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Copenhagen (DK) (57) ABSTRACT 

COIIfISPOIIdGHCfI AddreSSI The present invention relates to variants of a parent ot-amy 
NOVOZYMES NORTH AMERICA, INC- lase, Which parent ot-amylase has an amino acid sequence 
500 FIFTH AVENUE selected from the amino acid sequences shoWn in SEQ ID 
SUITE 1600 No. 1, SEQ ID No. 2, SEQ ID No. 3, and SEQ ID No. 7, 
NEW YORK, NY 10110 (Us) respectively; or (ii) displays at least 80% homology With one 

or more of these amino acid sequences; and/or displays 
(73) Assignee? Novozymes A/S, Bagsvaerd (DK) immunological cross-reactivity With an antibody raised 

against an ot-amylase having one of these amino acid 
(21) Appl' No‘: 10/778,469 sequences; and/or is encoded by a DNA sequence Which 
(22) Filed: Feb- 12’ 200 4 hybridiZes With the same probe as a DNA sequence encod 

ing an ot-amylase having one of these amino acid sequences; 

Related US. Application Data In Whlch Vanant: 
(a) at least one amino acid residue of the parent ot-amylase 

(60) Division of application No. 10/025,648, ?led on Dec. has been deleted; and/or 
19, 2001, Which is a division of application No. 
09/902,188, ?led on Jul. 10, 2001, Which is a con 
tinuation of application No. 09/354,191, ?led on Jul. 

(b) at least one amino acid residue of the parent ot-amy 
lase has been replaced by a different amino acid resi 

15, 1999, noW Pat. No. 6,297,038, WhlCh 1s a con- _ _ _ _ 

?nua?on of application No 08/600,656,?1ed on Feb (c) at least one ammo acid residue has been inserted 
13 1996 HOW Pat No 6 093 562 which is a Con_ relative to the parent ot-amylase; the variant having 
?nua?on of application NO_ PCT/DK96/00056, ?led ot-amylase activity and exhibiting at least one of the 
on Feb 5 1996 following properties relative to the parent ot-amylase: 

’ increased thermostability; increased stability toWards 
(30) Foreign Application Priority Data oxidation; and reduced Ca2+ dependency; With the 

proviso that the amino acid sequence of the variant is 
Feb. 3, 1995 (DK) ............................................ .. 0126/95 not identical to any of the amino acid sequences shown 

Mar. 29, 1995 .0336/95 in SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 and 
Sep. 29, 1995 (DK) ............................................ .. 1097/95 SEQ ID NO- 7, respectively. 
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DETERGENT COMPOSITIONS CONTAINING 
AMYLASE VARIANTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of US. application 
Ser. No. 10/025,648, ?led Dec. 19, 2001, Which is a division 
of US. patent application Ser. No. 09/902,188, ?led on Jul. 
10, 2001, Which is a continuation of US. patent application 
Ser. No. 09/354,191, now US. Pat. No. 6,297,038, ?led on 
Jul. 15, 1999, Which is a continuation of US. patent appli 
cation Ser. No. 08/600,656, now US. Pat. No. 6,093,562, 
?led on Feb. 13, 1996, Which is a continuation of application 
Ser. No. PCT/DK96/00056, ?led on Feb. 5, 1996, which 
claims priority under 35 U.S.C. 119 of Danish application 
serial nos. 0126/95, ?led on Feb. 3, 1995, 0336/95, ?led on 
Mar. 29, 1995, 1097/95, ?led on Sep. 29, 1995, and 1121/95, 
?led on Oct. 6, 1995, the contents of Which are fully 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to ot-arnylase variants 
having improved properties relative to the parent enZyrne 
(e.g. irnproved therrnal and/or oxidation stability and/or 
reduced calcium ion dependency), and thereby irnproved 
Washing and/or dishWashing (and/or textile desiZing) per 
forrnance. The invention also relates to DNA constructs 
encoding the variants, and to vectors and cells harboring the 
DNA constructs. The invention further relates to methods of 
producing the arnylase variants, and to detergent additives 
and detergent compositions comprising the arnylase vari 
ants. Furtherrnore, the invention relates to the use of the 
arnylase variants for textile desiZing. 

BACKGROUND OF THE INVENTION 

[0003] ot-Arnylase enzymes have been used industri 
ally for a number of years and for a variety of 
different purposes, the most important of Which are 
starch liquefaction, textile desiZing, starch rnodi?ca 
tion in the paper and pulp industry, and for breWing 
and baking. A further use of ot-arnylases Which is 
becoming increasingly important is the removal of 
starchy stains during Washing or dishWashing. 

[0004] In recent years attempts have been made to con 
struct ot-arnylase variants having improved properties With 
respect to speci?c uses such as starch liquefaction and textile 
desiZing. 

[0005] For instance, US. Pat. No. 5,093,257 discloses 
chirneric ot-arnylases comprising an N-terrninal part of a B. 
stearothermophilus ot-arnylase and a C-terrninal part of a B. 
licheniformis ot-arnylase. The chirneric ot-arnylases are 
stated to have unique properties, such as a different therrno 
stability, as compared to their parent ot-arnylase. HoWever, 
all of the speci?cally described chirneric ot-arnylases Were 
shoWn to have a decreased enzymatic activity as compared 
to their parent ot-arnylases. 

[0006] EP 252 666 describes hybrid arnylases of the 
general formula Q-R-L, in Which Q is a N-terrninal polypep 
tide residue of from 55 to 60 amino acid residues Which is 
at least 75% homologous to the 57 N-terrninal amino acid 
residues of a speci?ed ot-arnylase from B. amyloliquefa 
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ciens, R is a speci?ed polypeptide, and L is a C-terrninal 
polypeptide comprising from 390 to 400 amino acid residues 
Which is at least 75% homologous to the 395 C-terrninal 
amino acid residues of a speci?ed B. licheniformis ot-arny 
lase. 

[0007] Suzuki et al. (1989) disclose chirneric ot-arnylases, 
in Which speci?ed regions of a B. amyloliquefaciens ot-arny 
lase have been substituted for the corresponding regions of 
a B. licheniformis ot-arnylase. The chirneric ot-arnylases 
Were constructed With the purpose of identifying regions 
responsible for therrnostability. Such regions Were found to 
include amino acid residues 177-186 and amino acid resi 
dues 255-270 of the B. amyloliquefaciens ot-arnylase. The 
alterations of amino acid residues in the chimeric ot-arny 
lases did not seem to affect properties of the enzymes other 
than their therrnostability. 

[0008] WO 91/00353 discloses ot-arnylase rnutants Which 
differ from their parent ot-arnylase in at least one amino acid 
residue. The ot-arnylase rnutants disclosed in said patent 
application are stated to exhibit irnproved properties for 
application in the degradation of starch and/or textile desiZ 
ing due to their amino acid substitutions. Some of the 
mutants exhibit irnproved stability, but no improvements in 
enzymatic activity Were reported or indicated. The only 
rnutants exernpli?ed are prepared from a parent B. licheni 
formis ot-arnylase and carry one of the folloWing rnutations: 
H133Y or H133Y+T1491. Another suggested mutation is 
A111T. 

[0009] FR 2,676,456 discloses mutants of the B. licheni 
formis ot-arnylase, in Which an amino acid residue in the 
proximity of His 133 and/or an amino acid residue in the 
proximity of Ala 209 have been replaced by a more hydro 
phobic arnino acid residue. The resulting ot-arnylase mutants 
are stated to have an improved therrnostability and to be 
useful in the textile, paper, breWing and starch liquefaction 
industry. 

[0010] EP 285 123 discloses a method of performing 
randorn rnutagenesis of a nucleotide sequence. As an 
example of such sequence a nucleotide sequence encoding a 
B. stearothermophilus ot-arnylase is mentioned. When 
rnutated, an ot-arnylase variant having improved activity at 
loW pH values is obtained. 

[0011] In none of the above references is it mentioned or 
even suggested that ot-arnylase rnutants may be constructed 
Which have improved properties With respect to the deter 
gent industry. 

[0012] EP 525 610 relates to mutant enzymes having 
improved stability toWards ionic tensides (surfactants). The 
mutant enzymes have been produced by replacing an amino 
acid residue in the surface part of the parent enzyme with 
another amino acid residue. The only rnutant enZyrne spe 
ci?cally described in EP 525 610 is a protease. Arnylase is 
mentioned as an example of an enzyme Which may obtain an 
improved stability toWards ionic tensides, but the type of 
amylase, its origin or speci?c mutations are not speci?ed. 

[0013] WO 94/02597 discloses ot-arnylase rnutants Which 
exhibit irnproved stability and activity in the presence of 
oxidiZing agents. In the mutant ot-arnylases, one or more 
rnethionine residues have been replaced with amino acid 
residues different from Cys and Met. The ot-arnylase rnutants 
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are stated to be useful as detergent and/or dishWashing 
additives as Well as for textile desiZing. 

[0014] WO 94/18314 discloses oxidatively stable ot-amy 
lase mutants, including mutations in the M197 position of B. 
licheniformis ot-amylase. 

[0015] EP 368 341 describes the use of pullulanase and 
other amylolytic enZymes optionally in combination With an 
ot-amylase for Washing and dishWashing. 

[0016] An object of the present invention is to provide 
ot-amylase variants Which—relative to their parent ot-amy 
lase—possess improved properties of importance, inter alia, 
in relation to the Washing and/or dishWashing performance 
of the variants in question, e.g. increased thermal stability, 
increased stability toWards oxidation, reduced dependency 
on Ca2+ ion and/or improved stability or activity in the pH 
region of relevance in, e.g., laundry Washing or dishWash 
ing. Such variant ot-amylases have the advantage, among 
others, that they may be employed in a loWer dosage than 
their parent ot-amylase. Furthermore, the ot-amylase variants 
may be able to remove starchy stains Which cannot, or can 
only With difficulty, be removed by ot-amylase detergent 
enZymes knoWn today. 

BRIEF DISCLOSURE OF THE INVENTION 

[0017] A goal of the Work underlying the present invention 
Was to improve, if possible, the stability of, inter alia, 
particular ot-amylases Which are obtainable from Bacillus 
strains and Which themselves had been selected on the basis 
of their starch removal performance in alkaline media (such 
as in detergent solutions as typically employed in laundry 
Washing or dishWashing) relative to many of the currently 
commercially available ot-amylases. In this connection, the 
present inventors have surprisingly found that it is in fact 
possible to improve properties of the types mentioned earlier 
(vide supra) of such a parent ot-amylase by judicial modi 
?cation of one or more amino acid residues in various 
regions of the amino acid sequence of the parent ot-amylase. 
The present invention is based on this ?nding. 

