produce detergent proteaees, Bacillua micro-

p. 17 

organisms represent a pieterred host for recombinant ~ 

production ot the subtilieln ~nalogs ~cco~ding to the 

15 preaont invention. Becauee moat S~Qilli secret• 
G1kaline and neutral proteases, it is preferable that 

:ruutations be introduced into the endogenous alk•line 
.and neutral p~otease genes of .!.!_ subtilis so that th~ 
.mutated subtil1sin may be produced end eacreted by 

20 8. subt111s in a medium free of ot:her proteases. 'I'h•.u1 

the preaent in..,ention also provides mutant atr«ln• of 

B. subtilis whi~h •~• blocked with respect to the 
synthesis ot endo9enoua protea••• but which retain the 
ability to synthesize and ••crete the subtilisin 

25 analo;a he~ein disclosed. 

As described in greater detail below, it ~•• 

round thac the pl! and thermal stability and oxidation 
&tab~lity and the scability in detergent lotmulatiOn$ 
ot the subtilisin analogs ol the presenl invention i& 

30 s1gn1t1cantly greater than that of the ~ild type aprA 
gene product subtili$in &nd Cerleberg aubtilisin. 

All subtilia1n analog• according to the 
invention may be prepared in eo~ordance with the 

following procedure: 

35 l) Isolation ot the representative 
subtilisin gene aprA from ~ subtilis; 
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2) Cloning of the ~.rA 9ene on a vector 

which permits utilization of oligonucleotide site­

directed muta9enesis to create desired modifications: 
3) Site-directed mutagenesis and sequencing 

5 of the resulting DNA to c;onfirm the presence of the 
desired mutationi 

10 

4) construction of an expression vector to 

direct the synthesis of the mutated enzyme in 

a. subtilis, 
5) Construction of mutated !.:. subtilis 

strains which do not syntnesize subtilisin and neutral 
prote·ase-: 

6) Isolation of the enzyme in the extra­
cellular growth medium and its purification' 

lS 7) Practice of procedures for lnaertion of 

the 9ene coding for the improved enzyme into the 
chromosome of a !!!, subtilis strain pr·eviously mutated 
to block synthesis of endogenous proteases. 

As used herein, the specific subtilisin 
20 analogs are indicated by representing the replacement 

amino acid in brackets. For eKample. a (Serl091 
subtilisin refers to a subtili$1n molecule having a 
serine in amino acid position 109 and a {Serl09, 
Ser218 J subtilisin refers to a subtilisin molecule 

25 having a serine at amino acid positions 109 and 218. 

ln Example l, the aprA gene encoding 

subtilisin is isolated from the a. subtilis genome. In 
Example 2, the aprA gene is subjected to site-directed 
mutagenesis. ln Example 3, an expression 1veotor 

30 containing the mutated aprA gene is constructed. In 

E~ample 4, a {Ser1091 subtilisin analog is prepared. 
Example 5 describes th~ preparation of a [Serl09, 
Ser21B) subtilisin analog. Example 6 describes 
preparation of a {Asp76, Serl09, Ser 218} subtilisin 

35 analog. Example 7 describes the preparation of a 
[Asp76, Glu79, Ser 109 , Ser 218 J subtilisin analog. 

P. 18 
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In Example 8, a [Asp76, Se~l09, Ser218, 

Ala 22 2) sublillsln analog is prepared. In Example 9, 
the [Asp76 , serl 09 , Ser2 18 , Ala 222) subtilisin analog 
gene is transterred to bacLeriophage Mllmpl9 in 

5 preparation for site-directed mutagenesis. !n 
Example 10, a [Leu 31 , Asp76, Serl09, Ser218, Ala2221 
subtilisin analog is prepared. Example ll describes 
the preparation of a {Asp76, Serl09, Leul2 4, Ser2l8, 
Ala 222 J su~tilisin analog. 

10 In Example 12, two mutant strains of 
B. subtilis which produce no detectable extracellular 
proteases are constructed. Example 13 describes 

p. 19 

procedures for integration of a mutated aprA qene into -
the chromosome of B. subtilis·. In Example 14, wild-

15 type and mutant aprA subtilisins are isolated and 
purified. Examples 15, 16, 17, 18, and 19 describe 

characteristics of the subtilisin analo9s of the 
present invention regarding stability, activity and 
washing performance. 

20 In addition to a subtilisin analog of the 
present invention, deterge~t compositions of the 

present invention may compriset 
(a) At least one surfactant which may be 

anionic, non•ionic, or amphoteric, or a water-soluble 
25 soap. Typically, an anionic surfactant (e.g., a linear 

alkyl aryl sulphonate) is used in admixture with a. 
non-ionic (e.g., an alkyl phenyl poly9lycol ether) in 

amou~ts of s-30 and 1-5 percent by weight, 
respeclively, of the deter9ent c::ompos:ition:. 

30 (b) one or more builders, preferably havin9 
a concomitant sequestering function. Sodium 
tripolyphosphate, sodium citrate, sodium silicate, end 
zeolites are e~amples of such compounds, usually 

constituting from lO to 10 percent by weight of the 

35 detergent composition. 
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(c) A bleachin9 agent, preferably a peroxy 

compound such as sodium perborate, typically 
incorporaled in an amount up to 30 percent by weight of 
the composition. 

5 (d) Ancillary agents, auch as carboxymethyl 

10 

15 

cellulose, optical briqhteners and perfumes. If 
required, a pH-adjusting agent is added to 9ive a pH of 
the laundering medium in the ran9e of from 1.0 to io.s. 

:rhe detergent compositions contain an· 

effective amount of one or more of the subtilis1n 

analogs of tne present invention. Aa used heroin 

"effective amount of a subtilisin analog" refers to the 

quantity of subtilisin analog necessary to achieve the 

enzymatic activity necessary in the specific detergent 
composition. Such effective amounts ar~ readily 
ascertained by one of ordinary skill in the art and ls 

based on many factors, such as the particular 

subtilisin analog utilized, the cleaning appli~•tion, 

the specif le composition of the deterqent composition, 
20 whether a liquid or dry composition is required and the 

like. 
The particulate subtilisin analo9 prepar•tion 

of the invention is added in an amounl calculated to 

give an enzyme activity of at leaet O.l Aneon units 
25 (AU, vlde infra), preferably O,S-2.S AU per 100 9 of 

detergent composition. If required, balance to 100 
percent may be established with an inorganic filler, 
pref~rably sodium sulphate. 

Liquid detergent compositions ma:y be prepared 
30 from enzyme slurries, preferably in non-aqueous 

media. Typically, such slurries may consist of a 

suspension of finely ground subtilisin analog 

concentrate in a liquid non-ionic surfactant, for 
example Tergitol 15 s 9 or a mixture of suoh 

35 surtactants. usually~ the slurry ~ill also contain one 
or more inorganic fillers, such as finely ground sodium 

P.20 
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chloride, optionally !_n ad~ixture ·with a susp•n•ion. 
stabilizer, for example. ·tumed ai11~a (Aerosll 200). 

Tergi tol a~d Aeioall. are tr:adernar_k•. 

A aubtli1sin anaiog.ot the invention ia •dded 
5 in an amount calculated to give a protease activl~y o! 

at leaat.O.l AU·pretarably 0.5-2.S·AO per 100 9_of. 
liquid deter~ent composition. 

The 4eterg_ent compositions may be ptepAred in 
the usual manner'. f.or example by m1.xing together the. 

10 componenta6 ~lternatively, a pre-mtx 1a made. ~hieh l• 
. . . 

the~ mixed with tbe remaining in9re4ient•. 
Because of the good stability and activity 

properties describe4,_ the aubtilis1n analo9s aceorc!in;. 

to the invention can be used in all fields where 

15 proteolytic enzymes are generally used. In pa~ticular, 
it can be used for 4etar;ents and cleansers or s~ot 

·ramovets, &•a d~pilatory in tanning, and also in_Ch• 
food industry fo~ the preparation of protein 
hydtolysates and in serolo;y tor the detection of 

20 incomplete antibodies. lt is particul&rly advantageoua 

for uae in the ·tood industry 1nd in aerolo9y that the 
aubtilisin analogs· acaotd1ilg to the invention have 
excellen~ .stabilit~ in -~he solid or dissolved ~orm that 

physio1091cal.ly acceptil!'~l.e. 't:uantities· of cale.i_um ions . 
25 may. not be neces1.1.ry to stabilize t~e subtiliain analog 

in aqueous solu~ions, ,£n contrast to those of ~th•r 
•n•yme preparation•. . 

The ·fol:lowing £:icample~ will further serve to 

illustrate the invention al~hough it ~ill be understood 

30 that the invention 11 not llmited.to these apeci!ic 
exampl·es. 

·IWP}• l 

35 !!,:.. subtilis •train Q8~27 (trpe2 leuA8 
sacU!!200.) [.Lepes&nt, et al.~ Molitc, Gen. Genet4, ·m, 

P.21 
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135-160 (1982}] was obtained from the aacillus Genetic 
Stock Center at the Ohio State University, Columbus, 

Ohio. This strain overproduces extracellular serine 

and metal proteases, a-amylase and levansuerase 
5 relative to isogenic !.!!:.Q+·strains due to the 

pleiotropic effect of the !!£!!h£!!.Q. mutation [Lepesant, 

et al., !!2 Schlessinger, o., ed., Microbiology, 1P76 ,. 

American Society tor Microbiolo9y, Washington, o.c., p. 
65 {1976)]. Thus, strain OBl27 is a euitable aource of 

10 DNA for isolati1'l9 the aprA gene which codes for 

eubtiliain. 
Genomic DNA was isolAted from cells of 

B. subtilis strain QB127 in accordance with the 
procedure of Saito, et al., Biochim. Biophys. Acta. ~, 

15 619-629 (1963). Purified chromosomal DNA was digested 

to completion with the ~aI restriction endonucleaae. 
The resulting DNA fragments were resolved on 

a low-melting point aqaro&e gel by electrophoresis and 
fragments in the 4.4 to a.o kllobase (kb} range were 

20 isolated. These fragments were ligated to pCfM936 
(A.T.c.c. No. 53,413 from the American Type Culture 
Collection, 1~301 Parklawn Drive, Rockville, Maryland) 
an Escherichia coli (E. coli} plasmid which displays 

-------~~- ~ ~ ----
higher copy numbers at elevaled temperatures and which ,.,, .. , 

..... ·· 25 confers kanamycin resistance. The vector was digested 
with ~RI and dephosphorylated with calf intestine 

alkaline phosphatase prior to ligation. 

The li"gation products were introduced into 
E. coli CbOU t A.T.c.c. No. 23724 from the: American --30 Type Culture Collection, 12301 Parklawn Drive, 
Rockville, Maryland} and following overnight incubation 

on L-a9ar supplemented with 10 ~g/ml kanamyein, 
kanamycin-resistant host cells were selected. Plasmid 
DNA was amplified by incubating the selected host cells 

35 at 42°C for 4 hours. Colonies were then transferred to 
nitrocellulose filters and processed in accordance ~ith 

P.22 
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a colony hybridization procedure described by 

Grunstcin, et al., Proc. Natl. Acad. Sci. (USA), 21• 
3961 ( 1975). 

