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[51] ABSTRACT 
A cloned subtilsin gene has been modi?ed at speci?c 
sites to cause amino acid substitutions at certain spots in 
the enzyme. The modi?ed enzyme, preferably pro 
duced by Bacillus, is useful in combination with deter 
gents. 
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MODIFIED ENZYMES AND METHODS FOR 
MAKING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Cross—reference is made to [application Ser. No. 
509,419 ?led June 24, 1983, and its continuation-impart 
Ser. No. 614,616. Cross reference is made to application 
Ser. No. 614,617, application Ser. No. 614,615, and 
application Ser. No. 614,491, all of which are ?led con 
currently herewith] the following related applications, 
all of which were ?led on May 29, 1984-concurrently with 
U.S. Application Ser. No. 06/614,612 now issued as U.S. 
Pat. No. 4, 760,025, and subject to reissue application Ser. 
No. 556, 918 ?led Jul. 20. 1990.‘ (a) U.S. application Ser. 
No. 06/614,615 (abandoned). in favor of U.S. application 
Ser. No. 07/488,433 (pending) ?led Feb. 29. 1990: U.S. 
application Ser. No. 07/511, 972 (abn) ?led Apr. 17, 1990; 
U.S. application Ser. No. 07/334,081 (abn) ?led Apr. 4, 
1989.‘ U.S. application Ser. No. 07/041,885 (abn) ?led 
Apr. 23. 1987; (b) U.S. application Ser. No. 06/614,616 
(abandoned), in favor of U.S. application Ser. No. 352,326 
(abn) ?led May 15, 1989,‘ and (c) U.S. application Ser. No. 
06/614,491 (abandoned), in favor of U.S. application Ser. 
No. 07/539,283 (abn) ?led Jun. 14, 1990, and the continu 
ation thereof U.S. application Ser. No. 07/760,833 ?led 
Sep. 16, 1991 (pending). 

BACKGROUND 

This invention relates to the production and manipu 
lation of proteins using recombinant techniques in suit 
able hosts. More speci?cally, the invention relates to the 
production of procaryotic proteases such as subtilsin 
and neutral protease using recombinant microbial host 
cells, to the synthesis of heterologous proteins by mi 
crobial hosts, and to the directed mutagenesis of en 
zymes in order to modify the characteristics thereof. 

Various bacteria are known to secrete proteases at 
some stage in their life cycles. Bacillus species produce 
two major extracellular proteases, a neural protease (a 
metalloprotease inhibited by EDTA) and an alkaline 
protease (or subtilsin, a serine endoprotease). Both gen 
erally are produced in greatest quantity after the expo 
nential growth phase, when the culture enters station 
ary phase and begins the process of sporulation. The 
physiological role of these two proteases is not clear. 
They have been postulated to play a role in sporulation 
(J. Hoch, 1976, Adv. Genet.” 18:69-98; P. Piggot et al., 
1976, “Bact. Rev.“ 40:908-962; and F. Priest, 1977, 
“Bact. Rev.” 411711-753), to be involved in the regula 
tion of cell wall turnover (L. Jolliffe et al., 1980, “J. 
Bact." 141:1199-1208), and to be scavenger enzymes 
(Priest, Id). The regulation of expression of the prote 
ase genes is complex. They appear to be coordinately 
regulated in concert with sporulation, since mutants 
blocked in the early stages of sporulation exhibit re 
duced levels of both the alkaline and neutral protease. 
Additionally, a number of pleiotropic mutations exist 
which affect the level of expression of proteases and 
other secreted gene products, such as amylase and lev 
ansucrase (Priest. Id). 
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2 
Subtilisin has found considerable utility in industrial 

and commercial applications (see U.S. Pat. No. 
3,623,957 and J. Millet, 1970, “J. Appl. Bact." 33:207). 
For example, subtilisins and other proteases are com 
monly used in detergents to enable removal of protein 
based stains. They also are used in food processing to 
accommodate the proteinaceous substances present in 
the food preparations to their desired impact on the 
composition. 

