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The prasent invention provides a novel class

©f thermally stable and pH stable subtiliein analogs

with improved oxidation stabllity and superior
performance in cleaning soiled fabrics when added to a
standard detergent formulation, and to a method for
preparing such analogs. In particular, the presaent
invention relates to a class of subtilisin analogs

" naving a modified calcium binding site providing

improved caleium binding capacity, and & deletion and/or
replacemant of either residue of Asn~Gly sequences
present in the subtilisin and a modification of one or
more methionine resjdues to lmprove oxidation

atability. The present invention further relates to -
detergent compositions containing such subtilisina and
to the use of such subtilis;ns and compositions in
*leaning applzcatxons.

' Background of the Invention

The term subtilisin designates a growp of
extracellular alkaline serine proteases produced by
various specias of Bacilli. These enzymas are also
referred to as Bacillus serine proteasaes, Bacillus
subtilisins or bacterial alkaline proteases.

Bacillus subtilisin molecules are composed of
a sxngle polypeptide chain of aither 274 residues {for
subtilisin type Carlsberg produced by Bacillus
licheniformis and £0r the subtilisin produced by
Bacillus subtilis strain DY) or 275 residues (for
subtilisin vype BPN' produced by Bacillus
amyloliguefaciens, the aprA gens product of Bacillus
subtilis, and the subtilisin of Baclllus hesentericue
and the subtilisin of Bacillus subrilis var,
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det ey gent, conpositions-containing such subt|I|S|ns and Yo the use of sdeh®
subtflisjns and conpositions in cleaning applications. 20 Background of the
| nventiof The term subtilisin designates a group of extracellular alkaline
serine proteases produced by 25 various species of Bacilli. These enzynes
are also referred to as Bacillus serwng proteases, Bacillus subtilisins or
bacterial alkaline proteases. Bacillus subtilisin nolecules are conposed of
a single polypeptide chain of either 274 residues (for 30 subtilisin type
Car | sberg prozmpkesdgcaritiss) i cidhdrf eonprrdmg kovinphaceddbtilisin

produced by BeghlhéHees UDE it SIS £20m Ui cFb2 neSkivaink BF
Bacillus herein, the sequence of subtilzsxn BPN' is used
as a standard. For example, based on an alignmenh 6£
5 sequences that giQes the highest degree of homoibgy

between subtilisin Carlsberg and subtilisin BPN', the
serine at the active site of the former is referred to
as serine 221, even though it is located at position 220
of the amino acld sequence. On the same basis, position

10 220 of the amino acld sequence of subtilisin Carlsberg
may be said to “correspond” to position 221 of

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

Seyler's 2., Physiol. Chem., 364, 1537-1540 (1983},

_ The X-ray structure of subtllisin BPN'

15 [Wright, et al., Nature, 221, 235 (196%9)] revealed that
the geometry of the catalytic site of subtilisin,
involving asp32, His5%?¢ and ser??), is almost identical
to that of the active site of mammalian serine proteases
(e.g., chymotrypsin) involving the residues Asploz, _

20 His®7, and Ser!?5. However, the overall dissimilarities

" between Bacillus serine pioteases and mammalian serine
ptoteases indicate that these are two unrelated families
of proteclytic enzymes,

In the family of Bacillus subtilisins complete

25 amino acid sequences are avallable for six
subtilisins: Carlsberg, [Smith, et al., J. Biol. Chenm.,
243, 2184-2131 {1968)); BPN' [Markland, et al.,, J. Biol.
Chem., 242, 5198-5211 (1867)]; the aprA gene product
{Stahl, et al., J. Bacteriol., 158, 411-418 {1984)]; DY

30 (Nedkov, et al., supral; Bacillus mesenteficus
{ Svendsgen, et al., FEBSILetters, 196, 220-232 (1986},
and Bacillus sublilis var. amylosacchariticus
{Yoshimoto, et al., J. Biochem., 103, 1060-1065
(1988)]., Subtilisin Carlsberg and subtilisin BPN'

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

aminc acids and one additional residve in BPN'
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subtilisin type BPN. produced by Bacill us anyf&llgue?a0|ens, t he apr A géne
pro@ucl of Bacillus 35 subtilis, and the subtilisin of Bacillus
mesent erfcus and the subtilisin of Bacillus subrilis var. -2-
anyl osacchariticus). Wen conparing am no acid sequences of subtilisin
fromdifferent strains of Bacillus Herkeim, the sequence of subtilisin BPN
Is used as a standard. For exanple, based on an alignnent of 5 sequences

el ves RSt R85,k NORL 00y, DEARETL SUP UL Corl sberg and
correaponding to residue 56 of subtilisin BPN'}).
Subtilisin DY comprises 274 amino acids and differs from
subtilisin Carlsberg in 32 amino acld poaitions and from
5 subtilisin BPN' by 82 amino acid replacements and one
deletion (subtilisin DY lacks an amino acid residue
corresponding to residue 56 of subtilisin BPN‘). The
amino acid seguence of the aprA gene product is 85%
homologous to the amino acid sequence of subtilisin
10 BPN'. Thus, it appears that there is an extensive
homology between amino acld sequences of subtilisins
Y from different strains of Bacillus. This homology is
- complete in certain regions of the molecule and
especially in those that play a role in the catalytic
15 mechanism and in substrate binding. Examples of such
sequence invariances are the primary and secondary
substrate binding sites, Serl25-reul?6-G1y127-G1y128 ang
Tyr104 respectively and the sequence around the reactive
serine (221), Asn?lBg1y2)9-rhr220.ger22l.met222-312223,
20 Subtilisin molecules exhibit unigue stability
properties. Although they are not completely stable
over a wide pH range, subtilisins are relatively

11

resistant to denaturation by urea and guanidine
solutions and thelr enzymatic activity is retained for

25 some time in 8 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 ia not' due to a

30 general charge effect 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 subtilisins undergo irreversible

inactivation in aqueous solutions at & rate that is
35 largely dependencfﬁpon temperature and pH. At pH values
baiow 4 or above 11 the rate of inactivation is very

-
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as serine 221, even though it is |located at p05|t|on,2§% of the amino dcid
sequence.., On the sane basis, position 10 220 of the anmino acid sequence of
subtilisi’n Carlsberg may be said to "correspond" to position 221 of
btilisin BPN. See e.g., Nedkov et al., Hoppe- Seyler's Z. Physiol. Chem,
364, 1537-1540 (1983). The X-ray structlire of subtilisin BPN 15 [ Wi ght,
et al., Nature, 221, 235 (1969)] reveal ed that the geonetry of the

catal ytic sitg a3l SUMild Yepr VAl bRIWEIR3E s 0REH 618 fE Pdve) S 81 MTOSE
identical to that of the 4ct ifve site of manmmalian serine proteases (e.g.
chynot rypsi n) &Rsughgudie siesiedued nAEEABS= 288 Hhesyoluhipsdracpmes

However, the eawafedldlkdiissiel | abet meehBRiBRENcBachi s Upnset i vt tiRtLases and
manmal i an serifg M ioun Butt therhdls! D058 ALE IS SDIERG G fam I Tes
5 autodigestion is reSponsible at least in part for enzyme
instability at this pH range. In general, at any pH
value, the higher the temperature the faster the rate of
subtilisin deactivation. '
The use of proteases in industrial processes
10 which tequire hydrolysis of proteins has been limited
due to enzyme instabllity under operational
[ conditions. Thus, for example, the incorporation of
trypsin into laundry détergents (e.g., Bio-38, Schnyder)
Switzerland) to facilitate removal of proteinaceous
15 s8tains had a very limited success which was undoubtedly
a result of enzyme instability under the washing
conditions. 1In addition, bacterial alkaline proteases
compatible with detergents have been utilized in
detergent formulations.

‘h

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 as
detergent and hide dehairing, that already require

e 25 stable proteases, but may be useful in industries that
use chemical means to hydrolyze proteins e.g. hydrolysis
of vegetable and animal protelins for the production of
soup concentrates, |

Although thermal inactivation may be the most

30 important fac¢tor in restricting the industrial use 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 therefore-desirable to obtain a class
of proteases characterized by improved stability with

e
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of proteolytic enzynes.y- In the famly of Bég?l us sub??lisins conpl et €+:2%
am no’ aci & sequences are available for six subtilisins: Carlsberg, [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. Bacteriol., 158, 411-418 (1984)]:~D¥ 30 (Nedkov, et al., supral:

Baci |l us nesentericus (Svendsen, et al., FEBS Letters, 196, 220- 232 (1986)

and Bact |1 4s SHhatt e L omBIRA SSPECIR) UeRIBAIRBITRNE Sha 1 % o
35 (sonetlnesoxbdeaxaq ageQBSSand|duhnrncN@¢0Fi@meGPQB}fsd bri no aci ds and
one additiongh, { e5ldUnsis BFlEs .
Over the past several yearaz there have been
5 major changes in detergent formulatlons, partlcularly in
the replacement of phosphates with alternate builders
and in the development of liquid laundry detergents to
meet environmental and consumer demands. These changes
create a need for changes in traditional detergent
10 enzymes. More particularly, it has become desirable to
employ proteolytic enzymes which possess greater-storage
F stability in liquid laundry formulations as well as
stability and activity at broader ranges of pH and
temperature in & variety of commercial detergent
15 formulations.
One approach to producing modified subtilisins
useful in detergent formulations was disclosed {n U.S§,.
Patent No. 4,760,025 wherein mutations in the subtilisin
of Bacillus amyloliquefaciens (B. amyloliguefaciens) at
20 positions Asp32, AsnlS3, Tyr1°4. Metzzz, Gly155, 31554,
Glylsg. Phelag, Ser33, Tyr217. and/or Gly157 were
identified as providing changed stability, altered con-
formatlion or as héving changes in the "processing" of
the enzyme. 1In particular, a mutation of Met222 to Ala
25 or Ser assertedly resulted in improved oxidation
atability, but the specific activity of the enzyme
toward the synthetic peptide subsktrate, succinyl-L-
alanyl~L-alanyl-L-prolyl-L-phenylalanyl~p-nitroanilide
(8AAPFpN) was decreased when compared to the unmutated
30 enzyme. It was suggested that substitution for Gly166
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_analégs having
greater stability at high temperatures or stabillty over
35 a broader pH range than the wild type enzyme.

—_—
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- (subtilisin Carlsberg | acks an anmino acid residue corresponding to

re§|due 56 of subtilisin BPN ). Subtilisin DY conprises 274 am no aci-ds and
di fferssfromsubtilisin Carlsberg in 32 amino acid positions and from5 -
subtilisin BPN by 82 amino acid replacenents and one del etion (subtilisin
DY lacks an am no acid residue corresponding to residue 56 of subtilisin
BPN ). The am no acid sequence of the‘aﬁrA gene product is 85% honol ogous
to the amino acid sequence of subtilisin 10 BPN . Thus, it appears that

there is an extensive ho gx?Fﬁévwﬁﬁﬁé?q#E%n bgaiequ@nggs ﬁttﬁggtl|ISInS

fromdifferent strains of
318, 375~ 376 (1985), disclosed that the pH dependence of

subtilisin may be altered by changing an Asp to Ser in
A5999 of subtilisin BPN'. This change represents an

5 alteration of a surface charge 1l4-15 Angstroms from the
active site. However, Thomas, et al. fails to provide
any indication of improvement where no change in surface
charge is made, as is the case where one uncharged
residue is gubstituted for another.

10 A third approach, described in ¢o-pending U.S.
applications S.N. 819,241 and $.N. 771,883 relates to a

—“ . class of Bacillus serine protease analogs characterized
by deletion and/or modifications of any Asn-Gly
sequences prasent in the proteasa.

15 Takagi et al., J. Biol. Chem. 263, 19592—19595
(1988) discloge that a change of isoleucine 31 to
leucine incraases the activity of subtilisin compared to
the wild-type encyme. '

‘Ir

20 Summary of the Invention

The present invention provides a class of
subtilisin analogs characterized as having improved oH
and thermal stability and oxidation stability thereby

25 rendering such analogs especially usaful in detergant
formulations as well as other processes requiring stable
ptéteases. The subtilisin analogs according to the
present invention are characterized as having an amino
acid sequence of a naturally occurting Baclllus

30 subtilisin that has been modified by having (1) one or
more amino aclid residues in a calcium binding site
present in the amino acid sequencé of the naturally
securring Bacillus subtilisin replaced with a negatively
charged amino acid, and (2) either residue of any Asp-

35 Gly'sequence present in the amino acld sequence of the
naturally occurring Bacillus subtilisin deleted or
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conp]ete.in certain regions of the mol ecul e” and espeC|aIIy in those that'

play;a role in the catalytic 15 nechanismand in substrate binding.
Exanpl es of such sequence invariances are the primary and secondary
substrate binding sites, Ser125-Leul26-dyl127-3dy128 and Tyr 104
respectively and the sequence around the 5eact|ve serine (221),
Asn218- G y2l 9- Thr 220- Ser 221- Met 222- Al a223! Subtilisin
nol ecul es exhi bit unique stability propertles Al t hough they are not

conpl etely st ablleeeygée@ dhdepf 6:?@3?: Y 'm'e'tﬁ'iBﬁiﬁEer&ﬂGﬁbW' y

resistant to denaturation bﬁgurea an uanldln tlons ang their
enzymatic activiT§PIaceer%i R ARFhes a 'Pﬁ Q“RﬂuPéa eraRl¥o| uti ons

having a pH belGwlﬂnxﬁabéiliéﬁ&umeuinﬂ)«4wﬂtmerbevmbsebhmiheseexats
proteol ytic aCt'%ééfbué%ngﬁ¥}gun§inéﬂtﬂe(gﬁpgiycigngrxdd (Aap32 31354
5 Se 221) are replaced with another amino acid. The
- present invention rurther ‘provides detergent
composztions comprising the subtilisin analogs of the
present invention and to the use of such saubtilisin
analogs and compasitions in cleaning applications.

10 The subtilisin analogs of the present lnven~-
tion exhibit improved thermal, pH stabilicy and
- oxidation stabllity, increased speclfic activity and

‘h

broad substrate specificity thereby increasing the
detergency of detergent formulations containing such

15 analogs. 1In particular, the subtilisin analogs of the
present .invention provide improved thermostability,
increased pR stability, increased oxidation stability
and higher specific activity than found in "wild type"
subtilisins,

20 In addition, the present invention relates to
DNA segquences having codons encoding a subtilisin analog
as described above.

The present invention also preovides a process
for the production of subtilisin analogs comprising a

25 host c¢ell having nuclelc acid encoding a subtiliain

' analog as described above. In such a call, the nucleic
acid encoding the'aubtiiisin analog may be chromosomal
or extrachromosomal. The host cell is preferably
selected from a strain deficient in secreced bzoteaaea.

30 allowing for facile isolation of the analogs of the
present invention.

In addition, the present invention provides a
nethod for improving the thermal, pH, and oxidation
stability of subtilisins by modifying the calcium

35 binding site and/or substicuting an amino acid other
:han asparagine for an asparagine in an Asn-~Gly saguence

This Sheet Has Been Replaced -

WO



FROM FORRESTERS LONDON : I .
Trav, Lab, Carlsberg, 35, 37 (1965) denonst rated that®fhe acid deactivati'dn
of sgbtilisinis not due to a 30 general charge effect and specul ated that
it is due®*to other changes in the nol ecule, such as protonation of .
histidine residues in the interior, hydrophobic parts of the nolecule.
Bacillus subtilisins undergo irreversible inactivation in agueous sol utions
at arate that is 35 |largely dependent 8pen tenperature and pH  At-pH
val ues below 4 or above 11 the rate of inactivation is very -4- rapid -
while at pH s of between 4.5 and 10.5 the rate,_althou%h much sl ower,
i ncreases as t h@RSokft PAFtBEUdAESEOr the asparagine residues at tha

positions in the amino scid sequence of the subtiliain
which corresponds to positions 109 and 218 in the amino
acid sequence as disclosed in Table 1, and substituting
§ an amino acid other than methionine at the position in
the amino acid segquence of the subtilisin whieh
corresponds to positions 124 and 222 in the amino acid
sequehce as disclosed in Table 1, and substituting an
amino acid other than the naturally occurring amino acid
10 surrounding the active sita of the enzyme.

Brief Description of the Drawings

‘lu

_ Fig. 1 schematically 1llustrates the
15 c¢yeclization of Asn~Gly residuas, such as those found at
positions 218 and 219 of subtilisin as set ferth in
Table 1, to form anhyd:oaspartylglyciﬁa and also depicts
base~catalyzed hydrolysis thareof; -

Fig. 2 is a partlal restriction map of an aprA

20 gene~containing an EcoRI-Kpnl gene fragment of Bacillus
subtilis (B. subtilis) strain QB127 and includes a
partial restriction map of the aprA gene and flanking
seguences;

Fig. 3 {8 a partial restriction map of a

25 plasmid pAMBll; -

Fig. 4 is a flowchart tllustrating stages in
construction of QAM8113, a plasmid which directs
synthesis of [Ser]?18-guptilisin from B. subtilis hoat
cells; '

30 Pig. 5 is a partial restriction map of pAMB30
plasmid;

Fig. & illustrates the construction of
PAMB106;

Fig. 7 Lillustrates the construction of M13

35 mpl9 aprAl4l.

\
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nore, al kaline. The nechanisnms of this |nacf|vaf|on ar e not fully knowrd “Bt

therg i s “evidence indicating that 5 autodigestion is responsible at |east
in part ffor enzyne instability at this pHrange. In general, at any pH
val ue, the higher the tenperature the faster the rate of subtilisin
deactivation. The use of proteases iIT industrial processes 10 which

requi re hydrolysis of proteins has ‘been limted due to enzyne instability’
under operational condi |ons e |nconpo t iygyy of
trypsin into Iaugg y de i geﬁté f"é“ LgeB?ggggi ‘§6h‘?§d S A artd) to
facilitate reBev sopra £éilnaaboisiesn smabhsa¢hm151very I|n1ted success

whi ch was undoubtedly ag régggg gf E%aﬁéﬁ&@téﬁgldgéhﬂﬁgkgégég%ﬂ%%ga ng

conditions. In addlt n, rla
of 58’ Ser Ser B AlaféP) subtilisin.

Detalled Description of the Invention

The term "subtilisin” as employed herein,
refers to a mature, secreted form of the enzyme which
10 lacks leader seguences cleaved from the mature enzyme
prior to or at secretion. Subtilisins that may be
Ly modified in accordance with the present invention
include, but are not limited to, naturally ocecurring ta
subtilisins represented by the amino acid sequence of
15 subtilisin Carlsberg, subtilisin BPN', the aprA gene
product of Bacillus subtilis, subtilisin DY and the
subtilisin of Bacillus mesentericus, and the subtilisin
of B, subtilis var, Amylosacchariticus. The amino acid
sequence for subtilisin Carlsberg is described by
20 Smith, et al., J. Biol, Chem., 243, 2184-2191 (1968).
The amino acid sequence for subtilisin BPN' is
described by Markland, et al., J. Biol. Chem., 242,
5198-5211 {1967). The amino acid sequence for
. subtilisin DY is described by Nedlov, et al., Hoppe-
Lo 25 Seyler's 2. Physiol. Chem., 364, 1537-1540 (1983). The
amino acid sequence for the subtilisin of Bacillus
mesentericus is described by Svedsen, et al., FEBS
Letters, 196, 220-232 (1986). The amino acid sequence
for the subtilisin of Bacillus subtilis vat,
30 amylosacchariticus is described by Yoshimoto, et al.,
J. Biochem., 103, 1060-1065 (1988). The amino acid
sequence of the aprA gene product of Bacillus subtilis
is described by Stahl, et al., J. Bacteriol., 158, 411~
418 (1984). The amino acid saquence of such
35 subtilisins are incorporated by reference herein. Such

subtilisins are characterized as having calcium binding
sites necessary to stabilize the molecule.
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corrpatl "B e FORTR dot 6T gent s have been utili zeczi |n detergent f or mul atlons S20
Because frany |ndustr|al processes are conducted at tenperatures that are
above the stability range of nost enzynes, highly thernostabl e proteases
not only will be advantageous to certain industries such as detergent and
hi de dehairing, that already require 25 stable proteases, but may be
useful in industries that use chem cal -nggns to hydrol yze proteins e.qg.
hydrol ysis of vegetable and aninmal proteins for the production of soup
concentrates. Although thermal inactivation may be the nost 30 inportant
factor in restricting the Imdeoridancaswith theypessentt hivvdmcion s such as

need for effectio1aResO\eintlN33dnP dnh 28585 88 HePL g AR Tidih AIENT S
and improved capacity to bind to calcium, Caleium has been
used to stabilize subtilisin in powders and llquid
5 detergent, especially in applications requiring higher
temperatures. The present invention relates to the
modification of the calcium binding site of the
subtiligin melecule to increasa calcium binding. As
used herein the term "modification of the calcium
10 binding site" refers to replacement of one Or more
amino acids in the region ¢f a calgium binding site
o~ present in the amino acid sequence of subtilisin with a
negatively charged amino acid theraby enabling the
resulting subtilisain analog to have an additional
15 negative charge. It has been found that one calcium
binding site in a subtilisin involves the following
amino aeids: Gln2, Aspl, Leu’5, Asn’®, asn77; sar’8,
11e79, G1y80, va18l, Tnr208 and Tyr2l4 relative to the
Aminc acid sequence set forth in Table 1. The presant
20 invention preferably involves replacement of one or
more of the amino acids present in the calcium binding
site with a “negatively charged" amino acid such as Asp
and Glu, and more preferably Asp. It should be noted
that although Asp41 in the calcium binding site is a
25 negatively charged amino acid, one ambodiment of the
present inventLion invelves changling asp*l to Giudl,
The other embodiments relate to changes other than to
aspil.

I‘S

One preferred embodiment of the present
30 invenction lnvolves & subtlliisin analog wherein Aen’B g
converted to Asp’s. Another embodiment involves
conversion of the Ile’? to hap79 Another embediment
involves the above preferred modificatlions to the
calcium binding site and subgticutions of Asnl09 ang
35 Asn?18 o g5erl?®® and ser?l®, thus eliminating two

unstable Asn-Gly seguences. A more preferred

\
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oxidi zing agents may al so have a detrlnentaf ef#ect mnth respect to thé tte

of p[oteases In industrial 35 processes. It is therefore desirable to
obtain a®class of proteases characterized by inproved stability wth - 5-
respect to tenperature, pH, denaturing agents and oxidi zi ng agents and

ot her conditions required by various industries. Over the past several
years there have been 5 nmmjor changes“ihldétergent formul ati ons,
particularly in the replacenent of phosphat es mﬁth alternate buil ders and

in the develOp”ERLo%lmen ui g Iy %HQEX,gﬁﬁeigggﬁ 141 involvas the above

preferred modifications to the calcium binding site and
Asn~Gly sequences in combination with changea of
methionine 222 to alanine. Another preferved

5 ambodiment involves the above preferred modifications
to the calecium binding site and Asn-Gly saguences and
Met-222 in combination with amino acid medifications
that increase the specificity of subtilisin to an
azocasein substrate or a sAAPFpN subatrate i.e..

10 Methionine 124 to Leucine or Alanine and/or Isolaucine

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

o Serine 62 to Asparagine, and/or Serine 63 to Glycine,
and/or Tyrosine 217 to Leucina and/oz Arginine 247:teo i
Leucine or Methionina.

15 In addition to the calc¢ium binding sites
dascribed above, subtilisins may have one or more
additional calcium binding sites. The claime of the '
present invention encompass modification of cne or more
of all calcium binding sites that may be prasent in the

20 subtilisin. The number of calcium binding sites in any
particular subtilisin that may be modified depends on
many factors, i.e., the specific¢ subtlilisin, the
particular application for the subtilisin analog.

Other potential calcium binding sites that may be

- 25 present in subtilising include the following (1) Aspl4°
and Prol72; {2) on14 and Gln27l; and (3) ?10172 and
61ul?5 o Asp1971 The specific calcium binding site
present in each molecule depends upon the particular
subtiligin to be modified. As previously mentioned,

30 the replacement of one or more of the amino acids in
the above potential calclium binding sites will raesult
in a subtilisin having improved'thermal and pH
stability. Represaentative of replacements include
Aspl40 with Glut40, Prol?? with Asp???, prolt wien

35 Asp?, Gin27! with Glu??!, 61ud®? with asplP7,
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meet, envi ronnental and consuner denmands. Thééghéﬁgngégl%reate a need for!t?
changes i'n traditional detergent 10 enzynes. More particularly, it has
beconme deSirable to enploy proteol ytic enzymes whi ch possess greater
storage stability in liquid laundry formulations as well as stability and
activity at broader ranges of pH and te rature in a variety of commercial.
detergent 15 fornul ati ons. One approaéﬁqﬁg produci ng nodi fied subtilisins
useful in detergent fornulations was disclosed in U S Patent No. 4,760,025

wherein mutations in the gybLulisidn oé°§g&@§,§g%folcﬁgggﬁc?§§§l

anylollquefa0|ensé&at 20 positlons y166,
H s64 Ay P69 %9°fSErQBb“F§/*“2'17“°Ja?Ri¥3(ﬂ' GWB?M#@'FG@nf-‘Pf |h@d'Qas

provi di ng chanmdyssgmclyyso@hé@é@cbmm in the subtilisin deleted

or replaced. As previously disclosad i{n U.S.

S Application S.N. 819,241, a conserved sequence, Agn-

Gly, at positions 109-110 and especially at positions

218~215 ot Bacillus subtilisins has been identified as

a major factor responsible for the pH instability of

these subsatances (gee Figure 1). In order t¢o eliminate

10 the unstable element, Asn218.g1y213, from the
subtilisin molecule it was dieclosed to either replace
~ : Asn2i8 with any amino acid other than asparagine and/or
change Gly219 to any amino acld other than glycine. .In
a like manner, modification of the unatable'Aennaly '
15 element at positions 109-110 was described as providing
stability to the analogs described therein.

In addition, as previously noted, a preferred
class of analegse of a Bacillus subtilisin according to
the present invention have an amino acid sequence

20 wherein in addition to a modification of a caleium
binding site, positions comprising an Asn-Gly sequence
in the Bacillus subtilisin do not comprise an Asn-Gly
sequence in the analog, and in particular wharein there
are fewer Asn-Gly sequences than in the Bacillius

25 subtilisin. Most preferably, a position corresponding
to position 218 in the amino acld sequence as sat forth
in Table 1, does not comprise an asparaginyl residue,
but rather comprises a tesidue of a different amine
acid, preferably an amino acid selected from among

30 serine, valine, threonine, cysteine, glutamine and
isoleucine. T¢ the extent that replacement of
asparagine with certain amino acids may give rige to
inhterference with active site conformation, (e.g., due
to sterie hindrance which may be introduced by the

35 presence of an aromatic amino acid or changes in
tertiary structurs such as may be introduced by the

"-
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o 4 Ly FORRESTERS LONDON . " 2.22.1996, 81189 -
formation or as having changes in the "processing" of the enzyne. 1In

particutar, a nutation of Met222 to Ala 25 or Ser assertedly resulted in
i ngroved oxidation stability, but the specific activity of the enzy
toward the synthetic peptide substrate, succinyl-L- '
aIanyI-L-aIanyI-L-pronI-L-phenylaIanyL-P-nltroaniIide (SAAPFpN) was
decreased when conpared to the unnutated %0 enzyne. |t was suggested that
substitution for Ayl66 with Ala, Asp, Qu, Phe, H's, Lys, Asn, Arg or Va

ot at ons_di sc) BLCTRRES BE BREaLLa D T
t enper at ures or aSﬂ'QBPP"PP}"09§F?SSQ?'$YbPSag%?5 p?—feréﬁfgtee?'haﬁ’%gu\ﬁq 'g t\_& pe
enzyne. the extent that replacément of asparagine with other
amino acids may introduce a charged group (e@.g.,
5 aspartic acid) into the proximity of the active site,
.such substitution would be less preferred.
Tllustrative of a presently preferred embodiment is an
analog having a modified calcium binding site and a
[Serzlel modification of the Asn-Gly sequence of the
10 subtilisin. Altarnative embodiments of analogs within
the contemplation of the invention are those having a

P.16

-~ modified calcium binding site and wherein Asnlqg of _
. subtilisin BPN' or of the aprA gene product is -

replaced, preferably by a serine, and wherein glycine

15 residues at positions 110 and/or 215 are replaced by
different amino acid residues. In other subtilisins,
modification of a calcium binding site or sites and
substitution for Asn at residue 62 or Gly at residue 63
of subtilisins Carlsberg or DY are also comprehended by

20 the present invention. _ _

| In addltion, as previously noted, a preferred

clasz of analogs of a Baclllus subtlilisin according to
the present invention have an amino acid aagquence
wherein in addition to modifications at the caleium

25 binding site(s) and Asn-Gly sequences, & Met residuve at
position 222 is replaced with a different amino acii,
preferably Ala, to lmprove the oxidation stability of
the subtilisin analog.

. Alternative embodiments of analeogs within the

30 contemplation of the invention are substitutions of
amino aclds surrounding the active site residues
(Asp32; Hiss4 and S&r221), 80 as to increase the
specific activity of the enzyme toward azocasein and
synthetic peptide (e.g., sAAPFpN) substrates. Such

35 modificalions are especially important in analogs
incorporating s modification at Met?22 to Ala because,
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-6- I n anot her approach, Thomas, et al, hbture 318, 3 5 376 (1985),

di scl osed that the pH dependence of subtilisin may be

an Asp to Ser

However, Thomas, et al. fails to provide any I ndi cati on of inprovenent

P.17

| tered by changi ng

in Asp99 of subtilisin BPN . This change'represents an 5
alteration of a surface charge 14-15 Angstronms fromthe active site.

where no change in surface charge is nadé as is the case where one
uncharged residue is substituted for another. 10 A third

h, d _ q
IDpr A, (e Cr bBChreb e aReal) PreTRBLRRR L0101 5 dhaddlp il 20 SN

characteri zed

10
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20

25

30

35

I ot ease an
D PDOEEGCoRCAITASY (HOHRFACRDS CPAKEREN, AMHRHTAKS that Le

less than that of the unmutated anzyme. The specific

activity of any analog incorporating the Metzzz to Ala

substitution can be increased by incorporating one or
more of the following additional changes: Metl?d to
feu, Metl?4 to ala, Ile3! to Leu, Ser?? to Thr, SerS?
to Asn, Ser?d to Gly, Tyr217 to Leu, Ar9247 tO Leu or
Met.

quantities of proteins and because they are currently
used to produce detergent proteases, Bacillug micro-
organiams repressnt a preferred host for regcombinant
production of the subtilisin analogs according to the
pregsent invention. Because most Bacilli secrete
alkaline and neutral proteases, it is prefarable that
~wutations be introduced int¢o the endogenous alkaline
.and neutral protease genes of B. subtilis so that th=
mutated subtilisin may be produced and macreted by

B. gubtilis in a medium free of other proteases, Thusg
the present inventlon also provides mutant atrains of
B. subtilig which are blocked with respect to the
synthesis of endogendus proteases but which retain the
ability to synthesize and sacrete the subtilisin
analogs herein disclosed.

aAs described in greater detazl below, it was
found thact the pH and thermal stability and oxidation
stability and the stability in detergent formulations
of the subtilisin analogs of the present invention is
significantly greater than that of the wild type apra
gene product subtilisin and Carlsberg subtilisin.
All subtilisin analogs acco:diﬁg to the

lnvention may be prepared in accordance with the

féllowing procedure:
1) Iszolation of the representative
subtilisin gene aprA from B. subtllis;

Due to their capacity to secréte substantial
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FROM FORRESTERS LONDON 2.22.199 8112 .
sequences present in the protease. 15 %hkagl et al., J. Biof-.®
Chem 263, 19592-19596 (1988) disclose that a change of isoleucine 31 to
| euci ne i'ncreases the activity of subtilisin conpared to the wld-type
enzyme. 20 Summary of the Invention The present invention
provi des a class of. subtilisin anal egdScharacterized as having i nproved pH
and thermal stability and oxidation stability thereby 25 rendering such
anal ogs especially useful in detergent fornulations as well as other
processes requiring stabdle FlRENELE the aphdi 9eR¢ PN Y/EERECording to
the present i REEH Gie Bl £ hay iddl Rt ized ods ob fybhige oo eid®0s peed sequence of
anaturally oGAUJIith AdddRestd VLS Bekola WiSaPPECIROAL | o0 BY

3) Site-directed mutagenesis and sequencing

5 of the resulting DNA to confirm the ptesence of the
desired mutation;
4} Construction of an expressiocn vector to
direct the synthesis of the mutated enzyme in
B. subtilis; _
10 5) Construction of mutated B. subtilig

strains which do not synthesize subtilisin and neutral
: _ protease;
6) 1Isolation of the enzyme in the extra- L
cellular growth medium and its purification;
15 7) Practice of procedures for insertion of

the gene coding for the improved enzyme into the
chromosome of a B, subtilis strain previously mutated
to block synthesis of endogencus proteases.
As used herein, the speciflic subtilisin

20 analogs are indicated by representing the replacement
amino acid in brackets, FPFor example, a {Serlogl
subtilisin refers to a subti{lisin molecule having a
serine in amino acid position 109 and a [gerl08,
Ser?18] gybtilisin refers to a subtilisin molecule

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

in Example 1, the aprd gene encoding

subtilisin is isolated from the B. subtilis genome. In
Example 2, the aprhA gene is subjected to site-directed
mutagenesis. 1n Example 3, an expression ‘vector

30 containing the mutated aprA gene is constructed. In
Example 4, a {Serlogl subtilisin analog is prepared.
Example 5 describes the preparation of a [Serlog.
ser?18) gubtilisin analog. Example 6 describes
preparation of a IAsp75, sert0?, ger?l®) suprilisin

35 analog. Example 7 describes the preparation of a
(asp’®, c1u??, serl0?, ser?1B) subtilisin analeg.

-—
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npore am no acid residues in a cal cium bindin
hci d sequence of the naturally occurring Bacillus subtilisin replaced with
and. (2) either residue of any Asp- 35 Qdy
in the am.no acid sequence of the naturally occurring
Baci | l'us subtilisin deleted or -7--ridpl-aced and (3) one or nore
net hi oni ne resi dues replaced with another am no acid residue,

| euci ne and (4) one or nopre amn cid rneg dues rroundi ng the
catal ytic triad (Asp32 HQeEX&ORLS 2"21)*21I s o’r%' 218

B negatively charged ami no acid,
sequence present

10

15

20

25

30

B8R epl &8&

Ala?? )} subtlilisin analog is prepared. 1In Example 9,
the [Asp75. serl99, ser??8, a1a222) gybtilisin analog
gene is transferred to baclLeriophage M13mplS in
preparation for site-directed'mutageneslsQ In
Example 10, a [Leu3t, Asp75, seri0d, Ser218, A1a222]
subtilisin analog is prepared. Example 1l describes
the preparation of a [Asp’S, serl9?, Leul?4, ger?lS,
A13222] subtilisin analog.

~In Example 12, two mutant strains of
B. subtilis which produce no detectable extracellular

proteases are constructed. Example 13 describes
procedures for integration of a mutated aprA gene into
the chromosome of B. subtilis. In Example 14, wild-
type and mutant apra subtilisins are isolated and
purified. Examples 15, 16, 17, 18, and 19 describe
characteristics of the subtilisin analogs of the
present invention regarding stability, activity and
washing performance.

In addition to a subtilisin analog of the
present invention, detergent compositions of the
present invention may compriee:

(a) At least one surfactant which may be
anionic, non~ionic¢, or amphoteric, or a water-soluble
soap. Typically, an anionlc surfactant (e.g., a linear
alkyl aryl sulphonate) is used in admixture with a,
non-ionic (e.g., an alkyl phenyl polyglycol ether) in
amounts of 5-30 and 1-5 percent by weight,
respectively, of the detergent composition.

{b) One or more builders, preferably having
a concomitant sequestering function. Sodium
tripolyphosphate, sodium citrate, sodium silicate, and
zeolites are examples of such compounds, usually
constituting from 10 to 70 percent by weight of the
detergent composition. '

wi't e&70t her ani no

.22.1996  8:12 : .
g site present in the anmind"*'?

pr ef erably

L4
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FROM FORRESTERS LONDON 8:13 .. 28
present invention furfher provides detergent conp05|thns conpri sing t e
subtili skn anal ogs of the present invention and to the use of such
jsubtfi |'i sisn anal ogs and conpositions in cleaning applications. 10
The subtilisin anal ogs of the present inven- tion exhibit inproved thermnal
pH stability and oxidation stability,-imycreased specific activity and broad
.Substrate specificity thereby increasing the detergency of detergent
(formul ati ons containing such 15 analogs. |In particular, the subtilisin
anal ogs of the present ihwbntﬂ(hiqaunﬁntaHgmpﬁov@deﬁheﬂhﬁstabPProyy

i ncreased pH %&ﬂ&éd:’id’ sl d¥ s&chl% %r'b%ﬁa%teab'tgbﬁ}éaﬁﬁlg hi gher specific

activity than din" ype subtilisinsg I n addltlon

the compoextxon.

% (d) Ancillary agents, such as carboxymethyl
cellulose, optical brighteners and perfumes. If
required, a pH-adjusting agent is added to give a pH of
the laundering medium in the range of from 7.0 to 10,5.