An oligonucleotlde probe was used to screen 
5 for colonies which harbored the subtilisin gene on 

pCFM936. The probe synthesized by the phosphite method 

described by Beaucage, et al., Tetrahedron Letters, 22, 

1859-1862 (1981) had the nucleotide sequence 
5' GCGCAATCTGTTCCTTATGGC 3 1 

10 which cor~esponds to the amino-terminus of the aprA 
gene product (Wong, et al., Proc. Natl. Acad. Sci. 

i:':;" ·•• , .. (USA), §.!.r 1184-1188 ( 1984); Stahl, et al., 
J. Bacteriol., _!2!, 411-418 (1984). A hybridization 

temperature of 5S°C was employed And 5 positive 
15 colonies were identified out of a total of 400. The 

plasmid DNA from on& of the positive colonies was 
designated pCFM936 apr2. · 

Plasmid pCFM93o_ apr2 was digested with !£2RI 
alone, with HindIII alone and with EcoRI and HindIII in - - -

20 combi11ation. Sizes of EcoRI fragments of the -
subtilisin gene conformed to those described in Stahl, 
et al., supra, but several otherwise undescr!bed 
HlndIII sites wer~ discovered. As described herein in -
Example J, two of the ~Ill sites were utili~ed in 

25 the qenetic manipulations of the subtilisin gene. 
It was determined that a large 6.5 kb ~RI 

fragment of !:. subtilis 0Bl27 genomic DNA carried the 
aprA_gene, its regulatory sequences and unrelated 
flanking sequences by verifying that restriction enzyme 

30 digests conformed to the .results reported by Stahl, et 
al., suora. This was confirmed by DNA sequencing using 

the dideoxy ct~in terrulnalion rneLhod described by 
Sangt:r, et al., J. Mol. Biol., 143, 161-178 ( 1900). A 

3.0 kb ~RI to KpnI subfragrnent of the 6.S kb EcoRI 

35 fragment, as illusttated in· Fig. 2, was also found to 

contain the aprA gene, its rc9ula~ory sequences, and 

P.23 
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unrelated !lanking sequencoG. Althou9h the K,enI-!!22RI 
fragment is reported to be 2.s kb in length by Stahl, 

et al., and in the legend to Fig. l therein, comparison 
of the scale of Fig. 1 and the scaled depiction of the 

5 fragment therein reveal that, even in Stahl, et al., 

the KpnI-!£,2RI fragment is substantially larger than 

2.S kb. 
A cloning vector for Bacillus host systems, 

plasmid p.AJ:1Bll, was constructed as follows. The 

lO plasmid pTG402 (Northern Regional Research 
Laboratories, United States Department of Agriculture, 

(") Peoria, Illinois, strain number NRRL B-15264) was 

partially digested with the ~I restriction 

endonuclease. Fragments were' ligated to Ml3 !!!Ela 

15 (available from Bethesda Research Laboratories, 

Gaithersburg, Maryland as catalog number 8227SA) whioh­

had been previously digested with !!!.n.£II. Ligation 
products were introduced into !!. :£!! JM103 (available 
from Pharmacia, Inc., Piscataway, New Jersey as catalo9 

20 number 27-1545-01) by transformation in accordance with 

the procedure of Mandel, et al., J. Mol. Biol., ~' 

154, (1970). Bacteriophage plaques were sprayed with 

O.SM catechol (prepared in distilled water) to detect 

the functional expression of an xylE 9ene derived from 
25 pTG402. The xyl.E gene encodes catechol 2,3-dioxygenase 

and is useful for detecting prQmoters. in a variety of 
organisms (Zukowski, et al., Proc. Natl. Acad. Sci. 

(USA) I ~· 1101-1105 ( 1993) J. 
The xylE gene was then transferred as a l.O 

30 kb ~RI to f!!I fraqment to the !_:. £eli/~· subtilis 
plasmid pHV33 (available from the American Type Culture 

Collection as A.T.c.c. 39217) {Primrose, et al. 

Plasmid, ~, 193-201 (1981)) obtained from R. Dedonder 
(Institut Pasteur, Paris, France). The pHV33 plasmid 

35 nae been previously di9esled with ~RI and Pstl so 
that the ~E-containing fragment, when llgated in this 

P.24 
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region, would inactivate a gene for ampicillin 

resistance. The resulting plasmid, pA.MB21, contains a 

functional xylE 9ene in !:. coli host cells, but 
requires the addition of a promoter for ~E to be 

5 expressed in ~· subtllis host cells. .!.:_ coli cells 
harboring pAMB2l are resistant to tet.raoycline 

(15 ug/ml) and chloramphenicol (20 µg/ml) while _!h 

subtilis cells harboring pAMB2l are resistant only to 

chloramphe~icol (5 ~9/ml}. 

10 The t 00P transcription termination sequence 
or bacteriopha9e lambda was transferred ftom plasmid 

·., pCFM936 (On a 400 base pair E!!I to SglII fragment) to 
the unique PstI site of pAMB2l. A synthetic nucleotide -

lS 

with the sequence, 5 1 GATCTGCA 3 1
, was constructed to 

join the !9llI extremity of the t 00p fragment to the 
.f!!I site of the vector pAMB2l. The resulting plasmid 
was designated pAMB22 and had properties identical to 

pA?otB21 except for the inclusion of a transcription 
terminator. The pAMB22 plasmid is useful for detecting 

20 strong promoters that are functional in !.!, subtilis. 

The 1.4 kb !££RI to BglII fragment of DNA 

from pAMB22 that contains l$,Y1E and t 00p was isolated 

from a low-melting point agarose gel aftor 
electrophoresis of restricted fragments. The 1.4 kb 

25 piece of DNA was ligated to plasmid pBD64 (available 
from.Bacillus Genetic Stock Center, number 1E22) which 

had been previously di9ested with EcoRI and ~r. The 
resu~tin9 5.3 kb plasmid, pAMBll, contains the 

polylinker sequence of Ml3!!!.f2l8 (~RI, Sstl, ~I, Sma, 
30 ~mHI and !£!I) upstream of t.he .?!.Y.!E gene which is 

followed by t 002 , as shown in Figure 3. The pAMBll 

plasmid is capable of replicating in ~ subtilis and 

confers upon host cells resistance to chloramphcniool 

(5 ~9/ml) and/or kanamycin (5 ~g/ml}. 

35 As illustrated in· Fig. 4, the purified ~RI 
to Kpnl fragment containing aprA was cloned onto pAMBll 

P.25 
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to form pAMBlli. Ligation products were introduced 

into !.:. subt1lis Mlll2 (!.!,S-15 1.!.!!B S!l!S !!EE4) 
(available from Bacillus Genetic Stock Center as No. 

1A423} by the protopl~st transformation method 

5 described by Chang, et al., Mol. Gen. Genet., ill, 
lll-115 (1979). !..!, subtilis MI112 withouL plasmid DNA 
is protease-proficient (Prt+ phenotype), but secreted 

levels of subtilisin are rather low. Chloramphenicol­

resistant (Cmr} transformaols were transferred onto 
10 L-agar plates supplemented with 1.5, (w/v) $kim milk 

and 5 µg/ml chloramphenicol, then incubated at 37°C. 
After incubation at 37°C for approximately 

sixteen hours, colonies of MI112 harboring plasmid 

pAMBlll produced a clear halo &urroundin9 each 
lS colony. Halos were formed by the proteolytic action of 

subtilisin on the casein component of the akim milk 
medium supplement. MI112 harboring the pAMDll vector 
alone had no visible halo after 16 hrs. of incubation, 

although a slight hale eventually developed after 40 

20 hrs. of incubation at 37°C. Cells car1·yin9 pAMBlll 

were clearly distinguished from cells carrying pAMBll 
by a difference in halo si2e. The cloning of the aprA 

gene in a rully functional form thus led to a hi9h 

level production and secretion of subtilisin by !!.:.. 
25 subtilis. 

Example 2 

As illustrated in Flg. 4, a l.O kb ~RI to 

30 KpnI genomic fragment, the isolation of which is 

described in Example l, was digested with ~III to 

produce three fragments: (l) a 1.1 kb ~RI to !!!.D..9.III 
fragment carrying genetic regulatory sequences for aprA 

gene expression, the "pre-~ro« region of the gene 
35 required to extracellular expo1L of subtilisin, and the 

DNA sequence coding for the first 49 amino acids of 
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mature subtilisih; (2) a l.l kb HindIII to HindIII - -
fragment carrying DNA sequences coding for amino acids 

SO through 275 (oarboxyl-terminue) of subtilisin along 

with a transcription termination sequence and 3 1 non-

5 coding sequences; and (3) a 0.8 kb ~III to Kpnl 

fragment containing 3 1 non-coding sequences. 

'l'he 1.1 kb fragment flanked by SindIII sites 

was cloned to the sin9le HindIII site of bacteriophage 

Ml3 !!!,218 f?t the purposes of DNA sequencing and site-
10 directed mutagenesis. One of the recombinants, 

designated Ml3 .!!!1?18 apr2, provided single strcnded 

template DNA required for site-directed mut~genesis of 

the aprA gene. 

The codin9 region of the aprA 9ene was 

lS sequenced and the results of the sequence are set forth 

in Table l herein. It should be noted that the 

specif le identity of the initial 5 codons of the leader 
region is attributable to the report of Stahl, et al., 

supra, and Wong, et al., supra, of sequence information 

20 for the !PrA gene, and that there exist codon sequence 

differences from Stahl, et a.L, aupra, at amino acid 

positions 84 and 85. Specifically, Stahl, et al.1 

supra, reports a codon GTT {coding for valine) at amino 

acid position 84 while the codon GTA (also coding fo~ 

25 valine) appears in Table l. Stahl, et al., supra, also 

reports a codon AGC (codln9 for serine) at amino acid 

position 85 as opposed to the codon GCG (coding for 

alan~ne) in Table-1. 