[0018] Accordingly, in a ?rst aspect the present invention 
relates to variants of a parent ot-amylase, the parent ot-amy 
lase in question being one Which: 

[0019] i) has one of the amino acid sequences shoWn 
in SEQ ID No.1, SEQ ID No.2, SEQ ID No.3 and 
SEQ ID No. 7, respectively, herein; or 

[0020] ii) displays at least 80% homology With one or 
more of the amino acid sequences shoWn in SEQ ID 
No.1, SEQ ID No.2, SEQ ID No.3 and SEQ ID No. 
7; and/or displays immunological cross-reactivity 
With an antibody raised against an ot-amylase having 
one of the amino acid sequences shoWn in SEQ ID 
No.1, SEQ ID No.2, SEQ ID No.3 and SEQ ID No. 
7, respectively; and/or is encoded by a DNA 
sequence Which hybridiZes With the same probe as a 
DNA sequence encoding an ot-amylase having one 
of the amino acid sequences shoWn in SEQ ID No. 
1, SEQ ID No. 2, SEQ ID No. 3 and SEQ ID No. 7, 
respectively. 

[0021] An ot-amylase variant of the invention is subject to 
the proviso that it is a variant Which does not have an amino 
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acid sequence identical to the amino acid sequence shoWn in 
SEQ ID No. 1, in SEQ ID No. 2, in SEQ ID No.3 or in SEQ 
ID No. 7. 

[0022] DNA sequences encoding the ?rst three of the 
ot-amylase amino acid sequences in question are shoWn in 
SEQ ID No. 4 (encoding the amino acid sequence shoWn in 
SEQ ID No. 1), SEQ ID No. 5 (encoding the amino acid 
sequence shoWn in SEQ ID No. 2) and SEQ ID No. 6 
(encoding the amino acid sequence shoWn in SEQ ID No. 3). 

[0023] The amino acid sequences of the SEQ ID No. 1 and 
SEQ ID No. 2 parent ot-amylases, and the corresponding 
DNA sequences (SEQ ID No. 4 and SEQ ID No. 5, 
respectively) are also disclosed in WO 95/26397 (under the 
same SEQ ID Nos. as in the present application). 

[0024] The variants of the invention are variants in Which: 
(a) at least one amino acid residue of the parent ot-amylase 
has been deleted; and/or (b) at least one amino acid residue 
of the parent ot-amylase has been replaced (i.e. substituted) 
by a different amino acid residue; and/or (c) at least one 
amino acid residue has been inserted relative to the parent 
ot-amylase. The variants in question have themselves 
ot-amylase activity and exhibit at least one of the folloWing 
properties relative to the parent ot-amylase: 

[0025] increased thermostability, i.e. satisfactory 
retention of enZymatic activity at a temperature 
higher than that suitable for use With the parent 
enzyme; 

[0026] increased oxidation stability, i.e. increased 
resistance to degradation by oxidants (such as oxy 
gen, oxidiZing bleaching agents and the like); 

[0027] reduced Ca2+ dependency, ie the ability to 
function satisfactorily in the presence of a loWer 
Ca2+ concentration than in the case of the parent 
ot-amylase. ot-Amylases With such reduced Ca2+ 
dependency are highly desirable for use in detergent 
compositions, since such compositions typically 
contain relatively large amounts of substances (such 
as phosphates, EDTA and the like) Which bind cal 
cium ions strongly. 

[0028] Examples of other desirable improvements or 
modi?cations of properties (relative to the parent ot-amylase 
in question) Which may be achieved With a variant according 
to the invention are: 

[0029] increased stability and/or ot-amylolytic activ 
ity at neutral to relatively high pH values, eg at pH 
values in the range of 7-105, such as in the range of 
85-105; 

[0030] increased ot-amylolytic activity at relatively 
high temperatures, eg temperatures in the range of 
40-70EIC; 

[0031] increase or decrease of the isoelectric point 
(pI) so as to better match the pI value for the 
ot-amylase variant in question to the pH of the 
medium (eg a laundry Washing medium, dishWash 
ing medium or textile-desiZing medium) in Which 
the variant is to be employed (vide infra); and 

[0032] improved binding of a particular type of sub 
strate, improved speci?city toWards a substrate, and/ 
or improved speci?city With respect to cleavage 
(hydrolysis) of substrate. 
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[0033] An amino acid sequence is considered to be X % 
homologous to the parent ot-amylase if a comparison of the 
respective amino acid sequences, performed via knoWn 
algorithms, such as the one described by Lipman and 
Pearson in Science 227 (1985) p. 1435, reveals an identity 
of X %. The GAP computer program from the GCG pack 
age, version 7.3 (June 1993), may suitably be used, employ 
ing default values for GAP penalties [Genetic Computer 
Group (1991) Programme Manual for the GCG Package, 
version 7, 575 Science Drive, Madison, Wis., USA 53711]. 

[0034] In the context of the present invention, “improved 
performance” as used in connection With Washing and 
dishWashing is, as already indicated above, intended to mean 
improved removal of starchy stains, i.e. stains containing 
starch, during Washing or dishWashing, respectively. The 
performance may be determined in conventional Washing 
and dishWashing experiments and the improvement evalu 
ated as a comparison With the performance of the parent 
ot-amylase in question. An example of a small-scale “mini 
dishWashing test” Which can be used an indicator of dish 
Washing performance is described in the Experimental sec 
tion, beloW. 

[0035] It Will be understood that a variety of different 
characteristics of an ot-amylase variant, including speci?c 
activity, substrate speci?city, Km (the so-called “Michaelis 
constant” in the Michaelis-Menten equation), VrnaX [the 
maximum rate (plateau value) of conversion of a given 
substrate determined on the basis of the Michaelis-Menten 
equation], pI, pH optimum, temperature optimum, thermo 
activation, stability toWards oxidants or surfactants (eg in 
detergents), etc., taken alone or in combination, can con 
tribute to improved performance. The skilled person Will be 
aWare that the performance of the variant cannot, alone, be 
predicted on the basis of the above characteristics, but Would 
have to be accompanied by Washing and/or dishWashing 
performance tests. 

[0036] In further aspects the invention relates to a DNA 
construct comprising a DNA sequence encoding an ot-amy 
lase variant of the invention, a recombinant expression 
vector carrying the DNA construct, a cell Which is trans 
formed With the DNA construct or the vector, as Well as a 
method of producing an ot-amylase variant by culturing such 
a cell under conditions conducive to the production of the 
ot-amylase variant, after Which the ot-amylase variant is 
recovered from the culture. 

[0037] In a further aspect the invention relates to a method 
of preparing a variant of a parent ot-amylase Which by virtue 
of its improved properties as described above exhibits 
improved Washing and/or dishWashing performance as com 
pared to the parent ot-amylase. This method comprises 

[0038] a) constructing a population of cells contain 
ing genes encoding variants of said parent ot-amy 
lase, 

[0039] b) screening the population of cells for 
ot-amylase activity under conditions simulating at 
least one Washing and/or dishWashing condition, 

[0040] c) isolating a cell from the population con 
taining a gene encoding a variant of said parent 
ot-amylase Which has improved activity as compared 
With the parent ot-amylase under the conditions 
selected in step b), 
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[0041] d) culturing the cell isolated in step c) under 
suitable conditions in an appropriate culture 
medium, and 

[0042] e) recovering the ot-amylase variant from the 
culture obtained in step d). 

[0043] The invention also relates to a variant (Which is a 
variant according the invention) prepared by the latter 
method. 

[0044] In the present context, the term “simulating at least 
one Washing and/or dishWashing condition” is intended to 
indicate a simulation of, e.g., the temperature or pH pre 
vailing during Washing or dishWashing, or of the chemical 
composition of a detergent composition to be used in the 
Washing or dishWashing treatment. The term “chemical 
composition” is intended to include one, or a combination of 
tWo or more, constituents of the detergent composition in 
question. The constituents of a number of different detergent 
compositions are listed further beloW. 

[0045] The “population of cells” referred to in step a) may 
suitably be constructed by cloning a DNA sequence encod 
ing a parent ot-amylase and subjecting the DNA to site 
directed or random mutagenesis as described herein. 

[0046] In the present context the term “variant” is used 
interchangeably With the term “mutant”. The term “variant” 
is intended to include hybrid ot-amylases, i.e. ot-amylases 
comprising parts of at least tWo different ot-amylolytic 
enzymes. Thus, such a hybrid may be constructed, e.g., 
from: one or more parts each deriving from a variant as 
already de?ned above; or one or more parts each deriving 
from a variant as already de?ned above, and one or more 
parts each deriving from an unmodi?ed parent ot-amylase. In 
this connection, the invention also relates to a method of 
producing such a hybrid ot-amylase having improved Wash 
ing and/or dishWashing performance as compared to any of 
its constituent enZymes (i.e. as compared to any of the 
enZymes Which contribute a part to the hybrid), Which 
method comprises: 

[0047] a) recombining in vivo or in vitro the N-ter 
minal coding region of an ot-amylase gene or corre 
sponding cDNAof one of the constituent ot-amylases 
With the C-terminal coding region of an ot-amylase 
gene or corresponding cDNA of another constituent 
ot-amylase to form recombinants, 

[0048] b) selecting recombinants that produce a 
hybrid ot-amylase having improved Washing and/or 
dishWashing performance as compared to any of its 
constituent ot-amylases, 

[0049] c) culturing recombinants selected in step b) 
under suitable conditions in an appropriate culture 
medium, and 

[0050] d) recovering the hybrid ot-amylase from the 
culture obtained in step c). 