The detergent compositions centain an’
10 effective amount of one or more of the subtilisin
analogs of the present invention. As used herein
Ch *affective amount of a subtilisin analog" refers to the
quantity of subtilisin analog necessary to achieve the =
enzymatic activity necessary in the specific detergent
15 composition, 8Such effective amounts are readily
ascertained by one of ordinary skill in the art and is
based on many factors, such as the particular
subtilisin analog utilized, the cleaning applicatioen,
the specific composition of the detergent composition,
20 whether a liquid or dry composition is required and the
like.
The particulate subtilisin analog preparation
of the invention is added in an amount{ calcgulated to
- give an enzyme activity of at least 0.1 Angon units
. 25 (AU, vide infra), preferably 0.5~2.5 AU per 100 ¢ of
detergent composition. If reguired, balance to 100
percent may be established with an inorganic filler,
preferably sodlum sulphate.
Liquid detergent compositions may be prepared

30 from enzyme slurries, preferably in non-aqueous
media. Typically, suc¢h slurries may congist of a
suspension of finely ground subtilisin analog
concentrate in a liquld non-ionic surfactant, for
example Tergitol 15 S 9 or a mixture of such

35 surfactants. Usually, the slurry will also contain one
or more inorganic fillers, such as finely ground sodium

_ﬂ_‘_—~_~_~____ﬂﬁ_ﬂ
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FROM FORRESTERS LONDON 996
DNA sequences havi ng codons encoding a subt|I|S|n analog as descri bed
above. The present invention also provides a process for the production of.
subt | i si;n anal ogs conprising a 25 host cell having nucleic acid encoding

P.21

a subtilisin anal og as described above. In such a cell, the nucleic acid
encodi ng the subtilisin anal og may bq_; Qnosomal or extrachronosomal. The
host cell is preferably selected froma™strain deficient in secreted

pr ot eases, 30 allomﬁng for facile isolation of the analogs of the present
| mpr ovi ng the TRECEAfd: SPELIPERP ol MElacAR DLt R adeliniton O

imodi fying the %%?Qihh#%BtbﬂQﬂl#ﬁﬁ@ﬁ%QaQﬂﬂﬁdbﬂlééﬁ§tKbﬁf?ﬁblaﬁoﬂhrno aci d
ot her Tergitol and Aarosil.are trademarks.

A subtilisin analog of the invention is added

5 in an amount caloulated to give a protease activity of
at least .0.1 AU preferably 0.5-2.5 AU per 100 g of .
1iquid detergent cemposition.

The detergent compositions may be prepared in
the usual manner, for example by mixing together. the.

10 components. Alternatively, a pre-mix ia made, which is
then mixed with the ramaining ingredients,

Bacause of the good stability and activity
properties described, the subtilisin analogs according -
to tha invention can bs used in all fields where

15 proteolytic enzymes are generally used. In particular,
{t can be used for detergents and cleansers or spot
‘removers, axz a depilatory in tanning, and also in the
foed industry for the preparation of proteln
hydrolysateas and in serology for the detection of

20 incomplete antibodies. It is particularly advantagaous
for use in the food industry and in serology that the
subtilisin analogs according to thé invantion have
excellent stability in the solld or dissolved form that
physiologically acceptable quantities of calcium iona

25 may not be necessary to stabilize the subtilisin analo§
in aquecus solutions, .in contrast to those of other
anzyme preparations.

The following Examples will Efurther serve to
illustrate the invention although it will be understood

30 that the invention is not limited .to these apecific

examples. s
.Eggmgle b3 _ -
35 B. subtilis strain QB127 (trpC2 leuAs |
sacUB200) [Lepesant, et al., Molec, Gen. Genet., 118,
" This Sheet Has Been
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FROM FORRESTERS LONDON s
than asparagine for an asparagine in an Asn Gy sequénce -8- and in"?%?
parti cul ar for the asparagi ne residues at the positions in the amno acid
sequence ,of the subtilisin which corresponds to positions 109 and 218 in
the am no acid sequence as disclosed in Table 1, and substituting 5 an
am no aci d ot her than nethionine at FhéngSition In the am no acid sequence
of the subtilisin which corresponds to positions 124 and 222 in the am no

aci d sequence 4 _cs_ie%l(q%r?gnw %blo%tjsidm%%g é’%ﬁ‘ft}:l&%ugggglgnsag%{?.&ggi d ot her

than the naturally occurri

t he enzyne.

1o

15

20

30

35

am no aci ve 'site of
Stock Center at the Ohio State University, Columbus,

Ohio. This strain overproduces axtracellular serine
and metal proteases, ac~amylase and levansucrace
relative to isogenic sach* strains due to the
pleiotropic effect of the §ggghggg mutation [Lepesant,
et al., in Schlessinger, D., ed., Microbiology. 1576,
American Society for Microbiology, Washingtoen, D.C.,_p}
65 (1976)). Thus, strain QBl127 is a suitable source of
DNA for isélating the aprhA gene whi@h codes for
subtilisin.

Genomic DNA was ilsolated from cells of
B, subtilis strain QBl27 in accordance with the
procedure of saito, et al., Biochim. Biophys. Acta.'lg,
619-629 (1963). Purified chromosomal DNA was digested
to completion with the ECoORI restriction endonucleass.

The resulting DNA fragments were resolved on
a low-melting point agarose gel by electrophoresis and
fragments in the 4.4 to 8.0 kilobase (kb} range wetre
isolated. These fragments were ligated to pCFM936
(A.T.C.C. No. 53,413 from the American Type Culture
Collection, 12301 Parklawn Drive, Rockville, Maryland)
an Escherichia coli (E. coli) plasmid which displays
higher copy numbers at elevaled temperatures and which
confers kanamycin resistance. The vector wasgs digested
with EcoRI and dephosphorylated with calf intestine
alkaline phosphatase prior to llgation.

The ligatlon products were introduced into

E, coli CbOU ( A.T.C.C. No. 23724 from the: American
Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland) and following overnight incubation
on L-agar supplemented with 10 wg/ml kanamycin,
kanamycin-resistant host cells were selected, Plasmid
DNA was amplified by incubating the selected host cells
at 42°C for 4 hours. Colonies were then transferred to
nitrocetlulose filters and processed in accordaﬁ?e with
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FROM FORRESTERS LONODON 14, P.
Brief Description of .the Drawings Fig. 2 sc enatlcalfy illustrates the 18

cyclization of Asn-@y residues, such as those found at positions 218 and
219+of subtilisin as set forth-in Table 1, to form anhydroaspartyl gl yci ne
and al so depicts base-catal yzed hydrolysis thereof; Fig. 2 is a partial
restriction map of an aprA 20 gene-c@pt & ni ng an EcoRI - Kpnl gene fragnent
of Bacillus subtilis'(B. subtilis) strain @127 and includes a parti al
restriction map of the aprA gene and flanki ng sequences; Fig. 3 is a
partial restra otolownyreytofidi 28 iql pwicedpaeBhiescFibed4bys a fl owchart

T Tustrating ¢f @aese i ), G UCTE % OfnaRAVBALIa . 2gBE asgayhi g8, directs
3961 (1975).
An oligonucleotide probe was used to screen

5 for colonies which harbored the subtilisin gene on
pCFMS36. 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

10 which corresponds to the amino-terminus of the aprA
gene product (Wong, et al., Proc. Natl., Acad. Sci.
(USA), 81, 1184-1188 (1984); Stahl, et al.,
J. Bacteriol,, 158, 411-418 (1984). A hybridization -
temperature of 55°C was employed and 5 poslitive

15 colonies were identified out of a total of 400. The
plasmid DNA from one of the positive colonies was
designated pCFM936 apr2. '

Plasmid pCFM936 22_2 was digested with EcoRI
alone, with HindIII alone and with EcoRI and HindIII in

20 combination, Sizes of EcoRI fragments of the
subtilisin gene conformed to those described in Stahl,
et al., supra, but several otherwise undescribed
HindIII sites were discovered. As described herein in
Example 3, two of the HindIll sites were utilized in

25 the genetic manipulations of the subtilisin gene.

It was determined that a large 6.5 kb EcoRI
fragment of B, subtilis OB127 genomic DNA carried the
aprdA gene, its regulatory sequences and unrelated
flanking sequences by verifying that restriction enzyme

-rse,

30 digests conformed to the results reported by Stahl, et
al., supra. This was confirmed by DNA sequehcing using
the dideoxy chain termination method described by
Sanger, et al., J. Mol. Biol., 143, 161-178 (1980). A
3.0 kb EcoRl to Kpnl subfragment of the 6.5 kb ECoRI

35 fraguent, as illustrated in Fig. 2, was also found to
contain the aprA gene, its rcgulatory seguences, and

'I‘lns Sheet Has Been Rep
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Fig.* 5 i9 a partial restriction map of pAMB30 plasmd)l ! Fig. 6 illustrates
t he tonst.ruction
npl 9 apr A143.

Al a222]

)

subtilisin in bl each.
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of pAMB106; Fig. 7 illustrates the construction of ML3 35
-9- Fig. 8 shows the stability of (Asp76, Ser109, Ser218,
Figures 2land 10 show the washi ng performance

unrelated flahking sequences. Although the XpnI-EcoRI
fragment is reported to be 2.5 kb in length by Stahl,
er al., and in the legend to Fig. 1 therein, comparison
of the scale of Fig. 1 and the scaled depiction of the
fragment therein reveal that, even in Stahl, et al.,
the KpnI-EcORI fragment is substantially larger than
2.5 kb. _ '
'~ B cloning vector for Bacillus host ‘systems,
plasmid pAMBll, was constructed as follows. The
plasmid pTG402 {(Northern Regional Research
Laboratories. United States Department of Agriculture,
Peoria, Illinois, strain number NRRL B-15264) was
partially digested with the Rsal restriction -
endonuclease, Fragments were ligated to M13 mpls8
(available from Bethesda Research Laboratories,
Gaithersburg, Maryland as catalog number 8227SA) which
had been previously digested with HincII. Ligation
products were introduced into E. coll JIM103 (available
from Pharmaclia, Inc., Piscataway, New Jersey as catalog
number 27-1545-01) by transformation in accordance with
the procedure of Mandel, et al., J. Mol. Biol., 53,
154, (1970). Bacteriophage plaques were sprayed with
0.5M catechol (prepared in distllled water) to detect
the functional expression of an xylE gene derived from
pTG402. The xylE gene encodes catechol 2,3-dioxygenase
and is useful for detecting promoters in a variety of
organisms {Zukowski, et al., Proc, Natl. Acad. Sci.
(USA), 80, 1101~1105 (1983)]).

The xylE gene was then transferred as a 1.0
kb ECORI to Pstl fragment to the E. coli/B. subtilis
plasmid pHV33 (available from the American Type Culture
Collection as A.T.C.C. 39217) {Primrose, et al.
Plasmid, 6, 193-201 (1981)} obtained from R. Dedonder
{(Institut Pasteur, Paris, France). The pHV33 plasmid
had been previously digested with EcoRI and PstI so
that the xylE-containing fragment, when ligated in this
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FROM FORRESTERS LONDON 2,22.1996 8315
of [Asp76 Ser109 Ser218, Al a22 subtilisin. 5 Detailed Description of "the
I nvention The term "subtilisin" as enployed herein, refers to a mature,
secrreted,form of the enzyne which 10 | acks | eader sequences cleaved from
the mature enzyne prior to or at secretion. Subtilisins that nay be
modi fied in accordance with the presén 2i fiventi on I ncl ude, but are not
limted to, naturally occurring subtilisins represented by the amno acid

sequence of 1§ﬁqs¢&;| I‘tﬁsd N Qa}{alc%q% 8 §UB%¢EI §gp ﬁﬁ’ ﬁb aprA gene

product of Bacilius 'su subtllls n S|n of Bacillus
mesent eri cus, Qﬁﬂ#ﬁ?ﬂ?@ﬁﬁn|ﬂthﬁ¢&@ﬂtBngsBB§FWF§vvaﬁﬁa%hyl@%%b%h@?l%lcus

The ami no aci ¢ FRASHA [ 1 55 Yelel 10l B, CABLEDRESL | SeTipSCrbbEd by
requires the addition of a promoter for xylE to be
5 expressed in B, subtllis host cells. E. coli cells
harboring pAMB21 are resistant to tetracycline
{15 wg/ml) and chloramphenicol (20 pg/ml) while B,
subtilis cells harboring pAMB21 are resistant only to
chloramphenicol (5 ug/ml)
10 ‘The toon
of bacteriophage lambda was transferred from plasmid
R PCFM936 (on a 400 base pair Pstl to BglII fragment) to
the unique PstI site of pAMB21, ‘A synthetic nucleotide -
with the sequence, 5' GATCTGCA 3', was constructed to
15 Jjoin the BglII extremity of the t922 fragment to the
PstI site of the vector pAMB2l. The resulting plasmid
was designated pAMB22 and had properties identical to
PAMB21 except for the inclusion of a transcription
terminator. The pAMB22 plesmid is useful for detecting
20 strong promoters that are functional in B, subtilis.
The 1.4 kb EcoRI to BglII fragment of DNA
from pAMB22 that contains xylE and tQEE was lsolated

transcrzption termination sequence

from a low-melting point agarose gel after
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 digested with EcoRI and BamHI. The
resulting 5.3 kb plasmid, pAMB1l1l, contains the
polylinker sequence of Ml3mpl8 (EcoRI, SstI, Xmal, Sma,

30 BamHI and Xbal) upstream of the xylE gene which is

followed by tO_OR’ as shown in Figure 3. The pAMBll

pPlasmid is capable of replicating in B. subtilis and

confers upon host cells resistance to chloramphenicol
{5 vg/ml) and/or kanamycin {5 ug/ml}).

35 As illustrated in Fig. 4, the purified EcoRl
to Kpnl fragment containing aprA was cloned onto pAMBl1l
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FROM FORRESTERS LONDON .
20 Snith, et al., J. Biol. Chem, 243, 2184-218T°(16685. The amino acifd?*
sequence+for subtilisin BPN is described by Markland, et al., J. Biol.
Chem , 242, 5198-5211 (1967). The amino acid sequence for subtilisin DY is
descri bed by Nedlov, et al., Hoppe- 25 Seyler's Z. Physiol. Chem, 364,
1537-1540 (1983). The anino acid seduehte for the subtilisin of Bacillus
nmesentericus is described by Svedsen, et al., FEBS Letters, 196,  220-232

1986). Th ] [ . & iJisin._qf . Il btil
ar. 50 any! ohcina; ppARLLELC Gl @loddlt Mok g sRpkpbbage g (S

103, 1060-10651¢1988) . sthbi his I be? f axgridndeusf thud gacR4dene product of

Baci | lus subti}igalgafeaCEibRlpiyi SahlceRit id) stobk BaRkeri @k No158, 411-

418 (1984). The am no acjd sequence of suc .
1A423) by the protoplast transformation method

5 described by Chang, et al., Mol. Gen. Genet., 168,
111-115 (1979). B. subtilis MI1l2 withoul plasmid DNA
is protease-proficient (Prtt phenotype), but secreted
levels of subtilisin are rather low. Chloramphenicol-
resistant (Cmf} transformants were transferred onto

10 L-agar plates supplemented with 1.5% (w/v) skim milk
and 5 pg/ml chloramphenicol, then incubated at 37°C,
R After incubation at 37°C for approximately
sixteen hours, colonles of MI1ll2 harboring plasmid
pAMB1l11 produced a clear halo surrounding each
15 colony. Halos were formed by the proteolytic action of
gsubtilisin on the casein component of the skim milk
medium supplement., MIll2 harboring the paAMBll wvector
alone had n¢ visible halo after 16 hrs. of incubation,
although a slight halo eventually developed after 40
20 hrs. of incubation at 37°C. Cells carrying pAMBl1ll
were clearly distinguished from cells carrying pAMBl1l
by a difference in nalo size. The cloning of the aprA
gene in a fully functional form thus led to a high
level production and secretion of subtilisin by B.
Ty 25 gubtilis.

Example 2

As illustrated in Fig. 4, & 3.0 kb EcoRI to
30 KpnI genomic fragment, the isoclation of which is
. described in Example 1, was digested with HindIII to

produce three fragments: (1) a 1.1 kb EcoRI to HindIII
fragment carrying genetic regulatory sequences for apra
gene expression, the "pre-pro" region of the gene

35 required to extracellular export of subtilisin, and the
DNA sequence coding for the first 49 amino acids of

_—
This Sheet Has Bee

il



FROM FORRESTERS LONDON 1996 .. . P.27
35 subtilisins are inpcorporated by reference herern .Such subtilisins are

characterized as having cal cium binding sites necessary to stabilize the
nol ecul e, -10- In accordance with the present invention, a class of
Isubtilisin anal ogs are provided mhiqpégfssess I nproved capacity to bind to
calcium Cal cium has been used to stabllize subtilisin in powders and
liquid 5 detergent, especially in applications requiring higher

t enper at ur es. mJ\t@rQrgﬁﬁf'ithYﬁml?P 491 7 6% 1 ddie 1Tl bligakign of the
calciumbinding site o e subtilisin nolecuteto increase cal ci um
bi ndi ng. As fragment carrying DNA sequences coding for amino acids

S0 through 275 (carboxyl~terminus) of subtilisin along
with a transcription termination sequence and 3' non-
S coding sequences; and (3) a 0.8 kb HindIII to KpnI
fragment containing 3' non-coding sequences.
The 1.1 kb fragment flanked by HindIII sites
was cloned to the single HindIII site of bacteriophage
M13 mpl8 for the purposes of DNA seQuencing and site-
10 directed mutagenesis. One of the recombinants,
designated M13 mpl8 apr2, provided single stranded
4 template DNA required for site-directed mutagenesis of
the aprA gene. -
The coding region of the aprd gene was
15 sequenced and the results of the sequence are set forth
in Table 1 herein. It should be noted that the
specific 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 aprA gene, and that there exist codon sequence
differences from Stahl, et al., supra, at amino acid
positions 84 and 85. 8pecifically, Stahl, et al.,
SUpra, reports a codon GTT {coding for valine) at amino
acid position 84 while the codon GTA (also coding for
25 wvaline) appears in Table 1. Stahl, et al,, supra, also
reports a codon AGC (coding for serine) at amino acid
position 85 as opposed to the codon GCG (coding for
alanine) in Table 1.

30

35
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FROM FORRESTERS LONDON 3
used herein the term"mdification of the calzc2 ute10 ® b ndi ng site" refferd

to rpplacenent of one ‘or nore amino acids in the region of a cal cium
binding Site present in the am no acid sequence of subtilisin with a
negatively charged am no acid thereby enabling the resulting subtilisin
anal og to have an additional 15 negatgye-charge. It has been found that
one calciumbinding site in a subtilisin involves the follow ng am no
acids: dn2, Aspd4l, Leu75, Asn76, Asn77, Ser78 |Ile79 {dy80, Val 81, Thr208
and Tyr214 relative to the am no aci dI&BkEichce set forth in Table 1. The
present 20 invention preferably involves replacenent of one or nore of the
am no acids presggg in the caIC|un1b|nd|ng site with a negatlvely char ged"

am no aci o sueh 4EARp a8d. by 208 U3 ol FEl WY AP veu RS 00

not ed GTG AGA AGC AAA AAA TTG TGG ATC AGC TTG TTG TTT GCG

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

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

€y Gly Phe Lys Gln Thr Met Ser Ala Met Ser Ser Ala Lys Lys
Pl 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 Lys
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

Glu Glu Asp His Ile Ala His Glu Tyr Ala Gln Ser Val Pro
GAA GAA GAT CAT ATT GCA CAT GAA TAT GCG CAA TCT GTT CCT

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

20 30
Gly Tyr Thr Gly Ser Asn Val Lys Val Ala Val Ile Asp Ser
GGC TAC ACA GGC TCT AAC GTA AAA GTA GCT G?T ATC GAC AGC

40
Gly Ile Asp Ser Ser His Pro Asp Leu Asn Val Arg Cly Gly
GGA ATT 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 TCT GAA ACA AAC CCA TAC CAG GAC GGC

) : 70
Ser Ser His Gly Thr His Val Rla Gly Thr Ile Ala Ala Leu
AGT TCT CAC GGT ACG CAT GTA GCC GGT ACG ATT GCC GCT CTT

——
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FROM FORRESTERS LONDON 2.22.19986 8:17 P.29
that al though Asp4l in the calciumbinding site is a 25 negatively charged
am ho acid, one enbodi ment of the present invention involves changi ng Asp4l
to G udls. The other enbodinents relate to changes other than to Asp4l. One
preferred enbodi nent of the present 3 i nvention involves a subtilisin
anal og wherein Asn76 is converted to A&p76. Another enbodi ment invol ves
conversion of the Ile79 to Asp79. Another enbodi nent involves the above
preferred nodifications to the oggilgin ?d@ﬂtng_ﬁite and substitutions of
Asnl109 and 35 Asn218 to Ser109 , S elimnating two unstable.
Asn-Ady sequences. A nore preferred

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 ACC CCA TCA

50 - B I 100 |
Leu Tyr Ala Val Lys Val Leu Asp Ser Thr Gly Ser Gly Gln
TTA TAT GCA GTA AAA GTG CTT GAT TCA ACA GGA AGC GGC CaAa

110
Tyr Ser Trp 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 GGT

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

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

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 lle 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 Arg Leu Glu Ser Thr Ala Thr Tyr Leu
GCG CAA GTC CGT GAT CGT TTA GAA AGC ACT GCA ACA TAT CTT

_ This Sheet Has Been R
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FROM FORRESTERS LONDON 2.22.1996
- 11- enbodi ment of the present invention i nvol ves the above preferred
nndlflcatlons to the calciumbinding site and Asn-Ady sequences in
conmbi nati'on wi th changes of nethionine 222 to alanine. Another preferred 5
enbodi nent i nvol ves the above preferred nodi fications to the cal ci um
bi nding site and Asn-dy sequences and@Met-222 in conbination with am no
aci d nodi fications that increase the specificity of subtilisin to an
azocasein substrate or a sAAPFpEEEKEEtgaEe i.ﬁ!, 10 Methionine 124 to
Leuci ne or -Al ani ne and/or Isole ° e, and/or Serine 33 to
Thr eoni ne, and/or Serine 62 to Asparagi ne, and/or Serine 63 to dycine,
and/ of Tyrosine 217 tggheuci ne and/or Arginine 247 to . 270

Gly Asn Ser Phe Tyr Tyr Gly Lys Gly Leu Iie Asn Val Gln
GGA AAC TCT TTC TAC TAT GGA AAA GGG TTA ATC AAC GTA CAA

P.30

275
Ala Ala Ala Gln OC '
GCA GCT GCA CAA TAA TAGTAAAAAGAAGCAGGTTCCTCCATACCTGCT

TCTTTTTATTTGTCAGCATCCTGATGTTCCGGCGCATTCTC

.
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FROM FORRESTERS LONDON 1996 )
Leuci ne or Met hi oni ne. In addition to R calciumbindirf’g31
sites described above, subtilisins may have one or nore' additional cal ci um
binding sites. The clainms of the present invention enconpass nodification
of one or nore of all calciumbinding sites that nay be present in the 20
subtilisin. The number of cal cium bndBng sites in any particul ar
subtilisin that nmay be nDdlfled depends on many factors, i.e., the specific

subtilisin, the parti cul atio he su t|||5|n anal o Q her

potenti al calciunlbinmlé} P@ﬁ&? Rﬁé QS—BL SEhE ??P%ﬁ&ﬂ?&%%lns

i ncl ude the fdigt cn/mangt(m)g Asp.].lekanalemuZto( R} n@I D1 4f eagind®h 0 256 ; B and (3)

Prol72 and 4 p fi ite present in
Of i SBSA ﬁéﬁQﬁxi Sﬁh EabBLERY DL DAL O

each nol ecul e upon_ t
seguences codxng or amino auids S0 through 275 )

5 (carboxyl-terminus) of aprA «~ subtilisin aleng with a
transcription termination sequence.and 3' non~coding
sequences, in the unique HindIII site of bacteriophage
M13 mpl8. To eliminate the 3' non-coding sequences, a
KpnI restriction endonuclease site was introduced, by

10 site-ditqcted mutagenesis, at a position immediately
following the transcription termination sequence.
(0 Site-directed mutagenesis was conducted in
accordance with a procedure described by Norrander et. .
al., Gene, 26, 101-106 (1983). Single-stranded DNA

15 from M13 mpl8 apr2 was annealed to a primer,

t %
5' TCCTGAGGTACCGGCGCATTC 3

which was synthesized by the phosphite method described
by Beaucage et. al., Tetrahedron Letters 22, 1859~1862

20 (1981). The primer was homologous to the nucleoctides
in this region except for two (marked by asterisks),
where a thymine (T) was changed toc guanine {(G) and
another thymine (T) was changed to adenine {A), thus
creating a KpnI site (underlined) in this region.

25 The prime; was annealed to M13 mpl8 apr2 DNA
at 65°C and the annealed DNA was slcwly cooled to
hpproximately 22°C and then polymerized for 2 hr. at
15°C in a reaction mixture which consisted of 12.5 .1
of annealed DNA solution, 2.5 ul of 10 mM .each of 4ATP,

30 dCTP and 4GTP, 20 uyl of 12 mM ATP, 0.1 iyl Klenow DNA
polymerase, 0.1 w) T4 DNA ligase and 13 nl sterile
distilled water. The resuliing double-stranded,
covalently closed circula: DNA was introduced into E.

)

coli JM103 by transfection.
15 _ Bacteriophage plagues were then transferred
to Gene Screen TM(Néw'England Nuclear, Beverly,
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FROM FORRESTERS LONDON 1996 8:1 P.32
subtilisin to be nDdl AFd As previously nentloned %pz t he repl acenent of
N €a

one*or nbre of the am acids in the above potentia | ci um bi ndi ng.sites
Will” result in a subtilisin having inproved thermal and pH stability.
Representative of replacenents include Aspl40 with G ul40, Prol72 with
Aspl72 Prol4 with 35 Aspl4, G n27t &th du271, A ul97 with Aspl97. -
12 - In addition to .nodifying the calciumbinding sites of a subtilisin

nol ecule, it is preferred teggav an ,Asn-3d y seguence, present |n t he

subtilisin d¥essaFhysetss)a QPdﬁém fﬂﬂ%%1o queg) whic

contained DNA with the desxred base changes were
identified by hybridizatioﬁ to the radiocactively
labeled (1—32P) synthetic oligonucleotide used for the
5 mutagenic priming reaction described above.

Hybridization was performed at a restrictive
temperature (65°C) in_ordef that only DNA earrying a
Kpnl mutation would hybridize to the synthetic
oligonucleotide. The presence of the Kpnl mutation

10 downstream of the aprA gene on DNA from a single
purified plaque, designated M13 mpl8 apr2 Kpnl, was
confirmed by DNA seguencing by the procedure described
by Sanger et. al., supra and resatriction enzyme -
analysis, _ |

15 A 1.1 kb segment carrying most of the 3' nen-
coding region was deleted by digesting M13 mpl8 apr2
Kpnl with gggI. religating digestion products at a
concentration of 500 ng DNA/ml, then introducing the
ligatlon products into E. coli JM103 by transfection.

20 Bacteriophage plaques which contained DNA with the
desired 0.35 kb deletion were identified by restriction
endonuclease analysls. Bacteriophage from one such
plaque was designated M13 mpl8 aprd4 (Fig. 7). M13 mpls
apr4 provided single-stranded template DNA for site-

25 directed mutagenesis of the aprA gene described
hereinafter.

Example 3

30 In order to express mutated subtilisin genes
in B, subtilis, the plasmid pAMBl106 was constructed as
a vehicle for the mutated gene, as follows:
1) pAMBll)l was dlgested with BindIII. A 1.1
kb segment carrying most of the aprA gene was deleted
35 by re-ligating BindIII digestion products of pAMBlll at
a concentration of approximately 1 wg/ml. This

.ﬂﬁsmmH%B&quMmd
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FROM FORRESTERS LONDON 2.22.1996 8:19 P.33
5 Application S.N. 819, 241, a conserved sequence, Asn- .Gy, at positions

109- 110 sand especi al |y at p03|t|ons 218-219 of Bacillus subtilisins has
beenh identified as a major factor responsible for the pHinstability of

t hese substances (see Figure 1). In order to elimnate 10 the unstable

el ement, Asn218-Gy219 , fromthe subt¥ isin nolecule it was disclosed to
ei t her replace Asn218 with any amino acid other than asparagi ne and/or

change O Y219 4.0A A "0 AP AlNGh HRRaalaiShng, 1i0upeLbbeaTaAner

modi fi cation O ‘1 e uns ment at positions 109-110 wa
descri bed as Birvidhi nhst SAMBLLO miﬂ%daﬁalfég@dﬁseﬂib@dfﬁﬁEFéFﬁ'YI n

adg' t : on, . a%é&@ﬂc%slebm%@ines%wnew ne@ eustsi0EiAngbags ehea Bacillus
subti'sin aceol ALNg & " Rl dd 01 59000180282 2BLBR1 B En eaUenCE
S and the DNA sequence coding for the 3’ non-coding
region of mature subtilisin and the first 49 amino
acids of mature subtilisin.
2) Plasmid pAMBl110 was digested with BamHI
and PsLI in combination. This produced DNA fragments
10 of two sizes, 6.2 kb and 1.0 kb, The 1.0 kb fragment
carries the xylE gene, coding for catechol 2,3-

™ dioxygenase, from the TOL plasmid of Pseudomonas putida

mt—-2 (Zukowski et. al., supra}.
3) The larger, 6.2 kb BamHI-PstI fragment
15 was.self-ligated with the ald of a single-stranded
synthetic oligonucleotide, 5' GATCTGCA 3', which was
synthesized by the phosphite method described by
Beaucage et. al., supra, and T4 DNA iigase. Ligation
products were introduced into B. subtilis MI1l12 (arg-15
20 leuB thrS recE4 (available from Bacillus Genetic Stock
Center as No. 1A423) by the protoplast transformation
method described by Change et. al., Mol. Gen. Genet.
168, 111-115 (1979}). '
- Chloramphenicol—-resistant (CmR) colonies were
) 25 screened for plasmid content. The 6.2 kb plasmid
pAMB106 was idenLified by restriction endonuclease
analysis. It is identical to plasmid pAMB110D except
that xylE has been deleted (Figure 6).
Because it is lacking DNA coding for amino
30 aclds 50 through 275 of aprA subtilisin, pAMBl06 does
not synthesize subtilisin when introduced into B,
subtilis host cells. Subtilisin is synthesized only
after insertion of the remainder of the subtilisin
gene, i.e., either the native DNA sequence Or an
35 analog-encoding seguence.
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ROM .FORRESTERS .LONDON - . 2,22.1996 8:28 ) .
20 wherein Tn additron to a nodification of a calciumbinding site,

|p09itions conprising an Asn-Ay sequence in the Bacillus subtilisin do not
conprise- an Asn-@y sequence in the analog, and in particul ar wherein there
are fewer Asn-dy sequences than in the Bacillus 25 subtilisin. Most
preferably, a position correspondi ng-tdl position 218 in the amno acid
sequence as set forth in Table 1, does not conprise an asparagi nyl residue,
but rather conprises a residue of a different am no acid,, preferably an
amino acid selected fromanong 30 <E%a®Rle A& ine, threonine, cysteine,
glutam ne and isoleucine. To the extent that replacenent of asparagi ne

wth certain gm no acids y_giye.rised®, ihter.f.erenc i, th active site
confornation,E%52é5$gé35—Eg—3+Lés%333*ﬁﬁ?ﬁﬁgééhﬁiigﬁagaﬁg;gﬂnroduced by the

5 Single-stranded DNA from bacteriophage
M13mpl8 aprd4 was annealed to a primer,

P.34

S* TGG ATT ATT AGC GGC ATT GAG TGG 3°

106 107 108 109 110 111 112 113
10 '~ TRP ILE ILE SER GLY ILE GLU TRP o
which was synthesized by the phosphite method described

by Beaucage et. al,, supra. The primer was homologous
to the nucleotides comprising codons for amino acids
106 through 113 of aprA-subtilisin except for one base

-~
-~

15 change {marked by an asterisk) where an A was changed
to a G to allow for the transition which would change
Asnl093 {codon AAC) to serl09 (codon AGC). )

' The primer was annealed to M13mpl8 aprd DNA
at 65°C and the annealed DNA was slowly cooled to

20 approximately 22°C and then polymerized, ligated and
transfected as described in Example 2.

Bacteriophage plaques were transferred to
hybridizalion membranes, then those which contained DNA
with the desired base change were identified by

5 ,5 hybridization to a radicactively labeled ( a-32p)
oligonucleotide used for the mutagenic priming reaction
described above. hybridizatioﬁ was performed at
65°C. One positive plague contained bacteriophage
designated as M13mpl8 2254[Ser1°9]. Double-~stranded

10 DNA from this bacteriophage was diggsted with HindIIl

and Kpnl in combination, Lhen the 750 bp £;Agment _
cartying the mutated bortion of the gggé—subtilisin'
gene was ligaled to pAMBl0G which had been previously
digested with HindIII and -KpnI. The resulting plasmid,

35 PAMB129, may be introduced into a sﬁitable B. subtilis

host cells for synthesis and secretion of [Serlogl—

subtilisin.
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FROM FORRESTERS LONDON 2.22.1996 8:206 P.35
35 presence of an arqomgtic am no acid or changes in tertiary structure
such as ¢may be i ntroduced by the -13- presence of a proline)
substitution with such am no acids would ordinarily be |ess preferred.
Li kew se, to the extent that replacenent of asparagine with other am no
acids may introduce a charged group te3d.5 5 aspartic acid) into the
proximty of the active site, such substltution woul d be | ess preferred.
Il-lustrative of a presently preferred enhodi is an anal og having a -
nodi fi ed cal ci um binding site and a.égiégiﬁQ—-nndlflgftlon of the Asn- (Hy
sequence of theeparation of a [Serine 9, gerine ) Subtllxsxn

Analog

5 S8ingle-stranded DNA from M13mpl8 apt4[Ser1°9] was

annealed to a primer:
]
5' GGC GCT TAT AGC GGA AC 3'

215 216 217 218 219 220
10 GLY ALA TYR SER GLY THR
which was synthesized by the phosphite method described
0y by Beuacage et. al., supra. The primer was homologoua
t to nucleotides comptising codons for amino acids 215
through 220 of aprA-subtilisin except for one base
15 change (marked by an asterisk) where an A was changed
to a G to allow for the transition which would change
asn?l8 (codon AACY to 8er2l8 (codon AGC). The
conditions for annealing, polymerization, ligation,
transfection, and identification of positive plaques
20 Were as described in Example.z. A single purified
plague contained bacteriophage designed as Ml3mpl8 apr4
[Serlog, Setzlsl. Double-stranded DNA from this
bacteriophage was digested with HindIIT and KpnI in
combination, then a 750 bp fragment carrying the two
(" o5 mutations was ligated to pAMBLOG which had been
previously digested with HindIII and Kpnl. The
resulting plasmid, pAMBl3l0, may be introduced into B,
subtilis host cells for synthesis and secretion of
(Serlog, Serle]-subtilisin.

30 '
Example 6
Preparation of a [Asp —§. Ser lﬂS, Ser 315] Subtilisin
Analog
35

single~stranded DNA from M13mpl8 apr4é
[Se:log, Serzle) was annealed to a primer:
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FROM FORRESTERS LONDON 22,1996 8:21 P.36
10 subtilisin. Alternative enbodi ments of anal ogs within the

cort enplsati on of the invention are those having a nodified cal ci um bi ndi ng
sit® and- wherein Asnl09 of subtilisin BPN or of the aprA gene product is
repl aced, preferably by a serine, and erein glycine 15 residues at
positions 110 and/or 219 are replacea different amno acid residues. In
ot her subtilisins, -nodification of a calciumbinding site or sites and
substitution for Asn at residug 62 or Gy at residue 63 of subtilisins

Carl sberg or DY are gl g€ %anggg ?Ea2ﬂwct§e present invention. In
addition, as preV|oust no erred_class of analogs of a Bacillus

subtilisin accor di ng t(?ﬁtu?ﬁor€§enﬂ7|n@@nt?%n have an amino acid sequence
wherein in addition toxmigfgyc alsipoagNagERhELEAl ci um

5 which was synthesigzed by the phosphite method described
by Beaucage et. al., gsupra. The primer was homologous
to the nucleotides comprising codons for amino acids 74
through 79 of aprA-subtilisin except for one base
change (marked by an aaterisk), where an A was changed
1p t© a G to allow for the transition which would change
asn’6 (codon AAT) to A8p76 {codon GAT),
The primer was annealed to M13mpl8 {serl09,
Ser?18) pNa at 65°C and the annealed DNA was slowly
cooled to approximately 22°C and polymerized, ligated
15 and transfected as described in Example 2.
Bacteriophage plagques were transferred to
hybridization membranes and those which contained DNA
with the desired base change were identifled by
hybridization as described in Example 2 except that
20 hybridization was performed at 46°C. One positive
plaque contained bacteriophage designated at Ml3mpls8
apr4 {Asp’S, serl0%, ser?!8), pouble-stranded DNA from
the bacteriophage was digested with HindIII and KpaI in
combination, then a 750 bp fragment carrying the three
T 25 mutations of the gggb-subtilisin gene was llgated to
PAMB106 which had been previously digested with HindIII
and KpnI. The resulting plasmid, pAMBl13l, may be
introduced into B, subtilis host cells for synthesis
and secretion of [Asp75, s¢r1°9, Serzlal—gubtilisin.'