30 

35 
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TABLE 1 

-105 
Met Arg Ser Lys Lys Leu Trp !le Se~ Leu Leu Phe Ala 
GTG AGA AGC AAA AAA TTG TGO ATC AGC TTG TTC TTT GCG 

Leu Thr Leu Ile Phe Thr Met Ala Phe Ser Asn Met Ser Ala 
TTA ACG TTA ATC TTT ACG ATG GCG TTC AGC AAC ATG TCT GCC 

Gln Ala Ala Gly Lys Ser Ser Thr G!u Lys Lys Tyr Ile Val 
CAG GCT GCC GGA AAA AGC AGT ACA GAA AAG AAA TAC ATT GTC 

GlY Phe Lys Gln Thr Met Ser Ala Met Ser Ser Ala Lys Lya 
GGA TTT AAA CAG ACA ATG AGT GCC ATG AGT TCC GCC AAG AAA 

Lys Asp Val Ile Ser Glu Lys Gly Gly Lys Val Gln Lys Gln 
AAG GAT GTT ATT TCT GAA AAA GGC GGA AAG GTT CAA AAG CAA 

Phe Lys Tyr Val Asn Ala Ala Ala Ala Thr Leu Asp Glu Lye 
TTT AAG TAT GTT AAC GCG GCC GCA GCA ACA TTG GAT GAA AAA 

Ala Val Lys Glu Leu Lys Lys Asp Pro Ser Val Ala Tyr Val 
GCT GTA AAA GAA TTG AAA AAA GAT CCG AGC GTT GCA TAT GTG 

-1 +l 
Glu Glu Asp His Ile Ala His Glu Tyr Al4 Gln Ser Val Pro 
GAA GAA GAT CAT ATT GCA CAT GAA TAT GCG CAA TC'l' GTT CCT 

10 
Tyr Gly Ile Ser Gln Ile Lys Ala Pro Ala Leu Sia Ser Gln 
TAT GGC ATT TC'l' CAA AT'l' AAA GCG CCG GCT CTT CAC TCT CAA 

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

·. 

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

50 60 
Ala Ser Phe Val Pro Ser Glu Thr Asn Pro Tyr Gln Asp Gly 
GCA AGC TTC GTA CCT TC'l' GAA ACA AAC CCA '.rAC CAG GAC GGC 

70 
Ser Ser His GJ.y Thr His Val Ala Gly Thr Ile Ala Ala Lc:u 
AGT TCT CAC GGT ACG CAT GTA GCC GGT ACG ATT GCC GCT CTT 

This Sh~et Has Been Replaced 

111111111111111~11111111 
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TABLE l (cont• d. ) 

80 
Asn Asn Ser Ile Gly Val Leu Gly Val Ala Pro Ser Ala Ser 
AAT AAC TCA ATC GGT GTT CTG GGC GTA GCG CCA AGC GCA TCA 

90 100 
Leu Tyr Ala Val Lys Val Leu Asp Ser Thr Gly Set Gly Gln 
TTA TAT GCA G'l'A AAA GTG CTT GAT TCA ACA GGA AGC GGC CAA 

110 
Tyr Ser Tr~ Ile Ile Asn Gly Ile Glu Trp Ala Ile Ser Asn 
TAT AGC TGG ATT ATT AAC GGC ATT GAG TGG GCC ATT TCC AAC 

120 130 
~ ~.:·.) 

Asn .Met Asp Val Ile Asn Met Ser Leu Gly Gly Pro Thr Gly 
AAT ATG GAT GTT ATC AAC ATG AGC CTT GGC GGA CCT ACT GG'l' 

140 
Ser Thr Ala Leu Lys Thr Val Val Asp Lys Ala Val Ser Ser 
TCT ACA GCG CTG AAA ACA GTC GTT GAC AAA GCC GTT TCC AGC 

150 
Gly Ile Val Val Ala Ala Ala Ala Gly Asn Glu Gly Ser Ser 
GGT ATC GTC GTT GCT GCC GCA GCC GGA AAC GAA GGT TCA TCC 

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

180 
'l'hr Ile Ala Val Gly Ala Val Asn Ser Ser Asn Gln Arg Ala 
ACT ATT GCA GTA GG'l' GCG GTA AAC AGC AGC AAC CAA AGA GCT 

190 200 
' ( Ser Phe Ser Ala Gly Ser Glu Asp Val Ala Pro Ser Leu Met 

TCA TTC TCC AGC GCA GGT TC'!' GAG CTT GAT GTG ATG OCT CCT 

210 
Gly Val Ser Ile Gln Ser Thr Leu Pro Gly· Gly Thr Tyr Gly 
GGC GTG TCC ATC CAA AGC ACA CTT CCT GGA GGC ACT TAC GGC 

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

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

250 
Ala Gln Val Arg Asp Ar9 Leu Glu Ser Thr Ala Thr Tyr Leu 
GCG CAA GTC CGT GAT CGT TTA GAA AGC ACT GCA /\CA TA'r CTT 
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TABLE l (cont .'...Q..U. 

260 270 
Gly A!:il\ Ser Phe Tyr Tyr Gly Lys Gly Leu I j.e Asn Val Gl.n 
GGA AAC TCT TTC TAC TAT GGA AAA GGG TTA ATC AAC GTA CAA 

27S 
Ala Ala AlA Gln OC 
GCA GCT GCA CAA TAA TAGTAAAAAGAAGCAGGTTCCTCCATACCTGCT 

TCTTTTTATTTGTCAGCATCCTGATGTTCCGGCGCATTCTC 

P.30 
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Bacteriophage Mil !!!Jll9 !.E!,2 was constructed 
by inserting a 1.1 kb ~III to ~III fragment of ~· 
subtilis OB127 genomic ONA, carrying nucleotide 
sequences coding ror amino acids so through 275 

5 (carboxyl-terminus) of aprA - subt_ilisin along with a 

transcription termination sequence and 3' non-oodin9 
sequences, in the unique !!.!.!!2III site of bacteriophage 
Ml3 m.eis. To eliminate the 3' non-coding sequences, • 
KpnI restr.iction endonuclease site wae introduced, by 

10 site-dir~cted mutagenesis, at a position immediately 
tollowing the transcription termination sequence. 

l .) Site-directed mutagen~sis was conducted in 
accordance with a procedure described by Norrander et. 
al., Gene, 26, 101-106 (1983). Sin9le-5tranded ONA --15 from Ml3 !!!El8 apr2 was annealed to a primer. 

20 

fr * 
5' TCCTGAGGTACCGGCGCATTC 3 1 

which was synthesized by ~he phoephite method described 
by Beaucage et. al., Tetrahedron t.etters llr 1859-1862 

(1981}. The primer was homologouis to the nucleotides 
in this re9ion except !or two (marked by •steriske), 
where a thymine (T) was changed to guanine (C) and 
another thymine (T) was changed to ~denine (A), thus 
creating a Ke_nI site (underlined) in this region. 

(''!') 25 The primer was annealed to Ml3 ~18 .!2!,2 DNA 

30 

3S 

at 65°C and the annealed DNA was slcwly cooled to 
approximately 22°C and t~en polymerized for 2 hr. at 
l5°C in a reaction mixture which consisted of 12.5 µl 

of annealed DNA solution, 2.5 µl of 10 mM:each of dATP, 
dCTP and dGTP, 20 ~l of 12 m.M ATP, O.l ~l Klenow DNA 
polymerase, O.l ul T4 DNA ligase and 13 ~l sterile 
distilled water. The resulting double~strandcd, 
covalently closed circula1 DNA was introduced into E. 

-~ JMl03 by transfection. 
Sacteriophage.pl~ques were then transferred 

to Gene screen ™<New England Nuclear, Beverly, 

P.31 
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.Massachusetts) hybridization membranes . Plaques which 

contained DNA with the desired base changes were 

identified by hybridization to the radioactively 
labeled (y- 32P) synthetic oligonucleotide used for the 

5 mutagenic primin9 reaction described above. 

Hybridi~ation was performed at a restrictive 
temperature (65°C) in order that only DNA CAtrying a 

KpnI mutation would hybridize to the synthetic 
oligonucleC?tide. The presence of the kpnI mutation 

10 downstream 0£ the aprA gene on DNA from a single 

purltied plaque, desl9nated Ml3 !!!£!18 !!£!.2 KpnI, was 
confirn1ed by DNA sequencing by the procedure described 
by Sanger et. al., supra and restriction enzyme 

analysis. 
15 A l.l kb segment carrying most of the 3' non-

coding region was deleted by digesting Ml3 !.elS a_.er2 
KpnI with KpnI, reli9atin9 digestion products at a 

concentration of 500 n9 DNA/ml, then introducing the 
ligation products inlo E. coli JMl03 by transfection. --

20 Bacteriophage plaques which contained DNA with the 

desired 0.35 kb deletion were identified by restriction 

endonuclease analysis. Bacteriopha9e from one sueh 

plaque was designated Ml3 fil.218 apr4 (Fig. 7). Ml3 !!!,218 
!..e!.4 provided single-stranded template DNA for site-

25 directed mutagenesis of the aprA qene described 
hereinafter. 

30 In order to express mutated subtilisin genes 

in !.:. subtllis, the plasmid pAMB106 was constructed ~:.; 

a vehicle for the mutated 9ene, as followo: 

1) pAMBlll was dlgesled.with HindIII. -A l.l 

kb segment carrying most of the aprA qene was deleted 

35 by re•ligating HindIII digestion products of pAMBlll at 
a concentration of approximately 1 ug/rnl. ~his 

P.32 
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resulted in the formation of pAMBllO as illustrated in 

FiCJ. 4. The pAMBllO plasmid carrieG genetic rogulatory 

sequences for expression of the subtilisin gene, the 

·"pre-pro" region required for secretion of subtilisin, 

5 and lhe DNA sequence coding for the 3' non-coding 

region of mature subtilisin and the first 49 amino 

aeids of mature subtilisin. 

2) Plasmid pAM.BllO was digested with !!!!!HI 

and PsLI in combination. This produced ONA fragments 

10 of tw6 sizes, 6.2 kb and l.O kb. The l.O kb fragment 
. 

carries the !l!_E gene, coding for catechol 2,3-

r···! dioxygenase, from the TOL plasmid of Pseudomonas putida 

mt-2 (Zukowski et. al.; supra). 

3) The larger, 6.2 kb BalT\HI-Pstl fraqment - -
lS was self-li9aled with the aid of a single-stranded 

synthetic oligonucleotide, 5' GATCTGCA 3 1
, which was 

synthesized by the phosphite method described by 

Beaucage et. al., supra, and T4 ONA li9ase. Ligation 

products were introduced into !· subtilis Mill2 (!!,S-15 

20 leuB thr5 recE4 (available from Bacillus Genetic Stock ---
Center as No. lA423) by the protoplast transformation 

method described by Change et. al., Mol. Gen. Genet. 

ill, 111-115 (1979"). 

Chloramphenicol-reslstant (CmR) colonies we~e 

25 screened for plasmid content. The 6.2 kb plasmid 

pAM..5106 was idenLified by restriction endQnuelease 

analysis. It is identical to plasmid pAMBllO except 

that _!.X.!,E has been deleted (Figure 6). 
Bec8use it is laekin9 DNA coding for amino 

30 acids 50 through 215 of a2rA subtiliisin, pAM13l06 does 

not synthesize subtilisin when inLroduced into ~ 

subtills host cells. Subtilisin is synthesized only 

after insertion or the remainder of the subtilisin 

gene, i.e., either the n~tiv~ DNA sequence or an 

35 analog-encoding sequence. · 

p. :s:s 
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Example 4 

Preparation of a (Serine_ 1091 Subtilisin Analog 

5 Single-stranded ONA from bacteriophage 

10 

15 

20 

25 

30 

35 

Ml3~la !£!_4 was annealed to a primer, 

* s• TGG ATT ATT AGC GGC ATT GAG TGG 3' 

106 107 lOe iog llO i11 i12 i13 

TRP ILE ILE SER GLY ILE GLU TRP 

which was· synthesized by the phosphite method described 

by Beaue~ge et. al., auera. The primer was homologous 

to the nucleotides comprising codons for amino acids 

106 through 113 of aprA-subti-lisin except for one base 

change (marked by an asterisk) where an A was changed 

to a G to allow for the .transition which would change 

Asn109 (codon AAC) to Ser 109 (codon AGC). 