[0051] In further aspects the invention relates to the use of 
an ot-amylase variant of the invention [including any variant 
or hybrid prepared by one of the above mentioned methods] 
as a detergent enZyme, in particular for Washing or dish 
Washing, to a detergent additive and a detergent composition 
comprising the ot-amylase variant, and to the use of an 
ot-amylase variant of the invention for textile desiZing. 
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[0052] Random mutagenesis may be used to generate 
variants according to the invention, and the invention further 
relates to a method of preparing a variant of a parent 
ot-amylase, Which method comprises 

0053 a sub'ectin a DNA se uence encodin the J g q g 
parent ot-amylase to random mutagenesis, 

[0054] (b) expressing the mutated DNA sequence 
obtained in step (a) in a host cell, and 

[0055] (c) screening for host cells expressing a 
mutated amylolytic enZyme Which has improved 
properties as described above (e. g. properties such as 
decreased calcium dependency, increased oxidation 
stability, increased thermostability, and/or improved 
activity at relatively high pH) as compared to the 
parent ot-amylase. 

DETAILED DISCLOSURE OF THE INVENTION 

[0056] Nomenclature 

[0057] In the present description and claims, the conven 
tional one-letter codes for nucleotides and the conventional 
one-letter and three-letter codes for amino acid residues are 
used. For ease of reference, ot-amylase variants of the 
invention are described by use of the folloWing nomencla 
ture: 

[0058] Original amino acid(s):position(s):substituted 
amino acid(s) 

[0059] According to this nomenclature, and by Way of 
example, the substitution of alanine for asparagine in posi 
tion 30 is shoWn as: 

[0060] Ala 30 Asn or A30N 

[0061] 
as: 

a deletion of alanine in the same position is shoWn 

[0062] Ala 30* or A30* 

[0063] and insertion of an additional amino acid residue, 
such as lysine, is shoWn as: 

[0064] Ala 30 AlaLys or A30AK 

[0065] A deletion of a consecutive stretch of amino acid 
residues, exempli?ed by amino acid residues 30-33, is 
indicated as (30-33)*. 

[0066] Where a speci?c ot-amylase contains a “deletion” 
(i.e. lacks an amino acid residue) in comparison With other 
ot-amylases and an insertion is made in such a position, this 
is indicated as: 

[0067] *36 Asp or *36D for insertion of an aspartic 
acid in position 36. 

[0068] Multiple mutations are separated by plus signs, i.e.: 

[0069] Ala 30 Asp+Glu 34 Ser or A30N+E34S represent 
ing mutations in positions 30 and 34 (in Which alanine and 
glutamic acid replace, ie are substituted for, asparagine and 
serine, respectively). 
[0070] When one or more alternative amino acid residues 
may be inserted in a given position this is indicated as: 
A30N,E or A30N or A30E Furthermore, When a position 
suitable for modi?cation is identi?ed herein Without any 
speci?c modi?cation being suggested, it is to be understood 

Mar. 17, 2005 

that any other amino acid residue may be substituted for the 
amino acid residue present in that position (i.e. any amino 
acid residue—other than that normally present in the posi 
tion in question—chosen among A, R, N, D, C, Q, E, G, H, 
I, L, K, M, F, P, S, T, W, Y and V). Thus, for instance, When 
a modi?cation (replacement) of a methionine in position 202 
is mentioned, but not speci?ed, it is to be understood that 
any of the other amino acids may be substituted for the 
methionine, ie any other amino acid chosen among A,R, 
N,D,C,Q,E,G,H,I,L,K,F,P,S,T,W,Y and V. 

[0071] The parent ot-amylase 

[0072] As already indicated, an ot-amylase variant of the 
invention is very suitably prepared on the basis of a parent 
ot-amylase having one of the amino acid sequences shoWn in 
SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 and SEQ ID 
No. 7, respectively (vide infra). 

[0073] The parent ot-amylases having the amino acid 
sequences shoWn in SEQ ID No. 1 and SEQ ID No. 2, 
respectively, are obtainable from alkalophilic Bacillus 
strains (strain NCIB 12512 and strain NCIB 12513, respec 
tively), both of Which are described in detail in EP 0 277 216 
B1. The preparation, puri?cation and sequencing of these 
tWo parent ot-amylases is described in WO 95/26397 [see the 
Experimental section herein (vide infra)]. 

[0074] The parent ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 3 is obtainable from 
Bacillus stearothermophilus and is described in, inter alia, J. 
Bacteriol. 166 (1986) pp. 635-643. 

[0075] The parent ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 7 (Which is the same 
sequence as that numbered 4 in FIG. 1) is obtainable from 
a “Bacillus sp. #707” and is described by Tsukamoto et al. 
in Biochem. Biophys. Res. Commun. 151 (1988) pp. 25-31. 

[0076] Apart from variants of the above-mentioned parent 
ot-amylases having the amino acid sequences shoWn in SEQ 
ID No. 1, SEQ ID No.2, SEQ ID No. 3 and SEQ ID No.7, 
respectively, other interesting variants according to the 
invention include variants of parent ot-amylases Which have 
amino acid sequences exhibiting a high degree of homology, 
such as at least 70% homology, preferably (as already 
indicated) at least 80% homology, desirably at least 85% 
homology, and more preferably at least 90% homology, e.g. 
|:|95% homology, With at least one of the latter four amino 
acid sequences. 

[0077] As also already indicated above, further criteria for 
identifying a suitable parent ot-amylase are a) that the 
ot-amylase displays an immunological cross-reaction With 
an antibody raised against an ot-amylase having one of the 
amino acid sequences shoWn in SEQ ID No. 1, SEQ ID No. 
2, SEQ ID No. 3 and SEQ ID No. 7, respectively, and/or b) 
that the ot-amylase is encoded by a DNA sequence Which 
hybridiZes With the same probe as a DNA sequence encod 
ing an ot-amylase having one of the amino acid sequences 
shoWn in SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 and 
SEQ ID No. 7, respectively. 

[0078] As already mentioned, With regard to determina 
tion of the degree of homology of polypeptides (such as 
enZymes), amino acid sequence comparisons can be per 
formed using knoWn algorithms, such as the one described 
by Lipman and Pearson (1985). 
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[0079] Assays for immunological cross-reactivity may be 
carried out using an antibody raised against, or reactive With, 
at least one epitope of the ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 1, or of the ot-amylase 
having the amino acid sequence shoWn in SEQ ID No. 2, or 
of the ot-amylase having the amino acid sequence shoWn in 
SEQ ID No. 3, or of the ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 7. 

[0080] The antibody, Which may either be monoclonal or 
polyclonal, may be produced by methods knoWn in the art, 
eg as described by Hudson et al. (1989). Examples of 
suitable assay techniques Well knoWn in the art include 
Western Blotting and Radial Immunodiffusion Assay, eg as 
described by Hudson et al. (1989). 

[0081] The oligonucleotide probe for use in the identi? 
cation of suitable parent ot-amylases on the basis of probe 
hybridiZation [criterion b) above] may, by Way of example, 
suitably be prepared on the basis of the full or partial amino 
acid sequence of an ot-amylase having one of the sequences 
shoWn in SEQ ID No. 1, SEQ ID No. 2, SEQ ID No. 3 and 
SEQ ID No. 7, respectively, or on the basis of the full or 
partial nucleotide sequence corresponding thereto. 

[0082] Suitable conditions for testing hybridiZation 
involve presoaking in 5><SSC and prehybridiZing for 1 h at 
~40|IIC in a solution of 20% formamide, 5x Denhardt’s 
solution, 50 mM sodium phosphate, pH 6.8, and 50 pg of 
denatured sonicated calf thymus DNA, folloWed by hybrid 
iZation in the same solution supplemented With 100 pM ATP 
for 18 h at ~40|I|C, or using other methods described by, 
e.g., Sambrook et al. (1989). 

[0083] In?uence of Mutations on Particular Properties 

[0084] From the results obtained by the present inventors 
it appears that changes in a particular property, e.g. thermal 
stability or oxidation stability, exhibited by a variant relative 
to the parent ot-amylase in question can to a considerable 
extent be correlated With the type of, and positioning of, 
mutation(s) (amino acid substitutions, deletions or inser 
tions) in the variant. It is to be understood, hoWever, that the 
observation that a particular mutation or pattern of mutations 
leads to changes in a given property in no Way excludes the 
possibility that the mutation(s) in question can also in?uence 
other properties. 

[0085] Oxidation stability: With respect to increasing the 
oxidation stability of an ot-amylase variant relative to its 
parent ot-amylase, it appears to be particularly desirable that 
at least one, and preferably multiple, oxidiZable amino acid 
residue(s) of the parent has/have been deleted or replaced 
(i.e. substituted by) a different amino acid residue Which is 
less susceptible to oxidation than the original oxidiZable 
amino acid residue. 

[0086] Particularly relevant oxidiZable amino acid resi 
dues in this connection are cysteine, methionine, tryptophan 
and tyrosine. Thus, for example, in the case of parent 
ot-amylases containing cysteine it is anticipated that deletion 
of cysteine residues, or substitution thereof by less oxidiZ 
able amino acid residues, Will be of importance in obtaining 
variants With improved oxidation stability relative to the 
parent ot-amylase. 

[0087] In the case of the above-mentioned parent ot-amy 
lases having the amino acid sequences shoWn in SEQ ID No. 
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1, SEQ ID No. 2 and SEQ ID No. 7, respectively, all of 
Which contain no cysteine residues but have a signi?cant 
methionine content, the deletion or substitution of methion 
ine residues is particularly relevant With respect to achieving 
improved oxidation stability of the resulting variants. Thus, 
deletion or substitution [eg by threonine (T), or by one of 
the other amino acids listed above] of one or more of the 
methionine residues in positions M9, M10, M105, M202, 
M208, M261, M309, M382, M430 and M440 of the amino 
acid sequences shoWn in SEQ ID No. 1, SEQ ID No. 2 and 
SEQ ID No. 7, and/or in position M323 of the amino acid 
sequence shoWn in SEQ ID No. 2 (or deletion or substitution 
of methionine residues in equivalent positions in the 
sequence of another ot-amylase meeting one of the other 
criteria for a parent ot-amylase mentioned above) appear to 
be particularly effective With respect to increasing the oxi 
dation stability. 

[0088] In the case of the parent ot-amylase having the 
amino acid sequence shoWn in SEQ ID No. 3, relevant 
amino acid residues Which may be deleted or substituted 
With a vieW to improving the oxidation stability include the 
single cysteine residue (C363) and—by analogy With the 
sequences shoWn in SEQ ID No. 1 and SEQ ID No. 3—the 
methionine residues located in positions M8, M9, M96, 
M200, M206, M284, M307, M311, M316 and M438. 