30
Example 7
Preparation of a [Aspl®, GluZ2, gerifd, Sergigl
Subtilisin Analog |
35 ' 76
8ingle-stranded DNA from Ml3mpl8 aprd [Asp’”,
serl09, ser?lBy yas annealed to a primer:
N N /
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25 binding site(s) and Asn-A@y sequences, a Met residue at position 2321 s
reprbced’mﬁth a different amno acid, preferably Ala, to inprove the
loxidatiorf stability of the subtilisin analog. Alternative enbodi nents of
anal ogs within the 30 contenplation of the invention are substitutions of
am no aci ds surrounding the active si't@4resi dues (Asp32, Hi s64 and Ser221),
so as to increase the specific activity of the enzyne toward azocasei n and
synthetic peptide (e.g., SAAPFpN) sybgtrates. Such 35 nodifications are

especially inportant in anal ogs incorporating a nodification at Met222 to
Al a because, 5' T GAT AAC TCA GAA GGT GTT CTG G 3!

7% 76 77 78 79 80 81 82 83
ASP ASN SER GLU GLY VAL LEU

which was synthesized by the phosphite method described
by Beaucage et al., gupra. The primer was homologous
to the nucleotides comprising partial codons for amino
acids ‘75 and B3 and entire codons for amino acids 76
10 through 75 and 83 and entire codons for amino acids 76
through 82 of [Asp76. Seri0?d, Serzlal—subtilisin except
A for three base changes (marked by asterisks), wherein
an A was changed to a G, a T was changed to an A, and a
C was changed to an &, which changed Ile79 {codon ATC)
15 to 61u’? (codon GAA).

The primer was annealed to M13mpl8 aprd
(ASP76. Serl09, Setzle} 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.

Bacteriophage plagues were transferred to
hybridization membranes and those which contained the
desired base changes were ildentified by hybridization
as described in Example 2 except that hybridization was

25 performed at 45°C. One poasitive plaque contained
bacteriophage designated as M13mpl8 apr4 [Asp’s, Glu79,
sert®9, ger?l®], pouble-stranded DNA from this
bacteriophage was digested with HindIII and KpnI in
combination, then a 750 bp fragment carrying the four

30 mutations of the aprA-subtilisin gene was ligated to
PAMB106 which had ben previously digested with BindIIX
and Kpnl. The resulting plasmid, pAMB133, may be
introduced into §. subtilis host cells for synthesis
and secretion of [Asp76, 6lu’?, serl0?, Serzlsl-

3% subtilisin.

- -This Sheet Has Been Replaced:
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- 14 - as previously npted, the Met222 to Ala analog has a specific
act|V|ty *toward the sAAPFpN substrate that is |ess than't hat of the
unmut at ed® enzyne. The specific activity of any anal og incorporating the
Met 222 to Ala 5 substitution can be |ncreased by .i ncor porati ng one or nore
of the follow ng additional changes: = N8t 24 to Leu, Met124 to Ala, |le31
to Leu, Ser33 to Thr, Ser62 to Asn, Ser63 to Ay, Tyr217 to Leu, Arg247 to
Leu or Met. 10 Due to theiy capacity to secrete substantia
guantities of proteins and because tﬁé@ﬂgggagurrently used to produce
detergent proteases, Bacillus mcro- organisns represent a preferred host

for reconbi namy gHAUCI:PHOfa UG MD! idel 109 aB3|2UB  aRLL222NG Lo the
Subtilisin Analog '

5 Single-stranded DNA from M13 mpl8 apr4
[Asp75, serl03, ger?l8| yas annealed to the primer:
. % -

5' GGA ACG TCC GCG GCG ACT  3°
219 220 221 222 223 224
10 Gly Thr 8er Ala Ala Thr

) which was synthesized by the phosphite method described
by Beaucage et al., supra. The primer was homologous -
to the nucleotides comprising codona for amino acids

15 219 through 224 of [Asp75, serl09, ger218j_gyuprilisin
except for two base changes (marked by asterisks),
wherein an adenine (&) was'changed to a guanine (G) and
a thymine (T) was changed to a cytoesine (C), which
changed the Met222 (codon ATG) to ala222 {codon GCG).

20 The primer was annealed to Mi3mpls aprd [Asp76. serl09,
ser2l8) pNa 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 plagues were transferred to

e 25 nhybridization membranes and those which contained
desired base changes were ldentified by hybridization
ag described in Example 2 except that hybridization was
performed at 58°C. One positive plague contained
bacteriophage designated as M13 mpl8 22£4=[Acp75,

30 ser'®?, ser?18, a13222} . pouyble stranded DNA from this
bacteriophage was digested with HindlIII and KpnIl in
combination, then at 750 bp fragment of DNA carrylng
the four mutations of the aprA-subtilisin gene was
ligated to pAMBl06 which had been previously digested

35 with HindIII and Kpnl. The resulting plasmid, pAMB143,
may be introduced and prupagated in Bacillus host cells

_—
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15 present _
protgases, it is preferable that situtations be introduced into the

endogenou$ al kal i ne and neutral protease genes of B. subtilis so that the
nmut ated subtilisin may be produced and secreted by 20 B.
medi um free of other proteases. Thus t¥e present invention al so provides

. : . 2.22,1996 g8:2
I nvention.; Because nost Bacilli secrete al

mut ant strains of B. subtilis which are bl ocked with respect to the

synt hesi s of

ehdogenous prot eases but which retapg the_gappl i bos
synt hosi 76 andh &% ﬁ‘?é‘?'ﬁ’e‘ S Aachas 59 O IRSBT nePRFa ar oE¥p258.
described in & Jemibtidldiaiow, it was found that the pH and thernal

stability and oxidation stability and the stability in detergent
formul ations. of the subtilisin analogs of the present invention is

5

10

1s

20

25

30

35

Example 9

Prepatration of M13 mpl9 aprald43

Plasmid pAMB143 was digested with ECORI and

@aline and neut rar’

subtilis in a

As

Kpnl in combination. A 1.8 kb fragment of DNA carrying

the entire gene for [Asp’®, Serl®?, ser?18, a13222).
subtilisin, along with lts flanking sequences required
for initiation of transcription and translation and
termination of transcription and translation, was
transferred to bacteriophage M13mpl8 (available f£rom
Bethesda Research Laboratories, Galthersburg, MD,., as
catalogue no. 82295a) which had been digested with
EcoRI and Kpnl. One of the recombinant bacteriophage
DNA resgulting from this procedure was designated
M13mpl9 aprAl43d, and provided single-stranded template
DNA required for site-directed mutagenesisa of the
[Asp’a, Serlog, Ser?l8, Ala222]~subtilisln gene.

Example 10

Preparation of a [Leu3t, asp?8, gerl9d sger2l8,

A1a222)- sybtilisin Analog

Single-stranded DNA from M13 mpl9 aprAl43 was

annealed to the primer:
_ * %
5' -GTA GCT GTT TTA GAC AGC GGA 3'
28 2% 30 31 32 33 34
~Val Ala Val Leu Asp Ser Gly

which was synthesized by the phosphite method described

by Beaucage et al., supra. ' The primer was homologous

to the nucleotides comprising codons for amine acids 28

"+ This Sheet Has Been Replaced
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30 significantly greater than that of the wifd type ap{A gene product P-4®
subtilisih and Carlsberg subtilisin. Al subtilisin analogs according to
the invenfion may be prepared in accordance with the follow ng procedure:
35 1) Isolation of the reprgsentative subtil.isin gene aprA from
B. subtilis; -15- 2) doning of the aprA gene on a vector which perm.ts
utilization of oligonucleotide sjie- di ted tagene I.s to create desired
nmodi fi cations; tBrosgheddi oLcl hslp ta@eﬁgg eqﬂénézﬁd

subrilisin except for two base changes (marked by
asterisks), wherein an adenine (A) was changed to
thymine (T) and a cytosine (C) was changed to adenine
§ (A), which changed the I1e3! (codon ATC) to Leu3l
(codon TTA). The primer was annealed Lo M13 mpl9
aprAl43 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 plagues were transferred to
hybridization membranes and those which contained

(3 desired base changes were identified by hybridigation
as described in Example 2 except that hybridization was
performed at $7°C. One positive plagque contained

15 bacteriophage designated as M13mpl9, aprAl44 and
carried DNA coding for [Leual, Asp76. Serl09, Sec218,
Ala;;zlfSUbtilisin. Double~stranded DNA from this
bacteriophage was digested with EcoRI and KpnI in
combination, then a 1.8 kb fragment of DNA carrying the

20 five mutations of the aprA-subtilisin gene was ligated
to pAMBl06 which had been previously digested with
ECORI and KpnI. The resulting plasmid, pAMB144, may be
introduced and propagated in Bacillus hodt cells for
synthesis and secretion of [Leudl, Asp76, Serlag,

25 ser?i8, a1a?2?)-gybtilisin.

Examgle 1l

._

ik
4

. F
-

Preparation of a [A§p76. Serlog, Leu124, Serzle,
Ala?22)-gybrilisin Analog.

30
Single-stranded DNA from Ml3mpl9 aprald3l was
annealed to the primer: '
k&
5* AT GTT ATC AAC TTA AGC CTT GG 3!
35 121 122 123 124 125 128

val Ile Asn Leu Ser Leu
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5 of the resulting DNA fo confirmthe presence of the desired nutation; 4)
Construction of an expression vector to direct the synthesis of the nutated
enzynme in B. subtilis; 10 5) Construction of nmutated B
subtilis strains which do not synthesize subtilisin and neutral protease;
6) Isolation of the enzyme in the extrd8 tellular growth nmediumand its
-purification; 15 7) Practice of procedures for insertion of the

R I R NI T M R
used herein, blyeBepacaigec esubili.l.i gupra. The primer was homologous
to the nucleotides comprising partial codons for amino
acids 120 and 127 and complete codons for amino acids
5 121 through 126 of [Asp’®, serl0%, ser?lB, a1a222).
subtilisin except for two base changes (marked by
asterisks), wherein an adenine (A) was changed to
thymine (T) and a guanine (G) was éhangea to - _
adenine (A), which changed the Met124 {codon ATG) to
10 Leul?4 (codon mrTA). I
' The primer was annéaled to Ml3mpl apral4l
() - 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.

15 Bacteriophage plaques were transferred to
hybridization membranes and those which contained
desired base changes were ldentified by hybridization
as described in Example 2 except that hybridization was
performed at 59°C. One positive plaque contained

20 bacteriophage designated as M13 mpl9 aprAldS and
carried DNA coding for (Asp76. serl0%, reyl?4, ger218,
Ala?22)-gybtilisin. Double-stranded DNA from this
bacteriophage was digested with EcoRI and Kpnl in

. combination, then a 1.8 kb fragment of DNA carrying the

) 25 five mutations of the aprA-subtilisin gene was ligated
to pAMB106 which had been previously digested with
EcoRI and Kpnl. The resuiting Plasmid, pAMB145S, may be
introduced and propagated in Bacillus host cells for
synthesis and secretion of [Asp76. Serlog,zbeu124,

30 ser?l®, a1a222j.gyprilisin.

Example 12

Because most Bacilli secrete alkaline and/or
35 neutral proteases into the surrounding growth medium,
it 1s preferable that mutations be introduced into
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20 analogs are indicated by representing the rep?acenent am no acid inf42
brackets. For exanple, a [Ser109] subtilisin refers to a subtilisin '
nmol ecul e having a serine in amino acid position 109 and a (Ser109, Ser218]
subtilisin refers to a subtilisin nolecule 25 having a serine at am no
acid positions 109 and 218. In Exanpre32 -the aprA gene encoding subtilisin
Is isolated fromthe B. subtilis genonme. In Exanple 2, the aprA gene is
subj ected to site-directe an -ex sion vector

T g' tagene is. . In, Exanpl e 3, _
30 cont ai ni n§"CRIERIES: 8dkAAR géﬂg PE“Eﬁﬂét?ﬁgF%ﬂse I IR 4, a [ Ser
109] subtili seabaidliag tios bloepatbdirl189nERaspsesd tmscrmbestade preparation
of a [Ser Serglgh 34Rlik' ig3hBs3Nadhed 1nE¥8HREE40: HESCEALGRuLant cell,
may produce mutated subtilisins which will then be
5 secreted in a medium free of other proteases likely to
interfere with isolation of intact subtilisin
analogs. Two mutant B. gubtilis strains B224 and B225,
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. coli, but not in B. subtilis unless
integrated into the B. subitilis chromosome by
hemologous recombination, was constructed as follows.
15 Plasmid pBD64 (Bacillus Genetic Stock Center, Number
1E22) was digested to completion with Bpall to produce
three fragments of 2.95 kb, 1.0 kb and 0.75 kb in
gize. These fragments were then 1igated as a mixture
to plasmid pBR322 (A.T.C.C. 37017) which previously had
20 been digested with Clal. 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., 53, 154
(1970)]}. Selection was for cells resistant to
25 c¢hloramphenicol (20 ug/ml) and ampicillin (50 wg/ml).
Plasmid DNA from 12 transformants was prepared by an
alkaline extraction procedure described by Birnbeoim,
et al., Nucleic Acids Res., 7, 1513-1523 (1979), then
digested with HindIII and ECORI in combinatien to
30 ”verify the presence of inserted fragment(s). One such
plasmid, designated pAMB30, was found to carry the 1.0
and 0.75 kb Hpall fragments of pBD64 in the Clal site
of pBR322. These fragments contain the chloramphenicol
acetyltransferase {cat) gene which is functional in E.
35 coli and B, subtilis. Digéstions with Bglll and,
separately, with Sau3A confirmed the identity and

- This:Sheet Has Been Replaced
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preparation of a [Asp76,. Ser109, Ser218) subt|1i5|n 3y ~anal og. Exanpl & 47
descri bes the preparation of a [Asp76, G u79, Ser109, Ser218] subtilisin
analog. * -16- In Exanple 8, a (Asp76, Ser109, Ser2l8, Al a222] subtilisin
analog is prepared. In Exanple 9, the [Asp76, Ser109, Ser218, Al a222]
subtilisin anal og gene is transferred 40 bacteri ophage ML3npl 9 in 5.
preparation for site-directed nmutagenesis. |In Exanple 10, a [Leu3l, Asp76,
Ser 109, Ser218, Al a222] subtilisin analog is prepared. Exanple 11
descri bes t he Ofri@sdradiiam off the[ esﬁ7e?n5e9&oe,ﬂﬂﬁgmzm% geumtrated

in Fig. 5.
Because pAMB30 lacks an origin of replication
sequence which is functional in B. subtilig, it cannot
5 replicate as an autonomous replicon in B. subtilis host
cells., On the other hand, pAMB30 contains the pPBR322~
derived origin of replication which is functional in E.
coli, thus the plasmid can be propagated in E, eoli
host cells. Plasmid pAMB30 is useful in at least 2
10 ways. PFirst, a fragment of DNA which contains a
functional origin of replication in B, subtilis may be
{1 detected when cloned onto pAMB30 such that the plasmid
will autonomously replicate in the extrachromosomal
state. Second, plasmid pAMB3O0 can integrate into the
15 genome of B. subtilis at a site of homology between the
chromosome and B. gubtilis DNA cloned onto pAMB3O.
This has been demonstrated by Haldenwang, et al., J.
Bacteriol., 142, 50-98 (1980) and Young, J. Gan.
Microbiol., 129, 1497-1512 (1983) using plasmid
. 20 wvehicles similar to, but not identical to pAMB30.
Plasmid pAMB2l (described in Example 1) was
digested with ECORI and Pstl to isolate the xylE gene
on a 1.0 kb fragment. The fragment was ligated to
it PAMB30 which had been previously digested with BEcoRl
' 25 and PstI. Ligation products were introduced into E,
coli C600 by transformation. Selection was for chlor-
amphenicol resistant (20 ug/ml) host cells which were
sensitive to ampicillin (50.ug/mi) due to the insertion
of the xylE fragment of pAMB2] into the structural gene
30 for ampicillin resistance of pAMB30. The resulting
plasmid, pAMB30/21, has properties identical to pAMB30
but has, in addition, a functional xylE gene.

Plasmid pAMB110, which carries the aprA gene
deleted of a region coding for the latter 226 amino
35 acids of mature subtilisin, was digested with EcoRI and
KpnI. The 1.9 kb fragment of B. ?ubtilis DNA
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Al a222] subtilisin anal og. 10 lﬁ'%&é%%ie %3° two nutant strhi‘fs
of B. subtilis which produce no detectable extracellul'ar' proteases are
constructéd. Exanple 13 describes procedures for integration of a nutated
aprA gene into the chronosone of B. subtilis. |In Exanple 14, wild- 15
type and nutant aprA subtilisins are 1sil ated and purified. Exanples 15,
16, 17, 18, and 19 describe characteristics of the subtilisin anal ogs of
t he present inventi regardjngﬁstabilit

per f or mance. ﬁ"ta?ﬂing genet dﬁ?qwtt%'yaas%&iﬁ‘%!ﬂ}:l%g? gé\gﬁaagéngﬁnﬁhe
present inventexpreseiengehtheoppoptae'bregionheher Bdntegneasei on nmay
conprise: () &balR§StoPens U { AL Y M 2BYsOBE mature
subtilisin and 3' non-coding sequences was ligated to
5 pAMB30/21 that had been previously digested with EcoR1
and Kpnl, Ligation products were introduced into E,
coli €600 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 insérted 1.9 kb fragment was verified by
multiple restriction endonuclease digestions. One such
(') plasmid, designated pAMB30l, was retained for £urther
use, g
B. subtjlis strain BGSClA274 (Bacillus

15 Genetic Stock Center) carries a mutatien at the ggg'
locus and is incapable of producing extracellular
neutral protease. The plasmid pAMB30l was integrated
into the genome of B. subtilis BGSC1A274 by
transformation of competent cells [Spizizen, Proec.

20 Natl, Acad. Sci. (usa), 44, 1072-1078 (1958})].
Selection was for chloramphenicol-resistant (5 wg/ml}
host cells which were then transferred by sterile
toothpicks to L-agar supplemented with 1.5% (w/v)
powdered skim milk and (5 ug/ml} cloramphenicel. Those

€ 25 cells which failed to produce a clear halo surrounding
the colony were deficient in the abillty to produce
extracellular neutral and serine proteases due to the
combination of the npr mutation along with the newly
introduced aprA mutation. The aprA mutation was a

30 deletion of the latter 226 amino acids of mature
subtilisin due to the replacement of the wild-type aprd
gene with the deleted version carried on pAMB30l, One
such strain, designated Bz24, has the Npr~ Apr~ Cm'
phenotype, thus it produces no detectable extracellular

35 neutral protease nor extracellular alkaline protease
and is resistant to chloramphenicol at 5 ug/ml.
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anlonlc non-1oni c, nphoterlc or a mater-soluble 25 soap. Typically,

an sani oni c surfactant (e g., a linear alkyl aryl sulphonate) Is used in
adrti xtur.e with a. non- i oni ¢ (e.g., an al kyl phenyl polyglycol ether) in
anounts of 5-30 and 1-5 percent by weight, respectively, of the detergent
conposi tion. 30 (b) One or nore builders, preferably having a
concom tant sequestering function. Sodiumtripol yphosphate, sodiumcitrate,
sodi um si | i catgyu @Mk 7 aQldtitdngaGotxamphesJof MslichBmhpo UdRis, 5U3tRL Ty

consti tuting gyl 10 70, per et Ry svR HE 8E1LPEorR ™ ASRL 950

conposi tion.
gene on the chromosome of B. subtilis B224.

Cultivation of B. subtilis Bz24 in Antiblotic Medium
5 No. 3 (Penassay Broth, Difco, Detroit, 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 confering chloramphenicol
resistance upon host cells was lost due to its

10 instability in the B224 chromosome. Such a phenomenon
has been previously observed by Stahl, et al., J.
Bacleriol.,, 158, 411-418 (1984). A chloramphenicol-
sensilive derivative of BZ24 was designated Bz25. B, -

——
-~

subtilis Bz25 has the Npr~ Apr~ phenotype, thus it

15 produces no deteclable exlracellular neutral protease
nor exlracellular alkaline protease. Southern blotting
was used to confirm the deletion in the aprd gene on
the chromosome of B, subtilis B223. '

Because B. subtilis B225 produces no

20 detectable extracellular neutral protease nor
subtilisin, it is a useful host strain for introduction
of plasmid DNA, such as pAMBl113, for the production of
mutated subtilisins which may be secreted into the
surrounding growth medlum free of other proteases.

(R 25 B. subtilis B225 produces no detectable
extracellular proteases when culture supernatants are
assayed as described below. B. subtilis B225/pAMB113,
which ls B225 that harbors plasmid pAMB113 (introduced
by the protoplast transformation method of Chang, et

30 al., supra) produces appreciable gquantities of |
[Ser218]-subtilisin when culture supernatants are
assayed as described. .

Example 13

35 : Integration of the (Ser?l8j-subtilisin gene
into the chromosome of B. subtilis was believed to

@hwd
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- 17 - (¢) A bleachlnﬁ agent, preferably a peroxy conpound such as sodi um
c

perBorate, typically ihcorporated in an anpunt up to ﬁo’percent by wei ght

of the cenposition. 5 (d) Ancillary agents, such as

car boxymet hyl cellul ose, optical brighteners and perfunes. If required, a
pH adj usting agent is added to give a ¢B of the |aundering nediumin the
range of from7.0 to 10.5. The detergent conpositions contain an 10

ef fective anmount qf, one or re of the subtilisip anal ogs of, {he present
i nventi on. Aspﬁ§€&dﬁéﬁa|?ﬁé§aﬁﬁﬁq\H?YaﬁguhPCB?a%ﬁ%ﬁﬂﬁ ¢ 19988t og" refers
to the quanti istabfildutiy idfi Tl samaltamtngeeesar $utl smhapyooddie #haymati c

activity necegsaley, slat s e niP U 1G Hahe 86P  chloramphenicol in the
- fermentation medium which is otherwise needed for
$ application of selective pressure to maintain plasmid
DNA in the extrachromosomal state. Thercfore, the
[Se1218]-subtillsin gene, along with its genetic
regulatory sequences and flanking DNA homologous to the
B, subtilis chromosome, was isolated from a low melting
10 point agarose gel after electrophoresis of pAMBll3
which had been digested with EcoRl and PstI in
combination. The 4.0 kb ECoRI to PstI fragment
(illustrated in Fig. 4) was then ligated to pAMB30 =
{(illustrated in Fig. S} which had been digested with
1§ EcoRI and PstI in combination. Ligation products were
introduced into E. gg}i HB10l (A.T.C.C. 33694) by
transformation. Selection was for cells resistant to
- chloramphenicol (20 */ug/ml). Plasmid DNA from four
transformants which met the criteria above were
20 isolated by the alkaline extraction procedure of
Birnboim, et al., supra, then digested with EcoRI and
PstI in combination. All four plasmids contalined the
4.0 kb insert and the 5.6 kb remaining portion of
PAMB30. One such plasmid, designated pAMB102, was
L 253 purified and retained for further use.
Repeated attempts to integrate plasmid
PAMB302 into the chromosome of B. subtilis B225 by the
compqteﬁce method [Spizizen, supral were

-,
N

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 B,
Subtilis B225 cells by the protoplast transformation
method of Chang, et al., supra. This result is
particularly significant in that research strains in
35 which integration has been-obtained were selected on
the basis of transformation by the competence method.

[T
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15 conposition. Such(effectlve anount s are ‘fead ?y a<cert ai ned by onefof
ordlmary skill in the a t and is based on nmany factors} such as the
particul af subtilisin analog utilized, the cleaning application, t he
specific conposition of the detergent conposition, 20 whether a liquid or
dry conposition is required and the likg ~The particulate subtilisin anal og
preparation of the invention is added in an anount cal culated to give an
enzyme activity of at least 0.1 Anson units 25 (AU, vide infra),
preferably 0. 52r&ind) preicilfay bé umiblgem romresicompetenki aeduiined,

bal ance to 10}&’?&9@% FRYn8GsE21EP! 4 SAEthe Lo War 43R Gellebkal
preferably sodiums 1§ % Iqul d detergent conpositions nmay be prepared
. on the basxs of transformat:on by the competence

method, may be more likely to be unable to become
8% competent. '
Selection was for chloramphenicol-resistant
cells (5 ug/ml) cells, which were then transferred with
sterile toothpicks to L-agar supplemented with 1.8%
(w/v) skim milk and S wg/ml chloramphenicol. Calls
10 were incubated overnight at 37°C. Clear halos of

_ different diameters were observed around the Cm’

( colonies, This indicates that subtilisin was produced
and secreted by these cells. An attempt was made to -
isolate plasmid DNA from eight of these colonies by the

15 alkaline extraction method. No plasmid DNA was
detected on agarose gels which were stained with
ethidium bromide (1 ug/ml) to visualize DNA after
electrophoresis. The absence of extrachromosomal
plasmid DNA in the Cm® cells which produced subtilisin

20 was a strong indication that pAMB302 had been
integrated into the chromosome of B, subtilis.

Several colonies resulting from this
experiment were isclated and designated B228, BZ29,

- BZ30, Bz231, BZ32 and BZ33. Each strain was grown

. 25 overnight at 37°C with vigorous shaking in brain heart
infusion medium (BHI, Difco) supplemented with 5§ g/ml
chloramphenicol. Culture supernatants were assayed for
subtilisin activity. B. subtills strains B228, BZ29,

BZ30, BZ31, BZ32 and Bz33 all produced subtilisin and

30 secreted it into the surrounding growth medium, some
strains producing more than others, The amount of
subtilisin observed in the liguld culture broth was

directly proportional to the size of the hale observed
on skim milk L-agar plates. Because of the amounts of

35 subtilisin secreted by these cells differed, multiple

copies of pAMB302 were integrated inte the chromosome
_ .
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FROM FORRESTERS LONDON 1996

30 fromenzyme slurrieg, preferably in non- aqueous ne fa. Typi cal ly, %dén
sluriies may consi st o 'a suspension of finely ground subtilisin anal og
concentratein a liquid non-ionic surfactant, for exanple Tergitol 15 S 9
or a mxture of such 35 surfactants. Lbually, the slurry will also
contain one or nore inorganic fillers,4such as finely ground sodi um - 18-
chloride, optionally in adm xture with a suspension stabilizer, for exanple
fumed silica (Aerosil. 2002 Tergitol and Aerosjl are tr% eqarki. A
subtilisin arzt ogent ampl$fieakich [¥eungred . Gen. Microbiol., 123,

1497-1512 (1983); Albertini, et al., J. Bacteriol,,
162, 1203-3211 {1985)] had taken place.

Example 14

Wild-type subtilisin and subtilisin analogs
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
(NH4),80,4 (600 g per liter)., The precipltate was r
collected by centrifugation, dissolved in 20.mM
15 2 [N-morpholino) ethanesulfonic acid (MES) pH 6.4. The
solution was made 30% in acetone, and the 30% acetone
supernatant was collected by centrifugation, The
supernatant was then made 75% in acetone, and the
j 30-75% acetone pellet was flltered and dried under
j . 20 vacuum.

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 through a column
| - 25 (2.5 %x. 15cm) of S-Sepharose FF at a rate of 2 ml per
| minute. After washing the column with 0.02M MES, the
enzyme was eluted with a linear gradient of NaCl in the
same buffer, to 0.5M 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 azocasein were dialyzed at 4°C
against S mM MES pR 6.3 and then lyophilized.

35

-
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P.49%9
5 i At&h BPRRGATE"CatChlated to give a proteagélgzﬁlv?fv of at least 0.1 AU
preferably 0.5-2.5-AU per 100 g of liquid detergent conposition. The-
detrer gent conpositions nay be prepared in the usual manner, for exanple by
m xi ng together the. 10 conponents. Alternatively, a pre-mx is nade,
which is then mxed with the remai niigdé ngredi ents. Because of the good
stability and activity properties described,the subtilisin anal ogs
according. to the invention can be used in all fields where 15 proteolytic
enzymes. are general ly used. In par Exalpae 15t can be used for detergents
and cl eansers or spot renovers, as a depilatory in tanning, and also in the

food Industry for the pgeparation of; pro) el IMdqhy ks ads 1 serol ooy.

applied to a Pharmacia FPLC Superose 12 column, and the
5§ material aluting as the intact (not cleaved) protein
was pooled, in 20 mM MES, 0.1 M NaCl, pH 6.4, Samples
of wild type subtilisin, or subtilisin analog of the
present invention to be evaluated were incubated for
10 min, in the same buffer, the buffer plus 3% SDS, or
10 20 mM MES, 0.1 M NaCl, 5 mM CaClz and 15 mM EDTA at the
indicated temperature., The samples were cooled to room
b temperature for 5 min. and then assayed for 20 min. at
room temperature (20°C) in Tris-HCl, pH 8.0 with 0.6% -
azocagein to determine protedlytic activity, The
15 proteolytic activity of each sample is expressed as a
percentage of the original activity of either wild type
or analeog, at 20°C in 10 mM CaCl,, and is represented

in Table 2.
20
’ 25 ,
30
35
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FROM FOR ESTERS .LOND 1996 8:2 P.50
20 |nconple & &nti-DO 3| It is partlcularly advantageous for use in the

food industry and in Serology that the subtilisin anal ogs according to the
i nventi an have excellent stability in the solid or dissolved formthat
physi ol ogi cal |y acceptabl e quantities of calciumions 25 nmay not be
necessary to stabilize the subtilisinganal og i n aqueous solutions, in
contrast to those of other enzyne preparations. The foll ow ng Exanples wll
further serve to illustrate the invention although it will be understood 30
that the invention is not linmted toTAB&Ee2specific exanples. Exanple 1 35
B. subtilis strain @127 (trpC2 | euA8 sacUh200) [Lepesant, et al., Mlec.
Gen. Cenet., 118,

Proteolytic Activity of Wild Type Subtilisin

5 fTemperature 0t SDS = 3% &DS 0% SDS +15 mM EDTA

20 100 8 100
35 100 0 62
50 ' - 95 0 37
10 70 14 0 14
100 0 0 0
7
Activity of [AsEZQL_Sergg, Serzlgl
15 Sublilisin Analog of Example 6
Temperature 0% SDS 3% 8Ds 0% SDS +15 mM EDTA
20 20 100 55 ' 951
50 100 12 94
100 5 0 S
i Examﬁle 16

Intact subtilisins were obtained by FPLC on
the Superose 12 column. The intact subtilisins were
incubated for 30 minutes at room temperature (20°C) in
15 mM MES, 0.05 M NaCl, pH 6.3 conlLaining either 4 mM

30 CaCl, or 4 mM EDTA, and a varied amounl of 8DS. The
proteolytic activity of the enzyme was then determined
by a 20 min, incubation in 0.6% azocasein in Tris-Cl,
pH8.0. The proteolytic activity of each sample
evaluated is expressed in Table 3 as a percentage of

35 the original activity of the sample in 0% SDS and 10 mM
ca?t,

_\.
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FROM FORRESTERS LONDON o 2.22.1996 8:2
135-160 (1982)] was. obtajned fromthe Bacillu netiq %tock Center at t17é
Chi o, State University, Colunbus, Onhio. This strain overproduces '
extracel | Ul ar serine and netal proteases, a-anylase and | evansucrase 5
relative to isogenic sacU+ strains due to the pleiotropic effect of the
sacUh200 mutation [Lepesant, et al., i #8Schl essinger, D., ed.,
M cr obi ol ogy, 1976, Anerican Society for M crobiology, Washington, D.C, p.
65 (1976)]. Thus, strain Bl27 is a sﬂiét‘glf source of 10 DNA for
i sol ating the aprA gene which codes f l'isin. Genom c DNA was
I solated fromcells of

Proteolvtic Activity of Wild Type Subtilisin

5 t SDS 4 mM calt 4 mM EDTA

0 | wo 94

0.1 100 76

0.25 100 45

10 0.50 76 13

0.75 63 3

() 1.0 60 0
2.0 29 0 -

3.0 17 0

15 o

Proteolytic Activity of (As 75, Serlgg, Se:glﬁi
Subtilisin Analog

20 $ SDS 4 mM Ca2t 4 mM EDTA
0 100 95
o~ 0.1 100 95
e 25 0.25 100 86
0.50 100 - 81
0.75 96 7%
1.0 96 78
2.0 86 . 69
30 3.0 71 65
35
-~;_________‘__ﬁh__~
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B. subtilis strain B127.in accordance mnth the procedure of Saito, et ar.
Bloch|n1 Bi ophys. Acta. 72, 15 619-629 (1963). Purified chromsonal DNA
was dlgested to conpletion with the EcoRl restriction endonucl ease. The
resulting DNA fragnents were resolved on a | ow nelting point agarose gel by
el ectrophoresis and fragnents in the-44% 40 8.0 kil obase (kb) range were 20
i sol ated. These fragnents were ligated to pCFMB36 (A T.C. C. No. 53,413 from
the American Type Culture Collection, 12301 Parklawn Drive, Rockville,

Maryl and) an Escherichia coli (E coﬁl&.&ﬂ&ﬁ&ﬁ(ianch di spl ays hi gher copy
nunbers at el evated tenperatures and which 25 confers kananycin resistance.

The vector was di gestedFSF Fla?coaaé%ap{jmenelp%onsl@cy% tu%cli\y'itsqncsauerient estine

al kal i ne phosphat ase pr
purified as described below.

FROM FORRESTERS. LONDON 2hl996 §

5 Bach culture broth was centrifuged at 15,0909_.
for 30 minutes and protein in the élear supernatant was
precipitated with (NH,),80,; (600 g per liter). The
precipitate was collected by centrifugation, triturated
with 75% acetone, filltered and dried under vacuum.

10 In order to further purify the enzyme, the
dried precipitate was dissolved in water and the

< solution was filtered and then dialyzed against 0.02M
sodium phosphate buffer at pH 6.3. The dialyzed -
solution was passea through a coiumn (Z.S-x. 15em) of

15 carboxymethyl cellulose at a rate of 2 ml per minute,
After washing the column with 0.02M sodium phosphate
(pH 6.3), the enzyme was eluted with the same buffer
coﬁtaining 0.15M NaCl. Peak fractions were pooled and
protein from the fractlions ceontaining the enzyme, as

20 identified by a color change in a sample of the fraction
mixed with sucecinyl-L-alanyl-L-alanyl-L-prolyl-L-
phenylalanyl-p~nitroanilide (Vega Biochemicals), were
precipitated by addition of 2.5 volumes of acetone., The
precipitate was collected by centrifugation and then

25 dlssolved in 00,0058 calcium acetate {about 1 ml per
10 mg). .The resulting solution was dialyzed at 4°C
against water and then lyophilized.

. The stabilities of [Asp’6, serl09, ger?18)

subtilisin analog, [asp’S, 6lu?9, Serl09, Ser218]

30 subtilisin analog and subtilisin Carlsberg were
evaluated at three temperatures (25°C, 37°C and 50°C) in
two buffer solutions (0.06M sodium phosphate, pH 9.0 or
0.12 M sodium glycinate, pH 11.0). The results are
expressed in Table 4 as half-life of the enzymes under

35 the specified conditions.

—_—
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FROM _  FORRESTERS LGOGNOON 1996 8:29 P.53
The Ilgatlon products wgre introduced into E “col'i C6Q0, ( A T.C.C. No.

23724 fromthe: Anerican 30 Type Culture Collection, 12301 Parklawn Drive,
Rockvi |l e, Maryland) and foll owi ng overnight incubation on L-agar

suppl emented with 10 [err]g/ M kanamycin_ ananyC|n resi stant host cells
were selected. Plasmd DNA was anplified By incubating the sel ected host
cells 35 at 42[err]C for 4 hours. Colonies were then transferred to
nitrocellulose filters and processed in accgdance with 20 a col ony
hybri di zati on procedure described by Gunst®n, et al., Proc. Natl. Acad.
Sci. (USA), 72,
A. In 0.12M sodium glycinate pH 11.0 + 0.2% SOS.

Subtilisin tii£25°C) th(37°C) t“{SO°C!

lA$P76- Serlog. serl18) analog 110 days 35.2 hrs 6.7 hrs
subt{11sin Carisberg 2 days 8.4 hrs 0.53 hr
!Asp75. 61u79. Serlog. Ser218] analog 154 days 35.3 hrs - 7.8 hrs

B. In 0.06M sodium phosphate pH 9.0 + 0.2% SDS.

Subt111s1n 4 (25°0) 5(37°C) £y (50°C).

[Asp’®, serl®8, ser?18} anaiog 79.2 hrs  16.0 hrs  0.52 hr
subtilisin Carlsberg 17.3 hrs 2.4 hrs 0.18 hr

(ASp76, Glu79. Serlog, Serzlsl analog 86.3 hrs 22.0 hrs 0.96 hr

C. In 0,12M sodium glycinate pH 11.0 + 5 mM EDTA.

a -] oo
?ubtl11sjn t% (25°C) t§(37 C) tﬁQS c)
[Asp76. Serlog. SerZIE) analog 28.7 hrs  1.87 brs  0.25 hr
subtilisin Carlsberg 24 hrs 1.71 hrs 0.45 hr

T [Asp78, 61079, $erl09, $erfl®] snatog 21.5 hrs 1.42 hrs  0.20 hr

D. In 0.06M sodium phosphate pH 9.0 + 5 mM EDTA.

Subtilisin ' ty (25°C 55137"6) t!(SO“C)
(Asp76. Serlog, Seralal analog 27.4 hrs 1,75 hrs  0.23 hr
subtilisin Carisbery 26.3 hrs  1.68 hrs  0.32 hr

[ASD76. Glu79. Serlog. Ser2181 analog 19.7'hrs  1.36 hrs  0.17 hr
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FROM FORRESTERS LONDON 1996 . P.S
3961 (1975). An oligonucleptide probe was US4 'f%° scheén for col onies

whi ¢h harbored the subtilisin gene on pCFMB36. The prob@ ynt hesi zed by the
phosphi te method descri bed by Beaucage, et al., Tetrahedron Letters, 22,
,1859-1862 (1981) had the nucl eoti'de sequence 5' GCECAATCTGTTCCTTATGEC 3" 10
mhich corresponds to the am no-term ruslof the aprA gene product (Wong, et
al., Proc. Natl. Acad. Sci. (USA), 81, 1184-1188 (1984); Stahl, et al., J.
Bacteriol., 158, 411-418 (1984). A hybrldlzatlon t enperature of 55[err]C
was enpl oyed and 5 positive 15 col oEAMPiEr 4B dentified out of a total of
400. The plasm d DNA fromone of the positive col oni es was designated

pCFMB36 apr 2. Characterization of [Asplﬁ. serl09, ger2l8, A1a22212
Subtilisin Analog.