The primer was annealed to Ml3fil218 !2£4 DNA 

at 65°C and the annealed DNA was slowly cooled to 

approximately 22°c and then polymerized, ligated and 

transfected a~ described in Example 2. 

Bacteriophage plaques were transferred to 

hybridizalion membranes, then those which contained DNA 

with the desired base change were identified by 

hybridization to a radioactively labeled ( a-32p) 

oll9onucleotide used for the mutaqenic primin9 reaction 

described above. Hybridization was performed at 

65°c. One positive plaque contained bacteriopha9e 

designated as Ml3mEl8 !2!,4[Ser109 J. Doubl~-stranded 
ONA from this bacte1:iophcs9e was digested with EiindIII 

and K_pnI in combination, Lhen the ?SO bp fragment 

carqtiug the mutated porLion of the aprA-subtilisin · 

gene was ligated to pAMBlOG which had been previously 

digested with HindIII and ··K2nI. The resulting plasmid, 

pAMBl29, may be introduced .inlo a suitable ~ subtilis 

host cells for synthesis and secretion of [Serl09]­

subtilisin. 

P.34 
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Example 5 
Preparation of a (Serine 109, Serine 218] Subtilisin 

Analog 

5 Single-stranded DNA from M13mpl8 apr4[Serl09] was 

annealed to a primers 

10 

15 

20 

25 

30 

35 

* 
5' GGC GCT TAT AGC GGA AC 3 1 

215 216 217 218 219 220 

GLY ALA TYR SER GLY THR 

which was synthesized by the phosphite method described 

by Beuacage et. al., supra. The primer was homologous 

to nucleotides comprising codons for amino acids 215 

through 220 of aprA-subtilisin except for one base 

chan9e (marked by an aeterisk) where an A waa ehan9ed 

to a G to allow for the transition which would change 

Asn 216 (codon AAC) lo Ser 218 (codon AGC). The 

conditions for annealing, polymeri~ation, lig~tion, 

transfection, and identification of positive plaque& 

were as described in Sxample 2. A single purified 

plaque contained bacteriophage designed as Ml3!!218 apr4 

(Ser109, Ser2lB]. Double-stranded DNA from this 

bact~rlophage was digested with !!.!:.U2.III and KpnI in 

combination, then a 750 bp fragment carrying the two 

mutations was ligated to pAMB106 which had been 

previously digested with !!!.!l2III and KEnI. The 

resulting plasmid, pAMBl30, m~y be introduced into B. 

subtilis host cells for synthesis and secretion of 

(Ser 109 , Ser 218 ]-subtilisin. 

F.xample 6 

Preparation of a [Asp 76, Ser 109 , Sar 21 A] Subtilisin 

Analog 

Single-stranded DNA from M13~10 ~4 

[Ser 109, ser21 8 } was annealed to a primer; 

P.35 
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• 
5 1 OCT CTT GAT AAC TCA ATC 3' 

74 75 76 77 78 79 
ALA LEU ASP ASN SER ILE 

which was synthcsimcd by the phosphite method described 

by Beaucage et. al., supra. The primer was homolo9ous 

to the nucleotides comprising codons for amino acids 74 

through 79 of aprA-subtilisin except for one base 

change (marked by an asterisk), where an A was changed 

to a G to ~llow for the transiti~n which would change, 

Asn76 (codon AAT) to Asp76 {codon GAT), 

The primer was annealed to Ml3!2218 (Serl09, 

Ser21Bl DNA at 6S°C and the annealed DNA was slowly 

cooled to approximately 22°C and polymerized, ligated 

and transfected as described in Example 2. 

Bacteriopho9e plaques were transferred to 

hybridization membranes and those which contained DNA 

with the desired base change were identified by 

hybridization as described in Example 2 except that 

hybridization was performed at 46°C, One positive 

plaque contained bacleriophage designated at Ml3!!!2l8 

!.2£4 {Asp76, Ser109, Ser 21BJ. Double-stranded DNA from 

the bacteriophage was digested with !!!.!!dIII and KpnI in 

combination, then a 7SO bp fragment carrying the three 

(''''·; 25 mutations of the aprA-aubt.ilisin gene was ll.gated to 

30 

35 

pAMBl06 which had been previously digested with !!i!ldIII 

and KpnI. The resullin9 plasmid, pAMBl3l, may be 

introdu~ed into B. subtilis host cells for ~ynthe~is -----and secretion of [Asp7 6, Ser109, Ser2 18 J-~ubtilisin. 

Example 7 

Preparation of a [Aspl§., Glu79 , Ser!.Q.2, Ser!!!l 

Subtili~in Anal~g 

Single-stranded ONA from Ml3~l8 !£!.4 [Asp76, 

ser10 9 , Ser 218 ) was annealed to a primer; 

P.36 
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*** 
s· T GAT AAC TCA GM CG'l' GTT CTG G 3 t 

75 76 77 78 79 80 81 82 83 

ASP ASN SER Gr.u GLY VAL LEU 

which was synthesized by t~e phosphite method described 
by Beaucage et al., supra. The primer was homologous 
to the nucleotides comprising partial codons for amino 
acids .75 and 83 and entire codons for amino acids 76 

10 through 75 and 83 and entire codon~ for amino acids 76 

through a2 of [Asp16, Ser109 , Ser 219 J-subtilisin except 
for three base changes (marked by asterisks), wherein 

an A was changeO to a G, a T was changed to an A, and a 
c was changed to an A, which changed lle79 (codon ATC) 

15 to Glu79 (codon GAA). 

The primer was annealed to Ml3~18 !,2!.4 

[Asp76, Ser109 , Ser 218 J DNA at 65° and the annealed DNA 

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

20 :Example 2. 

Bac;;:teriophage plaques were transferred to 
hybridization membranes and those which contained the 

desired base changes were identified by hybridization 

as described in Example 2 except that hybridi2ation was 
25 performed at 45°C. One positive plaque contained 

bacteriophage designated as Ml3~l~ !E£4 [Aap76, Glu79, 

Serl09, Ser 218 1. Double-stranded DNA from this 

bact~riophage was digested with !!!.£21!1 •nd Kpnl in 
combination, then a 750 bp f raqment carrying the four 

30 mutations of the apr~-subtilisin gene was_ ligated to 
pAM:Bl06 which had ben previously diges.ted with ~III 
and Kpnl. The resultin9 plasmid, pAMlll33, may be 
introduced into a. subtilis host cells for synthesis 

and secretion ot-(Asp76 , Glu79 , Ser109, ser 2lel-
3s subtilisin. 

P.37 
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Example 8 

PreEaration of a {Ase1§, Serlli, Sc rill, Ala.22.~1:: 
Subtilisin Analgg 

S Single-stranded DNA from Ml3 !!!,219 !,E!4 

10 

[Asp76~ Serl09, ser2l8) was annealed to the primer:. 

** 
s• GGA ACG TCC GCG GCG ACT 3. 

219 220 221 222 223 224 

Gly Thr Ser Ala Ala 'l'ht 

Which was synthesized by the phosphite method described 
by Beaucage et al., $Upra. The primer was homolo9ous 
to tne nucleotides comprising codons for amino aeids 

15 219 through 224 of (Asp76, Ser109, Ser 218 J-subtilisin 
except tor two base changes (marked by asterisks), 
wherein an adenine (A) was changed to a guanine (G). and 
a thymine (T) was changed to a cytosine (C), which 
changed the Met222 (codon ATG) to Ala22 2 (codon GCG). 

20 The primer was annealed to Ml3mE18 a£_r4 [Asp76, serl09, 
ser 218 J ONA at 65°C and the annealed DNA was slowly 
cooled to approximately 22•c and was polymerized, 
ligated and transfected as described in Example 2. 

Bacteriophage plaques were transferred to 
25 hybridization membranes and thosa which contained 

desired base changes were identified by hybridization 

as described in Example 2 except that hybridization was 
perfqrmed at sa•c. One positive plaque contained 
bacteriopha9e desi9nated as Ml3 melB .!E£4 :{Asp76, 

30 Serl09 , Ser 216, Ala 222 }. Double stranded DNA from this 
bacteriophage was di9ested with HindIII and Kpnl in 
combination, then at 750 bp fragment of DNA carrying 
the four mutations of the !E!,A-subtilisin gene was 
li9ated to pAMBl06 whiCll had been previously digested 

35 with ~III and Kpnl. The resultin9 plasmid, pAMB143, 
may be introduced and prupa9ated ~n Bacillus host oells 

P.38 
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for synthesis and secretion of {Asp76, Serl09, Sar218, 

Ala222]-subtilsin. 

Example 9 

Preparation of _Ml3 mp19 aprA143 

Plasmid pAMB143 was digested with !.£2RI and 
KenI in combination. A ~.8 kb fra9menl of DNA carrying 

10 the entire gene for (Asp76 , Ser109 , Ser 218, Ala2221-. 
subtilisin, alonq with its flanking sequences required 

( ·_, for initiation of transcription and translation and 

termination ot transcrlplion and translation, was 

transferred to bacterlopha9e Ml3!!!,219 (available from 

.co::·, 
I ! 

lS Bethesda Research Laboratories, Gaithersburg, MO., as 
catalogue no. 8229SA) which had been digested with 
!£2RI and KpnI. One or the recombinant bacteriophage 

DNA resulting from this procedure was designated 

Ml3!,219 aprA143, and provided single-stranded template 
20 ONA required for site-directed muta9enesis of the 

(Asp76, Ser109 , Ser 218 , Ala22 2 J-subtilisin gene. 

Example lO 

25 Preparation of a [Leu!!~, Ser!.Q!, Ser£!!L 
~222]- Subtilisin Analog 

Single-stranded DNA from Ml3 !!!)219 aerAl43 
anne&led to the primer: 

JO * * 
5• -GTA GCT GTT TTA GAC AGC GGA 3' 

28 29 30 31 .3 2 33 34 

Val Ala Val Leu Asp Ser Gly 

was 

which was syntnesized by ihe phosphite method dcocribed 

35 by Beaucage et al., supra. · The primer was homolo9ous 

to the nucleotides comprising codons for amino acids 28 

P.39 
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through 34 of {Asp76, Serl09, Scr218, Ala2221-

subtili~in except for two base changes (marked by 

asteris~s), wherein an adenine (A) was changed to 

thymine (T) and a cytosine (C) was chan9ed to adenine 
5 (A), which changed the Ilell (codon ATC) to Leu31 

(codon TTA). The primer was annealed Lo Ml3 !!!J219 
aprA143 DNA at 65°C and the annealed DNA was slowly 

· cooled to approximately 22°C and was polymerized, 

ligated and transfected as described in Example 2. 