Classical mutagenesis of bacteria with agents such as 
radiation or chemicals has produced a plethora of mu 
tant strains exhibiting different properties with respect 
to the growth phase at which protease excretion occurs 
as well as the timing and activity levels of excreted 
protease. These strains, however, do not approach the 
ultimate potential of the organisms because the muta 
genic process is essentially random, with tedious selec 
tion and screening required to identify organisms which 
even approach the desired characteristics. Further, 
these mutants are capable of reversion to the parent or 
wild-type strain. In such event the desirable property is 
lost. The probability of reversion is unknown when 
dealing with random mutagenesis since the type and site 
of mutation is unknown or poorly characterized. This 
introduces considerable uncertainty into the industrial 
process which is based on the enzyme-synthesizing 
bacterium. Finally, classical mutagenesis frequently 
couples a desirable phenotype, e.g. low protease levels, 
with an undesirable character such as excessive prema 
ture cell lysis. 

Special problems exist with respect to the proteases 
which are excreted by Bacillus. For one thing, since at 
least two such proteases exist, screening for the loss of 
only one is difficult. Additionally, the large number of 
pleiotropic mutations affecting both sporulation and 
protease production make the isolation of true protease 
mutations difficult. 

Temperature sensitive mutants of the neutral protease 
gene have been obtained by conventional mutagenic 
techniques, and were used to map the position of the 
regulatory and structural gene in the Bacillus subtilis 
chromosome (H. Uehara et al., 1979, "J. Bact." 
139:583-590). Additionally, a presumed nonsense muta 
tion of the alkaline protease gene has been reported (C. 
Roitsch et a1., 1983, "J. Bact." 155:145-152). 

Bacillus temperature sensitive mutants have been 
isolated that produce inactive serine protease or greatly 
reduced levels of serine protease. These mutants, how 
ever, are asporogenous and show a reversion frequency 
to the wild-type of about from 10-7 to 10-8 (F. Priest, 
Id. p. 719). These mutants are unsatisfactory for the 
recombinant production of heterologous proteins be 
cause asporogenous mutants tend to lyse during earlier 
stages of their growth cycle in minimal medium than do 
sporogenic mutants, thereby prematurely releasing cel 
lular contents (including intracellular proteases) into the 
culture supernatant. The possibility of reversion also is 
undesirable since wild-type revertants will contaminate 
the culture supernatant with excreted proteases. 

Bacillus sp. have been proposed for the expression of 
heterologous proteins, but the presence of excreted 
proteases and the potential resulting hydrolysis of the 
desired product has retarded the commercial accep 
tance of Bacillus as a host for the expression of heterolo 
gous proteins. Bacillus megaterium mutants have been 
disclosed that are capable of sporulation and which do 
not express a sporulation-associated protease during 
growth phases. However, the assay employed did not 



Re. 34,606 
3 

exclude the presence of other proteases, and the prote 
ase in question is expressed during the sporulation phase 
(C. Loshon et al., 1982, "J. Bact." 150:303~—31l). This, 
of course, is the point at which heterologous protein 
would have accumulated in the culture and be vulnera 
ble. It is an objective herein to construct a Bacillus 
strain that is substantially free of extracellular neutral 
and alkaline protease during all phases of its growth 
cycle and which exhibits substantially normal sporula 
tion characteristics. A need exists for non-revertible, 
otherwise normal protease de?cient organisms that can 
then be transformed with high copy number plasmids 
for the expression of heterologous or homologous pro 
teins. 
Enzymes having characteristics which vary from 

available stock are required. In particular, enzymes 
having enhanced oxidation stability will be useful in 
extending the shelf life and bleach compatibility of pro 
teases used in laundry products. Similarly, reduced 
oxidation stability would be useful in industrial pro 
cesses that require the rapid and efficient quenching of 
enzymatic activity. 

Modifying the pH-activity pro?les of an enzyme 
would be useful in making the enzymes more efficient in 
a wide variety of processes, eg broadening the pH 
activity pro?le of a protease would produce an enzyme 
more suitable for both alkaline and neutral laundry 
products. Narrowing the pro?le, particularly when 
combined with tailored substrate specificity, would 
make enzymes in a mixture more compatible, as will be 
further described herein. 

Mutations of procaryotic carbonyl hydrolases (prin 
cipally proteases but including lipases) will facilitate 
preparation of a variety of different hydrolases, particu 
larly those having other modi?ed properties such as 
Km, Kcat, Km/Kcat ratio and substrate speci?city. 
These enzymes can then be tailored for the particular 
substrate which is anticipated to be present, for example 
in the preparation of peptides or for hydrolytic pro 
cesses such as laundry uses. 