4

[A5p76, serlog, Serzls, Ala222] - subtilisin
was purified from B. subtilis B225/pAMBl143 fermentation
broth as described in Example 14. The thermal
stability, stability in bleach, and specifie aciivity of
10 this subtilisin analogzwas examined as déscribed below:

(Y I. Thermal Stability.

The thermal stability of [Asp’®, serl09,

15 Ser2?18, a1a222) - gubtilisin and [asp’S, ser:0®, ger2?l8)
- subtilisin and of the wild type enzyme (AprA) were
determined 'using the thermal program of the Gilford
Model Response II 8pectro-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 0.5°C per minute, while following the
decrease in absorbance at 287 nm. The melting

- temperature (Tm) is deflned as the temperature where the
F 25 populations of the unfolded and folded states are egual;
in other words, the temperature occurring midway in the
transition from folded to unfolded protein, Heat
denaturation is an irreversible reaction for
subtilisin: in the absence of protease inhibitor the

30 intact enzyme digests the unfolded form, in the presence
of inhibitor the protein precipitates as it unfolds.
Therefore, the Tm gives us a relative comparison of
stability. The melting temperatures qFtermined using
this technique are given below.

35
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FROM FORRESTERS LONDON . 22.19986 . P,
Plasm d pCFMB36 apr2 was dggested with Ecort &rone, with Hi ndl |1 al one "aild
wi t h|, EcoRl and Hindl || ﬂ 0 conbi nation. Sizes of EcoRl fragnents of the
subtilisim gene conforned to those described in Stahl, et al., supra, but
several otherwi se undescribed H ndlIl sites were discovered. As descri bed
herein in Exanple 3, two of the H ndlHI5X%ites were utilized in 25 the
genetic mani pul ations of the subtilisin gene It was determ ned that a
| arge 6.5 kb EcoRl fragnent of B. subtili 127 genonic DNA carried the
apr A gene, its regulatory sequences anﬂJ ated flanking sequences by
verifying that restriction enzyne 30 digests confornmed to the results

reported by Stahl, et al., supra. Thlphé;:SE ﬁPPItEnEd by DNA sequenci ng

usi ng the dideoxy chain term nati d by
5 Tm
{Asp76, gerl09
[35975' Serl09, ger?l8, Ala222)-
mMca2t Apra ser2l8) subtilisin Subtilisin
10 0 60 66 66
1 64 68 68
i 5 65 71 ND |
10 66 72 71 -
30 68 73 - 73
15

ND = not determined

The melting temperatures of the 2 analog subtilisins are
very similar at all of the calcium concentrations

20 examined, and are consistently higher than that of the
AprA-~subtilisin. This lndicates that the substitution
of Ala for Met at residue 222 dld not affect negatively
the increased stability and higher calcium binding
affinity achieved with the substitutions at positions

25 76, 109 and 218,

ITI. Stability in Bleach.

As the purpose of removing the Met at position
30 222 was to decrease the Scheptiblllty of the enzyme to
oxidation, the stability of LAsp75. Serloq. Ser2183
subtilisin and [Asp’®, serl09, ser?l8, n14222) .
subtilisin in bleach were compared. 1In the Ffirst
experiment, the two analogs were incubated at 50°C, in
35 20 mM Tris 0.1 M NaCl pH 7.5, in the presence of 2%
chlorox. 2% chlorox plue 1y SDS, or buffer alone. It

. .This Sheet Has Been Replaced
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Sanger., et al., J. , 143 161- 178 T1885) . A5, 0 kb EcoR to KPRl
subfr agnent of t he 6 5 Qb EcoRI fragnent, as illusttated in Fig. 2, was
al sé found to contain the aprA gene its regul atory sequences, and -21-

unrel ated flanking sequences. Al though the Kpnl-EcoRl fragnent is reported
to be 2.5 kb in length by Stahl, et al.§3and in t he | egend to Fig. 1° :

t herein, conparison of the scale of Fig. 1 and the scaled depiction of the
S fragnent therein reveal that, even in Stahl, et -al., the Kpnl-EcoRl
fragment is SLinnuﬁdlb#Iqo&@dgmhatrﬁﬁ1thbﬂdx bleach is a vast excess

‘compared to the amount normally used by & consumer for
laundering fabrics. Aliquots were removed at various
times and the prolease activity remaining was determined

5 using the azocasein assay. The 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 constant throughout the course of the
experiment, tasp’®, Seri09, ger?l8, Alazzzl retains

10 more activity than [Asp75. Ser?09, Ser?lal in Lhe

presence of 2% bleach, while bhoth analogs appear to lose

-

activity rapidly in the presence of 2% chlorox and 1%
8DS, at S0°C. An interesting observation during this -
experiment was the fact that under identical conditions,

15 wusing the same amounts of protein, {Asp76. Seri09,
ser218) had a much higher activity than [Asp75. Serl09,
ser?18 a1a222) rnis will be discussed in more detail
below.

The effect of bleach on the structure of

20 {Asp’S, serl09, ger?l®, a1a222) apg (asp?®, Serl®?,
Ser?18) was also assessed using SDS-PAGE. Both analogs
were incubated at 50°C in 20 mM Tris, 0.1 M NaCl, 1 mM
PMSF, pE 7.5 in the presence of 2% chlorox, or 2%
chlorox plus 1% SDS. At different times, 30 pl were

25 removed, mixed with 15 ul of cold (4°C) sample buffer
containing 1 mM PMSF and stored at 4°C until the
experiment was finished. The samples were then
subjected to SDS-PAGE on 12.5% polyacrylamide resolving
gels. The prolein was visualized by staining with

30 Coomassie blue dye, and the amount of intact, folded
protein (atL the top of the gel), intact, unfolded
protein (in the middle of the gel) and proteolytic
products (even further down the gel) were guantified
using laser densitometry. For analog [Asp75, Ser109,

35 ser218), after 1 hr in 2% chlorox 45% of the protein
remained properly folded, while 2 hr in bleach resulted

. This Sheet Has Been Replaced-
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A cl oni ng vector for Bacﬁ | us host systens, *prasii‘d §aMB11, was constrfcfed

as follows. The 10 pla d pT&A02 (Northern Regional Reéearch
Laboratories, United States Departnent of Agriculture, Peoria, Illinois,
strain nunber NRRL B-15264) was partially -digested with the Rsal
restriction endonucl ease. Fragnents-wgge-ligated to ML3 npl8 15 (avail able
from Bet hesda Research Laboratories, Gaithersburg, Maryland as catal og
nunber 8227SA) whi ch had been previously digested with Hincll. Ligation
products werédn latlrlodlfce;dlei mrotiélnc vinfolNE0g . (avdi hadh cof r bin IPhbmeaci a,

Inc., Piscat gy gegegn%q qQIgg6205gy&bﬂr gg,lBﬁﬁ 5@32b9]

transfornatlon |n accor ance W th the rocedure of Mandel ,” et al J. Mol.
Biol., 53, 13fteuidr®yr ipabledchghisd ﬁFa&BesPﬁeF%a§%r%§%d89d }

folded, and even following a 2 hr incubation in 2%

5 chlorox at 50°C, 20% of the total protein remained
intact. In the 2% bleach, 1% SDS sclution the behavior
of both analogs was very similar, wilh 75% still intact
and folded after a 5 min incubation, decreasing to 27%
of the total protein still folded at 15 min. [Asp76,

10 Serlog, Sgrzle, A1a222} does not show gteatly increased
stability to the combination of denaturants (bleach and
= SDS) in the concentrations used for this particular
assay, but does show enhanced resistance to bleach -
denaturation.,
1s
III. Activity

As mentioned earlier, analog {Asp76, Serl09,
ser?18, Ala222) nag a lower specific activity toward
20 azocasein than analog [Asp75, Serl0?, Ser213], with an
approximate Vm of 0.02 dA/(min-mg/ml) versus 0,08
-dA/{min-mg/ml) for [Asp75,'5er1°9, Ser21&]. To see if
_ this decreased activity was apecific for azocasein, or a

i, general characteristic of the [Asp’S, sert09, ger?18,

B 25 Ala222] analog, the kinetics of the hydrolysis of the
artificial peptide succinyl Ala-Ala-Pro-Phe-
para-nitroanilide was analyzed for [Asp75. Serlog.
Ser2¥8, Alazzzl and [Asp76, Serlog, Serzlal. Analog
[Asp76, Serlog, Ser213) had a Km of 440 yM'and a Vmax of

30 7.9 da/(min-nmole): both these valuss are consistent
with those obtained in previous analyses., The Km of
[Asp’S, Serl®?, gser218, n1a222) for the substrate was
1.4 mM, while the vmax was 1.1 dA/(min-nmole) This
represents a three~fold decrease in substrate affinity

3% coupled with a seven-fold decreasc in specific
activity. This specific activity is 4-fold less than

—_
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FROM FORRESTERS LONDON .1996 P.S58
0. 5M catechol (prepared;ip distilled wat er) to "getect’ %%q functi onal )
expregssi dn of an xyl E gene derived from25 pT&02. Tﬁe Xyl E gene encodes
cat echql 2, 3-di oxygenase and is useful for detecting pronoters in a variety
of organi snms [ Zukowski, et al., Proc. tl. Acad. Sci. (USA), 80, 1101-1105
(1983)]. The xyl E gene was then transfttred as a 1.0 30 kb EcoRl to Pstl
fragment to the E. coli/B. subtilis plasm d pHv33 (available fromthe

Aneri can. Typetgr%],lzt€f g@élf&% a5, A Tnle Qaé&éﬂt@c [y M0 et al.

Plasmd, 6, 1 talned fromR De nstitut Pasteur,
Paris, Francdjosi Th%“ p?-R/BB mdshs PRPEA IR Rpde FYRSH; té‘&s‘l"spsdlaﬁest ed with
EcoRl and Pstgospt { bRt 22 hei xyé i €ontal th N By gt bingdieny lasgaiead ias this

with the rate limiting step of proteolysis,
EXAMPLE 19

As previously noted in Example 18, {Asp’S,
serl0®, ger?l8, A1a222] - subtilisin has a lower
10 specific activity toward azocasein than [Asp76, Serl09
Serzlal ~subtilisin and also has a lower specific
Ty activity toward the synthetic peptide sAAPFpN
substrate. This result is consistent with the loss of
activity in the Ala2?2 analog of BPN' subtilisin from
15 Bacillus amyloliquefaciens as observed by Estell et al,,
J. Biol. Chem. 260, 6564-6570, 1986. GSince casein or
azocasein is commonly used as a substrate to determine
activity of proteases by manufacturers of detergent
enzymes and detergent formulators, the [Asp75. Serlog.
20 Ser2l8, Ala222) subtilisin was not expected to '
demonstrate improved performance in washing studies
performed on soiled fabricsa.
As illustrated in this Example, the [Asp75,
Serl09, ger2l8® 212222y gyprilisin analog produced the
£ 25 unexpected result of consistently improved performance
in removing stains from solled fabrics under several
¢conditions. The conditions in Figures 9 and 10 were as
follows:

~ Whole wash conditions, 10 minute wash
30 -~ Fresh Start™ with phosphate, pH approx 7
Presh Start™ without phosphate, pH approx 9

80° and 120° F wash temperature

|

150 ppM water hardness

2 stains, 3 swatches each:
35
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FR(:JM FORRESTERS_' LONDOI:J 2.22.199¢ 8:32
-22- region, would inactiyate a gene for anpicilTin resjstance. The
resufting' plasnid, pAVMB21, contains a functional xylE gefe in E. coli host
cells, but requires the addition of a pronoter for xylE to be 5 expressed
in B. subtilis host cells. E. coli cel]s harboring pAMB21l are resistant to
tetracycline (15 [err]g/m) and chl or attbheni col (20 [err]g/m) while B.
subtilis cells harboring pAMB21 are resistant only to chl oranphenicol (5

[err]g/m). 10 ] . I 1 r&p | Jdd On term nation sequence of
bact eri ophage Ian%dgnaé§1%¥ggs¥e?€€d}froﬁﬁi agkid pCEMB36 (on a 400 base

pair Pstl to Bgl|Enpealabht Fugge Pudding (CFP) on a 65% dacron/35%
cotton fabric

- ConLrols: 1.5% Alcalgse™ in Fresh Start™
5 1.5% Termamyl™ in Fresh Start™ _

- Enzymes tested at equivent activities based on
azocasein units/ml for protease and dinitrosalicylic
acid units/ml for amylase.

The legend for Figure 10 is as follows:

P.59%9

10
CONDITIONS OETERGENY TYPE TEMPERATURE _STAIN
{ ,
A Nonphosphate 80°f Blood/Mi1k/Ink
8 Nonphosphate 80°F Chocolate fudge Pudding )
15 c Nonphosphate 120°F Blood/Mi1k/Ink
0 Nonphosphate 120°F " Chocolate fudge Pudding
F Phosphate . 80°F 81o0d/M1 1k /Ink
F Phosphate 80°F Chocolate fudge Pudding
G Phosphate : 120°F Blood/Mi1k/1Ink
20 H Phosphate 120°F Chocolate Fudge Pudding
Even when the amount of [Asp’S, Serl03, g5or218, p)a222)_
subtilisin was used at one-third of the activity as the
B Novo Alcalase control, the analog of the present
Y 25 invention was still superior in performance in Table §.
30
35
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FROM FORRESTERS LONDON N P.60
t he uni que Pstl site of MB21. A synthetlc nuc eotl&E L th the sequence,

5" GATCT&CA 3', was constructed to 15 join the Bglll extren1ty of the toop
fragnment »to the Pstl site of the vector pAMB21.  The resulting plasm d was
desi gnat ed pAMB22 and had properties identical to pAMB21 except for the
inclusion of a transcription term nato5? The pAVMB22 plasnm d is useful for
detecting 20 strong pronoters that are functional in B. subtilis. The 1.4
kb EcoRl to Bglll fragnent of DNA fromgggﬁgzé that contains xyl E and toop
was isolated froma |l ownelting point - gel after electrophoresis of
restricted fragments. The 1.4 kb 25 piece of DNA was ligated to plasmd

pBD64 (avai | amaeséféa;ﬁf&ﬂ#sﬂ&mf&e&nsmch@@, ber gahtd0er gLE228 whi ch had
been previ ousl - h

]-Subtilisin Phosphate-Containing Fresh Start™ at

5 100°r
‘Total delta Rd
_ . Nevo 143
. Without Ballast* . 72.8 " 76.8
10 With Ballast | | 44.0 56.4
Total Rd.Loss Due to Ballast 28.6 20.2

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

* Ballast refers Lo additional soiled clothing that was

15 added to the washing machine in addition to sociled

swatches of fabric,

20

25

30

35
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resulting 5.3 kb plasm d, pAMBl11, contaJns the? po?yli%ﬁ%r sequence of
ML3npl8 (EcoRl,

35

FROM

FORRESTERS LONDON

P,

61

Sstl, Xmal, Sma, 30 BanH and Xbal) upstream of the xylE
gene which is fol | owed by toop, as shown in Figure 3. The pAMBI| plasmd
I s capabl e of )
resi stance to chl oranmphenicol (5 [err]g/gh)_and/ or kananycin (5 [err]g/m).

replicating in B. subtilis and confers upon host cells

As illustrated in Fig. 4,%the purified EcoRI to Kpn

fragnent contai ning aprA was cl oned onto pAMBI | -23- to form pAMBII|.
Li gation products were i nigiid e Br@snr Sivent SoM e dedn deundLifad Nr S

r ece4)

10

15

20

25

30

35

in terms of preferred embodiments it ig¢ understood that
modifications and improvements will occur to those
skilled in the art. Thus, it is expected that
substitution of residues at calcium binding sites other
than at the spacific calcium described herein may
improve stability as well. Additional imptovements in
stability are expected for such substitutions made in
other enzymes which have the Asn-Gly sequence and in
other proteins compriging this sequence, Additional
improvemants in specific activity for such substitutions
made in other enzymes when modifications of amino acids
surrounding the active site amino aclds are incorporated
into the protein., Whereas each single substitution may
improve the stability, calcium binding or specific
activity of the enzyme, the combination of several
wmedifications in cne enzyme is reguired to produce an
enzyme for commercial applicatlions. Furthermore,
Jecause each amino acid substitutlion alters the primary
atructure of the enzyme and may affect neighboring amino
acld residues through alectrostatic effects, hydrogen
bonding, etc., the combination of substitutions may net
always produce an'additive and incrementsl improvement
to the snzyme. 7The correct combinations according to
thea present invention produce subtilisins with superior
properties. Furthermore, it is expected that a
subtilisin analog according to the present invention
possasses superior properties to wild type subtilisins
in detergent formulations such as those disclosed in,
for example, U.S. Patent No, 3,732,170; U.5. Patent No.
3,749,671 and U.S5. Patent No. 3,790,482, all of whici
are incorporated by reference herelin.

Moreover, for practical reasons many
indusctrial processas are conducted at temperatures that
are above the stabillity temperature range of most
enzymes. Therefore, although detpxgent.applications
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FROM FORRESTERS LONDON 22 19
(avail able fromBacillus Genetic St ock Center as : 13&23) by the . P.62
prot gpl ast transformati on nethod 5 described by Chang, et al., Ml. Gen.
Genet., 168, 111-115 (1979). B. subtilis M 112 without plasmd DNA is
protease-proficient;(Prt phenot ype), but §ecreted | evel s of subtilisin are
rather | ow. Chl oranphenicol - resistant (Cnr) transformants were
transferred onto 10 L-agar plates supplenented with 1.5% (wv) skimmlKk

and 5 [err]g/ mhswkobagnhenp ﬁabizéaeneretubaiedlﬁibéﬂiéwédChhfiter
har bori ng. pl asriSEERERELR 2BReRaEcheasty sl HE bt Stntt iFudEnten
col ony. Hal os &keenﬁbrnaﬂybydvhetpgeonel9o|ceataimnxmduskmiésishehoasthe
gg\;g:ln Sggygpera.earaascskhamw GHLUM §YPRAEYCRbqui M 1ddabpgboring the
S saubtilisins, but also may be useful in industries that
use chemical means to hydrolyza proteins, e.g.
hydrolysis of vegeﬁable and animal protéina.
Therefore, it 18 intended that the present
invantion include all such modifications and
10 improvements as come within the scope of tha present
invention asz elaimed.

-~ The features disclosed in the foregoing
description, in the followiny claims and/ox in the
accompanying drawings may, both'separataly and in

15 any combination thereof, be material for realising
the invention in diverse forms theraof.

20
25
30

35
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FROM FORRESTERS LONDON 2,22.1996 @ 8:34 . P.63
alone had no visible halo after 16 hrs. of incubation, although a slight

hal © eve after 40 20 hrs. of incubation at 37[err]C

Cel I's ca [I!‘iﬂﬂ mﬁt‘! te clearly distinguished fromcells carrying
pAMBI | hal o size. The cloning of the aprA gene in a
fully functlonal formthus led to a hig#Q evel production and secretion of
subtilisin by B. 25 subtilis. Exanple 2 ..As illustrated in Fig. 4, a 3.0
kb EcoRl to 30 §£g# genonic fragment, the isolation of which is described
in Exanmpl e 1, wa 8 sted with Hndlll to produce three fragnents: (1) a
1.1 kb EcoRI to Hindlll fragment carrying genetic regulatory sequences for

apr A gene expressi ofl. o i\ 3 P§ &5 P s 14§ Uit He d15 %)% having an amino
acid sequence of a naturally seccurring Bacillus
5 subtilisin that has been modified by having:
(1) one or more of the amino acids present
in a calcium binding site of the naturally occutring
Bacillus subtilisin replaced by a negatively charged |
amino acid:; and '

10 {2) one Or'more of any Asn-Gly sequence of
the naturally occurring Bacillus subtilisin deleted
o~ or replaced by a different amino acid; and

(3) one or more methionine residues
replaced by a different 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 1 wherein the
20 ‘analeg is an analeg of a naturally occurring
Bacillus subtilisin selected from the group
consisting of subtilisin Carlsbarg, subtilisin DY,
subtilisin BPN', an apra subtilisin of Bacillus
subtilis and gubtilisin from Baclllug mesantaricus.

- 25
3, A subtilisin analog according to Claim 1 wherein one
or more of the amino acids in the calcium binding
site representad by Asp®l, teu’, asn’é, Asn??,
ser’®, 11279, G1y80, va18l, nr208 ang myr214. i
30 replaced with & negatively charged amino acid.

4. A subtilisin analog according to Claim 3 wherein the
negalively charged amine acid {2 Asp or Glu.

35 8. A subtilisin analog according to Claim 4 having
Asn’® replaced with Asp76.
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FRONM ORRESTERS LONDON 22.1996 : P.64
35 requn%xfﬁo extracel | ul ar export of subt|I|S|n and t he DNA sequence

ding for the f1rst 49 am no aci of - 24- mature subtilisin; (2) a
1 1* kb H| mu UHIHJ ﬂ il ragment carryl ng DNA sequences codi ng for am no
“acids 50 t xyI-ternlnus) of subtilisin along with a
transcription term nation sequence and 3. non- 5 coding sequences; and (3)

a 0.8 kb Hndlll to Kpnl fragnent contajﬁﬁng 3' non-codi ng sequences. The
1.1 kb fragnent fl anked by HlndIII S|tes was cloned to the single Hindll

site of bacteri oBtJaﬂe 3,018 for th $ Pus gpgﬁ%cﬁ AR SCAUHAY Ty and site-
Iie?9 replaced w:th G1u?9.

7. A subtilisin analog acoording to €laim 4 having
5 asn’® replaced wxhh Asp76 and Ile79 replaced with
Glu’9.

8. A subtilisin analog according to Claim 1 wherein an
Asn residue in the Asn—-Gly seéquence is replaced by a
10 residue of a different amino acild.

9. The analog as recited in Claim 8 wherein an Asn
residue in said Asn-Gly sequence is replaced by a -~
- yesidue of an amino acid from the group conslating
15 of 8Ser, val, Thr, Cys, Glu and Ile.

10, A subtilisin analog according to Claim 9 whereln the
Asn residue in the Asn-Gly sequence is replaced
by Ser.
20 |
11. A subtilisin analeg according to Claim 10 wherein an
Asn residue at pesition 109 iz replaced by Ser.

- 12, A subtilisin analog according to Claim 10 wherein an
25 asa residue at position 218 is replaced by Ser.

13. A subtilisin analog according te Claim 10 wherela an
Asn residue at positions 109 and 218 is replaced
by Ser.
30
14. A subtilisin analog according to Claim 13 gelected
from the group conSisting of [Asp75, Ser1°9, ser”18)
subtilisin, [Glu79;-5er1°9, ser?l®) subtilisin, and
[asp’5, c1u??, serl®?, ser?218) gubtilisin.
35 '
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] FROM FORRESTERS LONDON . 1996 83135 P.65
10 d|regLEQ_HFL§9§D§§L§__£De of the reconblnants desi gnated ML3 npl8 apr2,
prowi ded sin nplate DNA required for site-directed
nutagene5| ﬁ“p Ei“@gﬂ}ﬁ e. The coding region of the aprA gene was 15
sequenced s« of the sequence are set forth in Table 1 herein.
It should be noted that the specific idenfjty of the initial 5 codons of

the | eader region is attributable to the port of Stahl, et al., supra,
and Wong, et al., supra, of sequence information 20 for the aprA gene, and

that there ex! St 8008M 53 gﬁggendmfﬁ ﬁéoéams UAR1a:5 1uparitiil 3, al

am no acid positions 8 Speci St ahl supra, reports
a codon GTT (coding ﬁBFdVQPFnEf EP’&M%B“%R:‘?H’%(M%W’SAWH% reRlassthn

GTA (-al so codi ng fOfby an alanine or leucins.

S 1l6. A subtilisin analog according to 01a1m 15 wherein
Met?22 g replaced by Ala.

17. A subtilisin analog according to Claim 1S wherein

Mmetl24 5 replacad by Leu or Ala.
10 _

18. A subtilisin analog according to Claim 1 wherein
said one or more amino acids surrounding the
catalytic triad are rie3l, ser33, ser82, Sar63,
Tyr217, and Argz‘7.

1S
19. A subtilisin analog according to Claim 18 ingluyding

one or more of the following substitutions:
Leudl, thr33, Ren®?, 1y®3, teu?l? and Leu?4?,

20 20. A subtilisin analog according to Claim 1 wherein the
Bacillus subtilisin has a naturally occurcing amlne
acid sequence disclosed in Table 1.

21. (Asp’%, serl09, gar?l®, a1a222) gyhtidisin
25 additionally having one or more of the foiIOwing_
substitutions selected from the group consisting of
Glu79, teul?4 or a1al?¢, reu?l7, ohe33, aanf?,
@eu31, Leu?4”? and Gly63.

30 22, A subtilisin analog according to Claim 1 selected
trom the group consisting of [Asp75, Serlog, Serzla,
A1a%22) subtilisin: (Leu3l, Asp?%, serl®?, ger238,
Ala222y gyptirisin; [Asp’®, Serl®S, Leyl24, ger?lB,
Ala222) guptilisin and [Asp’®, serl9%, Ala124

35 Ser?18, 21a222) guptilisin. -
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25 valine) appears in Table 1. Stahl, et a2 '%¥pra *also reports a cfobn

AGC {codihg for—serine)_at_anino acid p05|t|on 85 as opposed to the codon
Iﬂgble . 30 35 -25- TABLE 1 -105 Met Arg Ser

. SS Sg"f‘;ﬂ !rﬂum"mr m’ﬂlm u Phe Ala GITG AGA AGC AAA AAA TTG TGG ATC AGC

TTG TTG TTT &G tett' T eu=lle Phe Thr Met Al a Phe Ser Asn Met Ser Al a
: - 63 -

23. A DNA sequence encoding an analog of Bacillug
gubtilisin, said Bacillus subtilisin having an-amino
sequence comprising a& caleium binding sire and an
7Asn-Gly sequence, wherain (l)'codons'ﬁhich encoda

5 one or more of the amino acids in the caleium
binding site are deleted or replaced by codons
encoding a negatively charged amino acid; (2) codons
which encode one or more of the amine acids in cthe
Asn-Gly seguence are deleted or replaced by codons

10 encoding a different amino acid reslidue; (3) codons
which encode one or more methlonine residues are
replaced by codons enceding a different amino acid;
and (4) codons which encode one or more amino acid -

. residues surrounding the catalytic triad are

15 replaced by codons eéncoding a different amino acid.

24. A method for improving thermal, oxidation and pH
stability of a Bacillus subtilisin having a ecalcium
binding site comprising replacing an amino acid

20_ residue in the calcium binding site with a
negatively'charged amino acid, replacing or deleting
one or more of the amino acids in a Asn=-Gly '
seqQuence, tapldcing-one or more methionine residues
with a different amino acid, and replacing one or

25 more amino acid residuaes surrounding the catalytic
triad by a different amino acid.

AV

25. A composition comprising an effective amount of a
subtilisin analog of Claim 1 in a detergent
30 formulation.

35
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TTA ACG TTA ATC TTT ACG ATG GOG TTC AGC AAC AFSFEr &¥ an Ala Ala AV E)s
Ser Ser Thr Qu Lys Lys Tyr Ile Val CAG GCT GCC GGA AAA AGC AGT ACA GAA AAG
AAA TAC ATT GTC Gy Phe Lys G n Thr Met Ser Ala Met Ser Ser Ala Lys Lys GGA
TTT AAA CAG ACA ATG AGT GCC ATG AGT TCC GCC AAG AAA Lys Asp Val Ile Ser Au
Lys Ay Gy Lys Val @n Lys A n AAG GAT GIT ATT TCT GAA AAA GGC GGA AAG GIT
CAA AAG CAA Phe Lys Tyr Val Asn Ala Al@ Ata Ala Thr Leu Asp Qu Lys TTT AAG
TAT GIT AAC GCG GCC GCA GCA ACA TTG GAT GAA AAA Ala Val Lys Gu Leu Lys Lys
Asp Pro Ser Val Ala Tyr Val G _AAA AAA GAT CCG AGC GIT GCA
TAT GTG -1 +1 Gu G u Asp HNQL'FFBLN'&“W%ER;%PW%%’SG n Ser Val Pro GAA
GAA GAT CAT ATT GCA CAT GAA TAT GCG CAA TCT GIT CCT 10 '

ABSTRACT OF THE DISCLOSURE

A class of subtilisin analogs suitable for
admixture to cleaning compositions and having improved
stability over naturally occurring Bacillus aubtilisins
are prepared by expressing a modified gene encoding the

10 subtilisin analog in DBacillus subtilia.

15

20
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30

35 A-1568
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Tyr Ay Ile Ser An Ileg Lys Ala Pro

ATT+AAA &CG CCG GCT CTT CAC TCT CAA 20
30 Ay Tyr Thr Ay Ser Asn Val Lys Val

Aa Led Bs°%r 8

Al al Val

A TAT GoC ATT TCT GaA

Ile Asp Ser GGC TAC ACA GGC

TCT AAC GTA AAA GTA GCT GIT ATC GAC AGC 4P|{®y Ile Asp Ser Ser Hs Pro Asp

Leu Asn Val
GGA 50

Arg Gy Gy GGA ATT GAC TCT T

CAT CCT GAC TTA AAC GIC AGA GGC
60 Ala Ser Phe Val Pro Ser Qu

Thr Asn Pro Tyr G n Asp Ay GCA AGC TTC GIA CCT TCT GAA ACA AAC CCA TAC CAG .
GAC GGC 70 Ser Ser His Ay Thr Hs Val Ala Ay Thr Ile Ala Ala Leu AGT TCT
CAC GGT ACG CAT GTA GCC GGT ACG ATT GCC CCT -CTT -

FIG. i
¢ Q ¢
~NH=~CR-C ~NH~ CHz~C- -NH-CH-C-OH-  Q
Qg G-OM and CHy~ C-NH- CHg-C-
o d
- aspartyl glyeyl 7-aspartyl glyoyt
| 2 Jou
(-) 1 g NH-CH 3 Q
*NH-CH-C- NH-CHy C- - =NR-CR* G " _
NR&?C‘N: z-—-——-— ¢/ N CHa- G- +NHs
s CNH, :
o
sparag Lyeyt aniydroaspartyl glycyt
¢ gt 9ty (ng.i_Clmlst)
3| NHa0H
Z whon- &-on 2
- N~ CH= C-NH~ ] “NH-gH- C- + NHg- CHz-C-
NH~CH .c-gi:' OF iy CHy: C- and tur - nieon * e SR Ce,
CHy g e
o aspartyl hydroxamate 73-aspartyl hydroxamate

(-'i:"‘_
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FROM FORRESTERS LONDON 2. 1996 8:37 P.69
-26- TABLE 1 (cont'd.), 80 Asn Asn Ser || Gly VaI Leu-dy Val Ala Pro Ser
A

e
Al a»Ser AAT AAC TCA ATC GGT GIT CTG GGC GIA GCG CCA AGC GCA TCA ' 90
100°Leu Jyr Ala Val Lys Val Leu Asp Ser @y Ser Ay A n TTA TAT GCA GTA
AAA GTG CTT GAT TCA ACA GGA ACGC GGC CAA yr Ser Trp lle Ile Asn Ay lle

AQu 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 Ay Ay Pro Thr Gy

FIG. 2
1§ 4] '
- EcoR1 Kpnl EcoRl
' 1 4
/ N
l‘l . \..\\
Y
l, s .
[ 4 ~
) S,
] S
? ~
9 / “~ .
[ . ~
I So
’ N )
¥ Wed  Neof Pull . |
/ : _ ey 3 Hind [ . “pnl
.L MATURE . {
EeoRY
APR A
SOMEC .
Bl DING ‘ .
PROMOTER E D
L N1 I 3
o | 4 . 14
( “
\
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FROM FORRESTERS LONDON 2.22.1996 8337 P.7@
AAT ATG GAT GIT ATC AAC ATG ACC CTT GGEC GGA CCT ‘ACT GGT 140 Ser Thr Al a Leu

!Lys-&Thr Yal Val Asp Lys Ala Val Ser Ser TCT ACA GCG CTG AAA ACA GIC GIT GAC
AAA'GCC GIT TCC AGC 150 Gy Ile Val Val Alfg Ala Ala Ala Gy Asn Gu Gy Ser -
; Ser GGT ATC GIC GIT GCT GCC GCA GCC GGA ®AA GGT TCA TCC 160 :
170 Gy Ser Thr Ser Thr Val Gy Tyr Pro Ala Lys Tyr Pro Ser GGA AGC ACA ACC
ACA GIC GGC TAC CCT GCA AAA TAT CCT TCT 180 Thr Ile Ala Val Gy Ala Val Asn
Ser Ser Asn G n Arg Ala ACT ATT GCA GITA GGI GCG GTA AAC AGC AGC AAC CAA AGA
GCT 190 200 Ser Phe Ser Ser Ala Gy
Ser Qu Leu Asp Val Met Ala Pro '

)

te

[ pBD&4 DNA
—— pBR32Z ONA
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TCA TTC TCC AGC GCA GGI ,TCT GAG CTT GAT GLATG GCT CEW}ZIO Ay Val Ser lle
A n+Ser Thr Leu Pro Ay @y Thr Tyr Ay GIG TCC ATC CAA AGC ACA CTT CCT -
GGA'GGC ACT TAC GGC 220 Ala Tyr Asn Gy‘:lg_r% Met Ala Thr Pro His Val Al a
Ay GCT TAT AAC GGA ACG TCC ATG GCG ACT C GIT GCC GGA 230

240 Ala Ala Ala u llegttu Ser Lys His Pro Thr Trp Thr Asn GCA GCA GCG TTA
ATT CTT TCT AAG @AC ACT {TGG ACA AAC 250 Ala G n Val Arg Asp Arg Leu Gu
Ser Thr Ala T Ay =T~ (G CAA GTC CGT GAT CGT TTA GAA AGC ACT GCA ACA TAT
CIT

Patl
» H i
a [
By I E’ﬁl 8 -—-z_..-.-:_: g ';_5'
= —t——t -
aprA L wd I

Kod T Mi3imp 18

Y4 DNA LIGADE

...IHmdn

Mi3mp (8apr 2

SITE DIRECTED
MUTAGENESYS

Hind 0L

L

Hl‘émp Bapre (Ser £y

Hind 1T

T4 DNA LIGASE

foRl

pAMB I13
83Kk

BT

Patl
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-27- FRBLET Y Eeont &'\ 260 Zopzeieve 8, 270 @y Asn

Ser «Phe Tyr Tyr Ay Lys Gy Leu Ile Asn Val A n GGA AAC TCT TTC TAC TAT GGA
AAAGGGTTAATCAACGTACAA275AIaAIa.AI% n OC GCA GCT GCA CAA TAA
TAGTAAAAAGAAGCAGGT TCCTCCATACCTGCT TCTTTTTAN T TGTCAGCATCCTGATGT TCCGGCGCATTCTC
-28 - Bacteriophage ML3 npl8 apr2 was constructed

FIG. 5

0 pBOes ONA
Sn— P&EJZZDNA

_—
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FROM FORRESTERS LONDON 1996 P.73
by inserting a 1.1 kb Hndlll to H ndlll fragnent of B subtilis @127
gen@nlc BENA, carrying nucl eoti de sequence codlng for am no acids 50

t hrdugh 275 5 (carboxyl -term nus) of ap(. o Subtilisin 3L%Q with a
transcription termnation sequence and 3' on codi ng seq d , In the
unique Hindlll site of bacteriophage ML3ynpl8. To elimnate the 3'

non- codi ng sequences, a Kpnl restrlctlon!endonuclease site was introduced,
by 10 site-directed nutagenesis, at a pqgltlon i mredi ately follow ng the
transcription termnation sequence. Sitepdirected mutagenesis was conducted
in accordance with a procedure dese ander et. al., Gene, 26,
101-106 (1983). Single-stranded g apr2 was annealed to
a prinmer, * * '

PAMB 110
T.2 Kb |

t

CmR ‘?,,
: ¢

g’ cATCTGCA 3/
Ty DNA LIGASE
N
L 4
&

FAMB 10k

6.2 Kb

Thls Sheet 1
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5' TCCTGACE% 5&é§édﬁﬁ%?t 3" which was synthe5|zeﬁsby the phosphi te met hiod
. deserlbed by Beaucage et! al. , Tetrahedrgnileetters 22/ 1859-1862 20 (1981).
* The pri mer was honpl ogous to the nucleotides in this region except for two
(marked by asterisks), where a thynfHy(TY was changed to guanine (G and
anot her thymne (T) was changed to adenine (A), thus creating a Kpnl site
(underlined) in this region. 25 The primer was annealed to ML3
npl8 apr2 DNA at 65[err]C and the anneal ed DNA was slowy cooled to
approximately 22[err] C and then polynerized for 2 hr. at 15[err]Cin a
reaction m xture which consisted of 12.5 [err]| of anneal ed DNA sol ution,
2.5 [err]l of 10 mM each of dATP, 30 dCTP and dGIP, 20 [err]l| of 12 mM
ATP, 0.1 [err]l Kl enow DNA polynerase, 0.1 [err]]l T4 DNA |igase and 13
[err]] sterile _

Kpnl HindIII" Kpnl o . HindIII
{ oool 'ﬂErA ' "'_"...
3' . 5'

KpnI
T4 DNA ligase

( v
Kpnl HindIIl
oo o =i 'aErA ¢ oe
3t _— g ¢

Ml3 1\218 agrd
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di sti FT%8d WaLe = The re. ul ti ng doubl e- st raﬁazezdlggcsovasl'é?\t |y cl osed ci rcPu'Iygr
DNA:was introduced into'E. coli JMLO3 by tgansfection. 35

! Bact®eri ophage pl aques were then transferreq to Gene Screen TM New Engl and
Nucl ear, Beverly, -29- Massachusetts) % HrQ di zati on menbranes. Pl aques
whi ch contained DNA with the desired base dhanges were identified by
hybridization to the radioactively |abeled (y-32P) synthetic

ol i gonucl eotide used for the 5 nutagenic primng reaction descri bed above.
Hybri di zati on was perforned at a restrictive
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FROM FORRESTERS LONDON .1996 | . .
tenperature (65[err]C) ipn order that only 5!\@ carryi ng a Kpnl mutation " '®

woukd hylridize to the synt hetic oligonucleotide. The presence of the Kpnl
mut ati om 10 downstream of the aprA gene froma single purified
pl aquR, desi gnated ML3 npl8 apr2 Kpnl, V\gg Bnfirmed by DNA sequencing by

t he procedure described by Sanger et. al., tsupra and restriction enzyne
anal @i A 1.1 kb segnent carrying nost of the 3' non-

codi rg, r gxi was del eted by digesting ML3 M18 apr2 Kpnl with Kpnl,
religati gestion products at a concentration of 500 ng DNA/m , then

I nt roduc he ligation products into E. coli JM03 by transfection. 20
Bacterio plagues _which ¢ ntalned ith the desired 0. .35 kb deletlon
were ide ed by restrifs : ) ,5

SUBTH.ISN

*
- ANALOG

% f%

CHOGOLATE FUDGE PUDDING

3]
7y N 9
%
b
: .
5 5
% "
5 <3
ke g
S =
\\§% 8
Eg ol
B3

1 | T 2 | b {

WASHING PERFORMANCE, ALCALASE VS. [Asp™, Ser ', Ser 2%, Ala??] - SBEE'H@N
IN NON-PHOSPHATE FRESH START DETERGENT, 120°F WASHING TEMPE@

| T
3 8 8 2 8 8 8 8 & ¢ °
ALISNIQ FONVYLO343Y
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FROM FORRESTERS LONDON 89
endonucl ease anal ysi s. % cteri ophage fron1one ‘$lich pﬁ aque was de5|gnateJ
ML3=Ma18.Apr4 (Fig. 7) ML3 p218 apr4 provided single- stranded tenpl ate DNA
for Sitee 25 directed nutagenesis of the E‘A gene descri bed hereinafter.
Exanpl e 3-30 In order to express nmutated subtilisin genes in B.
subtilis, the plasm d pAMB106 was constructed as a vehicle for the nutated
gene, as follows: 1) pAMBII| was digested with Hindlll. A 1.1 kb segnept
carryi ng nost G? t he apr A gene was deleted 35 by re- Ilgatlng Hi ndl |
di gestion prodggts of pAMBI || at a concentration of approximately 1 ug/m.
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I B Woakit4 0O
4 =30- |f PP SHFRe SO
'_pANBlL Al , ‘egul atory sequenceSrYGI expresstond of. P hg <L
§ubt|_, 0 AENE.. pr e-p 'reg on required for sefratien of: subfiétitsipmzed 2.
5 and; the D sé fence” cc h ”for t he_g=non-codi ng wegi - 0 pagad
subt il SR & q‘tHG’FIrST L4588 ~hci d5--of mature s'bwlliﬁiaf ZﬁwPPaaﬁwd-~
" pAVB1EE: ﬁbé’d* GESTRH vi-t-h- Ban?H anj Pstl in conbination. This produced DNA

W el ) azvmusunes

fragments 10 of two si zes, éﬁﬁgﬁyugybéxéﬂ)sdﬁﬁaﬁ&

the xyl E gene, coding for cate oxygenase

__ —1 I%&_—gﬂEJH._, sar Lo
AREh
of Pseudononas put ida m-2 (ZUkOWSk_I et. al.

, supra).