[0089] In this connection, the term “equivalent position” 
denotes a position Which, on the basis of an alignment of the 
amino acid sequence of the parent ot-amylase in question 
With the “reference”ot-amylase amino acid sequence in 
question (for example the sequence shoWn in SEQ ID No. 1) 
so as to achieve juxtapositioning of amino acid residues/ 
regions Which are common to both, corresponds most 
closely to (eg is occupied by the same amino acid residue 
as) a particular position in the reference sequence in ques 
tion. 

[0090] Particularly interesting mutations in connection 
With modi?cation (improvement) of the oxidation stability 
of the ot-amylases having the amino acid sequences shoWn 
in SEQ ID No. 1, SEQ ID No. 2 and SEQ ID No. 7, 
respectively, are one or more of the folloWing methionine 
substitutions (or equivalents thereof in the amino acid 
sequences of other ot-amylases meeting the requirements of 
a parent ot-amylase in the context of the invention): M202A, 
R,N,D,Q,E,G,H,I,L,K,F,P,S,T,W,ZV. 

[0091] Further relevant methionine substitutions in the 
amino acid sequence shoWn in SEQ ID No. 2 are: M323A, 
R,N,D,Q,E,G,H,I,L,K,F,P,$,T,W,¥V 

[0092] Particularly interesting mutations in connection 
With modi?cation (improvement) of the oxidation stability 
of the ot-amylase having the amino acid sequence shoWn in 
SEQ ID No. 3 are one or more of the folloWing methionine 

substitutions: M200A,R,N,D,Q,E,G,H,I,L,K,F,P,S,T,W,\@V; 
M311A,R,N,D,Q,E,G,H,I,L,K,F,P,S,T,W,ZV; and M316A, 
R,N,D,Q,E,G,H,I,L,K,F,P,S,T,W,ZV. 

[0093] Thermal stability: With respect to increasing the 
thermal stability of an ot-amylase variant relative to its 
parent ot-amylase, it appears to be particularly desirable to 
delete at least one, and preferably tWo or even three, of the 
folloWing amino acid residues in the amino acid sequence 
shoWn in SEQ ID No. 1 (or their equivalents): F 180, R181, 
G182, T183, G184 and K185. The corresponding, particu 
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larly relevant (and equivalent) amino acid residues in the 
amino acid sequences shown in SEQ ID No. 2, SEQ ID No. 
3 and SEQ ID No. 7, respectively, are: F180, R181, G182, 
D183, G184 and K185 (SEQ ID No. 2); F178, R179, 
G180,1181, G182 and K183 (SEQ ID No. 3); and F180, 
R181, G182, H183, G184 and K185 (SEQ ID No. 7). 

[0094] Particularly interesting pairWise deletions of this 
type are as follows: R181*+G182*; and T183*+G184* 
(SEQ ID No. 1); R181*+G182*; and D183*+G184* (SEQ 
ID No. 2); R179*+G180*; and I181*+G182* (SEQ ID No. 
3); and R181*+G182*; and H183*+G184* (SEQ ID No. 7) 
(or equivalents of these pairWise deletions in another ot-amy 
lase meeting the requirements of a parent ot-amylase in the 
conteXt of the present invention). 

[0095] Other mutations Which appear to be of importance 
in connection With thermal stability are substitutions of one 
or more of the amino acid residues from P260 to I275 in the 
sequence shoWn in SEQ ID No. 1 (or equivalents thereof in 
another parent ot-amylase in the conteXt of the invention), 
such as substitution of the lysine residue in position 269. 

[0096] EXamples of speci?c mutations Which appear to be 
of importance in connection With the thermal stability of an 
ot-amylase variant relative to the parent ot-amylase in ques 
tion are one or more of the following substitutions in the 
amino acid sequence shoWn in SEQ ID No. 1 (or equivalents 
thereof in another parent ot-amylase in the conteXt of the 
invention): K269R; P260E; R124P; M105F,I,L,V; M208F, 
W,Y; L217I; V206I,L,F. 
[0097] For the parent ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 2, important further (equiva 
lent) mutations are, correspondingly, one or more of the 
substitutions: M105F,I,L,V; M208F,W,Y; L217I; V206I,L,F; 
and K269R. 

[0098] For the parent ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 3, important further (equiva 
lent) mutations are, correspondingly, one or both of the 
substitutions: M206F,W,Y; and L215I. 

[0099] For the parent ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 7, important further (equiva 
lent) mutations are, correspondingly, one or more of the 
substitutions: M105F,I,L,V; M208F,W,Y; L217I; and 
K269R. 

[0100] Still further examples of mutations Which appear to 
be of importance, inter alia, in achieving improved thermal 
stability of an ot-amylase variant relative to the parent 
ot-amylase in question are one or more of the folloWing 
substitutions in the amino acid sequences shoWn in SEQ ID 
No. 1, SEQ ID No. 2 and SEQ ID No. 7 (or equivalents 
thereof in another parent ot-amylase in the conteXt of the 
invention): A354C+V479C; L351 C+M430C; N457D,E+ 
K385R; L355D,E+M430R,K; L355D,E+I141R,K; and 
N457D,E. 

[0101] Ca2+ dependency: With respect to achieving 
decreased Ca2+ dependency of an ot-amylase variant relative 
to its parent ot-amylase [ie with respect to obtaining a 
variant Which eXhibits satisfactory amylolytic activity in the 
presence of a loWer concentration of calcium ion in the 
extraneous medium than is necessary for the parent enZyme, 
and Which, for eXample, therefore is less sensitive than the 
parent to calcium ion-depleting conditions such as those 
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obtaining in media containing calcium-compleXing agents 
(such as certain detergent builders)], it appears to be par 
ticularly desirable to incorporate one or more of the folloW 
ing substitutions in the amino acid sequences shoWn in SEQ 
ID No. 1, SEQ ID No. 2 and SEQ ID No. 7 (or an equivalent 
substitution in another parent ot-amylase in the conteXt of the 
invention): Y243F, K108R, K179R, K239R, K242R, 
K269R, D163N, D188N, D192N, D199N, D205N, D207N, 
D209N, E190Q, E194Q and N106D. 

[0102] In the case of the amino acid sequence shoWn in 
SEQ ID No. 3, particularly desirable substitutions appear, 
correspondingly (equivalently), to be one or more of the 
folloWing: K107R, K177R, K237R, K240R, D162N, 
D186N, D190N, D197N, D203N, D205N, D207N, E188Q 
and E192Q. 

[0103] As Well as the above-mentioned replacements of D 
residues With N residues, or of E residues With Q residues, 
other relevant substitutions in the conteXt of reducing Ca2+ 
dependency are replacement of the D and/or E residues in 
question With any other amino acid residue. 

[0104] Further substitutions Which appear to be of impor 
tance in the conteXt of achieving reduced Ca2+ dependency 
are pairWise substitutions of the amino acid residues present 
at: positions 113 and 151, and positions 351 and 430, in the 
amino acid sequences shoWn in SEQ ID No. 1, SEQ ID No. 
2 and SEQ ID No. 7; and at: positions 112 and 150, and 
positions 349 and 428, in the amino acid sequence shoWn in 
SEQ ID No. 3 (or equivalent pairWise substitutions in 
another parent ot-amylase in the conteXt of the invention), 
i.e. pairWise substitutions of the folloWing amino acid resi 
dues: 

[0105] G113+N151 (in relation to SEQ ID No. 1); A 
113+T151 (in relation to SEQ ID No. 2 and SEQ ID 
No. 7); and G112+T150 (in relation to SEQ ID No. 
3); and 

[0106] L351+M430 (in relation to SEQ ID No. 1, 
SEQ ID No. 2 and SEQ ID No. 7); and L349+I428 
(in relation to SEQ ID No. 3). 

[0107] Particularly interesting pairWise substitutions of 
this type With respect to achieving decreased Ca2+ depen 
dency are the folloWing: 

[0108] G113T+N151I (in relation to SEQ ID No. 1); 
A113T+T151I (in relation to SEQ ID No. 2 and SEQ ID No. 
7); and G112T+T150I (in relation to SEQ ID No. 3); and 
L351C+M430C (in relation to SEQ ID No. 1, SEQ ID No. 
2 and SEQ ID No. 7); and L349C+I428C (in relation to SEQ 
ID No. 3). 

[0109] In connection With substitutions of relevance for 
Ca2+ dependency, some other substitutions Which appear to 
be of importance in stabiliZing the enZyme conformation, 
and Which it is contemplated may achieve this by, e.g., 
enhancing the strength of binding or retention of calcium ion 
at or Within a calcium binding site Within the ot-amylolytic 
enZyme, are one or more of the folloWing substitutions in the 
amino acid sequences shoWn in SEQ ID No. 1, SEQ ID No. 
2 and SEQ ID No. 7 (or an equivalent substitution in another 
parent ot-amylase in the context of the invention): G304W, 
F,Y,R,I,L,V,Q,N; G305A,S,N,D,Q,E,R,K; and H408Q,E. 

[0110] Corresponding (equivalent) substitutions in the 
amino acid sequence shoWn in SEQ ID No. 3 are: G302W, 
F,Y,R,I,L,V,Q,N; and G303A,S,N,D,Q,E,R,K. 
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[0111] Further mutations Which appear to be of importance 
in the context of achieving reduced Ca2+ dependency are 
pairWise deletions of amino acids (i.e. deletion of tWo amino 
acids) at positions selected among R181, G182, T183 and 
G184 in the amino acid sequence shoWn in SEQ ID No. 1 
(or equivalent positions in the amino acid sequence of 
another ot-amylase meeting the requirements of a parent 
ot-amylase in the context of the invention). Such pairWise 
deletions are thus the folloWing: 

H183*; G182*+H183*; G182*+G184*; and R181*+ 
G184*(SEQ ID No. 7); (or equivalents of these 
pairWise deletions in another ot-amylase meeting the 
requirements of a parent ot-amylase in the context of 
the present invention). 

[0116] Isoelectric point (pl): Preliminary results indicate 
that the Washing performance, eg the laundry Washing 
performance, of an ot-amylase is optimal When the pH of the 
Washing liquor (Washing medium) is close to the pI value for 
the ot-amylase in question. It Will thus be desirable, Where 
appropriate, to produce an ot-amylase variant having an 
isoelectric point (pI value) Which is better matched to the pH 
of a medium (such as a Washing medium) in Which the 
enZyme is to be employed than the isoelectric point of the 
parent ot-amylase in question. 