10 ·Bacteriophage plaques were transferred ·to 

hybridization membranes and those which contained 

r·. desired base changes were 1dentif ied by hybridization 
• .1 

as described in Example 2 except that hybridization was 
performed at 57°C. One positive plaque contained 

15 bacteriophage desi~nated as Ml3m.E,19, aprA144 and 

carried DNA coding for (Leu31, Asp76, Serl09, Ser2l8, 

Ala~.:. 2 1 .. subtilisin. Double-stranded DNA from this 

bacteriophage was digested with ~RI and KEnI in 
combination, then a 1.8 kb fragment of ONA carrying the 

20 five mutations of the aprA-subtilisln gene waa ligated 
to pAMBl06 which had been previously digested with 

~RI and KRnI. The resulting plasmid, pAMBl44, may be 
introduced and prqpa9ated in Bacillus ho~\ eells tor 
synthesis and secretion of [Leu3l, Asp76 , Serl09, 

("''') 25 Ser2l8, Ala 2221-subtilisln. '· ... 

30 

35 

EK·ample l~ 

Preparation of a [Asp16, Serl09, Leul 24, Ser218, 

Ala2~~}-Sublilisin Analog. 

Sin9le-stranded DNA from Ml3!!?El9 aprA143 was 

annealed to the primer: 

5. AT G'I'T A'I'C .. AAC TTA AGC CTT GC 3' 

121 122 ~23 124 l25 126 

Val Ile Asn Leu Ser Leu 

P.40 
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which was synthesized by the phosphite method described 
by Beauca9e et al., supra. The primer was homologous 

to the nucleotides comprising partial codons for amino 
ac1as 120 and 127 and complete codonG for amino acids 

5 121 through 126 of [Asp76, ser109, Ser218, Ala222l-

subt1lisin excepl fer two base chan9es (marked by 

asterisks), wherein an adenine (A) was changed to 

thymine (T) and a guanine (G) wAs changed to 
adenine (A_>, which changed the Met 124 (codon ATG) to 

10 Leul 24 (codon TTA). 

15 

The primer was annealed to Ml3!!!J219 a2rA14J 

DNA at 65°C and the annealed ONA was slowly cooled to 
approximately 22°C and wa5 polymerized, ligated and 
transfected as described in Example 2. 

Bacteriophage plaques were transferred to 

hybridization membranes and those which contained 
desired base changes wece identified by hybridization 

as described in Example 2 except that hybridization was 
performed at 59°C. One positive plaque contained 

20 bacteriophage desi9nated·as Ml3 m,el9 aprA14S and 
carried DNA coding for (Asp76, Ser109, Leul2 4 , Ser21B, 

Ala 222 J-subtilisin. Double-stranded ONA from this 

bacteriophage was d19ested with ~RI and KpnI in 

combination, then a 1.8 kb fragment of DNA carrying the 

25 five mutations ot the aprA-subtillsin gene was ligated 
to pA.MBl06 which had been previously digested. with 
!£2Rl and K2nl. The resulting plasmid, pAMB145, may be 
intrqduced and propagated in Bacillus host cells for 
synthesis and secretion of (Asp76, Serl09,; Leul24, 

30 Ser218, Ala 222 }-subtilisin. 

Example 12 

Be~ause most Bacilli secrete alkaline and/or 

35 neutral proteases into the surroundin9 growth medium, 

it is preferable Lhat mutations be introduced into 

P.41 
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endogenous alkaline and neutral protease genes of ~ 
subtilis to block their synthesis so that mutated 
subtilisin genes, when introduced into the mutant cell, 

may produce mutated subtilisins which will then be 

S secreted in a medium free of other proteases likely to 

interfere with isolation of intact subtilisin 

analoga. Two mutant !:. suhtilis strains 8Z24 and BZ25, 

which produce no detectable extracellular proteases, 

were const~ucted in accordance with the following 

10 procedure: 

First, a plasmid vehicle capable of 

( :) replicating in E. ~, but not in !.!. subtilis unless 

inte9rated into the !.:_ subtilis chromosome by 

homologous recombination, was constructed as follows. 

( I 

15 Plasmid pBD64 (Bacillus Genetic Stock Center, Number 

1E22) was digested to completion with HpatI to produce 

t~re~ fragments of 2.~s kb, 1,0 kb and 0.75 kb in 

size. These fragments were then ligated as a mixture 

to plasmid pBR322 (A.T.c.c. 37017) which previously had 

20 been digested with £.!!I. The ligation products were 

introduced into E. coli C600 (available from the --
American Type Culture Collection as A.T.c.c. 23724) by 

transformation (Mandel, et al., J. Mol. Biol., !1· 154 

(1970)}. Selection was for cells resistant to 

25 chloramphenicol (20 µg/ml) and ampicillin (SO u9/ml). 

Plasmid DNA from 12 tr11nsformant.s was prepared by an 

alkaline extraction procedure described by Birnboim, 

et a~., Nucleic Acids Res., z, 1513-1523 (1979), then 

. digested with ~III and !£2Rl in combina:tion to 

30 verify the presence ot inserted fragwent(s). One such 

plasmid, designated pAMB30, was found to carry the 1.0 

and 0.75 kb Hpa!I fra9ments of pBD64 in the ~I site 

of pBR322. These fragments contain the chloramphenicol 

acetyltransferase (£.,!!) 9e·ne which is functional in E. 

35 ££ll and !.:_ subtilis. Digestions with BglII and, 

separately, with !!Y,3A confirmed the identity and 

P.42 
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orientation of the cat 9ene on pAMBJO, as illustrated -
in Fig. S. 

Bec~use pAMB30 lacks an origin of replication 

sequence which is functional in !.:. subtilis, it cannot 

5 replicate as an autonomous replico~ i~ !!:. subtilis hoat 
cells. On the other hand, pAMB30 contains the pBRl22-
derived origin of replication which is functional in E. 

coli, thus the plasmid can be propagated in E .. coli - --
host cells. Plasmid pAMB30 is useful in at least 2 

10 ways. First, a fragment of DNA which contains a 
functional origin of replication in !.:. subtilis may be 
detected when cloned onto pAHB30 such that the plasmid 
will autonomously replicate in the extrachromosomal 
state. Second, plasmid pAMB30 can integrate into the 

15 genome of !.:. subtilis at a site of homology between the 
chromosome and !:. subtilia DNA cloned onto pAMB30. 
This has been demonstrated by Haldenwang, et al., l.!_ 

Bacteriol., ~, 90-98 (1980) and Young,~- Gan. 
Microbiol., 129, 1497-1512 (1983) using plasmid -

20 vehicles similar to, but not identical to pAMB30. 

Plasmid pAMB2l (described in Example 1) was 
digested with ~RI and f!!! to isolate the ~ylE gene 
on a 1.0 kb fragment. ~he fragment was ll9ated to 

pAMB30 which had been previously digested with !E,2Rl 
25 and PstI. Ligation products were inLroduced into E. - -
~ C600 by transformation. Selection was for chlor-
amphenicol resistant (20 ~9/ml) host cells which were 
sens~tive to ampicillln ( 50. "q/ml) due to the insertion 
of the xylE f ra9ment of pAMB21 into the stTuctural gene 

30 for ampicillin resistance Of pAMB30. The resulting 

plasmid, pAMBJ0/21, has propett1es identical to pAMB30 
but has, in addition, a functional xylE gene. 

Plasmid pAMBllO, Which carries the aprA 9ene 
deleted of a region co~1n~ for the latter 226 amino 

35 acids of mature subtilisin,· was digested with ~Rl and 

KE_nI. The 1.9 kb ttagment of B. subtilis ONA 

P.43 
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containing genetic regulatory sequences for aprA gene 
expression, 11 Lhe pre-pro" region, the DN1' sequence 

I 

. codin9 for the f irat 49 amino acids of mature 
subtilisin and 3' non-coding sequences ~as ligated to 

5 pA.MBl0/21 that had been previously di9ested with ~RI 
and KpnI. Li9ation products were introduced into!.:, 
coli C600 by transformation. Plasmid DNA from several 
transformants was isolated by the alkaline extraction 
procedure of Birnboim, et al., supra, and the presence 

10 of the inserted 1.9 kb fragment was verified by 
multiple ~estriction endohuclease digestions. One such 
plasmid, designated pAMB30l, was retained for further 

use. 
a. subtilis strain ~GSC1A274 (Bacillus - . 

15 Genetic Stock Center) carries a mutation at the !!2.! 
locus and is incapable of producing extracellular 
neutral protease. The plasmid pAMB301 was integrated 
into the genome of !!..!, eubtilis BGSClA274 by 

transformation of competent cells [Spizizen, Proo. 
20 Natl. Acad. Sci. (USA), 44, 1072-1078 (1958)). 

Selection was ~or chloramphenicol-resistant (5 ug/ml) 
host cells which were then transferred by sterile 
toothpicks to L-agar supplemented with 1.5\ (w/~) 
powdered skim milk and (5 \19/ml} cloramphenicol. Those 

25 cells which failed to produce a clear halo surrounding 
th~ colony were deficient in the ability to produce 
extracellular neutral and serine proteases due to the 
combination of the npr mutation alon9 with the newly 
introduced a2rA mutation. The aerA mutation was a 

30 deletion of the latter 226 amino acids of mature 

subti~isin due to the replacen1enl of the· wild-type a.prA 

9ene with the deleted version carried on pAMBJOl. One 
such strain, designated BZ24, has the Npr- Apr- cmr 
phenotype, thus it produces no detectable extracellular 

35 neutral protease nor extracellular alkaline protease 
and is resistant to chloramphenicol at 5 µ9/ml. 

p,44 
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Southern blotting [Southern, J. Mol. Biol., 98, 503-517 -
(1975)] was used to confirm the deletion in the aprA 

gene on the chromosome o.f !.:.. subtilis 8224. 

Cultivation of B. subtili5 BZ24 in Antibiotic Medium 

5 No. 3 (Penassay Broth, Difeo, Oettoit, Michigan) in the 

absence of antibiotic selection for approximately 32 

generations led to the isolation of a derivative strain 

of BZ24 in which the cat gene confe~ing chloramphenicol -
resistance upon host cells was lost due to its 

10 instability in lhe BZ24 chromosome. Such a phenomenon 

has been·previously observed by Stahl, et al., ~ 

( ., Bacler iol., 158, 411-418 ( 1984). A chlorarnphenicol-
• I 

sensilive derivative of BZ24 was designated SZ25. 

sublilis BZ2S has Lhe Npr- Apr- phenotype, thus it 

a. -
15 produces no deteclable exLracellular neutral protease 

nor exlracellular alkaline p~otease. Southern blotting 

was used lo confirm the deletion in the aprA gene on 

the chromosome of B. subtilis BZ25. -
Because ,!:, subtilis BZ2S produces no 

20 detecLable extracellular neutral protease nor 

sublilisin, it is a useful host strain for introduction 

of plasmid ONA, such as pAMB113, for the production of 

mutated subtilisins which may be secreted into the 

surrounding growth medium free of olher proteases. 