The present invention provides a novel class
of thermally stable and pH stable subtilisin analogs
with improved oxidation stability and superior
performance in cleaning soiled fabrics when added to a
standard detergent formulation, and to a method for
preparing such analogs. In particular, the present
invention relates to a class of subtilisin analogs
naving a modified calcium binding site providing
improved calcium binding capacity, and a deletion and/or
replacement of either residue of Asn-Gly sequences
‘present in the subtilisin and a modification of one or
more methionine residues to improve oxidation .
stability. The present invention further relates to
detergent compositions containing such subtilisins and
to the use of such subtxliszns and compositions in -
~lean1ng appllcatlons.

10

15

20

Backqround of the Invention

‘The term subtilisin designates a group of
extracellular alkaline serinelproteases produced by
various species of Bacilli. These enzymes are also

- teferred to as Bacillus serine proteases, Bacillus
subtilisins or bacterial alkaline proteases.

. - Bacillus subtilisin molecules are composed of

a single polypeptide chain of either 274 residues (for
subtilisin type Carlsberg produced by Bacillus
licheniformis and for the subtilisin produced by
Bacillus subtilis strain DY) or 275 residues (for
subtilisin type BPN' produced by Bacillus
amyloliquefaciens, thé'gggé gene product. of Bacillus
subtilis, and the subtilisin of Bacillus mesentericus
‘and the subtilisin of Bacillus subtilis var.

25

30

35
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3) The larger, 6.2 kb BanmHi -Pst| fragment 15 was self-ligated with the aid
of a single-stranded synthetic oligonucleotide,, 5 GATCITGCA 3', which was
Synt hesi zed by the phosphite nethod descri bed by Beaucage et. al., supra,
and T4 DNA |igase. Ligation producLs@mmfalntroduced into B. subtilis

M 112 (arg-15 20 leuB thr5 recE4 (avartable . fromBacillus Genetic Stock .
“Center as No. 1A423) by the protopl ast transformation method described by

g?nge e}] ahmy 1 dBhcckRPi t ONES . Jslﬂ%nlédmﬁéﬁnﬁ %no acid |
ora enicol -resi CpD O | es SCreene p S
; conten{rp ThReFUSeNRES p‘?éis%%ltJ m’% ‘g\eéﬁ?f?'?%osrb’ila’r%%t?gct i on

endonucl easeBanil yss shet¢ins thiensegaénte @fasmbthlﬂ%&ﬁlﬁpnxcsﬁtuéédt xyl E
has been del gfed(£L g¥6£r8) - For example, based on an alignment of
5 sequences that giQes the highest degree of homology
between subtilisin Carlsberg and subtilisin BPN', the
serine at the active site of the former is referred to
as serine 221, even though it is located at position 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.g., Nedkov et al., Hoppe-
Seyler's Z. Physiol. Chem., 364, 1537-1540 (1983).
The X-ray structure of subtilisin BPN'

15 ([Wright, et al., Nature, 221, 235 (1969)] revealed that
the geometfy of the catalytic site of subtilisin,
involving_Asp32, His®4 and Ser221. is almost. identical
to that of the active site of mammalian serine proteases
(e.g., chymotrypsin) involving the residues Asploz,

20 His??, and Serlgs. However, the overall dissimilarities
between Bacillus serine proteases and mammalian serine
proteases indicate that these are two unrelated families
of proteolytlc enzymes. '

PR - In the family of Baclllus subtilisins complete
25 amino acid sequences are available for six
subtilisins: Carlsberg, [Smith, et al., J. Biol. Chemn.,
243, 2184-2191 (1968)]; BPN' [Markland, et al., J. Biol.
Chem., 242, 5198-5211 (1967)]; the aprA gene product
[Stahl, et al., J. Bacteriol., 158, 411-418 (1984)]; DY
.30 [Nedkov, et al., subra]; Bacillus mesentericus
[Svendsen, et al., FEBS Letters, 196, 220-232 (1986).,
and Bacillus subtilis var. amylosacchariticus
[Yoshimoto, et al., J. Biochem., 103, 1060-1065
(1988)). Subtilisin Carlsberg and subtilisin BPN'
35 (sometimes referred to as subtilisin Novo) differ by 84
amino acid§-and one additional residue in BPN'

This is the replacement sheet |
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Because it is |acking DNA coding for am no 30 acids 50 through 275 of aprA
‘subtilisin, pAMB106 does not synthesize subtilisin when introduced into B
subtilis host cells. Subtilisin is synthesized only after insertion of the
remai nder of the subtilisin gene, i= &7 either the native DNA sequence or

—_—

an 35 anal og- encodi ng sequence. - 31-- Exanpl e 4 Preparation of a
[ Serine 109 Subtilisin Analog 5 o ' Si ngl e; stranded DNA from
-bacteriophab§“€&SLb§BnaS?ElﬁggrﬁnﬁéﬁkédaPoaﬁlﬁ?iﬂ%fa.r351 ue
corresponding to residue 56 of subtilisin BPN').
. Subtilisin DY comprises 274 amino acids and differs from
% subtilisin Carlsberg in 32 amino acid positions and from
i 5 subtilisin BPN' by 82 amino acid replacements and one’
deletion (subtilisin DY lacks an aﬁino acid residue
corresponding to residue 56 of subtilisin BPN'). The
- amino acid sequence of the 32557gene product is 85%
homologous to the amino acid sequence of subtilisin
10 BPN'. Thus, it appears that there is an extensive
homology between amino acid sequences of subtilisins
 from different strains of Bacillus. This homology is
complete in certain regions of the molecule and
especially in those that play a role in the catalytic
15 mechanism and in substrate binding. Examples of such
sequence invariances are the primary and secondary
substrate binding sites, Ser125-Leu125-—G1y127-G1y12.8 and
ryri04 respectively and the sequence around the reactive
serine (221), Asnzlaécly219—Thr22°-Ser221-Met222-A1a223.
20 Subtilisin molecules exhibit unidue Stability
properties. Although they are not completely stable
over a wide pH range, subtilisins are relatively
resistant to denaturation by'urea and guanidine |
. solutions and their enzymatic activity is retained for
25 some time in 8 M urea. 1In solutions having a pH below
‘4, subtilisin rapidly and irreversibly loses its
proteolytic activity. Gounaris, et al., Compt. Rend.
Trav. Lab. Carlsbergqg, §§,'37 (1965) demonstrated that
the acid deactivation of subtilisin is not: due to a
30 'génera; charge effect 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 subtilisins undergo irreversible
inactivation in aqueous solutions at a rate that is
35 largely dependent upon temperéture and pH. At .pH values
below 4 or above 11 the rate of inactivation is very

R RS T SRR
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5" TGG ATT ATT AGC GGC ATT GAG TGG 3' 106 .107 108 109 110 111 112 113 10

TRP I'LE I LE SER GLY | LE GLU TRP whi ch was synthesi zed by the phosphite

sret hod described by Beaucage et. al. , 4 SLUPra. The primer was honol ogous to

t he nucl eoti des conprising codons for—an1no acids 106 through 113 of
aprA-subtilisin except for one base 15 change (marked by an asterisk) where

- an A was changad il 540 ~|50\esff %ret%%nt 4383 ialnldon oMY Gherd ik change

Asn109 (codon AAC) to Ser codon AGC). The primnmer was anneal ed to
ML3np18 apr Alfteugh aych rﬁ]@% HRETEASER @3 PRE B UHifR Pessmes to 20
appr oxi mat eimora2[awd1Gnd then mwmumrsmae@f lthgat dchadnd vatarat ea::tead as

described in %(m m,)Bac er.l %hz%‘%e ae%_ envé%remt &rg%&rgr etql
5 autodigestion is responsible at least in part for enzyme
instability at this pH range. In general, at any pH
value, the higher the temperature the faster the rate of
subtilisin deactivation. ' '
_ _ 'ihe 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
tryp51n into laundry detergents (e.g., Bio-38, Schnyder,
Switzerland) to facilitate removal of proteinaceous
15 stains had a very limited success which was undoubtedly
a result of enzyme instability under the washing '
conditions. In addition, bacterial alkaline pfoteases
- 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 as
~ detergent and hide dehairing, that already require
25 stable proteases, but may be useful in-industries that
use chemical means to hydrolyze proteins e.g. hydrolysis
of vegetable and_animal proteins for thé'production of
soup concentrates. '
"Although thermal inactivation may be the most
30 important factor in restricting the industrial use of
enzymes, other factors such as need for effectiveness
over broad pH ranges and use of denaturing- agents and
oxidizing agenté may also have a detrimental effect with
respect to the use of proteases in industrial
35 processes. It is therefore desirable to obtain a class
of proteases charécterized by improved stability with
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hybri di zati on nenbranes, then those which contained DNA with the desired
base change were identified by 25 hybridization to a radioactively |abel ed
{a-32P) oligonucl eotide used for the nutagenic primng reaction described
above. Hybridization was perforrmed-ats. 65[ err] C. One positive plaque

cont ai ned bact eri ophage desi gnated_as ML3npl8 apr4[ Ser' 091. Doubl e- st randed
30 DNA fromthis bacteriophage was digested with Hndlll and Kpnl in

conbi nat i onresheatt ko ¥BOpbpatungnept, cdengtugingeagantsedngorti on of the

aprA-subtil ;85 8:9%R 9ahgd AVBAa5: YBhED iPeanphr evi ously
di gest ed mﬁ?hi§ﬂ§§1§|§§%3E§p§%s %Ege?esulti%ggpﬁagggg} gg pAMB129, may be
i ntroduced VAF&OHSsdNAUBLELIBS -subtilis host cells for synthesis and

secretion of [Ser109] ovewbthei paBt several years there have been
| 5 major changes in detergent formulations, particularly in
the replacement of phosphates with alternate builders
and in the development of liquid laundry detergents to
meet environmental and consumer demands. These changes
create a need for changes 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 varigty of commercial detergent
15 formulations. .
One approach to producing modified subtilisins
useful in detergent formulations was disclosed in U.S.
Patent No. 4,760,025 wherein mutations in the subtilisin
of Bacillus amyloliquefaciens (B. amyloliquefaciens) at
20 positions Asp32, asnl35, oyr104, Met222, g1y166, His64,
Glylsg, Phe}eg, Ser33, Tyr217, and/or Glyls7 were
identified as providing changed stability, altered con-
formation or as héving changes in the "processing" of
the enzyme. 1In particular, a mutation of M_et222 to Ala
25 or Ser assertedly resulted in improved oxidation
stability, but the specific activity of the enzyme
toward the synthetic peptide substrate, succinyl-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 parametefs of the enzyme. However,
none of the mutations disclosed provide analogs having
greater stability at high températures or stability over
35 a broader pH range than the'wild.type enzyme.
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-32- Exanple 5 Preparation of a [Serine 109, Serine 218. Subtilisin Anal og
5 Single-stranded DNA from ML3npl 8 apr4[ Ser 109] was annealed to a pri
5 GGEC GCT TAT AGC GGA AC 3' 215 216 217 218 219 220 10 QY ALA
TYR SER GLY THR whi ch was synt hesi zed .by the phosphite nethod described by

Beuacage et.

" conprising codons for amno acids 215

al., supra. The priner waséhenol ogous to nucl eoti des

mm——

In another approach, Thomés; et al, Nature,
318, 375-376 (1985), disclosed that the pH dependence of
subtlllsln may be altered by changing an Asp to Ser in

 Asp?? of sibtilisin BPN'. This change represents an

10

15

20

25

30

‘35

alteratzon of a surface charge 14-15 Angstroms from the

active site. However, Thomas, et al. fails to provide

any indicat;on of ‘improvement where no change in surface
charge is made, as is the case where one uncharged
residue is substituted for another.

A third approach, described in co-pending U.S.
applications S.N. 819,241 and S.N. 771,883're1ates,to a
class of Bacillus serine protease ahalogs characterized
by deletion and/or modifications of any Asn-Gly
sequences present in the protease.

~ Takagi.et al., J. Biol. -Chem. 263, 19592-195396
(1988) disclose that a change of isoleucine 31 to
leucine increases the activity of subt111S1n compared to
the w;ld-type enzyme.

Summary of the Invention

The present invention provides a class of.
subtlllsln analogs characterized as having 1mproved wH
and thermal stability and oxidation stability thereby
rendering such analogs especially useful in detergent
formulations as well as other processes requiring stable
préteases. ‘The subtilisin analogs according to the
present invention are characterized as having an amino
acid sequence of a naturally occurring Bacillus
subtilisin that has been modified by having (1) one or
more amino acid residues in a calcium binding site

- present in the amino acid sequencé of the naturally

ner:

occurring Bacillus subtilisin replaced with a negatively '

charged amino acid, and (2) either residue of any Asn-
Gly sequence present in the amino acid sequence of the
naturally occurring Bacillus subtilisin deleted or
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'through 220 of RprA-subtilisin except for one base 15 change (marked by an

asterisk) where an A was changed to a Gto allow for the transition which
-woul d change Asn218 (codon AAC) to Ser218 (codon AGC). The conditions for
anneal i ng, polynerization, ligation, trqpsfectlon and identification of
positive plaques 20 were as described +mmExanple 2. A single purified -

pl ague cont ai ned bacteri ophage desi gned as ML3nR18 apr4 [Serl 09, Ser218].

Doubl e- strandegegm@cgaoghahkggbagEeP%ngggemg@ﬁlghgﬁgtEgsyﬁhgngndIII and

Kpnl in conbinatl then a ragnment carr 5 nutations
was |igated t ot BRAMRESE WﬁFEhaﬂﬂﬂhBéeﬁmpPBVﬁS&él§e§+ B8y cBrefeRakilydl 11 and
Kpnl. The resualangngl asnleucRAMBARA. (49yohe bpthefecaflihet acBg subtilis

host cells forré¥95982‘%u%?guﬁﬁﬁkstkﬁg 8Lta1ytic triad (Asp32 His84,
S Ser221) are replaéed with another amino acid. The
present invention further provides detergent
compositions comprising the subtilisin analogs of the
present invention and to the use of such subtilisin
analogs and compositions in cleaning applications.

10 ~ The subtilisin analogs of the present inven-
tion exhibit improved thermal, pH stability and
oxidation stability, increased specific activity and
broad substrate specificity thereby increasing the
detergency of detergent formulations containing such

15 analogs. 1In particular, the subtilisin analogs of the
presént.invention'provide improved thermostability,

~increased pRH stability, increased oxidation stability
and higher specific activity than found in "wild tipe“
subtilisins.

20 In addition, the present invention relates to
DNA sequences having codons encoding a subtilisin analog
as described above.

The present 1nvent10n also provides a process
for the production of subtilisin analogs comprising a

25 host cell having nucleic acid encoding a subtilisin
analog as described above. 1In such a cell, the nucleic
acid encoding the subtilisin analog may be chromosomal
or extrachromosomal. The host cell is preferably
selected from a strain deficient in secreted proteases,

30 allowing for facile isolation of the analogs of the
presant invention. _

In addition, the present invention provides a
‘methoed for improviﬁg the thermal, pH, and oxidation
stability of subtilisins by modifying the calcium

35 binding site and/or substinﬁting an amino acid other
than asparagine for an asparagine in an Asn~-Gly sequence

ThIS is the replacement sheet
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[ Ser 109, Ser218]-subtilisin. 30 Exaﬁpré 6 Preparation of a [Asp 76, Ser
109, Ser
FSer109, Ser218] was annealed to a priner: - 33- 5 CGCT CIT GAT AAC TCA
ATC 3" 74 75 76 77 78 79 ALA LEU: -ASP ASN SER | LE

Subtilisin Anal og 35 Single-stranded DNA from ML3npl8 apr4
-8 -

and in particular for the asparagine residues at the
positions in the amino acid sequence of the subtilisin
which corresponds'to positions 109 and 218 in the amino
acid sequence as disclosed in Table 1, and substxtuting
an amino acid other than methionine at the position in
the amino acid sequence of the subtilisin which
corresponds to positions 124 and 222 in the amino acigd
sequence as disclosed in Table 1, and substituting an
amino acid other than the naturally occurring amino acid-
surrounding the active site of the enzyme.

Brief Description of the Drawings

Fig. 1 schematically illustrates the
cyclization of Asn-Gly residue3) such as those found at
positions 218 and 219 of subtilisin as set forth in
Table 1, to form anhydroaspartylglycine -and also depicts
base-catalyzed hydrolysis thereof;

. Flg. 2 is a partial restriction: map of an _E_A
gene-conta;nxng an- EcoRI-*R_I gene fragment of Bacillus
subtllls (B subtxlis) strain QB127 and includes a

partial restrzctxon map of the aprA gene and flanking
sequences; "

Fig. 3 'is a part1a1 restriction map of a
plasmid pAMB11;

Fig. 4 is a Elowchart illustrating stages in
construction of PpAMBl113, a plasmid which directs _
synthesis of [Ser]218~subt11151n from B. subtilis host
cells; : . :

- Pig. 5 is 2 partial restriction map of pAMB30
plasmid; ' _
+ Pig. 6 illustrates the construction of
DAMB106; - - |

" Pig. 7 -illustrates the construction of M3

‘mpl9 aprAld3l.
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whi ch was synt hesi zed by the phosphite nethod descri bed by Beaucage et.

al ., supra. The prinmer was honol ogous to the nucl eotides conprising codons
fror aimno acids 74 through 79 of aprA-subtilisin except for one base change
(marked by an asterisk), where an A‘md%;thanged 10 toa Gto allow for the
transition which would change Asn76 (codon AAT) to Asp76 (codon GAT). The-

| Bavas S o&”§e§'§§f’eé° ol GHEHR S SSREALACYARE SBEPcr: 284 [1rgat ca 15

Praw

[ -

and transf ecSeat dsubtﬁnasphe1ﬁ bReatdr.i ophage plaques wer e

i transferred to hybrldl%q%g ngr%ng§ gggwtggﬁe WG h CB@%%IQ%& mnth
€

the desired base chq%g
Exanpl e 2 ex®&ptl Aspar Ser

5

n%&sled zatl n as descri in
P Ala ] subt11151n._

' Detailed Description of the Invention

The term "subtilisin" as employed herein,
refers to a mature, secreted form of the enzyme which

10 lacks leader sequences cleaved from the mature enzyme
prior to or at secretion. Subtilisins that may be
modified in accordance with the present invention
include, but are not limited to, naturally occurring
subtilisins represented by the amino acid sequence of

15 subtilisin Carlsberg, subtilisin BPN', the aprA gene

o product of Bacillus subtilis, subtilisin DY and the
subtilisin of Bacillus mesentericus, and the subtilisin
of B. subtilis var. Amylosacchariticus. The amino acid
sequence for subtilisin'Carlsberg is described by

20 Smith, et al., J. Biol. Chem., 243, 2184-2191 (1968).
The amino acid sequence for subtilisin BPN' is
described by Markland, et-al., J. Biol. Chem., 242,
5198-5211 (1967). The amino acid sequence for
subtilisin DY is described by Nedlov, et al., Hoppe-

25 Seyler's Z. Physiol. Chem., 364, 1537-1540 (1983). The
amino acid sequence for the subtilisin of Bacillus
mesentericus is described by Svedsen, et al., FEBS
Letters, 196, 220-232 (1986).. The amino acid sequence
for the SubtlllSIn of Bacillus subtilis var.

30 amylosacchariticus is described by Yoshimoto, et al.,
J. Biochem., 103, 1060-1065 (1988). The amino acid
sequence of the aprA gene product of Bacillus subtilis
is described by Stahl, et al., J. Bacteriol., 158, 411~
418 (1984). The amino acid sequence of such |

35 subtilisins are incorporated by reference herein. Such
subtilisins are characterized as having calcium binding-
sites necessary to stabilize the molecule.

This is the reptacement sheet

0 & APR 1897

' _ Date:

e AR e SR D e e

S e TP TART W — 5 TR e




R R T IR M R R L

20 hybridi zation was. perforned at 46[err}C. One positive plaque contained
bact eri ophage desi gnated at ML3npl8 apr4 [ Asp76, Ser109, Ser218].
Boubl e- stranded DNA from the bacteri ophage was di.gested with Hindl 11 and
Kpnl in conbi-nation, then a 750 bp fragnment carrying the three 25

mut ati ons of the aprA—subt|I|S|n gene_ Ligated to pAMB106 whi ch had been
previously digested with H ndlll and K ‘The resul ting plasnmid, pAVB131, .
may be introduced into B. subtilis host ceIIs for synthesis and secretion

gu[?gspggrlggrlggrggr8218kg 4Rk kahle 39t§X@HB'5:ZsE’5€p%@£hQE‘on g [Asp76
: class of subtxl;sln analogs are provided which possess
improved capacity to bind to calcium. Calcium has been
used to stabilize subtilisin in powders and liquid
5 detergent, especially in applications requiring higher
temperatures. The present invention relates to the
modifigation of the calcium binding site of the
subtilisin molecule to increase calcium binding. As
used herein the term "modification of the calcium
10 binding site" refers to replacement of one or more
‘amino acids in the region of a-calcium binding site
present in the amino acid sequence of subtilisin with a
negatively charged amino dcid thereby enabling the
resulting subtilisin analog to have an additional
15 negative charge. It has been found that one calcium
binding site in a subtilisin involves the following
amino acids: Gln2, Aép‘l,-beu75, asn’8, asn’7; ser’S,
Ile’?, Glyao, va18l, Thtzoa_and Tyr214 relative to the
«mino acid seguence set forth in Table 1. The present
20 invention preferably involves replacement of one or
more of the amino acids present in the calcium binding
site with a “negatively charged" amino acid such as Asp
and Glu, and more preferably Asp. It should be noted
that although Asp41 in the calcium bxndxng site is a
25 negatively charged-amino acid, one embodiment of the
- present invention involves changing Asp41 to Glud
The other embodiments relate to changes other than to
- aspil.

One preferred embodiment of the present
30 invention involves a subtilisin analog wherein asn’6 ig
converted to Asp76 Another embodiment involves
conversion of the Ile79 to Asp79; Another embodiment
involves the above preferred modifications to the
calcium pinding site and substitutions of Asn109
35 BAsn2?18 o serl09 and Serzlsr.thus_elimihating two
unstable Asn~Gly sequences. A more preferred

and
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Si ngl e-stranded DNA from ML3npl 8 apr4 [ Asp76, Ser 109, Ser218] was anneal ed

to a priner: .34 5' T GAT AAC TCA GAA GGT GIT CTG G 3 7576 77 78
79 80 81 82 83 ASPASN SER GLU GLY VAL LEU 5 which was synthesized by
t he phosphite nethod descri bed by Beaucage et al., supra. The prinmer was

honol ogous to the nucl eoti des conprisénflpartial codons for am no acids .75
and 83 and entire codons for anmino acids 76 10 through 75 and 83 and
entire codons for am no acids 76

embodiment of the present invention involves the above

preferred modifications to the calcium binding site and
Asn-Gly sequences in combination with changes of
methionine 222 to alanine. Another preferred

5 embodiment invblyes the above preferred modifications
to the c@lqium'bindipg site and Asn-Gly sequences and
Met-222 in combination with amino acid modifications
that increase the specificity of subtilisin to an
azocasein substrate or a SABPFpN substrate i.e.,

10 Methionine 124 to Leucine or ‘Alanine and/or Isoleucine
31 to Leucine, and/or Serine 33 to Threonine, and/or
Serine 62 to Asparagine, and/or Serine 63 to Glycine,
and/or Tyrosine 217 to Leucxne and/or Arginine 247:to
Leucine or Methionine.

15 In addition to the calcium binding sites

- described above, subtilisins may have one or more
additional calcium biﬁding sites. The claims of the
present invention encompass modification of one or more

-0f all calcium binding sites that may be pteéent in the

20 subtilisin. The number of calcium binding sites in any
particulér_subtilisin that may be modified depends on
many factors, i.e., the specific subtilisin, the
particular application for the subtilisin analog.

Other potential calcium binding sites that may be

25 present in subtilisins include the following (1) Asp14°
and Prol72; (2)_I?r014 and Gln27l; and (3) Prol?2 ang
G1luld3 or Asplg7. The specific calcium binding site
present in each molecule depends upon the particular
subtilisin to be modified. As previously mentioned,

30 the replacement'of one or more of the amino acids in
the above potential calcium binding sites will result
in a subtilisin having improved thermal and pH
stability., Representative of replacements include

. As p14° with G1u14°, Prot?? with Asp172, Prott with

35 As 9;4, Gln27‘ 'with Glu271, Glu197 with Asp197
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t hrough 82 of [Asp76, Ser109, Ser218]-subtilisin except for three base
changes (marked by asterisks), wherein an- A was changed to a G a T was
changed to an A, and a C was changed to an A, which changed Il e79 (codon
ATC) 15 to du79 (codon GAA). The priner was anneal ed to ML3npl8 apr4

[ Asp76, Ser109, Ser218]. DNA at 65[erri_¥hd the anneal ed DNA was slowy .,
cooled to approximately 22[err] C and was pol yneri zed, |igated and

transforred to hybr disabRCAAREHERAER MERE RIS W R LR HERILRE
desired base ditessofesesubeilisieddledyls; divas Ppreferrsdrtdehave
Bapl € 2 eXCehly - CYar LEhiah e blERed® AR iDL A" ddfee SB°
: or replaced. As previously disclosed in U.S,
| S Application S.N. B19,241, a consexved sequence, Asn-
Gly, at positions 109-110 and especially at positions
218~219 of Bacillus subtilisins has been identified as
a major jactdr fesponsible for the pH instability of
these substances (see Figure 1). In order to eliminate
10 the unstable element,-Asnzla-Gly2¥9, from the '
P subtilisin molecule it was disclosed to either replace
- Asn?l8 with.any amino acid other than asparagine and/or
change Gly21® to any amino acid other than glycine. .In
a like manner, modification of the unstable Asn-Gly
15 element at positions 109-110 was described as providing
| stability to the analogs described therein.

In addition, as previously noted, a preferred
class of analogs of a Bacillus subtilisin according to
the present -invention have an amino acid sequence

20 wherein in addition to a modification of a calcium

: binding site, positions comprising an Asn-Gly sequence

E in the Bacillus subtilisin do not comprise an Asn-Gly

: | sequence in the analog, and ip particular wherein there
are fewer Asn-Gly Sequences than in the Bacillus

25 subtilisin. 'Most preferably, a position corresponding
to position 218 in the amino acid seqﬁénce as set forth
in Table 1, does not comprise an asparaginyl residue,
but rather comprises a residue of a different amino
acid, preferably an amino acid selected from among

30 serine, valine, threonine, cysteine, glutamine and
isoleucine. To the extent. that replacement of

SALERT PR

i AL AP T

asparagine with certain amino acids may give rise to
interference with active site conformation, (e.g., due
to steric hindrance which may be introduced by the

35 presence of an aromatic amino acid or changes in
tertiary structure such as may be introduced by the

’ | This is the replacement sheet
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bact eri ophage desi gnated as ML3npl 8 apr4 [Asp76, G u79, Ser109, Ser218].
Doubl e-stranded. DNA from thi s bacteri ophage was digested with H ndl Il and
Kpnl in conbination, then a 750 bp fragnment carrying the four 30 nutations
of the aprﬂvsubt|I|S|n gene was-‘ligated.to pAMB106 whi ch had ben previously
digested with Hndlll and Kpnl. The rEaﬁELlng pl asm d, pAMB133, may be . -
introduced into B. subtilis host cells for synthesis and secretion of

[Asp76, G u79, §e£%88é §§r21p olxne)sgggsk %u@xon witR sih h?n%

acids would ordinarily be less preferred. Likewise, to
the extent that replacement of asparagine with other-
amino acids may introduce a charged group (e.g.,

5 aspartic acid) into the proximity of the active site,
=such substitution would be less preferred.

- Illustrative of a presently preferred embodiment is an
analog havxng a modified calcium binding site and a
[Ser218] modification of the Asn-Gly sequence of the

10 subtilisin. Alternative embodiments of analogs within
the contemplation of the invention are those having a
modified calcium binding site and wherein Asnl09 of

- subtilisin BPN' or of the gggé.gene product is
replaced, preferably by a serine, and wherein glycine

15 residues at positions 110 and/or 219 are replaced by
different amino acid residues. In other subtilisins,
modification of a calcium binding site or sites and

- substitution for Asn at residue 62 or Gly at residue 63
of subtilisins Carlsberg or DY are also comprehended by

20 the present invention.

' In addition, as previously noted, a preferred

% : . class of analogs of a Bacillus subtilisin according to
the present invention have an, amino acid sequence
wherein in addition to modifications at the calcium _

25 binding site(s) and Asn-Gly sequences, a Met residue at

' position 222 is replaced with a different amino aci?,
preferably Ala, to improve the oxidation stability of
the subtilisin analog. -

Alternative embodiments of analogs within the

30 contemplation of the invention are substitutions of

'~ amino acids surrounding the active site residues
(Asp32f nisb4 and Ser221), so as to increase the
specific activity of the enzyme toward azocasein and
synthetic peptide (e.g., SAAPPPN) substrates. Such

35 modifications are especially important in analogs

2 ' incorporating a modification at ‘Met222 o Ala because,
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Preparation of a [Asp76, Ser109, Ser218, Al a222]- Subtilisin Analog 5
Si ngl e-stranded DNA from ML3 npl8 apr4 (Asp76, Ser109, Ser218] was anneal ed
to the priner: 5 GGA ACG TCC GEG GCG . ACT 3" 219 220 221 222 223 224 10
Gy Thr Ser Ala Ala Thi which was synt-hesized by the phosphite nethod

descri bed by Beaucage et al., supra. =TA4 prinmer was honol ogous to the

nucl eoti des conprising codons for amno acids 15 219 through 224 of

[ Asp76, Ser 109, Ser218]-subtilisin exceg; 595 t wo .base changes. (mar ked by
asterisks), whBBePrexiongdy netedy khe MeEijEdteoAdaganaleg has and a

thymne (T) waspekafigedaceivity! eswaed( the WAREPpRNBGBSErhke MRa223 s(cCodon
ATG to Alazzzlgggdggagcg%at of the unmutated enzyme. The specific
activity of any analog incorporating the Met222 o Ala
S substitution can be increased by incofporating_one or
-more of the following additional changes: Metl24 ¢o
Leu, Met}?4 o Ala, Ile3! to Leu, Ser3? to Thr, SerS2
to Asn, Ser53.to'G1y, Tyr217 te Leu, Ar9247 to Leu or
Met. | | |
10 Due to their capacity to secrete substantial
quantities of proteins and because they are cufrently
used #o_produce detergent proteases, Bacillus micro-
orgaqiéms represent a preferred host for recombinant
production of the subtilisin analogs accérdihg to the
15 present-invenﬁion. Because most Bacilli .secrete
alkaline and neutral proteases, it is. preferable that
wiutations be'introduced_inté the endogenous alkaline
.and neutral protease genes of B. subtilis so that the
.mutated subtilisin may be produced and secreted by
20 B. subtilis in a medium free of other proteases. Thus
the present invention also provides mutant strains of
B. subtilis which are blocked with respect to the
synthesis of endogenous proteases but which retain the
. ability to synthesize and secrete the subtilisin
25 analogs herein disclosed. -

As described in greater detail below, it was
found that the pH and thermal stability and oxidation
stabjlity and the stability in detergent formulations .

. of the subtilisin analogs of the present invention is
30 significahtly g:eater than that of the wild type 3255
gene product subtilisin and Carlsberg subtilisin.