[0117] With respect to decreasing the isoelectric point, 
preferred mutations in the amino acid sequence shoWn in 
SEQ ID No. 1 include one or more of the folloWing 

substitutions: Q86E, R124P, S154D, T183D, V222E, 
P260E, R310A, Q346E, Q391E, N437E, K444Q and 
R452H. Appropriate combinations of these substitutions in 
the context of decreasing the isoelectric point include: 
Q391E+K444Q; and Q391E+K444Q+S154D. 

[0118] Correspondingly, preferred mutations in the amino 
acid sequence shoWn in SEQ ID No. 3 With respect to 
decreasing the isoelectric point include one or more of the 
substitutions: L85E, S153D, I181D, K220E, P258E, R308A, 
P344E, Q358E and S435E. 

[0119] With respect to increasing the isoelectric point, 
preferred mutations in the amino acid sequence shoWn in 
SEQ ID No. 2 include one or more of the folloWing 

substitutions: E86Q,L; D154S; D183T,I; E222V,K; E260P; 
A310R; E346Q,P; E437N,S; and H452R. 

[0120] In the Experimental section beloW, the construction 
of a number of variants according to the invention is 
described. 

[0121] ot-Amylase variants of the invention Will, apart 
from having one or more improved properties as discussed 
above, preferably be such that they have a higher starch 
hydrolysis velocity at loW substrate concentrations than the 
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parent ot-amylase. Alternatively, an ot-amylase variant of the 
invention Will preferably be one Which has a higher Vmax 
and/or a loWer Km than the parent ot-amylase When tested 
under the same conditions. In the case of a hybrid ot-amy 
lase, the “parent ot-amylase” to be used for the comparison 
should be the one of the constituent enZymes having the best 
performance. 
[0122] VrnaX and Km (parameters of the Michaelis-Menten 
equation) may be determined by Well-known procedures. 

[0123] Methods of Preparing ot-amylase Variants 

[0124] Several methods for introducing mutations into 
genes are knoWn in the art. After a brief discussion of the 
cloning of ot-amylase-encoding DNA sequences, methods 
for generating mutations at speci?c sites Within the ot-amy 
lase-encoding sequence Will be discussed. 

[0125] Cloning a DNA Sequence Encoding an ot-amylase 

[0126] The DNA sequence encoding a parent ot-amylase 
may be isolated from any cell or microorganism producing 
the ot-amylase in question, using various methods Well 
knoWn in the art. First, a genomic DNA and/or cDNA library 
should be constructed using chromosomal DNA or messen 
ger RNA from the organism that produces the ot-amylase to 
be studied. Then, if the amino acid sequence of the ot-amy 
lase is knoWn, homologous, labelled oligonucleotide probes 
may be synthesiZed and used to identify ot-amylase-encod 
ing clones from a genomic library prepared from the organ 
ism in question. Alternatively, a labelled oligonucleotide 
probe containing sequences homologous to a knoWn ot-amy 
lase gene could be used as a probe to identify ot-amylase 
encoding clones, using hybridiZation and Washing condi 
tions of loWer stringency. 

[0127] Yet another method for identifying ot-amylase 
encoding clones Would involve inserting fragments of 
genomic DNA into an expression vector, such as a plasmid, 
transforming ot-amylase-negative bacteria With the resulting 
genomic DNA library, and then plating the transformed 
bacteria onto agar containing a substrate for ot-amylase, 
thereby alloWing clones expressing the ot-amylase to be 
identi?ed. 

[0128] Alternatively, the DNA sequence encoding the 
enZyme may be prepared synthetically by established stan 
dard methods, eg the phosphoamidite method described by 
S. L. Beaucage and M. H. Caruthers (1981) or the method 
described by Matthes et al. (1984). In the phosphoamidite 
method, oligonucleotides are synthesiZed, eg in an auto 
matic DNA synthesiZer, puri?ed, annealed, ligated and 
cloned in appropriate vectors. 

[0129] Finally, the DNA sequence may be of mixed 
genomic and synthetic origin, mixed synthetic and cDNA 
origin or mixed genomic and cDNA origin, prepared by 
ligating fragments of synthetic, genomic or cDNA origin (as 
appropriate, the fragments corresponding to various parts of 
the entire DNA sequence), in accordance With standard 
techniques. The DNA sequence may also be prepared by 
polymerase chain reaction (PCR) using speci?c primers, for 
instance as described in US. Pat. No. 4,683,202 or R. K. 
Saiki et al. (1988). 

[0130] Site-directed mutagenesis 

[0131] Once an ot-amylase-encoding DNA sequence has 
been isolated, and desirable sites for mutation identi?ed, 
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mutations may be introduced using synthetic oligonucle 
otides. These oligonucleotides contain nucleotide sequences 
?anking the desired mutation sites; mutant nucleotides are 
inserted during oligonucleotide synthesis. In a speci?c 
method, a single-stranded gap of DNA, bridging the ot-amy 
lase-encoding sequence, is created in a vector carrying the 
ot-amylase gene. Then the synthetic nucleotide, bearing the 
desired mutation, is annealed to a homologous portion of the 
single-stranded DNA. The remaining gap is then ?lled in 
With DNA polymerase I (KlenoW fragment) and the con 
struct is ligated using T4 ligase. A speci?c eXample of this 
method is described in Morinaga et al. (1984). Us. Pat. No. 
4,760,025 discloses the introduction of oligonucleotides 
encoding multiple mutations by performing minor alter 
ations of the cassette. HoWever, an even greater variety of 
mutations can be introduced at any one time by the Mori 
naga method, because a multitude of oligonucleotides, of 
various lengths, can be introduced. 

[0132] Another method of introducing mutations into 
ot-amylase-encoding DNA sequences is described in Nelson 
and Long (1989). It involves the 3-step generation of a PCR 
fragment containing the desired mutation introduced by 
using a chemically synthesiZed DNA strand as one of the 
primers in the PCR reactions. From the PCR-generated 
fragment, a DNA fragment carrying the mutation may be 
isolated by cleavage With restriction endonucleases and 
reinserted into an eXpression plasmid. 

[0133] Random Mutagenesis 

[0134] Random mutagenesis is suitably performed either 
as localiZed or region-speci?c random mutagenesis in at 
least three parts of the gene translating to the amino acid 
sequence shoWn in question, or Within the Whole gene. 

[0135] For region-speci?c random mutagenesis With a 
vieW to improving the thermal stability, the folloWing codon 
positions, in particular, may appropriately be targeted (using 
one-letter amino acid abbreviations and the numbering of 
the amino acid residues in the sequence in question): 

In the amino acid sequence shown in SEQ ID No. l: 
l20—l40 = VEVNRSNRNQETSGEYAIEAW 

l78—l87 = YKFRGTGKAW 

264—277 = VAEFWKNDLGAIEN 

In the amino acid sequence shown in SEQ ID No. 2: 

l20—l40 = VEVNPNNRNQEISGDYTIEAW 

l78—l87 = YKFRGDGKAW 

264—277 = VAEFWKNDLGALEN 

In the amino acid sequence shown in SEQ ID No. 3: 
ll9—l39 = VEVNPSDRNQEISGTYQIQAW 

l76—l85 = YKFRGIGKAW 

262—275 = VGEYWSYDINKLHN 

In the amino acid sequence shown in SEQ ID No. 7: 
l20—l40 = VEVNPNNRNQEVTGEYTIEAW 

264—277 = VAEFWKNDLGAIEN 
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[0136] With a vieW to achieving reduced Ca2+ depen 
dency, the folloWing codon positions, in particular, may 
appropriately be targeted: 

In the amino acid sequence shown in SEQ ID No. l: 
l78—209 = YKFRGTGKAWDWEVDTENGNYDYLMYADVDMD 

237—246 = AVKHIKYSFT 

In the amino acid sequence shown in SEQ ID No. 2: 
l78—209 = YKFRGDGKAWDWEVDSENGNYDYLMYADVDMD 

237—246 = AVKHIKYSFT 

In the amino acid sequence shown in SEQ ID No. 7: 
l78—209 = YKFRGHGKAWDWEVDTENGNYDYLMYADIDMD 

237—246 = AVKHIKYSFT 

[0137] With a vieW to achieving improved binding of a 
substrate (i.e. improved binding of a carbohydrate species— 
such as amylose or amylopectin—Which is a substrate for 
ot-amylolytic enZymes) by an ot-amylase variant, modi?ed 
(e.g. higher) substrate speci?city and/or modi?ed (e.g. 
higher) speci?city With respect to cleavage (hydrolysis) of 
substrate, it appears that the folloWing codon positions for 
the amino acid sequence shoWn in SEQ ID No. 1 (or 
equivalent codon positions for another parent ot-amylase in 
the conteXt of the invention) may particularly appropriately 
be targeted: 

In the amino acid sequence shown in SEQ ID No. l: 
l5—20 = WYLPND 

52—58 = SQNDVGY 

72—78 = KGTVRTK 

104—111 = VMNHKGGA 

l65—l74 = TDWDQSRQLQ 

194—204 = ENGNYDYLMYA 

234—240 = RIDAVKH 

332—340 = HDSQPGEAL 

[0138] The random mutagenesis of a DNA sequence 
encoding a parent ot-amylase to be performed in accordance 
With step a) of the above-described method of the invention 
may conveniently be performed by use of any method 
knoWn in the art. 

[0139] For instance, the random mutagenesis may be 
performed by use of a suitable physical or chemical 
mutageniZing agent, by use of a suitable oligonucleotide, or 
by subjecting the DNA sequence to PCR generated 
mutagenesis. Furthermore, the random mutagenesis may be 
performed by use of any combination of these mutageniZing 
agents. 

[0140] The mutageniZing agent may, e.g., be one Which 
induces transitions, transversions, inversions, scrambling, 
deletions, and/or insertions. 

[0141] Examples of a physical or chemical mutageniZing 
agent suitable for the present purpose include ultraviolet 
(UV) irradiation, hydroXylamine, N-methyl-N‘-nitro-N-ni 
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trosoguanidine (MNNG), O-methyl hydroxylamine, nitrous 
acid, ethyl methane sulphonate (EMS), sodium bisulphite, 
formic acid, and nucleotide analogues. 