Chemical modification of enzymes is known. For 
example, see I. Svendsen, 1976, "Carlsberg Res. Com 
mun.“ 41 (5)2237-291. These methods, however, suffer 
from the disadvantages of being dependent upon the 
presence of convenient amino acid residues, are fre 
quently nonspecific in that they modify all accessible 
residues with common side chains, and are not capable 
of reaching inaccessible amino acid residues without 
further processing, e.g. denaturation, that is generally 
not completely reversible in reinstituting activity. To 
the extent that such methods have the objective of re 
placing one amino acid residue side chain for another 
side chain or equivalent functionality, then mutagenesis 
promises to supplant such methods. 

Predetermined, site-directed mutagenesis of tRNA 
synthetase in which a cys residue is converted to serine 
has been reported (G. Winter et al., 1982, “Nature" 
299:758-758; A. Wilkinson et al., 1984, “Nature" 
307:187-188). This method is not practical for large 
scale mutagenesis. It is an object herein to provide a 
convenient and rapid method for mutating DNA by 
saturation mutagenesis. 

SUMMARY 

A method for producing procaryotic carbonyl hy 
drolase such as subtilisin and neutral protease in recom 
binant host cells is described in which expression vec 
tors containing sequences which encode desired subtili 
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sin or neutral protease, including the pro, pre, or prepro 
forms of these enzymes, are used to transform hosts, the 
host cultured and desired enzymes recovered. The cod 
ing sequence may correspond exactly to one found in 
nature, or may contain modi?cations which confer de 
sirable properties on the protein that is produced, as is 
further described below. 
The novel strains then are transformed with at least 

one DNA moiety encoding a polypeptide not otherwise 
expressed in the host strain, the transformed strains 
cultured and the polypeptide recovered from the cul 
ture. Ordinarily, the DNA moiety is a directed mutant 
of a host Bacillus gene, although it may be DNA encod 
ing a eucaryotic (yeast or mammalian) protein. The 
novel strains also serve as hosts for protein expressed 
from a bacterial gene derived from sources other than 
the host genome, or for vectors expressing these heter 
ologous genes, or homologous genes from the host 
genome. in the latter event enzymes such as amylase are 
obtained free of neutral protease or subtilisin. In addi 
tion, it is now possible to obtain neutral protease in 
culture which is free of enzymatically active subtilisin, 
and vice-versa. 
One may, by splicing the cloned genes for procary. 

otic carbonyl hydrolase into a high copy number plas 
mid, synthesize the enzymes in enhanced yield com 
pared to the parental organisms. Also disclosed are 
modi?ed forms of such hydrolases, including the pro 
and prepro zymogen forms of the enzymes, the pre 
forms, and directed mutations thereof. 
A convenient method is provided for saturation mu 

tagenesis, thereby enabling the rapid and efficient gen 
eration of a plurality of mutations at any one site within 
the coding region of a protein, comprising: 

(a) obtaining a DNA moiety encoding at least a por 
tion of said precursor protein; , 

(b) identifying a region within the moiety; 
(c) substituting nucleotides for those already existing 

within the region in order to create at least one 
restriction enzyme site unique to the moiety, 
whereby unique restriction sites 5' and 3' to the 
identi?ed region are made available such that nei 
ther alters the amino acids coded for by the region 
as expressed; 

(d) synthesizing a plurality of oligonucleotides, the 5' 
and 3' ends of which each contain sequences capa 
ble of annealing to the restriction enzyme sites 
introduced in step (c) and which, when ligated to 
the moiety, are expressed as substitutions, deletions 
and/or insertions of at least one amino acid in or 
into said precursor protein; 

(e) digesting the moiety of step (c) with restriction 
enzymes capable of cleaving the unique sites; and 

(f) ligating each of the oligonucleotides of step (d) 
into the digested moiety of step (e) whereby a plu 
rality of mutant DNA moieties are obtained. 

By the foregoing method or others known in the art, 
a mutation is introduced into isolated DNA encoding a 
procaryotic carbonyl hydrolase which, upon expression 
of the DNA, results in the substitution, deletion or inser 
tion of at least one amino acid at a predetermined site in 
the hydrolase. This method is useful in creating mutants 
of wild type proteins (where the "precursor" protein is 
the wild type) or reverting mutants to the wild type 
(where the “precursor" is the mutant. 
Mutant enzymes are recovered which exhibit oxida 

tive stability and/or pH-activity pro?les which differ 
from the precursor enzymes. Procaryotic carbonyl hy 






