- All subtilisin analogs according to the
invention may be prepared in accordance with the
following procedure:

35 1) 1Isolation of the representative
subtilisin gene aprA from B. subtilis;

: This is the replacement sheet
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20 The prinmer ‘was anneal ed to ML3nmR218 apr4 [Asp76, ‘Ser 109, Ser218] DNA at
65[err] C and the anneal ed DNA was slowy cooled to apprOX|nater 22C and
was pol ynmerized, ligated and transfected as described in Exanple 2.
Bact eri ophage plaques were transferreqsta 25 hybridization menbranes and

t hose which contai ned desired base changes were identified by hybridization
as described in Exanple 2 except that hybrldlzatlon was perfornmed at
58[err]C. One p05| tive pI FAW i c,;?n@ e %‘? egeﬁph@geadw(-_g;m&t ed as ML3

npl8 apr4(As 0 S 09, ed DNA f
this bggtéri% er égi AR HQQHF%dP QRHCESR% ran 'hationfOPLen

. at 750 bp fralgmm:tte@‘ nﬁl%gtearergﬁmg:d loxr eladver desuaedomedaﬁxtdae:ions;

: aprA-subtilisin gene wag) |igaleq o KPR 40168 182 nle S qiiend ity Y

. digested

B T SO R LT

[P TPV——

5 of the resulting DNA to confirm the presence of the
desired mutation; - |
4) Construction of an expression vector to

direct the synthesis of the mutated enzyme in
B. subtilis;

10 ~5) Construction of mutated B. subtilis.

o strains‘which do not synthesize subtilisin and neutral

protease;

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

15 7) Practice of procedures for insertion of
the gene coding for the improved enzyme into the
chromosome of a B. subtilis strain previously 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 example, a [serl09]

subtilisin refers to a subtilisin molecule having a
serine in amino acid position 109 and a [Ser109
Se 218] subtilisin refers to a SUbtlllSln molecule

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

In Example 1, the aprA gene encoding
subtilisin is isolated from the B. subtilis genome. 1In
Example 2, the aprA gene is subjected to site-directed
mutagenesis. In Example'B, an expression ‘vector

30 containing the mutated aprA gene is constructed. 1In
Example 4, a {Serlogl subtilisin analog is prepared.
Example 5 describes the preparation of a [Serlog,
Ser218] subtilisin analog. Example 6 describes
preparation of a [Asp76, serl09, Ser218] subtilisin

35 analog. Example 7 describes the preparation of a
[Asp76, Glu’??, serl09, ser2i8) subtilisin analog.
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.sequences required In Example 8, a [Asp

35 with HndlIl and Kpnl. The resulting plasnid, pAVB143, nay be
i nt roduced and propagated in Bacillus host cells -36- for synthesis and
Exanple 9 5
Preparation of ML3 npl 9 aprAl43 ‘Pl asnié pAVMBL43 was di gested with EcoRl and
Kpnl in conbination. A 1.8 kb fragnent of DNA carrying 10 the entire gene

ﬁysits f I anki ng

secretion of (Asp76, Ser109, Ser218, Al a222]-subtilsin

for (Asp76, Ser109, Ser218, Al a222]- subtiljisin, ng
Jzé,. D 28

Wi

¢ Ser

A1a222] subtilisin analog is prepared. In Example 9,
the [Asp76, serl09, Ser218, Alézzzl subtilisin analog
gene is transferred to bacteriophage M13mpl9 in

In
Example 10, a [Leu?l, Asp76, serl09, ger218, A1a222]
subtilisin_analog is prepared. Example 11 describes

5 preparation for site-directed mutagenesis.

the preparation of a [Asp76, Serlog, Leu124, Ser218.
A1a222] subtilisin analog.
10 _In Example 12, two mutant strains of

B. subtilis which produce no detectable extracellular
proteases are constructed. Example 13 describes
procedures for integration of a mutated aprA gene 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 analogs of the
present invention regarding stability, activity and

washing performance.

20 ' " In addition to a subtilisin analog of the
present invention, detergent compositions of the

present invention may comprise:

‘(a) At least one surfactant which may be
anionic, non-ioniec, or amphotefic, 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 polyglycol ether) in

amounts of: 5-30 and 1-5 percent by weight,
respectively, of the detergent compositior.

30 (b) One or more builders, preferably having
a concomitant sequestering function. Sodium
tripolyphosphate, sodium citrate, sodium silicate, and
zeolites are examples of such compounds, usually
constituting from 10 to 70 percent by weight of the

35 detergent composition.
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initiation of transcription and translati.on and ternination of -

i required for site-directel nithbeaetsing cgent, [popier deiyl 0D, pSeoly 8,

Al a222] - subt iddsd 2Pl &ai ﬁg@éat' :
¢ [ Leu3l, %p?6,é§eﬂ%‘b‘?‘%§§r}lﬁ'§f Al a@% Q%Jﬁ)ﬂt?é I SI N %%l% ngl e-stranded DNA
from M3 npl FRERTREALRA HmrRW| ARPYRE ttme-fgﬁi%%rr?ercen_t by weight of

A e i G e L et

5

10

15

20

25

30

35

the composition.

(d) Ancillary agents, such as carboxymethyl
cellulose, optical brighteners and perfumes. 1If
required, a pH-adjusting agent is added to give a pH of
the laundering medium in the range of from 7.0 to 10.5..

The detergent compositions contain an
effective amount of one or more of the subtilisin
analogs of the present invention. As used herein
"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 are readily
ascertained by one of ordinary skill in the art and is
based on many factors, such as the particular
subtilisin analog utilized, the cleaning application,
the specific composition of the detergent composition,
whether a liquid or dry composition is required and the
like. - |

' :The particulate subtilis;n-analog preparation’
of the invention is added in an amount calculated to
give an enzyme activity of at least 0.1 Anson units
(AU, vide infra), preferably 0.5-2.5 AU per 100 g of
detergent composition. "If required, balance to 100
percent may be established with an inorganic filler,
preferably sodium sulphate.

Liquid detergent compositions may be prepared

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 such
surfactants. Usually, the'slurry will also contain one
or more inorganic fillers, such as finely ground sodium

transcription and translation, was transferred to bacteriophage M 3np19
¢avail able from 15 Bet hesda Research Laboratories, Gaithersburg, MD.

cat al ogue no. 8229SA) which had ‘been-dipested with EcoRl and Kpnl. One of
t he reconbi nant bacteri ophage DNA restlting fromthis procedure was
desi gnat ed ML3npl9 apr Al43,. and provi ded single-stranded tenplate 20 DNA

as
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30 ' . * * 5 GIA G&CT GIT TTA GAC AGC G&A 3' 28.
29 30 31 32 33 34 Val Ala val Leu Asp Ser Ay which was synthesized by
“whe phosphlte met hod descri bed 35 ‘by ‘Beaucage et al., supra. The primer
was honol ogous t-o the nucl eot.i dées co ‘i-si ng codons for am no acids 28

-37-- through 34 of [Asp76, Ser 109, Al a222]- subtilisin except for
two base changes (marked by asterisks) wherein an adeni ne (A) was changed -

to thymine (I3,30948,°¥pRibAS14Y 1h°3akER088E : bPeRA"S 08 pension
L stabilizer, for example fumed silica (Rerosil.200).
Tergitol'and'Aefosil are tfademarks.
A subtil;sin analog of the invention is added
5 in an amount calculated to give a protease activity of
at least .0.1 AU- preferebly 0.5-2.5- AU per 100 g of
liquid detergent composition.

The detergent compos;tlons may ‘be prepared in
the usual manner, for example by. mxxing together the.

10 components. Alternatxvely. a pre-mix is made, whichis
then mlxed v;th the- remaxnxng ;ngredzents.

Because of the good- stabxlzty and activity
properties described, the subtilisin analogs according
to the invention can be used in all fields where

15 proteolytic enzymes are generally used. In particular,
it can be used for detergents and cleansers. or spot
‘Temovers,. as a depilatory in tanning, and also in the
food industry for the preparation of protein
hydrolysates -and in serology for the detection of

20 - incomplete antibodies.  1It is particularly advantageous
for use in'theffood.industry and in serology that the
subtilisin analogs according.to the invention have
excellent stabzlity in the solid or dissolved form that
physxologically acceptable quant;txes of calcium ions

25 ‘may not. be necéssary-to stabilize the ‘subtilisin analog
in aqueous solutione;.in contrast to those of other
enzyme preparations. . - | :

The follouing Examples will further serve to
lllustrate the 1nvent1°n although it will be- understood

30 that the invention is not limited.to these specitic

examples.
_.Examgle 1
35 ' B. subtilis strain QB127 (£rpC2 leuA8

sacuB200) [Lepesant,. et al., Molec, Gen. Gemet., 118,

This is the replacement sheet
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5 (A), which changed the Ile31 (codon ATC) to Leu (codon TTA). The pri ner
was anneal ed to ML3 npl 9 aprAl43 DNA at 65[err]C and the anneal ed DNA was

sl ow y cool ed toapproximately 22[err] C and was pol ynerized, |igated and
transfected as described in Exanpl e=21916 . Bact eri ophage pl aques

were transferred to hybridization menbranes and those which contained
desi red base changes were identifijed by hybridizatjon, as described in
Exanpl e 2 exddprlPRaf 1R§BI I avast PBRadABApEFPBr hBE BRCEFLUS PENCEAE positive
plaquedcontaSagdklﬁehaefeatgﬁhagehdgsBgaeéednasebﬁBap19Compm6&é4 ?nd
carried DNA INg t [Leu3l. Asp7 er 109, _Ser2l a-2-s ilisin
boubl o st rantBaeENATRE8nF ERASNLRYBERFaTaEE RatTargLirEaf eR tBeor “and
Kpnl in conbandtmehaltpeqtaases.kbhamxgasatanﬁ Deransucyasg t he
5 relative to isogenic sacu+'strains due to the

pleiotropic effect of the sacuP200 mutation [Lepesant,

et al., in Schlessinger, D.;, ed., Microbiology, 1976,
American Society for Microbiology, Washington, D.C., p.
65 (1976)). Thus, strain QB127 is a suitable source of
10 DNA for isblating the aprA gene which codes for
subtilisin. _
Genomic DNA was isolated from cells of
B. subtilis strain QB127 in accordance with the
procedure of Saitb;_et al., Biochim. Biophys. Acta. 72,
15 619-629 (1963). Purified chromosomal DNA was digested
| to completion with the EcoRI restriction endonuclease;
' The resulting DNA fragments were resolved on
a low-melting point agarose gel by electrophoresis and
fragments in the 4.4 to 8.0 kilobase (kb) range were
20 isolated. These fragments were ligated to pCFM936
(A.T.C.C. No. 53,413 from the American Type Culture
Collection, 12301 Parklawn Drive, Rockville, Maryland)
an Escherichia coli (E. coli) plasmid which displays
higher copy numbers at elevated temperatures and which
25 confers kanamycin resistance. The vector was digested
with EcoRI and dephosphorylated with calf intestine
alkaline phosphatase prior to ligation.
) The ligation products were introduced into
E. coli C600 ( A.T.C.C. No. 23724 from the: American
30 Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland) and following overnigh£ incubation
on L-agar supplemented with 10 ug/ml kanamycin, _
kanamycin-resistant host cells were selected. . Plasmid
DNA was amplified by incubating the selected host cells
35 at 42°C for 4 hours. .Coloniés were then transferred to

nitrocellulose filters and processed in accé¢ordance with
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20 five nutations of the aprA-subtilisin gene was |ligated to pAVB106 which
had been previously digested with EcoRl 'and Kpnl. The resulting plasmd,
PAVB144, may be introduced and propagated in Bacillus host cells for

synt hesi s and secretion of [LeUBl,_A§@75 Ser109, 25 5er218

Al a222] -subtilisin. Exanple 11 Preparation of a [Asp76, Ser 109, Leu124
Ser218, Al a222]-Subtilisin Analog. 30 Single-stranded DNA from ML3npl19

apr Al43 WaSaaeaﬁahydnyarihezatwnr rbcédbre dédcEibedTBYAAC TTA ACC CTT GG
3 35 Grunstein, et ai ﬁggc}zﬁa%§4 &ggdlzgc1. (UsSh), 72,
3961 (1975).
An pligonucleofide,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°
10 which corresponds to the amino-terminus of the aprA
gene product (Wong, et al., Proc. Natl. Acad. Sci.
(Ush), 81, 1184-1188 (1984); Stahl, et al.,
J. Bacteriol., 158, 411-418 (1984). A hybridization
temperaturé;of 55°C was employed and 5 positive
15 colonies were identified out of a total of 400. The
plasmid DNA'from one of the positive colonies was
' de51gnated pCFM936 apr2. -
. Plasmid pCFM936 apr2 was digested w1th EcoRI
alone, with HindIII alone and with EcoRI and HindIII in
20 combination. Sizes of EcoRI fragments of the -
subtilisin gene conformed to those described in Stahl,
et al., sugra} but several otherwise undescribed
HindIII sites were discovered. As described herein in
Example 3, two of the HindIII sites were utilized in
25 -the genetic manipulations of the subtilisin gene.

It was determined that a large 6.5 kb EcoRI
fragment of B. subtilis QB127 genomic DNA carried the
aprA gene, its regulatory sequences and unrelated
flanking seguences by verifying that restriction enzyme

30 digests conformed to the results reported by Stahl, et
' al., supra. This was confirmed by DNA sequencing using
the dideoxy'chain termination method described by
Sanger, et al., J. Mol. Biol., 143, 161-178 (1980). A
3.0 kb EcoRI to Kpnl subfragment of the 6.5 kb EcoRI
35 fragment, as illustrated in Fig. 2,'was also found to
contain the aprA gene, its regulatory sequences, and

This is the replacement sheet

Date: 0 4 APR1S97



BN S S SRR WP PR e S A RSP PR L AL SN TIN R P At R R R

Val Ile Asn Leu Ser Leu - 38 - which was synthesized by the phosphite
met hod descri bed by Beaucage et al., supra. The priner was honol ogous to
the nucl eotides conprising partial codons for am no acids 120 and 127 and
conpl ete codons for am no acids'5 4231 tHrough 126 of [Asp76, Ser 109,
Ser218, Al a222] subtilisin except fol Two base changes (marked by .
~asterisks), wherein an adeni ne(A) was changed to thym ne (T) and a guani ne
(G was chargprelatedefilanking, seduerceshanged-hdughethe KprbuBeoRIG to 10

Leul24 (codoprddfdnt is reported to be 2.5 kb in length by Stahl,
et al., and in the legend to Fig. 1 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-EcoRI fragment is substanﬁially larger than
2.5 kb. '

3
M

A cloning vector for Bacillus host systems,
plasmid pAMBll, was constructed as follows. The
10 plasmid pTG402 (Northern Regional Research
Laboratories, United States Department of Agriculture,
Peoria, Illinois, strain number NRRL B-15264) was
partially digested with the Rsal restriction
endonuclease. Fragments were ligated to M13 mpl8
15 (available from Bethesda Research Laboratories, _
Gaithersburg, Maryland -as catalog number 8227SA) which
had been previously digested with HincII. Ligation
products were introduced into E. coli JM103 (available
from Pharmacia, Inc., Piscataway, New Jersey as catalog
20 number 27-1545-01) by transformation in accordance with
the procedure of Mandel, et al., J. Mol. Biol., 53,
154, (1970). Bacteriophage plagues were sprayed with
0.5M catechol (prepared in distilled water) to detect
the functional expression of an’ xylE gene derived from
25 pwcnoz. The'leE gene encodes catechol 2,3-dioxygenase
and is useful for detecting promoters_ in a variety of
organisms [Zukowski, et al., Proc. Natl. Acad. Sci.
(Usa), 80, 1101-1105 (1983)].
 The XylE gene was then transferred as a 1.0
30 kb EcoRI to PstI fragment to the E. coli/B. subtilis
plasmid pHV33 (available from the American Type Culture
Collection as A.T.C.C. 39217) [Primrose, et al.
Plasmid, 6, 193-201 (1981)] obtained from R. Dedonder
(Institut Pasteur, Paris, France). The pHV33 plasmid
35 had been previously digested with EcoRI and PstI so
that the xylE-containing fragment, when ligated in this

3

4
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; The primer was anneal'ed to ML3ML9 apr A143 DNA at 65[err]C and the anneal ed
DNA was slowly cooled to approximately 22[err]C and was pol ymeri zed,
Figated and transfected as described in Exanple 2. 15

Bact eri ophage pl aques were transferre@d2te hybridi zati on menbranes and those
whi ch cont ai ned desired base changes were identified by hybridization as
described in Exanple 2 except that hybridization was performed at 59[err]C
One positiverBRag%a @@HﬂélHéécievaﬁacﬁegﬁﬂﬁhﬁaé aepigadléns as ML3 npl9

i aprAl45 and easﬁsednEHA CQﬂb”@eEglgﬁ pﬁﬁasﬁ@?%OQA%EQ$1Eéo§Eg§é§maS
G gostd wit RURESRPR AT SER SFRCCotnEaaEebh hoREnCSTiSs RBEFr agnent of DNA
{ carrying thergguifriese tivet atiddnionf ofha ppoﬁesabtfbrs_g_sene pes |ligated
5 expressed in B. subtilis host cells. E. coli cells
harboring pAMB2l are resistant to tetracycline
- (15 uwg/ml) and chloxamphenicol'(zo ug/ml) while B.
subtilis cells harboring pAMB2l are resistant only to
chloramphenicol (S5 ug/ml).

4
§
¥
3
i
E
4
\
!
i

10 . The tQQE transcription termination sequence
of bacteriophage lambda was transferred from plasmid
pCFM936 (on a 400 base pair PstI to BglII fragment) to
the unique PstI site of pAMB21l. A synthetic nucleotide
with the sequence, 5' GATCTGCA 3', was constructed to

15 join the BgllI extremlty of the t._E fragmgnt to the _
PstI site of the vector pAMB2l. The resulting plasmid
was desighated pAMB22 and had properties identical to
PAMB21 except'for the inclusion of a transcription
terminator. The PAMB22 plasmid is useful for detecting

; 20 strong promoters that are functional in B. subtilis.

| The 1.4 kb EcoRI to BglII fragment of DNA

E ' : from pAMB22 that contains XylE and tQQE was isolated
from a low-melting point agarose gel after
electrophoresis of restricted fragments. The 1.4 kb

25 piece of DNA was ligated to plasmid pBD64 (available
from Bacillus Genetic Stock Centér, number 1E22) which
had been previously digested with EcoRI and BamHI. The
resulting 5.3 kb plasmid, pAMBll, contains the
polylinker sequence of M13mpl8 (EcoRI, SstI, Xmal, Sma,

30 BamHI and Xbal) upstream of the xylE gene which is
followed by tQQE' as shown in Figure 3. The pAMBl1
plasmid is capable of replicating in B. subtilis and
confers upbnlhost cells resistance to chloramphenicol

: (5 wg/ml) -and/or kanamycin' (5 pg/ml).

E 35 As illustrated in: Fig. 4, the purlfled ECORI

to Kpnl fragment containing aprA was cloned onto pAMB1l

This is the replacement sheet
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to pAMB106 whi ch had been previously digested with EcoRl and Kpnl . The
resulting plasmd, pAVB145, may be introduced and propagated in Bacillus
host cells for synthesis and secretigwb f_[Asp76, Ser109, Leul24, 30 Ser218
Al a222] -subtilisin. Exanple 12 Because=tost Bacilli secrete al kaline and/or
& 35 neutral proteases into the. surrounding growh nmedium it is preferable

e emme Lo f %ﬁtﬁ btgfﬁ.ipﬁ ?tiﬁpt M nthe5|éﬁio t'§§e§3?a?ggtral'
' . ocC eir.s
protease genes of B SUREIILS A D) oG e N SIS S %4

(available from Bacillus Genetic Stock Center as No.
1A423) by the protoplast transformation method
5 described by'Chang, et al., Mol. Gen. Genet., 168,
111-115 (1979). B. subtilis MI112 without plasmid DNA
is protease-profidient_(Prt+ phenotype), but secreted
levels of subtilisin are rather low. Chloramphenicol-
resistant ;Cmr) transformants were transferred onto
10 L-agar plates suppleménted with 1.5% (w/v) skim milk
and 5 ug/ml chloramphenicol, then incubated at 37°C.
‘After incubation at 37°C for approximately
sixteen hours, colonies of MI1ll2 harborihg plasmid
- PpAMBlll produced a clear halo surrohnding'each _
15 colony. Halos were formed by the proteolytic action of
subtilisin on the casein component of the skim milk
medium supplement. MI1l2 harboring the pAMBll vector
~ alone had no visible halo after 16 hrs. of incubation,
although a slight halo eventually developed after 40
20 hrs. of incubation at 37°C. Cells carrying pAMB1l11
were clearly distinquished from cells carrying pAMBll
by a difference in halo size. The cloning of the apra
gene in a fully functional form thus. led to a high

level production and secretion’of subtilisin by B.
25 subtilis. | '

DAY ST

- Example 2 °

-As illustrated 'in Fig. 4, a 3.0 kb EcoRI to

30 KpnI genomic fragment, the isolation of which is
described in Example 1, was digested with HindIII to
produce three fragments: (1) a 1.1 kb EcoRI to HindIII
fragment carrying genetic regulatory sequences for apra
gene expression, the'?pre—pro" region of the gene

35 required to extracellular export of subtilisin, and the
DNA sequence coding for the first 49 amino acids of

This is the replacement sheet
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subtilisin genes, when introduced into the mutant cell, may produce nutated
subtilisins which will then be 5 secreted in a nediumfree of other
proteases likely to interfere with isolation of intact subtilisin anal ogs.
Two nutant B. subtilis strains BZ24-3R@4:-8725, which produce no detectable
extracel |l ul ar proteases, were constructed in accordance with the follow ng
10 procedure: First, lasm d vehicle cagable of replicating in E. coli,

a
but not in EwAEHEFiPPEt&Ei§§§3ih?égﬁa@ea Kkt BindeIB-teuBindX3Ichr onosome by
honol ogous recagkenet caPryiA§ DRASEeYGEABeaScbaihgWbor 18miRbagkiidspBD64

I N R AN L AT
: with a transqription termination sequence and 3' non-
5 coding sequences; and (3) a 0.8 kb HindIII to KpnI
fragment containing 3' non-coding sequences.
The 1.1 kb fragment flanked by HindIII sites
was cloned to the single.giggIII site of bacteriophage
M13 mpl8 for the purposes of DNA sequencing and site-
10 directed mutagenesis. One of the recombinants,
designated M13 mpl8 apr2, provided single stranded
template DNA required for site-directed mutagenesis of
the aprA gene.
The coding region of the aprA gene was
‘15 sequenced and the results of the sequence are set forth
in Table 1 herein. It should be noted that the
specific 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 aprA gene, and that there exist codon sequence
differences from Stahl, et al., supra, at amino acid
positions 84 and 85. Specifically, Stahl, et al.,
-supra, reports a codon GIT (coding for valine) at amino
_ acid position 84 while the codon GTA (also coding for
H 25 wvaline) appears in Table 1. Stahl, et al., supra, also
reports a codon AGC (coding for serine) at amino acid
position 85 as opposed to the codon GCG (coding for
alanine) in Table-1l. -

30

35

This is the replacement sheet
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size. These fragnents were then ligated as a nmixture to plasnm d pBR322
(A.-T.C.C 37017) which previously had 20 been digested with Clal. The
bigation products were introduced into E. coli- C600 (available fromthe
Anrerican Type Culture Collection as_Ayd.C C. 23724) by transformation
(Mandel, et al., J. M. Biol., 53, : (1970)]. Selection was for cells
resistant to 25 chloranphenicol (20 [err]g/m) and anpicillin (50
[err]g/m). Plasmd DNA from 12 tranppgrpants was.prepared by an al kal i ne
extraction procedure described by BiTnborm et al., Nucleic Acids Res., 7,
1513- 1523 (1979), then digested wth HindlIl and EcoRl in conbination to 30
verify the presegmge of inserted fragnent(s). One such plasm d, designated
pAVB3D, was foumettdhrgasSey Lye Lyd bed DrpSlké SpnlledrbeuePhe AlapBD64 in
the Clal site GTG AGA AGC AARA AAA TTG TGG ATC AGC TTG TTG 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 GCG

Gln Ala Ala Gly Lys Ser Ser Thr Glu 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 Lys
"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 Lys
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 ARA GAA TTG AAA AAA GAT CCG AGC GTT GCA TAT GTG

=1 +1
Glu Glu Asp His Ile Ala His Glu Tyr Ala Gln Ser Val Pro
GAA GAA GAT CAT ATT GCA CAT GAA TAT GCG CAA TCT GTT CCT

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

20 30
Gly Tyr Thr Gly Ser Asn Val Lys Val Ala Val Ile Asp Ser
GGC TAC ACA GGC TCT AAC GTA AAA GTA GCT GT? ATC-GAC AGC

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

50 60

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

70

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

- This is the replacement sheet
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of pBR322.
with Bgll|
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host cells.

R

These:fragnents contain the chloranpheniéof acetyl transferase
subtilis.
wi th Sau3A confirmed the identity and - 40-

and,

Asn
AAT

90
Leu
TTA

Tyr
TAT

Asn
AAT

Ser
TCT

- Gly

GGT
160
Gly
GGA

- Thr

U - SR I SRR S e PR LEE S R AT SR S

ACT

Ser’

-TCA

Gly
GGC

Ala
GCT

230
Ala

- GCA

Ala
GCG

separately,

pAMB30 | acks an origin of
subtilis, it cannot 5
. On the ot her
2 of replication which is functional in E..

Asn Ser
AAC TCA

Tyr Ala
TAT GCA

Ser Trp
AGC TGG

120
Met Asp
ATG GAT

Thr Ala
ACA GCG

Ile Val
ATC GTC

Ser Thr
AGC ACA

Ile Ala

-ATT GCA

190
Phe Ser
TTC TCC

Vval Ser
GTG TCC

Tyr Asn
TAT AAC

Ala Ala
GCA GCG

Gln Val
CAA GTC

(cat) gene which is functional

replicat

Ile
ATC

Vval
GTA

Ile
ATT

val
GTT

Leu
CTG

val
GTT

Ser
AGC

val
GTA

Ser
AGC

Ile
ATC

Gly
GGA

Leu
TTA

Arg
CGT

hand,

80
Gly
GGT

Lys
AAA

Ile
ATT

Ile
ATC

Lys

150
Ala
GCT

Thr
ACA

Gly
GGT

Ala
GCA

Gln
CAA

in E 35

col i

af autonp

Val Leu Gly

GTT

Val
GTG

Asn
AAC

Asn

AAC

Thr
ACA

Ala
GCcC

val
GTC

CTG

Leu

CTT

110
Gly
GGC

Met
ATG

val
GTC

Ala
GCA

Gly
GGC

180

Ala
GCG

Gly
GGT

Ser
AGC

220 .

Thr
ACG

Ile
ATT

Asp
GAT

Ser
TCC

Leu
CTT

Arg
CGT

val
GTA

Ser
TCT

Thr
ACA

Met
ATG

Ser
TCT

250
Leu
TTA

GGC

Asp
GAT

Ile
ATT

Ser
AGC

val
GTT

Ala
GCC

Tyr
TAC

Asn

AAC

Glu
GAG

Leu
CTT

Ala
GCG

Lys
AAG

Glu
GAA

val
GTA

Ser
TCA

Glu
GAG

Leu

CTT
140

Asp
GAC

Gly

‘GGA

Pro
ccT

Ser
AGC

Leu
CTT

210
Pro
CCT

Thr
ACT

His
CAC

Ser
AGC

and B.

Ala
GCG

Thr
ACA

Trp
TGG

Gly
GGC

Lys
AAA

Asn
AAC

Ala
GCA

Ser
AGC

Asp
GAT

Gly
GGA

Pro'

CCT

Pro
CCG

Thr
ACT

Pro
cca

100
Gly
GGA

Ala
GCC

Gly
GGA

Ala
GCC

Glu
GAA

170
Lys

Asn
AAC

val
GTG

Gly
GGC

His
CAC
240

Thr
ACT

Ala

GCA.

This is the replacement sheet -

Ser Ala
AGC GCA

Ser Gly
AGC GGC

Ile Ser
ATT TCC

130
Pro Thr
CCT ACT

vVal Ser
GTT TCC

Gly Ser
GGT -TCA

Tyr Pro
TAT CCT

Gln Arg
CAA AGA

200
Met Ala
ATG GCT

Thr Tyr
ACT TAC

Val Ala
GTT GCC

Trp Thr
TGG ACA

Thr Tyr
ACA TAT

Di gesti ons

orientation of the cat gene on pAVB3026&s~illustrated in Fig. 5. Because
replication sequence which is functional in B.
us replicon in B.

e as EE

subtilis

*+he pBR322- derived origin

Ser
TCA

Gln
CaAA

Asn
AAC

Gly
GGT

Ser
AGC

Ser
TCC

Ser
TCT

Ala
GCT

Pro
CCT

Gly
GGC

Gly
GGA

Asn
AAC

Leu -
CTT
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coli, thus the pl asm d can be propagated in E. coli host cells. Plasmd

PpAMB30 is useful in at least 2 10 ‘ways. First, a fragnent of DNA which
eontains a functional origin of replication in B. subtilis may be detected
when cl oned onto pAMB30 such that theZl-asmid will autononously replicate
in the extrachronmobsomal state. Second, plasnm d pAMB30 can integrate into
the 15 genome of B. subtilis at a site of homology between the chronpsone
and B. subtilis DNA cI oned ont EABMRI) (CAN' dvas been denonstrated by

Hal denwang, et al. . Bacteriol., 142, 90-98 (1980) and Young, J. Gen.

M crobi ol ., 129 14?%%%512 (1983) using plasmd 20 vehicl e m |l ar to,

but not i de q; RA géé Cri %ed in Ic’e1 1) was
Y E% e Asn
d)afﬁrp' AelYtB C AAC GTA caA
275 |

di gest ed WI
Ala Ala Ala Gln OC-
GCA GCT GCA CAA TAA TAGTAAAAAGAAGCAGGTTCCTCCATACCTGCT

TCTTTTTATTTGTCAGCATCCTGATGTTCCGGCGCATTCTC

This is thé re.plécement sheet .
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on a 1.0 kb fragnment. -The fragnment was |igated to pAMB30 whi ch had been
previously digested with EcoRI 25 and Pstl. Ligation products were
tntroduced into E.~coli G600 by transformation. Selection was for chlor-
anpheni col resistant (20 pg/m) host- &8 |- which were sensitive to
anpicillin (50 [err]g/m) due to the insertion of the xyl E fragnent of .
pAVMB21 into the structural gene 30 for anpicillin resistance of pAMB30.
The -resul ting pl asnid, Baeesoiophageadlsy GRIE iaRr2 eas iqaais 30 but

has, in addi tB)P“xnéefoﬂ&} ipply ¥ BiGRNS 1 RAHI IAVE Hgmett JE GRI'ri es
t he aprA gene del eted of a regi on codinhg for rhE“Tatter 6 am no 35 acids
of mature sutih‘%i&_’ci QRLZ i Qs \Hr‘{"h EAFEY 108 WG 1.9 kb fragnent

of B. subtil iseqi¥nces coding for amino acids S0 through 275' )
5 (carboxyl-terminus) of aprA - subtilisin along with a
transcription termination sequence.and 3*' non-coding
sequences, in the unique HindIII site of bacteriophage
M13 EEIS. To eliminate the 3' non-coding sequences, a
KpnI restriction endonuclease site was introduced, by
10 site-directed mutagenesis, at a position immediately
fbllowing'the transcription termination sequence.
Site-directed mutagenééis was conducted in
accordance with a proéedure described by Norrander et.
al., Gene, 26, 101-106 (1983). Single-stranded DNA

15 from M13 mpl8 apr2 was annealed to a primer,
* *
5' TCCTGAGGTACCGGCGCATTC 3

which was synthesized by the phosphite method described
by Beaucage et. al., Tetrahedron Letters 22, 1859-1862

20 (1981). The prlmer was homologous to the nucleot1des
in this region except for two (marked by asterlsks),
where a thymine (T) was changed to guanine (G) and
another thymine (T) was changea to adenine (A), thus
creating a'gggl site (underlined) in this region.

25 _ The;primer was annealed to M13 mpl8 apr2 DNA
at 65°C and the annealed DNA was slcwly cooled to
épproximately 22°C and then polymerized for 2 hr. at
15°C in a reaction mixture which consisted of 12.5 ul
of annealed DNA solution, 2.5 ul of 10 mM .each of JATP,

30 GCTP and 4GTP, 20 ul of 12 mM ATP, 0.1 w1 Klenow DNA
polymerase, 0.1 ul T4 DNA ligase and 13 ul sterile
disiilled water. The resulting double-stranded,
covalently closed circular DNA was introduced into E.
coli JM103 By transfection. |

35" ' Bacteriophage plagues were then transferred
to Gene Scréen TM(New England Nuclear, Beverly,

This is the replacement sheet.
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-41- contalnlng genetic regulatory sequences for aprA gene expreSS|on "t he
pre-pro" region, the DNA sequence coding for the first 49 amino acids of
mature subtilisin and.3' non-coding sequences was ligated to 5 pAMB30/ 21
that had been previously digested wtR@9EeoRl and Kpnl. Ligation products
were introduced into E. coli C600 by transformation. Plasmd DNA from
several transformants was isolated by the al kaline extraction procedure of
1 Birnboim etM@ssachysestsinbybrddjratinpemepbsanege | Risques whddtb

¢ fragnent wascotiafined DMAMWithPLRer 8851 keki sasenéﬁaﬂslega%r@' gestions. One

f such plasn1didg% %%egypéwgrléxzat1oLeEglggg igéxogétlvely
labeled (7-3%P) synthetic oligonucleotide used for the

5 mutagenic priming reaction described above.
Hybridization was performed at a restrictive
temperature (65°C) in order that only DNA carrying a
KpnI mutation would hybridize to the synthetic
oligonucleotide. The presence of the K KpnI mutation

10 downstream of the aprA gene on DNA from a single
purzfled plaque, designated M13 mpl8 apr2 Kpnl, was
confirmed by DNA sequencing by the procedure described
by Sanger et. al., supra and restriction enzyme
analysis. :

15 A 1.1 kb segment carrying most of the 3' non-
coding region was deleted by digesting M13 mpl8. apr2
KpnI with KpnI, religating digestion products at a
concentration of 500 ng DNA/ml, then introducing the .-
ligation products into E. coli JM103 by transfection.

20 Bacteriophage plagques which contained DNA with the
desired 0.35 kb deletion were identified by restriction
endonuclease analysis. Bacteriophage from one such
plaque was designated M13 mpl8 apr4 (Fig. 7).. M13 mpl8
apr4 provided single-stranded template DNA for site-

25 directed mutagenesis of the a _E__ gene described

hereinafter.
Example 3
30 In order to express mutated subtilisin genes

in B. subtilis, the plasmid pAMB106 was constructed as
a vehicle for the mutated gene, as follows:
1) pAMBlll was digested with HindIII. A 1.1
kb segment carrying most of the aprA gene was deleted
35 by re-ligating HindIII digestion products of pAMBlll at
a concentration of approkimately 1 wg/ml. This

This is the replacement sheet
0.4 APR 1997
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use. B. subtilis strain BGSC1A274 (Bacillus 15 CGenetic Stock Center)
carries a nutation at the npr locus and is incapable of producing
extracel lul ar neutral protease. The plasnid pAVB301 was integrated into the
genone of B. subtilis BGSCl A274 ‘by t+ g@gsf-or mati on of conpetent cells

(Spi zizen, Proc. 20 Natl. Acad. Sci. {(USA), 44, 1072-1078 (1958)].

Sel ection was for chIoranphenlcol-re3|stant (5 [err]g/m) host cells whi ch
wer e then tr aesuditredd ilmy tineerfldr@dtaammfcmltﬂim aljarﬂslumﬂram eich Wi t h

1.5% (wv) pewder ad Slﬁ‘h@ AHQI@JEd ]dyrrljl)esc '1" e 25
? ear 0 ony

cells which fai'led to uce o surrou
defici ent i nSeReRGES tf?rt G"W&?&é@"eﬁ éé'@ Iﬁ!ﬂ%f-rllr’rét}t“r &e“ﬁ?d the | ne

proteases du¢pre-pite" region required for secretion of subtilisin,
5 and the DNA sequence coding for the 3' non-coding
region of mature subtilisin and the first 49 amino
acids of mature subt11151n.
2) Plasmid pAMBllO was digested with BamHI
and Pstl in combination. This produced DNA fragments
10 of two sizes, 6.2 kb and 1.0 kb. The 1.0 kb fragment
carries the XylE gene, coding for catechol 2,3-
dioxygenase, from the TOL plasmid of Pseudomonas putida
mt-2 (Zukowski et. al., suEra).-
3) The larger, 6.2 kb BamHI-PstI fragment
15 was self-ligated with the aid of a single-stranded _
synthetic oligonucleotide, 5*' GATCTGCA 3', which was
synthesized by the phosphite method described by
Beaucage et. al., supra, and T4 DNA ligase. Ligation’
products were introduced into B. subtilis MIl12 (arg-15
20 leuB thr5 reckE4 (available from Bacillus Genetic Stock
Center as No. 1A423) by the protoplast transformation
method described by .Change et. al., Mol. Gen. Genet.
168, 111-¥15 (1979). i
Chloramphenicol-re51stant (Cm ) colonies were
25 screened for plasmid content. The 6.2 kb plasmid
PAMB106 was identified by restriction endonuclease
analysis. It is identical to plasmid pAMB110 except
that x _x_E ‘has been deleted (Figure 6).
Because it is lacking DNA coding for amino
30. acids 50 through 275 of aprA subtilisin, pAMB106 does
not synthesize subtilisin when introduced into B.
subtilis host cells. Subtilisin is synthesized only
after insertion of the remainder of the subtilisin
gene, i.e., either the native DNA sequence or an
35 analog-encoding sequence. -
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conbi nation of the npr nutation along with the newy introduced aprA

The aprA nmutation was a 30 deletion of the latter 226 am no acids
.of mature subtilisin due to the replacenent of the wild-type aprA gene with
the del eted version carried on pAVB3@_-One such strain, designated BzZ24,
has -t he Npr- Apr- Cnmr ‘phenotype, thus it produces no detectable
extracellular 35 neutral protease nor extracellular al kaline protease and
is resistant to chloranphenicol at Example fAni. = -42- Southern blotting

J. Mol. Biol., 98, 503-517 (1975)] was used to confirmthe

eletlonll1$ gpaf%tlen of a [Serine 109) sSubtilisin Analog

Single-stranded DNA from bacteriophage

~ M13mpl8 apr4 was annealed to a primer,

L%
5' TGG ATT ATT AGC GGC ATT GAG TGG 3'

106 107 108 109 110 11l 112 113

TRP ILE ILE SER GLY ILE GLU TRP
which was” synthesized by the phosphite method described
by Beaucage et. al., supra. The primer was homologous
to the nucleotides comptiSing codons for amino acids
106 through 113 of aprA-subtilisin 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
Asnl09 (codon AAC) to Ser109 (codon AGC).