[0142] When such agents are used, the mutagenesis is 
typically performed by incubating the DNA sequence encod 
ing the parent enZyme to be mutageniZed in the presence of 
the mutageniZing agent of choice under suitable conditions 
for the mutagenesis to take place, and selecting for mutated 
DNA having the desired properties. 

[0143] When the mutagenesis is performed by the use of 
an oligonucleotide, the oligonucleotide may be doped or 
spiked With the three non-parent nucleotides during the 
synthesis of the oligonucleotide at the positions Which are to 
be changed. The doping or spiking may be done so that 
codons for unWanted amino acids are avoided. The doped or 
spiked oligonucleotide can be incorporated into the DNA 
encoding the amylolytic enZyme by any published tech 
nique, using eg PCR, LCR or any DNA polymerase and 
ligase. 
[0144] When PCR-generated mutagenesis is used, either a 
chemically treated or non-treated gene encoding a parent 
ot-amylase enZyme is subjected to PCR under conditions that 
increase the misincorporation of nucleotides (Deshler 1992; 
Leung et al., Technique, Vol.1, 1989, pp. 11-15). 

[0145] A mutator strain of E. coli (FoWler et al., Molec. 
Gen. Genet., 133, 1974, pp. 179-191), S. cereviseae or any 
other microbial organism may be used for the random 
mutagenesis of the DNAencoding the amylolytic enZyme by 
eg transforming a plasmid containing the parent enZyme 
into the mutator strain, groWing the mutator strain With the 
plasmid and isolating the mutated plasmid from the mutator 
strain. The mutated plasmid may subsequently be trans 
formed into the expression organism. 

[0146] The DNA sequence to be mutageniZed may con 
veniently be present in a genomic or cDNA library prepared 
from an organism expressing the parent amylolytic enZyme. 
Alternatively, the DNA sequence may be present on a 
suitable vector such as a plasmid or a bacteriophage, Which 
as such may be incubated With or otherWise exposed to the 
mutageniZing agent. The DNA to be mutageniZed may also 
be present in a host cell either by being integrated in the 
genome of said cell or by being present on a vector harbored 
in the cell. Finally, the DNA to be mutageniZed may be in 
isolated form. It Will be understood that the DNA sequence 
to be subjected to random mutagenesis is preferably a cDNA 
or a genomic DNA sequence. 

[0147] In some cases it may be convenient to amplify the 
mutated DNA sequence prior to the expression step (b) or 
the screening step (c) being performed. Such ampli?cation 
may be performed in accordance With methods knoWn in the 
art, the presently preferred method being PCR-generated 
ampli?cation using oligonucleotide primers prepared on the 
basis of the DNA or amino acid sequence of the parent 
enzyme. 

[0148] Subsequent to the incubation With or exposure to 
the mutageniZing agent, the mutated DNA is expressed by 
culturing a suitable host cell carrying the DNA sequence 
under conditions alloWing expression to take place. The host 
cell used for this purpose may be one Which has been 
transformed With the mutated DNA sequence, optionally 
present on a vector, or one Which Was carried the DNA 
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sequence encoding the parent enZyme during the mutagen 
esis treatment. Examples of suitable host cells are the 
folloWing: gram positive bacteria such as Bacillus subtilis, 
Bacillus licheniformis, Bacillus lentus, Bacillus brevis, 
Bacillus stearothermophilus, Bacillus alkalophilus, Bacillus 
amyloliquefaciens, Bacillus coagulans, Bacillus circulans, 
Bacillus lautus, Bacillus megaterium, Bacillus thuringien 
sis, Streptomyces livia'ans or Streptomyces murinus; and 
gram negative bacteria such as E. coli. 

[0149] The mutated DNA sequence may further comprise 
a DNA sequence encoding functions permitting expression 
of the mutated DNA sequence. 

[0150] LocaliZed random mutagenesis: the random 
mutagenesis may advantageously be localiZed to a part of 
the parent ot-amylase in question. This may, e.g., be advan 
tageous When certain regions of the enZyme have been 
identi?ed to be of particular importance for a given property 
of the enZyme, and When modi?ed are expected to result in 
a variant having improved properties. Such regions may 
normally be identi?ed When the tertiary structure of the 
parent enZyme has been elucidated and related to the func 
tion of the enZyme. 

[0151] The localiZed random mutagenesis is conveniently 
performed by use of PCR-generated mutagenesis techniques 
as described above or any other suitable technique knoWn in 
the art. 

[0152] Alternatively, the DNA sequence encoding the part 
of the DNA sequence to be modi?ed may be isolated, eg by 
being inserted into a suitable vector, and said part may 
subsequently be subjected to mutagenesis by use of any of 
the mutagenesis methods discussed above. 

[0153] With respect to the screening step in the above 
mentioned method of the invention, this may conveniently 
performed by use of a ?lter assay based on the folloWing 
principle: 

[0154] A microorganism capable of expressing the 
mutated amylolytic enZyme of interest is incubated on a 
suitable medium and under suitable conditions for the 
enZyme to be secreted, the medium being provided With a 
double ?lter comprising a ?rst protein-binding ?lter and on 
top of that a second ?lter exhibiting a loW protein binding 
capability. The microorganism is located on the second ?lter. 
Subsequent to the incubation, the ?rst ?lter comprising 
enZymes secreted from the microorganisms is separated 
from the second ?lter comprising the microorganisms. The 
?rst ?lter is subjected to screening for the desired enZymatic 
activity and the corresponding microbial colonies present on 
the second ?lter are identi?ed. 

[0155] The ?lter used for binding the enZymatic activity 
may be any protein binding ?lter e.g. nylon or nitrocellulose. 
The top ?lter carrying the colonies of the expression organ 
ism may be any ?lter that has no or loW affinity for binding 
proteins e.g. cellulose acetate or DuraporeTM. The ?lter may 
be pretreated With any of the conditions to be used for 
screening or may be treated during the detection of enZy 
matic activity. 

[0156] The enZymatic activity may be detected by a dye, 
?ourescence, precipitation, pH indicator, IR-absorbance or 
any other knoWn technique for detection of enZymatic 
activity. 
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[0157] The detecting compound may be immobilized by 
any immobilizing agent e.g. agarose, agar, gelatine, poly 
acrylamide, starch, ?lter paper, cloth; or any combination of 
immobilizing agents. ot-Amylase activity is detected by 
Cibacron Red labelled amylopectin, Which is immobilized 
on agarose. For screening for variants With increased ther 
mal and high-pH stability, the ?lter With bound ot-amylase 
variants is incubated in a buffer at pH 10.5 and 60|I|or 65|I|C 
for a speci?ed time, rinsed brie?y in deionized Water and 
placed on the amylopectin-agarose matrix for activity detec 
tion. Residual activity is seen as lysis of Cibacron Red by 
amylopectin degradation. The conditions are chosen to be 
such that activity due to the ot-amylase having the amino 
acid sequence shoWn in SEQ ID No. 1 can barely be 
detected. Stabilized variants shoW, under the same condi 
tions, increased color intensity due to increased liberation of 
Cibacron Red. 

[0158] For screening for variants With an activity optimum 
at a loWer temperature and/or over a broader temperature 
range, the ?lter With bound variants is placed directly on the 
amylopectin-Cibacron Red substrate plate and incubated at 
the desired temperature (eg 4|:IC, 10|I|C or 3OEIC) for a 
speci?ed time. After this time activity due to the ot-amylase 
having the amino acid sequence shoWn in SEQ ID No. 1 can 
barely be detected, Whereas variants With optimum activity 
at a loWer temperature Will shoW increase amylopectin lysis. 
Prior to incubation onto the amylopectin matrix, incubation 
in all kinds of desired media—e.g. solutions containing 
Ca2+, detergents, EDTA or other relevant additives—can be 
carried out in order to screen for changed dependency or for 
reaction of the variants in question With such additives. 

[0159] Methods of Preparing Hybrid ot-amylases 

[0160] As an alternative to site-speci?c mutagenesis, 
ot-amylase variants Which are hybrids of at least tWo con 
stituent ot-amylases may be prepared by combining the 
relevant parts of the respective genes in question. 

[0161] Naturally occurring enzymes may be genetically 
modi?ed by random or site directed mutagenesis as 
described above. Alternatively, part of one enzyme may be 
replaced by a part of another to obtain a chimeric enzyme. 
This replacement can be achieved either by conventional in 
vitro gene splicing techniques or by in vivo recombination 
or by combinations of both techniques. When using con 
ventional in vitro gene splicing techniques, a desired portion 
of the ot-amylase gene coding sequence may be deleted 
using appropriate site-speci?c restriction enzymes; the 
deleted portion of the coding sequence may then be replaced 
by the insertion of a desired portion of a different ot-amylase 
coding sequence so that a chimeric nucleotide sequence 
encoding a neW ot-amylase is produced. Alternatively, 
ot-amylase genes may be fused, eg by use of the PCR 
overlay extension method described by Higuchi et al. 1988. 

[0162] The in vivo recombination techniques depend on 
the fact that different DNA segments With highly homolo 
gous regions (identity of DNA sequence) may recombine, 
i.e. break and exchange DNA, and establish neW bonds in 
the homologous regions. Accordingly, When the coding 
sequences for tWo different but homologous amylase 
enzymes are used to transform a host cell, recombination of 
homologous sequences in vivo Will result in the production 
of chimeric gene sequences. Translation of these coding 
sequences by the host cell Will result in production of a 
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chimeric amylase gene product. Speci?c in vivo recombi 
nation techniques are described in US. Pat. No. 5,093,257 
and EP 252 666. 

[0163] Alternatively, the hybrid enzyme may be synthe 
sized by standard chemical methods knoWn in the art. For 
example, see Hunkapiller et al. (1984). Accordingly, pep 
tides having the appropriate amino acid sequences may be 
synthesized in Whole or in part and joined to form hybrid 
enzymes (variants) of the invention. 

[0164] Expression of ot-amylase Variants 

[0165] According to the invention, a mutated ot-amylase 
encoding DNA sequence produced by methods described 
above, or by any alternative methods knoWn in the art, can 
be expressed, in enzyme form, using an expression vector 
Which typically includes control sequences encoding a pro 
moter, operator, ribosome binding site, translation initiation 
signal, and, optionally, a repressor gene or various activator 
genes. 