(~· 25 B. subtllis 8Z2S produces no detectable - . 

extracellular proteases when culture supernatants are 

assayed as described below. B. subtilis BZ25/pAMBll3, -
which ls BZ25 that harbors plasmid pAMB113 (introduced 

by t~e protoplast transformation method o~ Chang, et 

30 al., supra) produces appreciable quantities of 

[Ser21A}-subtilisin when culture supernatants are 

assayed as described. 

35 

Example l3 

Integration o! t~e [Ser 21 BJ-subtilisin gene 

into the chromosome of B. subtilis was believed to 
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provide an efficient way of increasing the genetic 

stability of this mutant gene. Such an approach also 

alleviates the requirement for chloramphenicol in the 

termentatio~ medium which is otherwise needed for 

S application of selective pressure to maintain plasmid 

ONA in the extrachromosomal state. Therefore, the 
[Ser 218 )-subtilisln 9ene, along with its 9enetlo 
regulatory sequences and flanking ONA homologous to tho 

B. subtilis chromosome, was isolated from a low melting - . 

10 point agarose 9el after electrophoresis of pAMBll3 

wnich had been d19ested with ~RI and ~I in 
combination. The 4.0 kb EcoRI to !!!,I fragment 

(illustrated in Fig. 4) was then ligalecl to pAMB30 
(illustrated in Fig. S) which had been digested with 

15 EcoRI and PstI in combination. Ligation products were 
introduced into £. coli 88101 (A.T.C.C. 33694) by - -
transformation. Selection was for cells resist~nt to 
chloramphenicol (20 ~/µg/ml). Plasmid ONA from four 

transformants which met the criteria above were 

20 isolated by the alkaline extraction procedure of 

Birnboim, et al., supra, then digested with ~RI and 
~r in combination. All four plasmids contained the 
4.0 kb insert and the 5.6 kb remaining portion of 

pAMB30. One such plasmid, designated pAMB302, was 
25 purified and retained for further use. 

Repealed attempts to integrate plaamid 
pAMB302 into the chromosome of !.:.. subtilis BZ2S by the 

comp~tence method [Spizizen, supra] were 
unsuccessful. This may have been due to the failure of 

30 BZ25 cells to become competent by the method 

employed. Therefore, pAMB302 was introduced into !:... 

subtilis 8Z25 cells by the protoplast transformation 
method of Chang, et al., supra. This result is 

particularly significant in that resea~ch strains in 

35 which integration has been-obtained were selected on 

the basis of transformation by the competence method. 

P.46 
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Strains which may be unable to become competent, and in 
particular indust(ial strains which were not selected 
on the basis of transformation by the competence 
method, may be more likely to be unable to become 

5 competent. 
Selection was tor chloramphenicol-resistant 

cells (5 ~g/ml) cells, which were then transferred with 
sterile toothpicks to L-agar supplementod with l.S\. 
(w/v) skim. milk and 5 ug/ml chloramphenicol. Cells 

10 were inc~bated overnight at 37°C. Clear halos of 
different diameters were observed around the cmr 
colonies. This indicates that subtilisin was produced 
and secreted by tnese cells. An attempt was made to 

isolate plasmid DNA trom eight of these colonies by the 
15 alkaline extraction method. No plasmid DNA was 

detected on agarose gels which were st4ined with 

ethidium bromide (l pg/ml) to visualize DNA after 
electrophoresis. The absence of extrachromoaomal 
plasmid DNA in the cmr cells which produced aubtilisin 

20 was a strong in41cation that pAMB302 had been 
integrated into the chromosome of !!..:_ subtilis. 

several colonies resulting from this 

experiment were isolated and desi9nated BZ2B, az29, 
BZ30, BZ3l, BZ32 and BZ33. Each strain waB grown 

25 overnight at 37ac with vigorous shaking in brain heart 
infusion medium ( Bltll, Difeo) supplemented with s ~ig/ml 

chloramphenicol. culture supernalants were assayed for 

subt~lisin activity. .!:, subtilis strains BZ28, BZ29, 
BZ30, BZ31, BZ32 and BZ33 all produced subtilisin and 

30 secreted it into the surroundlng growth medium, some 
strains producing more than others. The amount of 

subtilisin observed in the liquid culture broth was 
directly proportional to the si~e of the halo observed 

on skim milk L-aqar plates. BecQuse of the amounts of 

3S subtilisin secreted by these cells differed, multiple 
copies of pAMB302 were integrat~d into the chromosome 

P.47 
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or gene amplificalion {Young, J. Gen. Microbiol., !_2~, 

1497-1512 (1983)1 Albertini, et al., J. Bacteriol., 

_!!!, 1203-1211 (1985)1 had taken place. 

Exampl!_.l.! 

~ild~type subtilis1n and subtilisin analo9a 

10 were isolated and purified as follows. Each culture 

broth was centrifuged at 15,0009 for 30 minutes and 

protein in the clear supernatant was precipitated with 

(NH 4 ) 2so4 (600 g per liter). The precipitate was 

collected by centrifugation, dissolved in 20.m.M 

15 2 {N-morpholino] ethanesulfonic acid (MES) pH 6.4. The 

solution was made 30\ in acetone, Qnd the 30\ acetone 

supernatant was collected by centrifugation. The 

supernatant was then made 75\ in a~etone, and the 

30-75\ acetone pellet was filtered and dried under 

20 vacuurn. 

In order to further purify the enzyme, the 

dried precipitate was dissolved in water and the 

solution was dialyzed against 5 mM MES buffer at pH 

6.4. The dialyzed solution was passed throu9h a column 

25 (2.5 x. l5cm) of s-sepharose FF at a rate of 2 ml per 

minute. After washing the column with o.02M MES, the . 

enzyme was eluted with a linear gradient of NaCl in the 

same .buffer, to O.SM NaCl. Peak fractions were pooled 

and protein from the fractions containing the enzyme, 

30 as identified by a color change in a sample of the 

fraction mixed with a~ocasein were dialyzed at 4°C 

against 5 mM MES pH 6.3 and then lyophilized. 

35 

ii1ili1ii1rn1; ur 
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Example 15 

Pure subtilisin or subtilisin analog was 

applied to a Pharmacia FPLC Super~se 12 column, and the 

5 material eluting ae th~ intact (n~t cleaved) ~rotein 

was pooled, in 20 mM MES, O.l M NaCl, pH 6.4. Samples 

of wild type eubtilisin, or subLilisin analog or the 

prosent invention to be evaluated were incubated for 

10 min. in the same buffer, the buffer plus 3\ sos, or 

10 20 mM MES, O.l M NaCl, s mM CaCl2 and 15 mM EOTA at the 

indicated temperature. The sampl~s were cooled to room 

temperature for S min. and then assayed for 20 min. at 

room temperature (20°C) in Tris-HCl, pH ·8.o with 0.6\ 

azocasein to determine proteolytic activity. The 

15 proteolytic activity of each sample is expressed as a 
percentage of the original activity of either wild type 

or analog, at 20°C in 10 mM cac1 2, and is represented 

in Table 2. 

20 

25 

30 

35 

1iii~iU 
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TABLE 2 

Proteolytic Ao~~vity of Wild Type Subtilisin 

Temperature 0\ sos :n sos 0\ sos +15 mM ED'l'A 

20 

35 
50 

70 

100 

100 8 100 

100 0 62 

95 0 37 
14 0 14 

0 0 0 

Activity of [Aspl!L Ser 109 , Ser 218l 
SubLilisin Analog of Example 6 

0\ sos 3\ sos 0\ SOS +15 mM EDTA 

20 20 100 SS 91 

25 

50 

100 

100 

s 
12 

0 

Exam2le 

94 

s 

16 

Intact subtilisins were obtained by FPLC on 

the Superose 12 column. The intact subtilisins were 

incu~ated for 30 minutes at room temperature (20°C) in 

15 mM MES, 0.05 M NaCl, pH 6.3 conLa.ining either 4 mM 

30 cac1 2 or 4 m.M EDTA, and a varied amounL of sos. The 

proteolytic activity of the enzyme was then determined 
by a 20 min. incub~tion in 0.6\ azocasein in Tris-Cl, 

pH8.0. The proteolytic activity of each sample 

evaluated is expressed in ~able 3 as a percentage of 

JS the o~iginal activity of the sample in oi sos and 10 mM 
ca2+. 

P.50 
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TABLE 3 

A~tivity of Wild Typa Subtllisin 

4 ~ ca 2+ 4 mM EDTA 

100 94 

100 76 
100 45 

76 13 
63 3 

60 0 

29 0 

17 0 

Proteolytic Activity of lA~, ser!2!, Ser218l 

Subtilisin Analog 

20 t SDS 4 mM Ca~ 4 mM EOTA 

0 100 95 
0.1 100 95 

25 o.2s 100 86 
o.so 100 81 
o.;s 96 19 
1.0 96 78 
2.0 86 69 

30 3.0 7l 55 

35 
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Example 17 

For this experiment only the subtilisins were 

purified as described below. 
S Each culture broth ~as centrifuged at lS,OOOg 

for 30 minutes and protein in the clear sup~rnAtant was 

precipitated with (NH4 ) 2so4 (600 g per liter). The 

precipitate was collected by centrifugation, triturated 

with 75\ apetone, filtered and dried under vacuum. 

10 In order to further purify the enzyme, the 

dr1ed precipitate was dissolv~d in water and the 
(· solution was filtered and t.hen dialyzed against 0.02M 

sodium phosphate buffer at pH 6.3. The dialy~ed 

solution was passed through a column (2.5 x. 15cm) of 

15 carboxymethyl cellulose at a rate of 2 ml per min~te. 
After washing the column with 0.02M sodium phosphate 
(pH 6.3), the enzyme was eluted with the same buffer 

containing O.lSM NaCl. Peak fractions were pooled and 
protein from the fractions containing the en~yme, as 

20 idenlif ied by a color change in a sample of the fraction 
mixed with succinyl-L-alariyl-L-alanyl-L-prolyl-L­
phenylalanyl-p-nitr9anlllde (Vega Biochemicals), were 

precipitated by addition of 2.5 volumes of acetone. The 

precipitate was collected by centrifugation and then 

25 dissolved in O.OOSM calcium acetate (about l ml pet 
10 mg). ~he resulting solution was dialyzed at 4°C 

against water and then lyophilized. 
The stabilities of. (Asp76 , serl09, Ser218) 

subtllisin analog, [Asp76 , Glu79, Ser 109, Ser2l81 

30 subtlllsln analo9 and subtilisin Carlsberg were 

evaluated at three temperatures (25°Cr 37°C and 50°C) in 
two buffer solutions (0.06M sodium phosphate, pH 9.0 or 

0.12 M sodium glycinale, pH ll.O). The results are 

expressed in Table 4 as half-life of the enzymes under 
35 the specified conditions. 