The primer was annealed to M13mpls8 _2_4 DNA
at 65°C and the annealed DNA was slowly cooled to
approximately 22°C and then polymerized, ligated and
transfected as described in Example 2.

| Bacteriophage plaques were transferred to
hybridization membranes, then those which contained DNA
with the desired base changé were identified by
hybridization to a radioactively labeled ( a-32p)
oligohucleotide used for the mutagenic priming reaction
described above. hybridization was performed at
65°C. One positive plaque contained bacteriophage
designated as M13mpl8 QEEd[Serlogl. Double-stranded
DNA from this bacteriophage was digested with HindIII
and Kpnl in combination, then the 750 bp'fragment
carrying the mutated bortion of the aprA-subtilisin
gene was ligated to pAMB106 which had been previously
digested with HindIII and KpnI. The resulting plasmid,
pPAMB129, may be introduced into a suitable B. subtilis

host cells for synthesis and secretion of [Serlogl-
subtilisin.
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Sout hern blotting was used to confirmthe deletion in the aprA

Single-stranded DNA from M13mpl38 apr4[Ser1°9] was

annealed to a primer:

*
5' GGC GCT TAT AGC GGA AC 3'

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
change (marked by an asterisk) where an A was changed
to a G to allow for the transition which would change
asn218® (codon AAC) to Ser?l® (codon AGC). The
conditions for annealing, polymerization, ligation,
transfection, and identification of positive plaques
were as dgscribed in Example 2. A single purified
plaque contained bacteriophage designed as M13mpl8 apr4

‘[serl09, Ser218]. Double-stranded DNA from this

bacteriophage was digested with HindIII and KpnI in
combination, then a 750 bp fragment carrying the two
mutations was ligated to pAMB106 which had been
previously digested with HindIII and KpnI. The
resulting plasmid, pAMB130, may be introduced into B.
subtilis host cells for synthesis and secretion of
[Serlog, Ser218]-subtilisin.

Example 6

'P;epération of a [Asp 29, Ser lgg,.Ser Zl§] Subtilisin

Analog

‘Single-stranded DNA from M13mpl8 apr4
[Serlog, Ser218] was annealed to a primer:
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gene on the chronosone of B. subtili's BZ24. Cultivation of B. subtilis Bz24
in Antibiotic Medium5 No. 3 (Penassay Broth, Difco, Detroit, M chigan)
the absence of antibiotic selection for approximately 32 generations led to
the isolation of a derivative strair @@2:BZ24 in which the cat gene
resi stance: upon host cells was | ost due to its 10
instability in the BZ24 chronposone. Such a phenonenon has been previously
observed by Stahl, et al., J. Bacte@E@EE&EléB 411-418 (1984). A

in



the chronosone of B. subtilis BZ25. Because B. subtilis BZ25 produces no 20
detectabl e extracel lul ar neutral protease nor subtilisin, it is a useful
Rost strain for introduction of plasm d DNA, such as pAMB113, for the
production of nmutated subtilisins whi @8'may be secreted into the
surroundi ng grow h nedium free of other proteases. 25 : B.
subtilis BZ25 produces no detectable extracellul ar proteases when culture
supernatants are assayed as deébcribed bel ow. B. subtilis BZ25/ pAVB113,
which is Bz25 that Hharfof CTF £4h ASARER BTG rt'r oduced by the protopl ast
transformation method of Gmnge et780 7@l .79 supra) produces appreciable

quantities of [Ser218]afﬁ’bgt,éd |§é1p AW%E%ulﬁtge supernatants are assayed as

descri bed. o .
5 which was synthesized by the phosphite method described

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

10. t© @ G to allow for the transition which would change
Asn76 (codon AAT) to Asp76 (codon GAT).

The primer was annealed to M13mpl8 (serl09,
Se 218] DNA at 65°C and the annealed DNA was slowly
cooled to approximately 22°C and polymerized, llgated

15 and transfected as described in Example 2.

Bacteriophage plagques 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

20 hybridization was performed at 46°C. One positive
Plague contained bacteriophage designated at M13mpl8
apré [Aspls, serl09, ger218)  pouble-stranded DNA from
the bacteriophégg was digested with HindIII and KpnI in

_ combination, then a 750 bp fragment carrying the three

25 .Mmutations of the aprA-subtilisin gene was ligated to
PAMB106 which had been previously digested with HindIII
and Kpnl. The resulting plasmid, pAMB131l, may be
introduced into B. subtilis host cells for synthesis
and secretion of [Asp76, Serlog, Serzlel-gubtilisin.

30 ' _
3 Example 7.
Prepa:ation of a [AspZ§ Glulg,'Serlgg, Serglgl
Subtilisin Analog
35

151ngle-stranded DNA from M13mpl8 apr4 [Asp76

109, Ser218] was annealed to a primer:

Ser
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Exanpl e 13 35 I ntegration of the [Ser283]-subtilisin gene into
the chronpbsone of B. subtilis was believed to -43- provide an efficient
way of increasing the genetic stability of this nutant gene. Such an
approach al so al I evi at'es the reqU|ngqﬁpt ‘for chloranphenicol in the
fermentati on nmedi um which is otherw semeeded for 5 application of ,
sel ective pressure to maintain plasm d DNA in the extrachronosonal st at e.
Therefore, the [Ser218]-subtilisi meene, along with its genetlc regul atory

sequences. and f1ankipng. DNA DOMRLOGAUS 4k & crc 6 3!

75 76 77 78 79 80 81 82 83
ASP, ASN SER GLU GLY VAL LEU

which was synthesized by the 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 codons for amino acids 76
through 82 of [Asp76, Setlog,_Ser218]-subtilisin except
for three Pase changes (marked by asterisks),.whereih
an A was changed to a G, a T was changed to an A, and a
C was changed to an A, which changed I1e’9 (codon ATC)

15 to Glu’® (codon GAA).

. The primer was annealed to M13mpl8 apré

[Asp75, Serlog, Ser218] 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.

Bacteriophagé piaques were transferred to
hybridization membranes and those which contained the
desired base changes were identified by hybridization
as described in Example 2 excep% that hybridization was

25 performed at 45°C. One positive plaque contained
bacteriophage designated as M13mpl8 apr4 [Asp75, Glu’?,
seri0?, Ser218] Double-strandedeNA from this
bacteriophage was digested with HindIII and KpnI in
combination, then a 750 bp fragment carrying the four

30 mutations of the ggiéfsubtilisin gene was ligated to
pAMBlOG which had ben previouély digested with HindIII
and Kpnl. The resulting plasmid, pAMB133, may be
introduced into B. subtilis host cells for synthesis
and secretion of [Asp76, Glu79, Serl09, ger?18;-

35 subtilisin.
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' insert and tbebiaﬁlghnr@mau@gng portion of

B. subtilis chronposone, was isolated froma |low nelting 10 point agarose
gel after el ectrophoresis of pAMB113 whi ch had been digested with EcoRl and
Pstl in combination. The 4.0 kb EcoRI ‘to Pstl fragnment (illustrated in Fig.
4) was then ligated to pAVB30 (|Ilustaated in Fig. 5) which had been
digested with 15 EcoR and Pstl in conbination. Ligation products were.
introduced into E. coli EB101 (A T.C.C. 33694) by transformation. Selection

was for cells resistant to chl oranpEsampde 820 */[err]g/m). Plasni d DNA
fromfours. transformants which nmet the criteria above were 20 isolated by

t he al kal i ne_extraction procedure,@f Bir im, et a, then digested
Wi th ECORl aRACPATAtion B A AAsprS, Ser iagu_asa%-?u_dé_é%& drned the 4.0 kb

5 Single-stranded DNA from M13 mpl8 aprd
[Asp76, Serlog, Ser218] was annealed to the prlmer.
* &

5' GGA ACG TCC GCG GCG ACT 3
219 220 221 222 223 224
10 Gly Thr Ser Ala Ala Thr

which was synthesized by the phosphite method described
by Beaucage et al., supra. The primer was homologous
to the nucleotides comprising codons for amino acids
15 219 through 224 of [Asp75, serl09, ser?18)_subtilisin
~ except for two base changes (mafked by asterisks),
wherein ah 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 Ala222 (codon GCG).
20 The primer was annealed to M13mpl8 apr4 [Asp76, serl09d,
ser?18) pNA 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 plaqueé were transferred to
25 hybridization membranes and thbse which contained
desired base changes were identified by hybridization
as described in Example 2 except that hybridization was
performed at 58°C. One positive plague contained
bacteriophage designated as M13 mpl8 apr4: [Asp76
30 Se 109, Ser218, Alazzzl. Double stranded DNA from this
bacteriophage was digested with HindIII and KpnI in
combination, then at 750 bp fragment of DNA carrying
the four mutations of the aprA-subtilisin gene was
ligated to pAMB1l06 which had been previously digested
35 with HindIII and KpnlI. The resulting plasmid, pAMB143,
may be introduced and propagated in Bacillus host cells

Thkisthefaphcementsheet

Date: 0-4.APR]997



pAMB30. One such plasmid, designated pAMB302, was 25 purified and
retained for further use. Repeated attenpts to integrate plasm d pAMB302
Fnto the chronobsone of B. subtilis BZ25 by the conpetence nethod [ Spi zi zen,
supra] were unsuccessful. This ‘may_hage_been due to the failure of 30 Bz25
cells to becone conpetent by the nmethod enpl oyed. Therefore, pAMB302 was
introduced into B. subtilis BZ25 cells by the pratoplast transformation

' method of Chfiog, syntdlesissapdasecteitioncwsl (asp/Par seedPy | geqi2d® ficant in
i that researc? §uaaiQ§u5ni§?inwhich i ntegrati on has been obtained were

sel ected on % bagis S 1PARSt or mati on by the conpetence net hod.

RRETL 20 i ol o S A

Example 9

'Preparatign of M13:mpl9 aprAld3

Plasmid pAMB143 was digested with EcoRI and
5231 in combination. A 1.8 kb fragment of DNA carrying
10 the entire gene for {Asp75, Serlog;-SerZIG, A1a222]—
subtilisin, along with its flaﬁking sequences required
for initiation of transcription and translation and
termination of transcription and translation, was
transferred to bacteriophage M13mpl9 (available from
15 Bethesda Research Laboratories, Gaithersburg, MD., as .
catalogue no. 8229SA) which had been digested with
EcoRI and Kpnl. One of the recombinant bacteriophage
DNA resulting from this procedure was designated
M13mpl9 aprAl43, and provided single-stranded template
20 DNA required for site-directed mutagenesis of the
(asp’6, serl09, ger218, Ala222)_gybtilisin gene.

Example 10

25 Preparation of-a [Leuéi, aspl6, serlfs, SeerQL
Ala222])- gubtilisin Analog

-E annealed to the primer:
' 30 o *x
o 5' .GTA GCT GTT TTA GAC AGC GGA 3'

: 28 29 30 31 32 33 34
i : 'Val Ala Val Leu Asp Ser Gly

o which was synthesized by the phosphite method described
; _ 35 by Beaucage et al., suEra.:'The primer was homologous
E N to the nucleotides comprising codons for amino acids 28

Single-stranded DNA from M13 mpl9 éErA143'was
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- 44- Strains which may be unabl e to becone conpetent, and in particular

I ndustrial strains which were not selected on the basis of transformation
by the conpetence nethod, may be nore_likely to be unable to becone 5
conpetent. Sel ection was for chl‘oramphesi col -resistant cells (5 [err]g/nm)
cells, which were then transferred mnth sterile toothpicks to L-agar
supplenented & % osnd 2amr ~i22@RI_or anpheni col .
Cells 10 vver\eM [ r@gkbgtfe&wv sﬁﬂgm lkL37[er r[ égirz hgl os of different
di anet er s wesabsiddisied exceptd fiare t@m h?cﬂ%mhés\ge'ﬁhl(@alfmdcé%ks t hat

subtilisin wagdUradkeyd Wk B Ut hdhilMes @ )CHalsS chingdld @@t was made to

thymine (T) and a cytosine (C) was changed to adenine
5 (aA), which cﬁanged the 11e31 (codon ATC) to Leu3l
(codon TTA). The primer was annealed to M13 mpl9

aprAl43 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
desired base changes were identified by hybridization
as described in Example 2 except that hybridization'was
performed at 57°C. One positive plaque contained

15 Bacteriophage designated as M13mpl9, aprAl44 and
carried DNA coding for [Leu31, Asp75, serl09, ger218,
Ala--2)-subtilisin. Double-stranded DNA from this
bacteriophage was digested with EcoRI and KpnI in
combination, then a 1.8 kb fragment of DNA carrying the

20 five mutations of the aprA-subtilisin gene was ligated
to pAMB106 which had been previously digested with
‘EcoRI and KpnI. The resulting plasmid, pAMB144, may be
introduced and propagated in Bacillus host cells for
synthesis and secretion of [Leu31, Asp76, Serlog,

25 ser?!8, a1a222)-subtilisin.

Example 11

Preparation of a [Asp76, Serlog, Leu124, Serzls,
1a222)-gubtilisin Analog.

30 :
Single-stranded DNA from M13mplS aprAl43 was
annealed to the primer: .
) ® %
5' AT GTT ATC .AAC TTA AGC CTT GG 3'
35 : 121 122 123 124 125 126

val Ile Asn Leu Ser Leu

This is the replacement sheet
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Bz30, BZ31,

wi th vi gorous shaki ng

-

i solate plasnmid DNA from ei ght of these colonies by the 15 al kal i ne
extraction nethod. No.plasm d DNA was detected on agarose gels which were
stained with ethidiumbromde (1 [err]g/m) to visualize DNA after

el ectrophoresis. The absence of extr3gh¥ ompsomal plasnmd DNA in the Cm
cell's which produced subtilisin 20 "Was a strong indication that pAVB302
had been integrated into the chronosone of B. subtilis. Several col onies
resul ting fromehivas gentbesized by | the phespiniteldare thed cdesrribedz29,

h 37 C
B BeAlkh ¥ 3@!: &3C¢] ﬁgﬁé Inn}"ﬁzelz %%??ﬁ&éﬁ:ﬂb%&%o@é [err]

suppl ement ed- i the E}“{%}??*g!“?ﬁs FRRR LG R t 133 €98 %"%uﬁ)‘é‘? rl%ﬁ"a'i‘ﬁs wer e
assayed for aafds |120 naedti27 tand Beomplét e | coddnisi for BaiRbno B¥@ods

5

10

15

20

25

30

35

121 through 126 of [Asp76, Serlog, Ser218, Alazzzl-

subtilisin except for two base chahges (marked by

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

thymine (T) and a guanine (G) was changed to

adenine (A), which changed the Met124 (codon ATG) to
ul24 (codon TTA).

The primer was annealed to M13mpl9 aprAl43
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.

Bacteriophage plaques were transferred to
hybridization membranes and those which contained
desired base changes were identified by hybridization
as described in Example 2 except that hybridization was
performed at 59°C. One positive plagque contained
bacteriophage designated as M13 mpl9 apraAl45 and
carried DNA coding for [Asp76, Serlog, Leu124, Serzla,
A1a222]-subtilisin. Double-stranded DNA from this
bacteriophage was digested with EcoRI and KpnI in
combinatioq, then a 1.8 kb fragﬁent of DNA carrying the
five mutations of the aprA-subtilisin gene was ligated
to pAMB106 which had been previously digested with .
EcoRI and Kpnl.. The resulting plasmid, pAMB145, may be
introduced and propagated in Bacillus host cells for

‘synthesis and secretion of [Asp76, Ser109 Leu124

Ser218, Alazzzl-subtlllsln.

Examgle 12

Because most Bacilli secrete alkaline and/or
neutral proteases into the surrounding growth medium,
it is preferable that mutations be introduced into

 This is the replacement sheet
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B730, BZ31,

proportional. - _
Because of the ampunts of 35

gene anplifi

ai

BzZ32 and BZ33 all produced subt|I|S|n and 30 secreted it

t he surroundi ng growth nedi um sone strains producing nore than ot hers.
anount of subtilisin observed in the liquid culture broth was directly
to the size of the‘halo g@hserved on skimm |l k L-agar plates.

subtiliSin secreted by these cells differed,
mul tiple copies of pAVB302 were integrated into the chronosone
‘entibgenp¥sundkalinEeandMheubbadl protedséld8nessorE §1983);

into
The

45 or

Aberting, ehyughsaid- £B2818kkOtnei®oyntnddid2Ll thAEORLGRd4! aKEN Place.

‘subtilisin genes, when introduced into the mutant cell,

10

15

20

25

30

35

may produce mutated subtilisins which will then be
secreted in a medium free of other proteases likely to
interfere with isolation of intact subtilisin

analogs. Two mutant B. subtilis strains BZ24 and BZ25,
which produce no detectable extracellular prbteases,
were éonSt;ucted in accordance with the following
procedure:

" First, a plasmid vehicle capable of
replicating in E. coli, but not in B. subtilis unless
integrated into the B. subtilis chromosome by
homologous recombination, was constructed as follows.
Plasmid pBDéd (Bacillus Genetic Stock Center, Number
1E22) was digested to completion with HpalIl to produce
three fragments of 2.95 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
been digested with ClaI. 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. Blol., 53, 154
(1970)). Selection was for cells re51stant to
chloramphenlcol'(zo pg/ml) and ampicillin (50 ug/ml).

Plasmid DNA from 12 transformants was prepared by an

alkaline extraction procedure described by Birnboim,

et al., Nucleic Acids Res., 7, 1513-1523 (1979), then
digested with HindIII and EcoRI in combination to
verify the presence of inserted fragment(s). One such
plasmid, designated pAMB30, was found to carry the 1.0
and 0.75 kb HpalIl fragments of pBD64 in the Clal site
of pBR322. These fragments contain the chloramphenicol
acetyltransferase (cat) gene which is functional in E.
coli and B. subtilis. Digestions with BglII and,
separately, with Sau3A confirmed the identity and

This is the replacement sheet
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. . .
5 Exanple 14 Wl d-type subtilisin and subtilisin anal ogs 10 were isol ated
and purified as follows. Each culture broth was centrifuged at 15, 000g for
30 minutes and protein in the clear supernatant was precipitated with
(NH err])[err]SOerr] (600 g per |it@pg)< The precipitate was collected by
centrifugation, dissolved in 20mM 157 2 [ N-nor phol i no] et hanesul fonic acid
(MES) pH 6.4.- The solution was made 30% i n acetone, and the 30% acet one
super nat ant ordercta t ico et Bhec eattr iglengaiono PAMB® s aserildestratesd t hen nade
75%in acetgne.pand d he 30-75% acetone pellet was filtered and dried under
20 vacuum “Tnorter to further purify the enzyme, the

Because pAMB30 lacks an origin of replication

_seqﬁence which is functional in B. subtilis, it cannot
5 replicate as an autonomous replicon in B. subtilis host
cells. On the other hand, pAMB30 contains the pBR322-
derived origin of replication which is functional in §;
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 B. subtilis may be
detected when cloned onto pAMB30 such that the plasmid
will autonomously replicate in the extrachromosomal
state. Second, plasmid pAMB30 can integrate into the
15 genome of B. subtilis at a site-of'homoiogy between the
chromosome and B. subtilis DNA cloned onto pAMB30.
This has been demonstrated by Haldenwang, et al., J.
Bacteriol., 142, 90-98 (1980) and Young, J. Gen.
Microbiol., 129, 1497-1512 (1983) using plasmid
20 vehicles similar to, but not identical to pAMB30.
Plasmid pAMB21 (described in Example 1) was
digested with EEQRI and gggl to isolate the xylE gene
on a 1.0 kb fragment. The fragment was ligated to
PAMB30 which had been previousl§ digested with EcoRI
25 and PstI. Ligation products were introduced into E.
coli C600 by transformation. Selection was for chlor-
amphenicol resistant (20 yg/ml) host cells which were
sensitive to ampicillin (50 wg/ml) due to the insertion
of the xylE fragment of pAMB2l into the structural gene
- 30 for ampicillin resistance of pAMB30. The resulting
plasmid, pAMB30/21, has properties identical to pAMB30
but has, in addition, a functional xylE gene.
Plasmid pAMB110, which carries the gﬁgﬁ gene
deleted of a region coding for the latter 226 amino
35 acids of mature subtilisin, was digested with EcoRI and
KpnI. The 1.9 kb fragment of B. subtilis DNA

This is the replacement sheet
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dried precipitate was dissolved in water and the solution was dialyzed
against 5 nmM MES buffer at pH 6.4. The dialyzed solution was passed
through a colum 25 (2.5 x. 15cm of S-Sepharose FF at a rate of 2 m per
mnute. After washing the columm w th4d. 62M MES, the enzyme was eluted with
a linear gradient of NaC in the same buffer, to 0.5M Nad . Peak fracti.ons
wer e pool ed and pr.otein from.the fractions containing the enzyne, 30 as

i dentified byoRtAHINLBENGS i B8 oL Yo SeENENCe S £O5n aRTA-@aNe h
azocasei n weexpdiemsjize atthé ere-pradairegiion,MYhYESNAHs@eqaedr@ t hen
lyoDhilized'égéing for the first 49 amino acids of mature
subtilisin and 3' non-coding sequences was ligated to
5 pAMB30/21 that had been previously digested with EcoR1I
| and EEQI._'Ligation products were introduced into E.
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 insérted 1.9 kb fragment was verified by
multiple restriction endonuclease digestions. One such
plasmid, designated pAMB30l, was retained for further

: use. '

E B. subtilis strain BGSC1A274 (Bacillus

15 Genetic 'Stock Center) carries a mutation at the npr
locus and is incapable of producing extracellular
neutral protease. The plasmid pAMB30l1l was integrated
into the genome of B. subtilis BGSC1A274 by '
transformation of competent cells [Spizizen, Proc.

20 Natl. Acad. Sci. (USA), 44, 1072-1078 (1958)].
Selection was for chloramphenicol-resistant (5 prg/ml)
host cells which were then transferred by sterile
toothpicks to L-agar supplemented with 1.5% (w/v)
powdered skim milk and (5 ug/mi) cloramphenicol. Those

25 cells which failed to produce a clear halo surrounding
the colony were deficient in the ability to produce
extracellular neutral and ‘serine proteases due to the
combination of the npr mutation along with thé newly
introduced aprA mutation. The aprA mutation was a

30 deletion of the latter 226 amino acids of mature
subtilisin due to the replacement of the wild-type 3255
gene with the deleted version carried on pAMB30l. One
such strain, designated BZ24, has the Npr~ Apr~ Cm®
phenotype, thus it produces no detectable extracellular

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

L S S R
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:46- Exanpl e 15 Pure subtilisin. or subtilisin anal og was applied to a
Phar maci a FPLC Superose 12 colum, and the 5 nmaterial eluting as the intact

fnot cleaved) protein was pooled, in 9 mM MES, 0.1 MNaCl, pH 6.4. Sanples

of wild type subtilisin, or subt|I|S|ﬂ—aﬂang of the present i nvention to
be evaluated were incubated for 10 nin.- in the same buffer the buffer plus

3% SDS, or 105819tHM:NE§10Et11.-n§" [?&thér .f:aq@; ang dp, M ‘ Lgyhe

i ndi cat ed tenperat ure atufe’for 5

min. and then{h38ayddwasruped 'y cmf#%merﬁﬁ%ﬁme mo{eeripz_u n
Tris-HO, pH @eﬂe%ﬁhtﬂeﬁ&hﬁé’m%f%ﬁeé@émﬁﬂs mﬁ@ol ytic activity. The

15 pr0t30|yté&l€f5$¥ié OE ga subtff éfzfxfh Ant1 1otfb Medium
5 No. 3 (Penassay Broth, Difco, Detroit, 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 confering chloramphenicol
resistance upon host cells was lost due to its '

10 instabilify in the BZ24 chromosome. Such a phenomenon
has been previously observed by Stahl, et al., J.
Bacteriol., 158, 411-418 (1984). A chloramphenicol-
sensitive derivative of BZ24 was designated B225. B.
subtilis BZ25 has the Npr~ Apr~ phenotype, thus it

15 produces no detectable extracellular neutral protease
nor extracellular alkaline protease. Southern blottihg
was used to confirm the deletion in the apra gene on
the chromosome of B. subtilis BZ25.

:Because B. subtilis BZ25 produces no

20 detectable extracellular neutral protease nor
subtilisin, it is a useful host strain for introduction
of plasmid DNA, such as pAMBll3, for the production of
mutated subtilisins which may be .secreted into the
surrounding'growth medium free*of other proteases.

25 B. subtllxs BZ25 produces no detectable
extracellular proteases when culture supernatants are
assayed as described below. B. subt111s.BZZS/pAMBll3,
which is BZ25 that harbors plasmid pAMBl1l3 (introduced
by Eﬁe protoplast transformation method of. Chang, et

30 al., supra) produces appreciable quantities of
[Ser218]—subtilisin when culture supernatants are
assayed as described. . ‘

Example 13-

35 . Integration of the [Ser2!8]-subtilisin gene
into the chromosome of B. subtilis was believed to

‘This is the replacement sheet
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percentage of the original activity of either wild type or anal og, at
20[err]Cin 10 MM Cad 2, and i's represented in Table 2. 20 25 30 35
-TABLE 2 Proteolytic Activity of WIld Type Subtilisin 5 Tenperature
3% SDS 0%)SDS +15 nmM EDTA 2043 = 100 8

SDS
100

10

15

20

25

30

35

provide an efficient way of increasing the genetic
stability of this mutant gene. Such an approach also
alleviates the requirement for chloramphenzcol in the
fermentation medium which is otherwise needed for
application of selective pressure to maintain plasmid
DNA in the extrachromosomal state. Therefore, the
[Ser?lal-subtilisin gene, along with its genetic
regulatory sequences and flanking DNA homologous to the
B. subtilis chromosome, was isolated from a low melting
point agarose gel after electrophoresis of pAMB113
which had been digested with EcoRI and PstI in
combination. The 4.0 kb EcoRI to PstI fragment
(illustrated in Fig. 4) was then ligated to pAMB30
(illustrated in Fig. 5) which had been digested with
EcoRI and .PstI in combination.  Ligation products were
introduced into E. coli HB10l (A.T.C.C. 33694) by
transformation. Selection was for cells resistant to
chloramphenicol (20 */ug/ml). Plasmid DNA from four.-

- transformants which met the criteria above were

isolated by the alkaline extraction procedure of
Birnboim, .et al., supra, then digested with EcoRI and
PstI 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
purified and retained for further use.

| Repeated attempts to integrate plasmid
PAMB302 into the chromosome of B. subtilis BZ25 by the
compgtenceamethod {spizizen, supral] were

unsuccessful. This may have been due to the failure of
BZ25 cells to become competent by the method

‘employed. Therefore, pAMB302 was introduced into B.

subtilis. BZ25 cells by the protoplast transformation
method of Chang, et al., supra. This result is

particularly significant in that research strains in
which integration has been-obtained were selected on
the basis of transformation by the competence method.

- 47-
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on the basis of transformation by the competence
method, may be more likely to be unable to become
5 competent. _ :

Selection was for chloramphenicol-resistant
cells (5 ug/ml) cells, which were then transferred with
"sterile toothpicks to L-agar supplemented with 1.5%
-{w/v) skim milk and 5 wg/ml chloramphenicol. Cells

10 were incubated overnight at 37°C. Clear halos of
different diameters were observed around the Cm%
colonies. This indicates that subtilisin was produced
and secreted by these cells. An attempt was made to
isolate plasmid DNA from eight of these colonies by the

15 alkaline extraction method. No'plaSmid DNA was
detected on agarose gels which were stained with
ethidium bromide (1 ng/ml) to visualize DNA after
electrophdresis. The absence of extrachromosomal
plasmid DNA in the Cm® cells which produced subtilisin

20 was a strong'indication that pAMB302 had been ..
integrated into the chromosome of B. subtilis.

Several colonies resulting from this
experiment were isolated and designated Bz28, B229,
BZ30, Bz31, BZ32 and BZ33. Each strain was grown

25 overnight at 37°C with vigorous shaking in brain heart
infusion medium (BHI, Difco) supplemented with 5 ug/ml
chloramphenicol. Culture supernatants were assayed for
subtilisin activity. B. subtilis strains BZ28, BZ29,

_ BZ30, BZ31, BZ32 and BZ33 all produced subtilisin and

30 secreted it into thé surrounding growth medium, some
strains producing more than others. The amount of
subtilisin observed in the liquid culture broth was
directly proportional to the size of the halo observed
on skim milk L-agar plates. Because of the amounts of

35 subtilisin secreted by these cells differed, multiple
copies of pAMB302 were iﬁtegfated into the chromosome
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4 15 MM MES, 0.05 M NaCl, pH 6.3 containing either 4 MM 30 CaC[err] or 4 nV
é EDTA, and a varied anount of SDS. The proteolytic activity of the enzynme

# was then determined by a 20 nmin. incubation in 0.6% azocasein in Tris-d,

ﬁ pH3. 0. The proteolytic activity - “of eagh sanple evaluated is expressed in

ﬁ Table 3 as a percentage of 35 the offginal activity of the sanple in 0%

1 SDS and 10 nM Ca2+. -48 - TABLE 3 Proteolytic Activity of Wld Type

© Subtilisin ®r gene ampp)Sification [Yomngm/l:caz;'en. Microbidl g EBFA

. 1497~ 1512 (1983); Albertini, et al., J. Bacterlol.,
162, 1203-1211 (1985)] had taken place.

; Example 14

‘Wild-type subtilisin and subtilisin analégs

_ 10 " were isolated and purified as follows. Each culture

2 broth was centrifuged at 15,0009 for 30 minutes and

; protein in the clear supernatant was precipitated with

% . ' (NH4),S0, (600 g per liter). The precipitate was
collected by centrifugation, dissolved in 20.mM

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

' solution was made 30% in acetone, and the 30% acetone
supernatant was collected by centrifugation. The
superhatant'was then made 75% in acetone, and the
30-75% acetone pellet was filtered and dried under

20 vacuum. _

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 solutibn'was"passed through a column

25 (2.5 x. 15cm) of S-Sepharose FF at a rate of 2 ml per
minute. After washing the column with 0.02M MES, the
enzyme was eluted with a linear grédient of NaCl in the
same buffer, to 0.5M 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 azocasein were dialyzed at 4°C
against 5 mM MES pH 6.3 -and then lyophilized.

J
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517 0 15 Proteol ytic Activity of [ Asp76, Ser109,  Ser218] .
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Pure subtilisin or subtilisin analog was
applied to a Pharmacia FPLC Superose 12 column, and the
5 material eluting as the intact (not cleaved) protein
was pooled, in 20 mM MES, 0.1 M NaCl, pH 6.4. Samples
of wild tybe subtilisin, or subtilisin analog of the
present invention to be evaluated were incubated for
10 min. in the same buffer, the buffer plus 3% SDS, or
10 20 mM MES, 0.1 M NaCl, 5 mM CaCl, and 15 mM EDTA at the
indicated temperature. The samples were cooled to room
[ temperature for 5 min. and then assayed for 20 min. at
: room temperature (20°C) in Tris—HCl, pH 8.0 with 0.6% -
azocasein to determine protedlytic 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 CaCl,, and is represented
in Table 2.

20

30

35
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. Exanpl e -17 For this experinment only-t&% subtilisins were purified as

descri bed below. 5 , Each culture broth was centrifuged at 15, 000g
for 30 mnutes and protein in the cl.ear supernatant was

TABLE 2

Proteolytic Activity of Wild Type Subtilisin

5 Temperature 0% SDS 3% SDS 0% SDS +15 mM EDTA

20 . 100

8 100
35 100 0 62
50 95 0 37
10 - 70 14 o 14
100 . 0 0 0

Activity of [AspZE, Setlgg, Serzlﬁl
15 Subtilisin Analog of Example 6

Temperature 0% SDS 3% SDS 0% SDS +15 mM EDTA

20 ' 20 100 55 91
‘50 _ 100 12 94
100 5 0 . 5
Example 16
25

Intact subtilisins were obtained by FPLC on
the Superose 12 column. The intact subtilisins were
incupated for 30 minutes at room temperature (20°C) in
15 mM MES, 0.05 M NaCl, pH 6.3 containing either 4 mM

30 CaCl, or 4 mM EDTA, and a varied amount of SDS. The
proteolytic activity of the enzyme was then determined
by a 20 min. incubation in 0.6% azocasein in Tris-Cl,
PH8.0. The proteolytic activity of each sample
evaluated is expressed in Table 3 as a percentage of

35 the original activity of the sample in 0% SDS and 10 mM
2+ .
Ca<"’.
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dri ed under vacuum 10

car boxynet hyl

colum with 0.02M sodi um phosphate (pH 6. 3),
sane buffer containin
. fromthe fractionsk

cel | ul ose

_precfpitated_mﬁth (NH[err])[err]SC{err]”(GOO g per
was col |l ected by centrifugation,

liter). The precipitate

triturated with 75% acetone, filtered and

In order to further purify the enzyne,
the dried precipitate was dlssolved_lmgmater and the solution was filtered
and then dialyzed against 0.02M sodi um phosphate buffer at pH 6.3. The .

0.15M Nad .
« .t L4

"dialyzed solution was passed through a colum (2.5 x. 15cm of 15

at a rate of TABLE pkr minute. After .washing the

the enzyne was eluted with the

- change in a sanple of the fraction mixed wth

: succinyI-g-alanyl-&-gb@nyl-L-proI%Ihh-Caz+

10

15

20

25

30

35

0.1
0.25
0.50

. 0.75
1.0
2.0
3.0

Proteolytic Activity.of [As

100
- 100
100
- 76
63
60
29
17

pl6,

Peakffragtlons wer e pool ed and protein

eBubtiiddsliy a col or

4 mM EDTA

94
76
45
13.

©C O O w

ser0?, ser __ﬁ]

Subtilisin Analog

$ SDS 4 mM ca2t
0 100
0.1 100
0.25 100
0.50 100
0.75 96
1.0 96
2.0 86
3.0 71

4 mM EDTA

- 85
95
86
81
79
78

‘69
65
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"phenyl al anyl - p-nitroanilide (Vega Bi ochenicals), were.precipitated by
addition of 2.5 volunes of acetone. The precipitate was coll'ected by
.centrifugation and then 25 dissolved in 0.005M cal cium acetate (about 1 m
per 10 ng). The resulting solution_wag &lialyzed at 4[err] C agai nst water
and then lyophilized. The stabilities of [Asp76, Ser109, Ser218] subtilisin
anal.og, [Asp76 GLu79 Serl1l09 Ser218] 30 subtilisin analog and subtilisin
Carl sberg were evaluated at three t ¢ @Es (25[err]C, 37[err]C and
50[err]C) in two buffer solutions (0. sodi um phosphate, pH 9.0 or 0.12 M
sodium gl ycinate, pH 11.0). The results are expressed in Table 4 as '

hal f-1ife of the enzynBsrutbiks éfpetimentpeunXy ctheosubtidbhsins were

purified as described below.

3
3
&
3
ol
b4
o
i

- Each culture broth was cgntrifuged at 15,000g
for 30 minutes énd.protein in the clear supernatant was
precipitated with (NH,),S0, (600 g per liter). The
precipitate was collected.by centrifugétion, triturated
with 75% acetone, filtered and dtied under vacuum.

10 - In order to further purify the enzyme, the

- dried precipitate was dissolved in water and the
solution was filtered and then'dialyzed against 0.02M
sodium phosphate buffer at pH 6.3. The dialyzed
solution was passea through a column (2.5 x. 15cm) of

15 carboxymethyl cellulose at a rate of 2 ml per minute.

: ‘After washing the column with 0.02M sodium phosphate

% (pH 6.3), the enzyme was eluted with the same buffer

i  containing 0.15M NaCl. Peak fractions were pooled and

protein from the fractions containing the enzyme, as

? 20 identified by a color change in a sample of the fraction

'~ mixed with succinyl-L-alanyl-L-alanyl-L-prolyl-=L-

H , phenylalanyl-p-nitroanilide (Veéa.Biochemicals),'were

i precipitated by addition of 2.5 volumes of acetone. The

% precipitate was collected by centrifugation and then

é ' 25 dissolved in 0.005M calcium acetate (about 1 ml per

' 10 mg). .The resulting solution was dialyzed at 4°C
against water and then lyophilized.