[0166] The recombinant expression vector carrying the 
DNA sequence encoding an ot-amylase variant of the inven 
tion may be any vector Which may conveniently be sub 
jected to recombinant DNA procedures, and the choice of 
vector Will often depend on the host cell into Which it is to 
be introduced. Thus, the vector may be an autonomously 
replicating vector, i.e. a vector Which exists as an extrach 
romosomal entity, the replication of Which is independent of 
chromosomal replication, eg a plasmid, a bacteriophage or 
an extrachromosomal element, minichromosome or an arti 
?cial chromosome. Alternatively, the vector may be one 
Which, When introduced into a host cell, is integrated into the 
host cell genome and replicated together With the chromo 
some(s) into Which it has been integrated. 

[0167] In the vector, the DNA sequence should be oper 
ably connected to a suitable promoter sequence. The pro 
moter may be any DNA sequence Which shoWs transcrip 
tional activity in the host cell of choice and may be derived 
from genes encoding proteins either homologous or heter 
ologous to the host cell. Examples of suitable promoters for 
directing the transcription of the DNA sequence encoding an 
ot-amylase variant of the invention, especially in a bacterial 
host, are the promoter of the lac operon of E. coli, the 
Streptomyces coelicolor agarase gene dagA promoters, the 
promoters of the Bacillus licheniformis ot-amylase gene 
(amyL), the promoters of the Bacillus stearothermophilus 
maltogenic amylase gene (amyM), the promoters of the 
Bacillus Amyloliquefaciens ot-amylase (amyQ), the promot 
ers of the Bacillus subtilis xylA and xylB genes etc. For 
transcription in a fungal host, examples of useful promoters 
are those derived from the gene encoding A. oryzae TAKA 
amylase, Rhizomucor miehei aspartic proteinase, A. niger 
neutral ot-amylase,A. niger acid stable ot-amylase,A. niger 
glucoamylase, Rhizomucor miehei lipase,A. oryzae alkaline 
protease, A. oryzae triose phosphate isomerase or A. nia'u 
lans acetamidase. 

[0168] The expression vector of the invention may also 
comprise a suitable transcription terminator and, in eukary 
otes, polyadenylation sequences operably connected to the 
DNA sequence encoding the ot-amylase variant of the inven 
tion. Termination and polyadenylation sequences may suit 
ably be derived from the same sources as the promoter. 

[0169] The vector may further comprise a DNA sequence 
enabling the vector to replicate in the host cell in question. 
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Examples of such sequences are the origins of replication of 
plasmids pUC19, pACYC177, pUBllO, pE194, pAMBl 
and pIJ702. 

[0170] The vector may also comprise a selectable marker, 
eg a gene the product of Which complements a defect in the 
host cell, such as the dal genes from B. subtilis or B. 
licheniformis, or one Which confers antibiotic resistance 
such as ampicillin, kanamycin, chloramphenicol or tetracy 
clin resistance. Furthermore, the vector may comprise 
Aspergillus selection markers such as amdS, argB, niaD and 
sC, a marker giving rise to hygromycin resistance, or the 
selection may be accomplished by co-transformation, eg as 
described in WO 91/17243. 

[0171] While intracellular expression may be advanta 
geous in some respects, eg when using certain bacteria as 
host cells, it is generally preferred that the expression is 
extracellular. 

[0172] Procedures suitable for constructing vectors of the 
invention encoding an ot-amylase variant, and containing the 
promoter, terminator and other elements, respectively, are 
Well knoWn to persons skilled in the art [cf., for instance, 
Sambrook et al. (1989)]. 

[0173] The cell of the invention, either comprising a DNA 
construct or an expression vector of the invention as de?ned 
above, is advantageously used as a host cell in the recom 
binant production of an ot-amylase variant of the invention. 
The cell may be transformed With the DNA construct of the 
invention encoding the variant, conveniently by integrating 
the DNA construct (in one or more copies) in the host 
chromosome. This integration is generally considered to be 
an advantage as the DNA sequence is more likely to be 
stably maintained in the cell. Integration of the DNA con 
structs into the host chromosome may be performed accord 
ing to conventional methods, eg by homologous or heter 
ologous recombination. Alternatively, the cell may be 
transformed With an expression vector as described above in 
connection With the different types of host cells. 

[0174] The cell of the invention may be a cell of a higher 
organism such as a mammal or an insect, but is preferably 
a microbial cell, eg a bacterial or a fungal (including yeast) 
cell. 

[0175] Examples of suitable bacteria are gram positive 
bacteria such as Bacillus subtilis, Bacillus licheniformis, 
Bacillus lentus, Bacillus brevis, Bacillus stearothermophi 
lus, Bacillus alkalophilus, Bacillus amyloliquefaciens, 
Bacillus coagulans, Bacillus circulans, Bacillus lautus, 
Bacillus megaterium, Bacillus thuringiensis, or Streptomy 
ces livia'ans or Streptomyces murinus, or gram negative 
bacteria such as E. coli. The transformation of the bacteria 
may, for instance, be effected by protoplast transformation 
or by using competent cells in a manner knoWn per se. 

[0176] The yeast organism may favorably be selected 
from a species of Saccharomyces or Schizosaccharomyces, 
e.g. Saccharomyces cerevisiae. The ?lamentous fungus may 
advantageously belong to a species of Aspergillus, e.g. 
Aspergillus oryzae orAspergillus niger. Fungal cells may be 
transformed by a process involving protoplast formation and 
transformation of the protoplasts folloWed by regeneration 
of the cell Wall in a manner knoWn per se. A suitable 
procedure for transformation of Aspergillus host cells is 
described in EP 238 023. 
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[0177] In a yet further aspect, the present invention relates 
to a method of producing an ot-amylase variant of the 
invention, Which method comprises cultivating a host cell as 
described above under conditions conducive to the produc 
tion of the variant and recovering the variant from the cells 
and/or culture medium. 

[0178] The medium used to cultivate the cells may be any 
conventional medium suitable for groWing the host cell in 
question and obtaining expression of the ot-amylase variant 
of the invention. Suitable media are available from com 
mercial suppliers or may be prepared according to published 
recipes (eg as described in catalogues of the American Type 
Culture Collection). 

[0179] The ot-amylase variant secreted from the host cells 
may conveniently be recovered from the culture medium by 
Well-knoWn procedures, including separating the cells from 
the medium by centrifugation or ?ltration, and precipitating 
proteinaceous components of the medium by means of a salt 
such as ammonium sulphate, folloWed by the use of chro 
matographic procedures such as ion exchange chromatog 
raphy, af?nity chromatography, or the like. 

INDUSTRIAL APPLICATIONS 

[0180] OWing to their activity at alkaline pH values, 
ot-amylase variants of the invention are Well suited for use 
in a variety of industrial processes. In particular, they ?nd 
potential applications as a component in Washing, dishWash 
ing and hard surface cleaning detergent compositions (vide 
infra), but may also be useful in the production of sWeet 
eners and ethanol from starch. Conditions for conventional 
starch-converting processes and liquefaction and/or saccha 
ri?cation processes are described in, for instance, US. Pat. 
No. 3,912,590, EP 252,730 and EP 63,909. 

[0181] Some areas of application of ot-amylase variants of 
the invention are outlined beloW. 

[0182] Paper-related applications: ot-Amylase variants of 
the invention possess properties of value in the production of 
lignocellulosic materials, such as pulp, paper and cardboard, 
from starch-reinforced Waste paper and Waste cardboard, 
especially Where repulping occurs at a pH above 7, and 
Where amylases can facilitate the disintegration of the Waste 
material through degradation of the reinforcing starch. 

[0183] ot-Amylase variants of the invention are Well suited 
for use in the deinking/recycling processes of making paper 
out of starch-coated or starch-containing Waste printed 
paper. It is usually desirable to remove the printing ink in 
order to produce neW paper of high brightness; examples of 
hoW the variants of the invention may be used in this Way are 
described in PCT/DK94/00437. 

[0184] ot-Amylase variants of the invention may also be 
very useful in modifying starch Where enZymatically modi 
?ed starch is used in papermaking together With alkaline 
?llers such as calcium carbonate, kaolin and clays. With 
alkaline ot-amylase variants of the invention it is feasible to 
modify the starch in the presence of the ?ller, thus alloWing 
for a simpler, integrated process. 

[0185] Textile desiZing: ot-Amylase variants of the inven 
tion are also Well suited for use in textile desiZing. In the 
textile processing industry, ot-amylases are traditionally 
used as auxiliaries in the desiZing process to facilitate the 
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removal of starch-containing size Which has served as a 
protective coating on Weft yarns during Weaving. 

[0186] Complete removal of the siZe coating after Weaving 
is important to ensure optimum results in subsequent pro 
cesses in Which the fabric is scoured, bleached and dyed. 
Enzymatic starch degradation is preferred because it does 
not harm the ?bers of the textile or fabric. 

[0187] In order to reduce processing costs and increase 
mill throughput, the desiZing processing is sometimes com 
bined With the scouring and bleaching steps. In such cases, 
non-enZymatic auxiliaries such as alkali or oxidation agents 
are typically used to break doWn the starch, because tradi 
tional ot-amylases are not very compatible With high pH 
levels and bleaching agents. The non-enZymatic breakdoWn 
of the starch siZe does lead to some ?bre damage because of 
the rather aggressive chemicals used. 

[0188] ot-Amylase variants of the invention exhibiting 
improved starch-degrading performance at relatively high 
pH levels and in the presence of oxidiZing (bleaching) 
agents are thus Well suited for use in desiZing processes as 
described above, in particular for replacement of non-enZy 
matic desiZing agents currently used. The ot-amylase variant 
may be used alone, or in combination With a cellulase When 
desiZing cellulose-containing fabric or textile. 

[0189] Beer production: ot-Amylase variants of the inven 
tion are also believed to be very useful in beer-making 
processes; in such processes the variants Will typically be 
added during the mashing process. 

[0190] Applications in detergent additives and detergent 
compositions for Washing or dishWashing: OWing to the 
improved Washing and/or dishWashing performance Which 
Will often be a consequence of improvements in properties 
as discussed above, numerous ot-amylase variants (including 
hybrids) of the invention are particularly Well suited for 
incorporation into detergent compositions, e.g. detergent 
compositions intended for performance in the pH range of 
7-13, particularly the pH range of 8-11. According to the 
invention, the ot-amylase variant may be added as a com 
ponent of a detergent composition. As such, it may be 
included in the detergent composition in the form of a 
detergent additive. 