P.S2 
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TABLE 4 

A. In 0.12M sodium glyc1nate pH 11.0 + 0.2% SOS. 

Subt111s1n t 2 c2s 0 q !;(37DC) 

(Asp76, Serl09, Ser218] analog 110 days 35.2 hrs 

subl111stn Carlsberg 2 days 8.4 hrs 

1Asp76, Glu79, Ser109, Ser218 J analog 154 days 35.3 hrs 

B. In 0.06M sod1um phosphate pH 9.0 ... 0.2% SOS. 

Subt1l1s1n ~· {25"9 ~(37"C) 

[Asp76 • Ser109 • Ser218 t analog 79.2 hrs 16 .o hrs 

subt111s1n Carlsberg 17.3 hrs 2.4 hrs 

(Asp76 , Glu79 • Ser109 , Ser218J analog 86.3 hrs 22.0 hrs 

C. In 0.12M sod1um glyc1nate pH ll.O T 5 mM EDTA. 

Subt 111$ ,n t~ (25"C) ~(J7nC) 

[Asp76 • Ser109 • Ser21SJ analog 28.7 hrs 1.87 hrs 

subl111s1n Carlsberg 24 hrs l. 71 hrs 

{Asp 76 , G1u79 , Ser109 , Ser218 J analog 21.5 hrs 1.42 hrs 

o. In 0.06M sod1um phosphate pH 9.0 + 5 ~ EOTA. 

Subt111s1n ~ (25°C} ~(37"C) 

{Asp76, Serl09, Ser218 J ~nalog 27.4 hrs 1. 75 hrs 

subl11tsin Car1sbery 26.3 hrs 1. 68 hrs 

(Asp 76 , G1u 79 , Ser109 , Ser218 J analog 19.7 hrs 1. )6 hrs 

P.53 

~(soou 

6.7 hrs 

0.53 hr 

7.8 hrs 

tl(50"C) ~ 

O.SZ hr 
O.lB hr 
0.96 hr 

11cso 0 c) 

0.25 hr 

0.45 hr 
0.20 hr 

tl(SO"C) 

0.23 hr 
0.32 hr 

0.17 hr 
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EXAMPLE 18 

Characterization of [Asp]!, Ser 109 , Ser218, Ala222l:. 

Subtilisi~ Analog. 

(Asp76, Ser109 , Ser218, Ala 222] - subtilisin 

was purified from ~· subtilis SZ25/pAMB143 fermentation 

broth as described in fxample 14. The thermal 

stability,_ stability in bleach, and apeei£ic ac~lvity of 

10 this subtilisin analo9 was examined as described below: 

I. Thermal Stability. 

The thermal stabilfty of [Asp76, Serl09, 

15 Ser 218 , Ala2 22 J - subtilisin and [Asp76, ser109, Ser 218 ) 

- subtilisin and of the wild type enzyme (AprA) were 

determined ·using the thermal program of the Gilford 

Model Response II Spectro-photometer. Samples of 

purified protease in 20 mM MES, 0.1 M NaCl pH 6.3 were 

20 heated from 25°C to 95•c in the presence of various 

concentrations of ca2+. The temperature was increased 

at a rate of o.s 0 c per minute, while following the 

decrease in absorbance at 287 nm. The ·melting 

temperature (Tm) is defined as the temperature where the 

25 populations of the unfolded and folded states are equal; 

in other words, the temperature occurring midway ln the 

transition from folded to unfolded protein. Heat 

denaturatlon is an irrev~rsible reaction for 

subtilisin: in the absence of protease inhibitor the 

30 intact enzyme digests the unfolded form, in the presence 

of inhibitor Lhe protein precipitates aa it unfolds. 

Theu~fore, Lhe Tm gives us a relative comparison of 

StQbility. The melting temperatures dJtermined using 

this technique ar~ giqen below. 

35 
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TABLE 5 

Thermal StabilitY. 

Tm 
[Asp76, Serl09 

(Aliiip76' Serl09, Ser218, Ala222J-

mMCa.£!. Apr A ~ill] Subtilisin Subtilisin -
0 60 66 66 

l 64 68 68 

5 65 71 ND 

10 66 72 71 

30 68 73 73 

NO"' not determined 

The melting temperatures of the 2 analog subtilisins are 
very similar at all of the calcium concentrations 
examined, and are consistently higher than that of the 

AprA.;,.subtilisin. This indicates that the substitution 

of Ala for Met at residue 222 did not affect negatively 
the increased stability and higher calcium binding 

affinity achieved with the substitutions at positions 

76, 109 and 218. 

II. Stability in Bleach. 

As the purpose of removing the Met at position 

30 222 was to decrease the susceptibility of the enzyme to 
oxidation, the stability of [Asp76, Ser 109, ser2l8l 
subtilisin and [Asp76, Ser109 , Ser218 , Ala 222 ] -

subtilisin in bleach were compared. In the first 

experiment, the two analogs were incubated at so 11 c, in 
35 20 m.M Tris O.l M NaCl pH 7~·5, in the presence of 2% 

chlorox, 2\ chlorox plus l\ sos, or buffer alone. It 

P.55 
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should be noted that 2\ chlorox bleach is a vast excess 

·compared to the amount normally used by a consumer for: 

laundering fabrics. Aliquots were removed at uarious 

times and the p1·0Lease activity remaining was determined 

5 using the azocasein assay. fhe results are shown in 
Figure 8. The activity of both analogs is expressed as 

percent of activity in the presence of buffer alone, 

which remained constarit throughout the course of the 

10 

15 

20 

25 

experiment. [Asp76 , Serl09, Ser218 , Ala 222 J retains 

more act~vity than [Asp76 , Ser 169 , Ser 21 81 in Lhe 
presence of 2\ bleach, while both analogs appear to lose 

activity rapidly in the presence of 2\ chlorox and l\ 

sos, at 50°C. An interesting observation during this 

experiment was the fact that under idenLical conditions, 

using the same amounts of protein, {Asp76, Serl09, 
Ser 218 J had a much higher activity than lAsp76 , Ser109 , 
Ser 218 , Ala 222 ]. This will be discussed in more detail 
below. 

The effect of bleach on the structure of 
{Asp76 , Ser 109 , Ser 218 , Ala222 l and [Asp76 , Ser109 , 
Ser 218 1 was also assessed using SOS-PAGE. Both analogs 
were incubated at S0°C in 20 m.M Tris, 0.1 M NaCl, 1 mM 

PMSF, pH 7.5 in the presence of 2\ chlorox, or 2\ 

chlorox plus l\ sos. At different times, 30 ~1 were 

removed, mixed with 15 µl of cold (4°C) sample buffer 

containin9 1 mM PMSF and stored at 4°C until the 

experimenL was fi~ished. The samples were then 

subjected to SDS-PAGE on 12.S\ polyacrylamide resolving 

gels. The prolein was visualized by staining with 

30 Coomassie blue dye, and the amount of intact, folded 

protein (al the top of the gel), intact, unfolded 

protein (in the middle of the gel) and pioteolytic 

products (even further down the gel) were quantifi~d 

u::sing laser densitometry. For analog LAsp7 6 , Serl09, 

35 Ser 218 J, afler 1 hr in 2\ chlorox 4S\ of the protein 

remained pcoperly folded, while 2 hr in bleach resulted 

P.56 
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in all of the protein unfolding, and much of it being 
di9esled. For analog [Asp76 , Ser109, Ser218, Ala222J 

after l hr in bleach, 56\ of the protease was still 

folded, and even following a 2 hr incubation in 2\ 
5 chlorox at 50°C, 20\ of the total protein rernained 

intact. In the 2% bleach, l\ SOS solution the behavior 

of both analogs was very similar, wllh 15\ still intact 

and folded after a 5 min incubation, decreasing to 27\ 
of the total protein still folded at 15 min. (Asp76, 

10 Ser 109 , s.er 218 , Ala 222 J does not show greatly increased 
stability to the combination of denaturGnts (bleach and 

t· · SDS) in the ooncentration& used for this partieular 

15 

assay, but does show enhanced resistance to bleach 

deneturation. 

III. Activity 

As mentioned earlier, analo9 (Asp76, Serl09, 
Ser218, Ala22 2 ) has a lower specific activity toward 

20 azocasein than analog {Asp76, Ser 109, Ser218), with an 

approximate Vm of 0.02 dA/(mln-mg/ml) versus 0.08 

· dA/ (min-mg/ml) for [Asp 76 , Se r 109 , Ser 218· 1 • To see if 

this decreased activity was specific for azocasein, or a 
9eneral characteristic of the [Asp76 , Ser109, ser218, 

25 Ala 222 J analog, the kinetics ot the hydrolysis of the 
artificial peptide succinyl Ala-Ala-Pro-Phe­
para-nitroanilide was analyzed for (Asp16, serl09, 
Ser 218 , Ala 222 l and (Asp76 , Serl09, Ser219 1. Analo9 
[Asp7 6 , Ser109, Ser 218 ) nad a Km of 440 ~M:and a vmax of 

30 1.9 dA/(min-nmole); both these values are conGi$tent 

with those obtained in previous analyses. The Km of 
[Asp76, Serl09, Ser 218 , Ala222 J for the substrate was 

1.4 mM, while the vmax wa~ l.l dA/(min-nmole) This 

represents a three-Cold decrease in substrate affinity 
35 coupled with a seven-fold decrease in specific 

activity. This specific activity is 4-fold less than 

P.57 
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that o( aprA-subtilisin. The catalytic Ser is at 
position 221, and it appears that substitutions at 

position 222 interfere with substrate binding as well as 

with the rate limilln9 step of proteolysis. 

EXAMPLE 19 

As previously noted in Ex4mple 18, {Asp76, 
SerlO~, Ser2l8, Ala2 22 J - subtllisin has a lower 

lO specific activity toward azocasein than (Asp76, Serl09, 
Ser2 19 J-subtilis1n and also has a lower specific 

activity toward the synthetic peptide sAAPFpN 

substrate. This result is consistent with the loss of 
activity in the Ala22 2 analog of BPN' subtiliain from 

15 Bacillus amyloliguefaciens as observed by &stell et al., 
J. Biol. Chem. 260, 6564-6570, 1986. Since casein or - .----..... - --
a2ocasein is commonly used as A eubstratc to determine 

activity of proteases by manuracturers of detergent 
enzymes and detergent formulators, the [Asp76, Serl09, 

20 Ser 210 , Ala 222 } subtilisin was not expected to 

demonstrate imptoved performance in washing studies 
performed on soiled fabrics. 

As illustrated in this Example, the [Asp76, 

Ser 109, Ser 2l8, Ala2 22 3- subtilisin analog produced the 

c·~·; 25 unexpected result of consistently improved performance 

in removing stains from soJ.led fabr.ics under several 
conditions. The conditions in Figures 9 and 10 were as 
follows; 
- Wh6le wash conditions, 10 minute wash 

30 - Fresh Start• with phosphate, pH approx 7 

35 

Fresh Startm without phosphate, pH appr~x 9 

- 80° and 120° F wash temperature 
- 150 ppM water hardness 

- 2 stains, 3 swatchea each: 

P.58 
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Blond/Milk/lnk {BM!) on cotton 

8:32 

'· 1 

Chocolate Fudqe Pudding (CFP) on a 65\ dacron/35\ 

cotton fabric 
- Conlrols: l.S\ Alcalse• in Fr~sh Start~ 

5 1,5\ Termamyl~ in Fresh Start~ 

10 

15 

20 

- Enzymes tested at equivenl activlties based on 
azocasein units/ml for protease and dinltrosalioylic 
acid units/ml for amylase. 