) The stabilities of [Asp76, ser109, ger218)
subtilisin analog, [Asp’®, Glu’?, serl09, ser?l8;

30 subtilisin analog and subtilisin Carlsberg were
evaluated at three'temperatu;eé {25°C, 37°C and 50°C) in
two buffer solutions (0.06M sodium phosphate, pH 9.0 or
0.12 M sodium glycinate, pH 11.0). The results are

E - . expressed in Table 4 as half-life of the enzymes under

- 35 the specified conditions.

e ¥
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In 0.12M sodi um gl yci nate pH 11.0 + 0.2% SOS. Subtilisin

tferr] (25C t[err] (370 t[err] (50C) [Asp76, Serl 09, Ser218] anal og
110 days 35.2 hrs 6.7 hrs subtilisin Carlsberg
days 8.4 hrs 0.53 hr [Asp76, G u79, 52409, Ser218] anal og - 154 days
35.3 hrs 7.8 hrs B. In 0.06M sodi um phosphate pH 9.0 + 0.2% SCS.
“Subtilisin E’Aﬁgh( 25C) t[err] (370
t[err] (50C) [Asp76, Ser109, Ser218] _anal o ——— 79.2 hrs. 16.0 hrs
© 0.52 hr subtilisin Carlsberg 17.3 hrs 2.4 hrs
0.18 hr (Asp@Q, 1K1 sedfidd o éﬁﬁ g hrs 22.0 hrs 0. 96
hr C. In 0.12M sodi um gl yC| n? g %%%JHOQPB%QnRA%ﬁS
Subtilisin t, (25°C) t,(37°C) t;,(SO“C)
R — £ £ £
[Asp7§. Se_rmg, Ser218.) analog 110 days 35.2 hrs 6.7 hrs
subtilisin Carlsberg 2 days 8.4 hrs * 0.53 hr
[Asp76 (51u79 Ser109 Ser218] analog 154 days 35.3 hrs 7.8 hrs
B. In 0.06M sodium phosphate pH 9.0 + 0.2% SDS.
Subtilisin t! (25°C) %(37°C) ' t! (50°C) -
[Asp76, Sermg, Ser218] analog 79.2 hrs 16.0 hrs. 0.52 hr
subtilisin Carlsberg. 17.3 hrs 2.4 hrs 0.18 hr
[Asp’®, G179, serl?, ser2!8) analog 86.3 hrs 22.0 hrs  0.96 hr
C. In 0.12M sodium glycinate pH 11.0 + 5 mM EDTA.
Subtilisin  (25°C) 1, (37°€) 4 (50°C)
. : b, (25°C %37_(: t, (50°C
[Asp76, Serlgg-. Ser21-8] analog 28.7 hrs 1.87 hrs  0.25 hr
subtilisin Carlisberg . “ 24 hrs 1.71 hrs  0.45 hr
[Asp76. Glu79, Ser"'mg, Ser218]_ analog 21.5 hrs 1.42 hrs 0.20 ‘hr
D. In 0.06M sodium phosphate pH 9.0 + § mM EDTA.
Subtilisin i, (25°C) t,(37°C) t,(50°C)

- 4 . - &
lAsp76, Sermg, Ser218] analog 27.4 hrs 1.75 hrs  0.23 hr
subtilisin Carlsberg 26.3 hrs 1.68 hrs 0.32 hr

1.36 hrs  0.17 hr

[P IOR T N SR FHUNPE AP SRR TS

[Asp’®, 61’9, serl09, ser2l8) analog 19.7 hrs
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Subt|I|S|n ' ' t[err](25C) tlerr](37[err]C
tlerr] (50C) [Asp76, Ser109 Ser 218] analog _ 28.7 hrs 1.87 hrs
9.25 hr subtilisin Carlsberg _ 24 hrs 1.71 hrs 0.45
hr [Asp76, d u79, Ser109, Ser218] anaéggf 21.5 hrs 1.42 hrs  0.20 hr 0.
In 0.06M sodi um phosphate pH 9.0 + 5 nM EDTA. Subtiiisin :
t[err] (25C) tferr] (370 t[err](50!erdé? (Asp76, Ser 109, Ser 218] anal og
27.4 hrs 1.75 hrs 0.23 hr subti B berg

26.3 hrs 1.68 hrs 0.32 hr [Asp76, G u79, Serl09, Ser2l18]analog 19.7 hrs.

1.36 hrs 2k h26Charaaioer | zatizam of,[ AanS. Ser 109,
Ser 218, AIaZZS%;rg ter12§%1o%X%¥PH§s ¥e3 2 1222

Subtilisin Analog.

5
_[Asp76, Serlog,_Ser218, Alazzzl - subtilisin
was purified from B. subtilis BZ25/pAMBl143 fermentation
broth as described in Example 14. The thermal ,
stability, stability in bleach, and specific activity of
10 this subpilisin analog was examined as described below:

I. Thermal Stability.

The thermal stability of [Asp76. Serlog,

15 Ser218, Ala222] - subtilisin and [Asp76, Serlog, Ser218]
- subtilisin and of the wild type enzyme (AprA) were
determined 'using the thermal prbgram of the Gilford
Model Response II Spéctro-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 0.5°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 in the
transition from folded to unfolded protein. Heat
denaturation is an irreversible reaction for
subtilisin: in the absence of protease inhibitor the

30 intact enzyme digests the unfolded form, in the presence
of inhibitor the protein precipitates as it unfolds.
Therefore, the Tm gives us a relative comparison of
stability. The melting temperatures determined using
this technique are given below.
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Subtilisin Analog. 5 [Asp76, Ser109, Ser218, Al a222] - subtilisin was
purified fromB. subtilis BZ25/ pAVMB143 fernentation broth as described in
Exanpl e 14. The thermal stability, stability in bleach, and specific
activity of 10 this subtilisin ‘anaro82was exani ned as described bel ow I.
Thermal Stability. The thermal stability of [Asp76, Ser109, 15 Ser218, .
“Ala222] - subtilisin and (Asp76, Serl09! SeE218] - subtilisin and of the

s wild type enzyne (AprA) were determ =hg the thermal program of the

i Gl ford Model Response |1 Spectro-photonmeter. Sanples of -purified protease

*in 20 MM MES, 0.1 M NaC pH 6.3@1#4&3210 Smlefit);rom 25[err]Cto 95[err]C
I n the presence of various .

i R R R e e

-5 Tm _ : _
; | o (Asp’6, serl09
E [Asp76, Serlog. ' Serzla, A1a222]—
% mMCa2t Apra ser218] subtilisin Subtilisin
k 10 0 60 66 | 66
i 1 64 68 68
’ 5 65 71 ND
: 10 . 66 72 ' 71
: : 30 68 73 73
i 15 '

ND = not determined

The melting temperatures of the 2 analog subtilisins .are
very similar at all of the calcium concentrations

20 examined, énd 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

25 76, 109 and 218. |

S A LT L RNt K S L SV o

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 [Asp’f, serl09, ger?18)
_ subtilisin. and [Asp76, Setlog. Ser218, Ala222] -
% _ subtilisin in bleach were compared. "In the first
5 'experiment} the two analogs were incubated at SO°C, in
35 20 mM Tris 0.1 M NaCl pH 7.5, in the presence of 2%
chlorox, 2% chlorox plus 1% SDS, or buffer alone. It

This is the replacement sheet
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“concentrations of Ca2+.- The tenperature was increased at a rate of _
0.5[err]C per mnute, while follow ng the decrease in absorbance at 287 nm
.The melting tenperature (Tn) is defined as the tenperature where the 25
poput ations of the unfolded and foldeg3sLates are equal ; in other words,
the tenperature occurting mdway in tfretransition from fol ded to unfolded
protein. Heat denaturation is an irreversible reaction for subtilisin:: in

t he absence ehonuateesedtehlhmeerz&henmarb&taaeaehZMEEadweetteﬁd&sswﬁolded

form in the resence ,of .Lnhi bitor the tein _pr |tates as it unfolds.
Theretore. |t FOTPRESHCSS sneh amoul Motudi "Bl BY' B cBhERARY 'fap 0| i

t enper at ur es lasnderiimgd fabirigst.hi dltiguiotisqwersr gegoved bl gar idms
- times and the protease activity remaining was determined
5 using the azocasein assay. The results are shown in
Figure 8. The activity of both analogs is expressed as
percenf of activity in the presence of buffer alone,
which remained constant throughout the course of the
experiment. [Asp76, Serlog, Serzls, Alazzzl retains
10 more activity than [Asp’®, serl09, ser?18) in the
presehce of 2% bleach, while both analogs appear to lose
.activity rapidly in the preeence-of 2% chlorox and 1%
;{ | SDS, at 50°C. An interesting observation during this
% experiment was the fact that under identical conditions,
! 15 using tHe same amounts of protein, [Asp75. Ser109
Ser218] had a much higher activity than [Asp75. Ser109

Ser218, Alazzzl. This will be discussed in more detail
below. ’

EURESRRR RS TS SO

The effect of bleach on the structure of
j | 20 [Asp’6, serl09, ser?18, p1a222) apg [Asp76, ser109,
Ser218] was also assessed using SDS-PAGE. Both analogs
were incubated at 50°C in 20 mM Tris, 0.1 M NaCl, 1 mM
PMSF, pH 7.5 in the presence of 2% chlorox, or 2%
chlorox plus 1% SDS. At different times, 30 ul were
25 removed, mixed with 15 ul of cold (4°C) sample buffer
containing 1 mM PMSF and stored at 4°C until the
P - R experiment. was finished. The samples were then
subjected to SDS-PAGE on 12.5% polyacrylamide resolving
_ gels. The;protein was visualized by staining with
30 Coomassie blue dye,'and the amount of intact, folded
protein (at the top of the gel), intact, unfolded
; ' protein (in the middle of the gel) and proteolytic
| products (even further down the gel) were quantified
g o using laser densitometry. For analog [Asp76, ser109,
é | 35 ser?l8), after 1 hr in 2% chlorox 45% of the protein
% remained properly folded, while 2 hr in bleach resulted

: o : : This is the replacement shee’f
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*.52- TABLE 5 Thermal Stability 5 = - . Tm [ Asp76, Ser 109

# [Asp76, Ser109, Ser218, Al a222]- mvVCa2+ AprA Ser218] Subtilisin

§ Subtilisin 10 0 60 66 66 1 64

i 68 68 5 65  _ gqoo 71 ND 10 66
% 72 71 30 68 - 73 73

3 . _

in all of the protein unfolding, and much of it being
digested. For analog [Asp76,"Ser1°9,.Ser218, A1a222]
after 1 hr in bleach, 56% of the protease was still
folded, ‘and even following a 2 hr incubation in 2%
chlorox at 50°C, 20% of the total protein remained
intact. In the 2% bleach, 1% SDS solution the behavior
of both analogs was very similar, with 75% still intact
and folded:after a 5 min incubation, decreasing to 27%
of the total protein still folded at 15 min. [Asp76
serl09, Sgr218,-Ala222] does not show greatly increased
stability to the combination of denaturants (bleach and
SDS) in the concentrations used for this particular

assay, but does show enhanced resistance to bleach
denaturation. '

III. Activity

~ As mentioned earlier, analog [Asp’®, serl09;
Sér218, A1a222] has a lower specific activity toward
azocasein than analog [Asp75, serl02, ser?l8), yith an
approximate Vm of 0.02 dA/(min-mg/ml) versus 0.08

- d&/ (min-mg/ml) for'[Asp75, Serlog, Ser21&] To see if

this decreased activity was specxflc for azocaseln, or a
general characteristic of the [Asp76, serl09, ger218,
222] analog, -the kinetics of the hydrolysis of the
artificial peptlde succinyl Ala-Ala-Pro-Phe-
para-nitroanilide was analyzed for [Asp75, Ser109
Se 218, Ala222) ang [Asp76, serl09, ger218), Analog
[Asp76, serl09, ger?18) hag a Km of 440 yM'and a Vmax of
7.9_dA/(m1n—nmole):'Both these values are consistent
with those obtained in previous analyses. The Km of
{Asp76, Serlog, Ser218, Ala222] for the substrate was
1.4 mM, while the Vmax was 1.1 dA/(min-nmole) This
represents a three-fold decrease in substrate affinity
coupled with a seven-fold decrease in specific
activity. This specific activity is 4-fold less than
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15 ND = not deternmined The nelting tenperatures of the 2 anal og subtilisins
are very simlar at all of the calciumconcentrations 20 examned, and are
eonsi stently higher than that of the égrﬁvsubt|I|S|n Thi s i'ndi cates that
the substitution of Ala for Met ‘at redfdue 222 did not affect negatively
the increased stability and higher cal cium binding affinity achieved wi th

the SUbStltUﬁh@ﬁsoﬁta§9§L£h96§1351n76 TAQ9c3991§@§c Sér EaQEE'&éSi?O

Bl h. As th r epoyi n he Met at position
; degﬁgase thepgﬁgﬁé ?lg?}rtﬁnaanh PBﬁi?ﬁetPGto§PE§FFBHt19H§ atability of

. [Asp76, Ser1P8siGeoR18P2sibtétiere wbeh| $6b6rHee 109nd BrG24S. wéha23§] -
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with the rate limiting step of proteolysis.

EXAMPLE 19

As previously noted in Example 18, [Asp75,
Serl09, Ser218, Ala222] - subtilisin has a lower
10 specific act1v1ty toward azocasein than [Asp76, Set109
Serzlsl-subt1l1sxn and also has a lower specific
activity toward the synthetic peptide sSAAPFpN
substrate. This result is consistent with the loss of
éctivity in the Ala222 anélog.of BPN' subtilisin from
15 Bacillus amyloliquefaciens as observed by Estell et al.,
J. Biol. Chem. 260, 6564-6570, 1986. Since casein or
azocasein is commonly used as a substrate to determine
activity of proteases by manufacturers of detergent .
enzymes and detergént formulators, the [Asp75;'Ser1°9,
20 sSer?l8, Ala222) gybtilisin was not expected to
demonstrate improved performance in washing studies
performed on soiled fabrics.
As illustrated in this Example, the [Asp76
Sérlog, Ser218, Ala222]- subtilisin analog produced the
25 unexpected result of consistently improved performance
in removing stains from soiled fabrics under several
conditions. The conditions in Figures 9-and'10 were as
follows: B | '

- Whole wash conditions, 10 minute wash
30 - Fresh Stqrt“ with phosphate, pH approx 7
Fresh Start™ without phoSphate, PHE approx 9
80° and 120° F wash temperature
150 ppM water hardness

- 2 stains, 3 swatches each:
35
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subtilisin in bleach were conpared. In the first experinent, the two _
anal ogs were incubated at 50[err]C, in 35 20 mMMTris 0.1 MNaC pH 7.5, in
the presence of 2% chlorox, 2% chlorox plus 1% SDS, or buffer alone. It
shoul d be noted that 2% chlorox bl €ac¥+% a vast excess conpared to the
anount normal ly used by a consumer for |aundering fabrics. Aliquots wer.e

renoved at vari ' g h otease activity remai ni ng was determ ned
Bodd R Ent bt P SRR

5 using the azocasel’n as I shown in Figure 8. The
activity of bot ICharlake iRudgerRuddihais(GRR cam af6 %k tdadtgn/35s he
presence of buff&st @by ch remai ned constant throughout the course of

the - Controls: 1.5% Alcalse™ in Fresh Start=™

5 1.5% Termamyl™ in Fresh Start™
- Enzymes tested at equivent activities based on
azocasein units/ml for protease and dinitrosalicylic
acid units/ml for amylase.
.?he legend for Figure 10 is as follows:

10 .
CONDITIONS ~ DETERGENT TYPE  TEMPERATURE ' STAIN
A " Nonphosphate 80°F  Blood/Milk/Ink
B Nonphosphate 80°F Chocolate Fudge Pudding
15 C Nonphosphate 120°F Blood/Mi 1k/Ink
D Nonphosphate 120°F Chocolate Fudge Pudding
E Phosphate 80°F Blood/Mi1k/Ink
F Phosphate 80°F Chocolate Fudge Pudding
| G Phosphate 120°F B100d/Mi1k/Ink
20 “H

-Phosphate : 120°F ‘Chocolate Fudge Pudding

Even when the amount of [Asp’S, serl09, ger2?18, a315222j.
subtilisin was used at one-third of the activity 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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experinment. [Asp76, Ser109, Ser218, Al a222] retains 10 nore activity than
[Asp76, Ser109, Ser218] in the presence of 2% bleach, while both anal ogs
appear to lose activity rapidly in th pr esence of 2% chl orox and 1% SDS,
at 50[err]C. An interesting observati uring this experinment was the
fact that under identical conditions, 15 usi ng the sane anounts.of protein,
[ Asp76, Ser 109, Ser218] had.a nuch hi agtivity than [ Asp76, Ser 109,
Ser218, Al a222]. This will be dlscussggﬁig—ﬁnre detail below. The effect of
bl each on the structure of 20 [Asp76, Ser109, Ser218, Al a222] and [Asp76,

?ﬁgﬁggiegegfhgb 5 0. V . %géiﬁagiéﬁﬁfyﬁéeln t he
presence of D bty -“n Phosphate—Contalnlng Fresh Start™ at
S 100°F
Total delta Rd
. Novo . 143
Without Ballast#* - 72.6 76.6
10 With Ballast 44.0 . s6.4
Total Rd Loss Due to Ballast 28.6 1 20.2

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

~* Ballast refers to additional soiled clothing that was

15 added to the washing machine in addition to soiled
swatches of fabric.

20

25

30
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chlorox plus 1% SDS. At different -tiies,” 30 [err]l were 25 renoved, nixed
with 15 [err]l of cold (4[err]Q sanpléfbuffer containing 1 mM PMSF and
stored at 4C until the experinment was finished. The sanples were then

subj ected to SDS-PAGE on 12. 5@6po|yacry|an1de resolving gels. The protein

‘was visualized by staining with 30 Codfassie blue dye, and the ampunt of
I ntact, folded protein (at the top of ‘the gel), intact, unfolded protein

(in the mddle of the gel) and proteolytlc produpts (ev n further t he
gel) were quantified usiWeileskie RIASEMHHINERtIQ) has Aiﬁﬁéfwl

]?5' dSSr Z&ﬁ] | Al Hedmd of NpréLéEt éd RnbdPinkntdhel tri amaemaomd:moper | y
orae e g é”f:j.gag:ltgggharrlgsflptu?gvements will occur to those
skilled in the art. Thus, it is expected that
5 substitution of residues at calcium bzndzng sites other
than at the spec;f;c calcium .described herein may
xmprove stability as well._ Additional improvements in
~stability are expected for such substitutions made in
other enzymes which have the Asn-Gly sequence and in
.10 other proteins comprlsing this sequence. Additional
- improvements in specific activity for such substitutions
made in other enzymes whén modifications of amino acids
surrounding the active site amxno acids are incorporated
into the protein. Whereas each sxngle substitution may
15 improve the stability, calcium binding or specific
| activity of the enzyme, the combination of several
snodifications in one enzymé is required to produce an
enzyme for commercial applications. - Furthermore, g
DHecause each amino acid substitution alters the przmary :
" 20 structure of the enzyme and may affect neighboring amino
‘ - acid residues through electrostatic effects, hydrogen
' bondingg etc., the combination of substitutions may not
always produce an’'additive and incremental improvement
to the enzyme. The correct combinations according to
25 the present invention produce subtilisins with superior
properties. Furthermore, it is expected that a
SubéiliSin-enalog according to the present invention
possesses superior pteperties to wild type subtilisins
~ in detergent formulations such as those disclosed in, -
30 for example, U.S. Patent No. 3,732,170; U.S. Patent No.
3,749,671 and U.S. Patent No. 3,790,482, all of which
‘are incorporated by reference herein.
Moreover, for pfactical reasons - many
induserial processes are conducted at- temperatures that
35 are above the stability temperature range of most
‘enzymes. Therefore, although detergent applications

8 RN
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“54- in all of the protein unfolding,'énd much of'ft bei ng di gested. For

anal og [ Asp76, Ser 109, Ser218, Al a222] after 1 hr in bleach, 56% of the
protease was still folded, and even following a 2 hr incubation in 2%5.
chl orox at 50[err]C, 20@6of the total-p551§|n remai ned intact. In the 2%

bl each, 1% SDS sol uti on the behavi or of ‘both anal ogs was very simlar, with -

75%still intact and folded. after a 5 mn-incubation, decreasing to 27@6of
the total prothAYesPeen emphagsizediberein, (Aspks, bediegedsshats. Al a222]

does not show gijed¥sinCaRAEE ssaaébkamgt got bsecgmaav ventd@pt urants
(bl each and SDSE in the conc rations us articul ar assay, but
does show enh FPesPRIENE V?Btﬁgﬁﬁﬂﬁ to certaln 1ndustr1es such as

‘detergent 1ndustry. which already require stable
S subtxlzsins, but alsc may be useful in industries that
use chemical means to hydrolyze proteins, e.gq.
hydrolysis of vegetable and animal proteins.,
Therefore, it is intended that the present
invention include all such modifications and
10 improvements as come within the scope of the present
invention as claimed. '
The features disclosed in the foregoing
description, in the following claims and/or in the
accompanying drawings may,'both'separately and in
15 any combination thereof, be material for realising
| the invention in diverse forms thereof.
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“denat un tivity As nentloned earller anal og [Asp76, Ser109,
Ser 218 lmllnmmﬂmau“zu I“twer specific activity toward 20 azocasein than -
.anal eg [*Aspg76L Skr199,* Ser218], with an approxi nate Vm of 0.02 -

dA/(m n-ng/m) versus 0.08 dA/(nlnlnyrﬁ" J4or [Asp76, Ser109, Ser218]. To
see if this decreased.activity was specific for azocasein, or a general-
characteristic of the' [As76, Ser109, Ser218, 25 Al a222] anal og, the

ki netics of the&ClAEMS| ysis of the artificial peptide succinyl

Al a- Al a- Pro-Phe- para-nitroanilide was analyzed for [Asp76, Ser109, Ser218,
Al a222] and [Asp76, Ser109, Ser218 Anal og [Asp76, Ser109, Ser218] had a
Kn1of 440 [errPNIén@“&bmiQSXﬁ ana og characterized as havxng an amino

acid sequence of a naturally occurring Bacillus
5 subtilisin that bas been modified by having:

(1) one or more of the amino acids present
in a calcium binding site of the naturally occurring
Bacillus subtilisin replaced by a negatively charged

- amino acid; and . |
10 (2) one or more of any Asn-Gly sequence of
; the naturally occurring Bacillus subtilisin deleted
'§ . - or replaced by a different amino acid; and

(3) one or more methionine residues

replaced by a different amino acid; and |
1. (4) one or more amino acid residues
surrounding the catalytic triad replaced by'a
 different amino acid.

é

el et o2

T e i

TR

2. A subtilisin analog according to Claim 1 wherein the
20 - analog is an analog of a néturally occurring
'Bacillus subtilisin selected from the group
! - consisting of subtilisin Carlsberg, subtilisin DY,
i | subtilisin BPN', an aprA subtilisin of Bacillus
subtilis and subtilisin from Bacillus mesentericus.

| 25
? 3. A subtilisin analog according to Claim 1 wherein one
i or more of the amino acids in the calcium binding
] sxte tepresented by Asp‘l, Leu75 Asn76. Asn77
Ser78, Ile79, slyao, Valsl, Thrzoa and Tyr214 is
30 replaced with a negatively charged amino acid.

4. A subtilisin analog according to Claim 3 wherein the
negatively charged amino acid is Asp or Glu.

[P S S RO D I D TP SN PR

_ 35 S. A subtilisin analog accbrding to Claim 4 having
; _ ' Asn’6 replaced with Asp’®

This : Sheet Has Been Replaced
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30 7.9 d these ~val ues are consistent wth those
obt ai ned ‘ ﬂﬂmy m‘j The Km of [Asp76, Ser 109, Ser 218, Al a222] for
-t he substr |Ie the Vmax was 1.1 dA/ (min-nnole) This
- represents a three-fold decrease in substrate afflnlty .35 coupled with a
seven-fold decrease in specific act|V|L§£_.Th|s specific activity is 4-fold
| ess t han - - that of aprA-subtilisin. The catalytic Ser is at
position 221, ear s, t hat ubstltut pns at posjti 222 |nterfere
with substrate Tn% ﬂsggéfﬁéfp 3ga§?ghag g %R%a??r#ﬁ gt

prot eol ysi s. I1e’? replaced with Glu

s NIRRT S,

7. A subtilisin analog according to Claim 4 having
5 asn’6 replaced with Asp76 and Ile’9 replaced with
Glu’9. '

3
A
H
3
3
N

8. A subtilisin analog according to Claim 1 wherein an
Asn residue in the Asn~Gly sequence is replaced by a
1o residue of a different amino acid.

9. The analog as recited in Claim 8 wherein an Asn
residue in said Asn-Gly sequence is replaced by a
residue of an amino acid from the group cons1sting

15 of Ser, val, Thr, Cys, Glu and Ile. -

. 10. A subtilisin analdg according to Claim 9 wﬁerein the
Asn residue in the Asn-Gly sequence is replaced
' by Ser.

.11. A subtilisin analog according to Claim 10 wherein an
Asn residue at position 109 is replaced by Ser.

12. A subtilisin analog according to Claim 10 wherein an
25 Asn residue at position 218 is replaced by Ser.

13. A subtilisin analog according to Claim 10 wherein an
Asn residue at positions 109 and 218 is replaced

: by Ser.
; 30
; 14. A subtilisin analog according to Claim 13 selected
| " from the group consisting of [Asp75, Sezlog, Ser218]
.subtilisin, (61u’?; serl09, ser?l8) sybtilisin, and
[asp’6, G1u’®, serl®?, Ser213] subtilisin.
4 35
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" 5 EXAMPLE ted in Exanple 18, [Asp76, Ser109, Ser218,

Al a222] - ower 10 specific activity toward azocasein
t han [%p?GHIﬂ“lNHmllmmll subtilisin and also has a | ower specific .
activity- towardethe gynﬁheflc pepti de sAAPFpN substrate. This result is
consistent wth the |oss of ‘activity rné2hs Al a222 anal og of BPN

- subtilisin from15 Bacillus anyloliquefaciens as observed by Estell et

JRCIPR—

d oS RO e AL mat

al., J. Biol. {ge S a nis
connbnly used as ghséggF%a?gip gégggg ggogﬁgﬁg ?8 §¥glro%eé§§§%§y

manuf acturers of deéadfgene ofzymece meshieningernes @uﬁaléadase replated’s,
Ser 109, 20 Ser218byAhﬂ23§hn§Hthkl§bgc§ﬁ§ not expected to

S 16. a subtxllsin analog according to Claim 15 wherein
Met222 jg replaced by Ala.

17. A subtilisin analog.according to Claim 15 wherein
Met124 is replaced by Leu or Ala.

10 | | -

18. A subtilisin analog according to Claim 1 wherein
said one or more amino acids surrounding the
catalytic triad are Ile3l, Ser33, Ser52; Ser53,
Tyr217..and Arg2‘7;

15 _ :
19. A subtilisin-analog according to Claim 18 including

one or more of the following substitutions: _
Leu3l, Thr33, asnb?, 61y%3, reu?l? ana Leu?47,’

20 20. A subtilisin analog according to Claim 1 whereia the °
Bacillus subtilisin has a naturally occurring aminc
acid sequence disclosed in.Table 1.

21. [Asp?Q. Serlog,'5e£218,'aia2221 subtilisin
25 additionally having one or more of the following
substitutions selected from the group consisting of
Glu79, Leul?4 or Alal?4, reu?l7, the33, asnb2,
geu31, veu?4? and G1y63.

30 22. A subtilisin ahalog according to Claim 1 selected
from the group consxstxng of [Asp75, Serlag, ser?l8,
222] SubtllLSln‘ [Leu31, Asp75, Serlog, Ser218
-Ala222] subtilisin; [Asp76. Serl03, Leul?4, Se121§,
_ Ala222) sybtilisin and [asp’®, serl®9, Ala124
35 ser?18, al 12222} subtilisin,
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demmﬂrmel
fabrics.
Al a222] - subt

under several

o RN DOABY

phosphat e, pH

ce in mashlng studi es performed on soiled
HB“ “ s ‘Exanpl e, the (Asp76, Ser109, Ser218,
oduced the 25 unexpected result of

consistently |nproved performence in renoving stains fromsoiled fabrics

conditions. The condition®3 i-n Figures 9 and 10 were as

follows: - VWhole wash conditions, 10 m nute wash 30 - Fresh Start" mﬁth-

prox 7 Fresh Start[err] wi t hout phosphate, pH approx 9 -

80[err] and 1201erd BN

* .3 swat ches eaChiiﬁhbtilzs1n, said Bacillus subtilisin having an:amino
' - Sequence comprising a calcium binding site and.an

10

15

20

25

30

35

24.

25.

Asn—Gly sequence, wherein (1) codons Wthh encode
one or more of the amino acids in the calcium

“binding site'arg deleted or replaced by codons

encoding a negatively charged amino acid: (2).codons
which encode one or more of the amino acids in the
Asn—-Gly sequence are deleted or replaced by codons

-encoding-a different amino acid residue; (3) codons

which encode one or more methionine residues are
replaced by codons encoding a different amino acid;
and (4) codons which encode one or more amino acid
residués surrounding the catalytic triad:are .
replaced by'codons encoding a different amino acid.

A method for improving thermal, oxidation and pH
stability of a Bacillus subtilisin having a calcium
binding site comprising replacing an amino acid
residue in the calcium binding site with a |
negatively charged amino acid, replacing or deleting
one or more of the amino acids in a Asn-Gly
sequence, replacing one or more methionine residues
with’a dxfferent amino acid, and replacing one-or -
more.amino acid ‘residues surrounding the catalytlc

triad by a different amino acid.

A composition comprising an effective amount of a
subtzlxsln analog of Claim 1 in a detergent

formulation.:
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. Blood/ Ml k/Ink (BM) on cotton Chocol ate Fudge Pudding (CFP) on a 65%

i dacron/35%cotton fabric - Controls: 1.5% Al calse[err] in Fresh Start[err]
5 1.5% Termanyl [err] in Fresh Start[err] - Enzynes tested at

‘equi vent. activities based on azocasein units/m for protease and

dinitrosalicylic acid units/m for anyjase. The | egend for Figure 10 is.as

follows: 10 CONDI TI ONS DETERCGENT TYi MPERATURE STAIN A

Nonphosphat e 80F Bl ood/ M | k/ I nk

MULTIPLY MUTATED SUBTILISINS

;
2
i
;

ABSTRACT OF THE DISCLOSURE

A class of subtilisin analogs suitable for
admixture to cleaning coﬁpositions and having improved
stability over naturally occurring Bacillus subtilisins
are prepared by expressing a modified gene encoding the

1o subtilisin analog in Bacillus subtilis.

15
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B _ Nonphosphate . 80[err]F = Chocol ate Fudge Pudding 15 C

S Nonphosphat e 120[err]F Bl ood/ M I k/Ink O Nonphosphat e
% 420F - Chocol ate Fudge Pudding E -~ Phosphate =~ . 80[err]F
Bl ood/ M I k/ I nk F Phosphat e .. 80F .&hocol at e Fudge Pudding G

Phosphat e . 120F Bl ood/ M | k/ | nk 20 H Phosphat e _
120F = Chocol ate Fudge Puddi ng Even wgm t he amount of [ Asp76, Ser 109,
i Ser218, Al a222]- subtilisin was used at one-third.of the activity as the
: Novo Al cal-ase control, the anal og of the present 25 invention was stil

© superior in perfornance I n Tabl e 6. 30 35

FIG.1

:g . 9 -0 | ' O _
~NH~CH-C-NH- CHz~C- - NH=CH- C-oh O
CHfC-OK gnd CHy- c-rm-cuz c-

| o o

o«-aapartyl qlyeyl A-aspartgl qlycyt
| | 2 [ou

: 0 . o O

-NH- cwc-uu CHzC- ~ =NH-CH- Ca Q

CH2C'NH2 — e O C’"'CHZ'C' *RHy

aspcuagmyt glgcgt an gzggfmge )lgogl
3 | NHa0H
: R o cH- <C> OH 9
-NH-‘C‘:H—. C.-NH-OH —_— L and - RO + NHz- CHz-C-
CHp" G OH | g
ceaspar‘t;)l' hydoxamate ~ °  <3-ospartyl hydroxamate
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" TR TABLE 6 Washi ng Machi ne Eval uation Of [Asp76, Ser 109, Ser 218,

_ .. 20.2 Novo used at 9 azo/L while
143 used at only 3 azeo/L * Ball ast reﬁéﬁg_Lo addi tional soiled clothing

~ that was 15 added to the washing machine in addition to soiled swatches of
fabric.

¢ Al a222]-Subtilisin Phosphate-Containing Fresh Start[err] at 5 100[err]F

§ . Jotal delta Rd Novo 143 Wthout Ballast* - _ 72.6
£ 76.6 10 Wth Ballast S o 44.0 56.4 Total Rd
'§ Loss Due to Ballast ° . . 28.6 '

FIG. 2
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4 2025 .30 35 - 58 - Wiile the present invention has been described in
% terms of preferred enbodinents it is understood that nodifications and
Frprovenments will occur to those skilled in the art. Thus, it is expected
that 5 substitution of residues at cal-¢ciumbinding sites other than at the

specific cal cium described. herein nay'g

s

b R

7?rove_stability as well.
"Addi tional inprovenents in . o g

C— pBD64 DNA
—— pBR3220MA
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: stablllty are expected for such SUbStitUtIOﬂS made in other enzynes which

4 have the Asn-Ay sequence and in 10. other proteins conprising this

1 sequence. Additional inprovenents in-specific activity for such

i substitutions made in other enzymes wher nodifications of amno acids

" surrounding the active site amno acids are incorporated into the protein.
; ‘Whereas each single substitution may lgllgﬂprove the stability, calcium

bi ndi ng or specific activity of the enzyme, the conbination of several

nodi fications |no®ne en Is required to produce an enzyme for commerci al
appllcatlons ' because each amno acid sppbgtatution alters the
primary 20 of ypelenzyme and may affect neighboring amino acid
resi dues thropgh el e ostatic effects, hydrogen bonding, etc., the

conbi nati onfof substit iﬁqME may not
| pPAMBI '
53 Kb PatI

o EcoR1 P ) R s
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al ways produce an additive and increnental inprovenent.-to the enzyne. The
correct conbinations according to 25 the present invention produce
"Bubtilisins with superior properties. Furthérnore, it is expected that a
subtilisin anal og according to the present invention possesses superior
properties to wild type subtilisins in zetergent formul ati ons such as those
disclosed in, 30 for exanple, U S P ! . 3,732,170; U.S. Patent No.

3,749,671 and U. S. Patent No. 3,790,482, all of which are incorporated by

B e L T PR T T N Y

b e e 1 an E e,

reference herein. Mreover, for practical reasons many igv tei al processes
are conducted at tenperatures that 35 are above the stabili't'y tenperature
range of nost enzynes. Therefore, although detergent applications

s | PBD“ ODNA
'-——-'E:BEEH§EDNA
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. -59- have been enphasized herein, it is believed that subtilisin anal ogs

:;according to the present invention are not only advantageous to certain

='fndustries such as detergent industry which already require stable 5
..subtilisins, but also may be useful in industries that use chem cal neans

Efto hydrol yze proteins, e.g. hydronsisigiEVegetable and ani mal proteins.

E:Therefore it is intended that the pr

invention include all such

:» nodifications and 10 inprovenents as coms\Mtrurlthe scope of the present:
i.invention as clainmed. The features dlscqued in the foregO|ng

i
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* description, in the follow ng clains and/or in the acconpanying dramﬁngs
may, both separately and in 15 any conbination thereof, be material for
. realising the invention in diverse forns thereof. 20 25 30 35 60 C ai ns

1. A substantially pure [Asp76, Serl-09; . Ser218, Al a222] subtilisin analog,
optionally with one additional

3
i
z

J/10
FIG. 7
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: host cell
" Ser218, Al a222], optionally with one ad# %l ona

@ .

substitution selected from[Leu3l] and [Leul 24]. 2. A conposition’

conprising an effective anount of a subtilisin analog of Caim 1 in a

Yetergent fornulation. 3. A process for the production of subtilisin

anal ogs conprising .reconbinantly producing a subtilisin analog froma

havi ng nucl eic acid encoding a subtilisin analog (Asp76, Serl 09,
substitution selected from

[Leu3l] and [Leul24] and purifying the subtilisin analog fromthe

fermentation broth to obtain a substantially pure [Asp76, Serl 09, Ser218,

Al a222] subtilisin analog, optionally wth one additional substitution
selected from|[Leu3l] and [ Leul 24].
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A1a222]-subtilisin incubated in 2% Chlorox.

-subtilisin incubated in 2% Chlorox.

| time (min)
,Ser109.Se_r213,Ala222]isubtilisin and
,Ser109,Ser218]-subtilisin incubated in 2% Chlorox and
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% 4. The use of an ef f ective anount - of a substantlally pure [ Asp76, Serl 09,

3 Ser 218, Al a222) subtilisin anal og, optlonally w th one additional

'; substitution selected fron1[Leu31] and [Leul 24] in the manufacture of a
detergent conposition. o -
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Claims :

1. A substantially pure [Asp76, Serl09, Ser218, Ala222]
subtilisin analog, optionally with one additional
substitution selected from [Leu3l] and [Leul24].

2. A composition comprising an effective amount of a
subtilisin analog of Claim 1 in a detergent

formulation.

3. A process for the production of subtilisin analogs
comprising recombinantly producing a subtilisin
analog from é host cell having nucleic acid encoding
a subtilisin analdg (Asp76, Serl09, Ser2l18, A1é2-22],
optionally with one additional substitution selected
from [Leu31l] and [Leul24] and purifying the
subtilisin analog from the fermentation broth to
obtain a substantially pure [Asp76, Serl09, Ser218,
Ala222] subtilisin analog, optionally with one
additional substitution selected from [Leu3l] and
[Leul24].

4, The use of an effective amount of a substantially
| pure [Asp76, Serl09, Ser2l18, Ala222) subtilisin
analog, optionally with one additional substitution
selected from [Leu31l] and [Leul24] in the manufacture

of a detergent composition.
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