The le9enO for Fl9ure 10 is as followsi 

CONDITIONS OETERGENl TYPE TfMPERATURE STAIN 

A Nonphosphate 
B Nonphosphate 
c Nonphosphate 
0 Nonphosphate 
E Phosphate 
f Phosphate 
G Phosphate 
H Phosphate 

80"F 

80"F 

120"F 

120"f 

ao·r 
80"F 

120"F 

120°F 

Blood/Milk/Ink 

Chocolate Fudge Pudding 
Blood/Milk/Ink 
Chocolate fudge Pudding 

Blood/Milk/Ink 
Chocolate rudge Pudding 

Blood/Milk/Ink 
Chocol~te Fudge Pudding 

Even when the amount of [Asp7 6, Ser 109, Ser2la, Ala2221-
subtilisin was used at one-third of th~ accivity as the 
Novo Alcalase control, the analog of the present 

('''··; 25 invention was still superior in performance in Table 6. 

30 

35 
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TABLE 6 

Washing Machine Evaluation Of fAGp76, Serl09, Ser 21BL 

Ala22 2 )-Subtilisin Phosphate-Containing Fresh Stactm at 

s 100 4 F 

Total delta Rd 
Novo 143 

Without Ba..llast.• 72.6 76.6 

10 With B.allast 44.0 56.4 

Total Rd LOSS Due to Ballast 28.6 20.2 

Novo used at 9 azo/L while 143 used et only 3 azo/L 

~ Ballast refers lo additional &oil~d clothing that was 

15 added to the washing machine in addition to soiled 

swatches of fabric. 
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-Whiie tht ptea•nt invention has been daacribed 
in terms of preterred embodiments it i• understood that 
modifications and improvements will occur to those 
skilled in the art. Thus, it is expeeted that 

S substitution of residues at cal~ium binding aites othe~ 

than at the specific calcium described herein may 
lmprove stability as well. Additional i~ptovements in 
stability are expected t.or such substitutions mad• in 
other enzymes whicn have the Asn-Oly aequence and in 

10 other proteina comprising this $equence. Additional 
improvements in specific a~tivity for such substituti~n• 
made in other en2ymes when modifications o~ amino acids 
surroundin~ the active ~ite amino aelds are i"corporated 
into the protein. Whereas aach &ingle substitution may 

15 improve the stability, calciu~ bindin~ or specific 
activity of tha enzyme, the combination of several 
·•nodif ications in one enzytne is required to produce an 
enayme ~or cot1'1J'llero1a1 appl1cAtion•. Putthermore, 

. .:.>ecause each amino acid substitution alters tho pd.mary 
20 ~tructure of the enzyme and may affect neighboring amino 

acid residues through al•ctrcstatic ef!ects, hydrogen 
bondinq, etc., the combination or substitutions may no~ 
alw~ys produce an'additive and inc:rero.ente.l improvement 
to the enzyme. the correct combinations according to 

25 the present inv~ntion produce aubt11isins with superior 
properties. Furthermore, it is expected that a 
~ubtilisin analoq according to the p~eeent invention 
poaaasses superior prop•rties to wild type subtiliains 
in deter9ent formulations such as thos~ disclosed in, 

30 for example, o.s. Patent No. 3,732,170; U.S. Patent No. 
3,149,671 and U.S. Patent No. 3,790,482, all of ~hich 
are inco~porated by reference herein. 

Moreover. ror practical reaaons many 
indus~rial process~s are con~ucted at temperatures that 

35 are above the stability temper4ture range ol most 

enzymes. Therefore, although <letergent applications 

P.61 
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have been emphasiied herein, it la belie~ed that 
subt1l1sin analogs accordin9 to the present invention 
are not only advantageous to cert~in industries such aa 
d•tergent industry, which already require stable 

S aubtilisins, but: also may be useful in industries th.,_t 
use chemical means to hydrolyre proteins, e.9. 
hydrolysis of vegetable and animal pr.oteina. 

Therefore, it is intended that the p~esent 
invention in~lude a11 such moditications· and 

10 im~rovaments as come within the scope of tha present 
invention as claimed. 

The features disclosed in the f o~egoing 

description, in the following claims and/or in the 
I . 

accompanying drawin9s may, both aeparatoly and in . 
15 any comb~nation_thereof, be mater~al for realising 

the invention in divers& forms .ther&of. 

20 
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CLAIMS 

l. A subt111sin analog characterized aQ having an amino 
acid sequence of a natu%ally oeeurrin9 aacillus 

s aubtilisin that has been modl!ied by having: 
(1) one or more of the amino acids pr~sent 

in a calcium bindin; site or the naturally occutiing 
Bacillus subtilisin replaced by a negatively Charged 
amino acid; and 

10 (2) one or more of any Asn-Gly sequene~ of 
the naturally occurrinq Bacillus subtilisin deleted 
or replaced by a different amino acidJ and 

(3, one or more methionine tesidues ~ 

replaced by a ditteront amino acid; and 
15 (4) one or more amino acid residues 

surrounding the catalytic triad replaced by a 
different amino acid. 

2. A subtilisin analog according to Claim l wherein the 
20 analog is an analog ot a naturally oocurring 

Baoi11~s subtilisin selected f~om the gro~p 

conai&ting of subtilisin Carlsberg, subtilisin o~, 
subtillsin BPN', an agr~ subtilisin or B~cillus 

subtilis and subtillsin from Bacillus mesentericus. 
25 

J. A subtilisin analoq accordi~g to Claim 1 ~herein one 

or moce of the •mino acids in the calo~um binding 
site represented by Asp41 , teu? 5, Asn7 6, Asn77 , 
~er78, Ile7 9, Glyso, va181 , Thr20$ and Tyr21 4. is 

30 replaced with A ne9atively charged amino acid. 

4. A subtillsin ~n4log according Lo Claim 3 wherein the 
ue9aLively charged amino acid i.s Asp or Glu. 

35 !. A subtilisin analog according to Claim 4 havin9 
Asn76 replaced with Asp76. 
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6. A •ubtilisin analog according to Claim 4 having 

Ile79 replaced with Giu79. 

1. A aubtilisin analog accor4ing to Claim 4 having 

S A11n 76 replaced with Asp16 and Ila 79. replaced w.1 th 

Glu79 • 

8.· A subtilisin analog according to Claim 1 wherein an 

Asn residue in the Asn-Gly s~quence ls replaced by a 

10 resid~o of a different amino acid. 

9. The analog as recited in Claim 8 wherein an A•n 

residue in said Aan-Oly sequence is replaced by a 

residue of an amino aciO from the group consisting 

15 of Ser, Val, Thr, Cys, Gl~ and Ila. 

20 

10, A subtilisin analog according to Claim 9 wherein the 

Asn residue in the A&n-Gly sequence is teplaced 

by Ser. 

ll. A subtiliain analog aocording to Claim lO wherein an 

Asn residue at position 109 is replaced by Ser. 

12. A &Qbtilisin analog according to Claim 10 wherein an 

25 Asn residue at position 218 is ·repl~ced by Ser. 

30 

35 

13. A subtiliain analo9 according to Claim lO wherei.n 5n 

Asn residue at positions 109 and 218 is replaced 

by Ser. 

14. A subtlli&in analog according to Claim 13 selected 

from the group consisting of [Asp'6, Ser109 , ser2181 

subtilisin, [Glu79 i· Ser109, S•r2181 subtillsin, and 

[Asp7 6 , Glu79, Ser10', Ser 218) subtilisln. 
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15. A subtilisin analo; according to Claim 1 wherein 
said one or more methionine raaidues ls/are replaced 
by &n alanine or leuelna. 

S 16. A subtilisin •nalo~ acoordinq to Claim 15 wherein 
Ket2 22 is [&placed by Ala. 

10 

lS 

17. A Stlbt111s1n analog according to Claim lS wherein 
Metl24 is replacad by Leu ot Ala. 

18. A subt:ilisin analog according to Claim l wherein 
said cne or more •~inc acids surrounding the 
catalytic triad are rle31 , Ser 33 , Ser62, Sar63, 
Tyr2l7, and Ar9267. 

19. A subt111sin analog according to Claim lB including 
one or n1ore of the following substitutions: 
Leu 31 , Thr 33 , Asn62, Gly6 3 , Leu217 and Leu24?, 

20 20. A subt1lls1n analog acqordln9 to Claim l whetein the 
Bacil,l~4 subtilis1n has a naturally occurring amln~ 
acid sequence di•olosed in Table l. 

21. (Asp76 , ser109 , Ser2l8, Alal22 1 subtilisin 
25 additionally having one or more of the following 

subs~itutions selected from the 9roup consistinq of 
Glu79 , Leu124 or Alal24, Leu217 , Thr33 , Asn62,. 
Leu31 , Leu247 and Gly63. 

30 22. A subtili•in •nalog according tc Claim l aelect~d 

trom the group consisting of (Asp76 , ser 109 , ser218, 
Ala222 J su~tilisin, (Leu31 , Asp76 , Jerlot, Seri1a, 
Ala222 J subtilisin; (Asp76 , Ser109 , Leu124 , ser2le, 
Ala 222 J subtilisin and (Asp76 , Ser109, Alal24, 

35 Ser218 , Ala 222 l subtilisin. 
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23. A DNA sequence encoding Ad an•log ol Bacillus 
subt1llsin, said Bacillus subtiliain having an-amino 
sequence c:omptiain9a calcium biftdin9 aite and an 
Asn-Gly sequence, wherain (l) codons which encocle 

one or more of the amino acids in the calcium 
binding site are deleted or replaced by co~one 

enooding a negatively charged amino aoid; (2) oodons 
which encode one or more of the amin~ acids in ~h• 
Asn-Gly sequence are deleted or replacad by codons 

10 encoding a different a~ino acid residue; (3) codons 
which encode o~e or more methionine residues •re 
replaced by codons encoding a different amino aeid7 
and (4) codons whic'h encode one or mere amino acid 
residues surrounding the catalytic triad ate 

lS ~eplaced by codons encoding a different Amino acid. 

24. A method for improving thermal, oxidation and pB 
stability of a Bacillus subtilisin having a cal'cium 

binding aite comprising repla.cing an amino aci.d 

20 residue in the calcium bindin~ aite with a 

negatively cbar9ed amino acid, replacing or del•tinv 
one or more of the amino acids in a Asn-Gly 
sequence, replacing one or more methionine residues 
with a different amino acid, and replacing cne or 

25 more am1no acid -residua; surrounding tha catalytic 
triad by A different amino acid. 

25. A ccmposition comprisin9 an effective amount ol a 
suhtilisin analog of Claim l in a detergen~ 

30 formulation. 

'. 
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