[0191] Thus, a further aspect of the invention relates to a 
detergent additive comprising an ot-amylase variant accord 
ing to the invention. The enZymes may be included in a 
detergent composition by adding separate additives contain 
ing one or more enZymes, or by adding a combined additive 
comprising all of these enZymes. A detergent additive of the 
invention, i.e. a separated additive or a combined additive, 
can be formulated, e.g., as a granulate, liquid, slurry, etc. 
Preferred enZyme formulations for detergent additives are 
granulates (in particular non-dusting granulates), liquids (in 
particular stabiliZed liquids), slurries or protected enZymes 
(vide infra). 
[0192] The detergent composition as Well as the detergent 
additive may additionally comprise one or more other 
enZymes conventionally used in detergents, such as pro 
teases, lipases, amylolytic enZymes, oxidases (including 
peroxidases), or cellulases. 

[0193] It has been found that substantial improvements in 
Washing and/or dishWashing performance may be obtained 
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When ot-amylase is combined With another amylolytic 
enZyme, such as a pullulanase, an iso-amylase, a beta 
amylase, an amyloglucosidase or a CGTase. Examples of 
commercially available amylolytic enZymes suitable for the 
given purpose are AMGEI, NovamyllIl and PromozymelIl, 
all of Which available from Novo Nordisk A/S, Bagsvaerd, 
Denmark. Accordingly, a particular embodiment of the 
invention relates to a detergent additive comprising an 
ot-amylase variant of the invention in combination With at 
least one other amylolytic enZyme (e.g. chosen amongst 
those mentioned above). 

[0194] Non-dusting granulates may be produced, e.g., as 
disclosed in US. Pat. No. 4,106,991 and US. Pat. No. 
4,661,452, and may optionally be coated by methods knoWn 
in the art; further details concerning coatings are given 
beloW. When a combination of different detergent enZymes 
is to be employed, the enZymes may be mixed before or after 
granulation. 

[0195] Liquid enZyme preparations may, for instance, be 
stabiliZed by adding a polyol such as propylene glycol, a 
sugar or sugar alcohol, lactic acid or boric acid according to 
established methods. Other enZyme stabiliZers are Well 
knoWn in the art. Protected enZymes may be prepared 
according to the method disclosed in EP 238 216. 

[0196] As already indicated, a still further aspect of the 
invention relates to a detergent composition, eg for laundry 
Washing, for dishWashing or for hard-surface cleaning, com 
prising an ot-amylase variant (including hybrid) of the 
invention, and a surfactant. 

[0197] The detergent composition of the invention may be 
in any convenient form, eg as poWder, granules or liquid. 
A liquid detergent may be aqueous, typically containing up 
to 90% of Water and 0-20% of organic solvent, or non 
aqueous, eg as described in EP Patent 120,659. 

[0198] Detergent Compositions 

[0199] When an ot-amylase variant of the invention is 
employed as a component of a detergent composition (eg 
a laundry Washing detergent composition, or a dishWashing 
detergent composition), it may, for example, be included in 
the detergent composition in the form of a non-dusting 
granulate, a stabiliZed liquid, or a protected enZyme. As 
mentioned above, non-dusting granulates may be produced, 
e.g., as disclosed in Us. Pat. Nos. 4,106,991 and 4,661,452 
(both to Novo Industri A/S) and may optionally be coated by 
methods knoWn in the art. Examples of Waxy coating 
materials are poly(ethylene oxide) products (polyethyleneg 
lycol, PEG) With mean molecular Weights of 1000 to 20000; 
ethoxylated nonylphenols having from 16 to 50 ethylene 
oxide units; ethoxylated fatty alcohols in Which the alcohol 
contains from 12 to 20 carbon atoms and in Which there are 
15 to 80 ethylene oxide units; fatty alcohols; fatty acids; and 
mono- and di- and triglycerides of fatty acids. Examples of 
?lm-forming coating materials suitable for application by 
?uid bed techniques are given in GB 1483591. 

[0200] EnZymes added in the form of liquid enZyme 
preparations may, as indicated above, be stabiliZed by, e.g., 
the addition of a polyol such as propylene glycol, a sugar or 
sugar alcohol, lactic acid or boric acid according to estab 
lished methods. Other enZyme stabiliZers are Well knoWn in 
the art. 
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[0201] Protected enzymes for inclusion in a detergent 
composition of the invention may be prepared, as mentioned 
above, according to the method disclosed in EP 238,216. 

[0202] The detergent composition of the invention may be 
in any convenient form, eg as poWder, granules, paste or 
liquid. A liquid detergent may be aqueous, typically con 
taining up to 70% Water and 0-30% organic solvent, or 
nonaqueous. 

[0203] The detergent composition comprises one or more 
surfactants, each of Which may be anionic, nonionic, cat 
ionic, or amphoteric (ZWitterionic). The detergent Will usu 
ally contain 0-50% of anionic surfactant such as linear 
alkylbenZenesulfonate (LAS), alpha-ole?nsulfonate (AOS), 
alkyl sulfate (fatty alcohol sulfate) (AS), alcohol ethoxysul 
fate (AEOS or AES), secondary alkanesulfonates (SAS), 
alpha-sulfo fatty acid methyl esters, alkyl- or alkenylsuc 
cinic acid, or soap. It may also contain 0-40% of nonionic 
surfactant such as alcohol ethoxylate (AEO or AE), alcohol 
propoxylate, carboxylated alcohol ethoxylates, nonylphenol 
ethoxylate, alkylpolyglycoside, alkyldimethylamine oxide, 
ethoxylated fatty acid monoethanolamide, fatty acid mono 
ethanolamide, or polyhydroxy alkyl fatty acid amide (eg as 
described in WO 92/06154). 

[0204] The detergent composition may additionally com 
prise one or more other enZymes, such as pullulanase, 
esterase, lipase, cutinase, protease, cellulase, peroxidase, or 
oxidase, e.g., laccase. 

[0205] Normally the detergent contains 1-65% of a deter 
gent builder (although some dishWashing detergents may 
contain even up to 90% of a detergent builder) or complex 
ing agent such as Zeolite, diphosphate, triphosphate, phos 
phonate, citrate, nitrilotriacetic acid (NTA), ethylenedi 
aminetetraacetic acid (EDTA), 
diethylenetriaminepentaacetic acid (DTMPA), alkyl- or alk 
enylsuccinic acid, soluble silicates or layered silicates (e.g. 
SKS-6 from Hoechst). 

[0206] The detergent builders may be subdivided into 
phosphorus-containing and non-phosphorous-containing 
types. Examples of phosphorus-containing inorganic alka 
line detergent builders include the Water-soluble salts, espe 
cially alkali metal pyrophosphates, orthophosphates, poly 
phosphates and phosphonates. Examples of non 
phosphorus-containing inorganic builders include Water 
soluble alkali metal carbonates, borates and silicates, as Well 
as layered disilicates and the various types of Water-in 
soluble crystalline or amorphous alumino silicates of Which 
Zeolites are the best knoWn representatives. 

[0207] Examples of suitable organic builders include 
alkali metal, ammonium or substituted ammonium salts of 
succinates, malonates, fatty acid malonates, fatty acid sul 
phonates, carboxymethoxy succinates, polyacetates, car 
boxylates, polycarboxylates, aminopolycarboxylates and 
polyacetyl carboxylates. 

[0208] The detergent may also be unbuilt, i.e. essentially 
free of detergent builder. 

[0209] The detergent may comprise one or more poly 
mers. Examples are carboxymethylcellulose (CMC; typi 
cally in the form of the sodium salt), poly(vinylpyrrolidone) 
(PVP), polyethyleneglycol (PEG), poly(vinyl alcohol) 
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(PVA), polycarboxylates such as polyacrylates, polymale 
ates, maleic/acrylic acid copolymers and lauryl methacry 
late/acrylic acid copolymers. 

[0210] The detergent composition may contain bleaching 
agents of the chlorine/bromine-type or the oxygen-type. The 
bleaching agents may be coated or encapsulated. Examples 
of inorganic chlorine/bromine-type bleaches are lithium, 
sodium or calcium hypochlorite or hypobromite as Well as 
chlorinated trisodium phosphate. The bleaching system may 
also comprise a H2O2 source such as perborate or percar 
bonate Which may be combined With a peracid-forming 
bleach activator such as tetraacetylethylenediamine (TAED) 
or nonanoyloxybenZenesulfonate (NOBS). 

[0211] Examples of organic chlorine/bromine-type 
bleaches are heterocyclic N-bromo and N-chloro imides 
such as trichloroisocyanuric, tribromoisocyanuric, dibro 
moisocyanuric and dichloroisocyanuric acids, and salts 
thereof With Water solubiliZing cations such as potassium 
and sodium. Hydantoin compounds are also suitable. The 
bleaching system may also comprise peroxyacids of, e.g., 
the amide, imide, or sulfone type. 

[0212] In dishWashing detergents the oxygen bleaches are 
preferred, for example in the form of an inorganic persalt, 
preferably With a bleach precursor or as a peroxy acid 
compound. Typical examples of suitable peroxy bleach 
compounds are alkali metal perborates, both tetrahydrates 
and monohydrates, alkali metal percarbonates, persilicates 
and perphosphates. Preferred activator materials are TAED 
or NOBS. 

[0213] The enZymes of the detergent composition of the 
invention may be stabiliZed using conventional stabiliZing 
agents, eg a polyol such as propylene glycol or glycerol, a 
sugar or sugar alcohol, lactic acid, boric acid, or a boric acid 
derivative such as, e.g., an aromatic borate ester, and the 
composition may be formulated as described in, e.g., W0 
92/ 19709 and WO 92/19708. The enZymes of the invention 
may also be stabiliZed by adding reversible enZyme inhibi 
tors, e.g., of the protein type (as described in EP 0 544 777 
B1) or the boronic acid type. 

[0214] The detergent may also contain other conventional 
detergent ingredients such as, e.g., fabric conditioners 
including clays, de?occulant material, foam boosters/foam 
depressors (in dishWashing detergents foam depressors), 
suds suppressors, anti-corrosion agents, soil-suspending 
agents, anti-soil-redeposition agents, dyes, dehydrating 
agents, bactericides, optical brighteners, or perfume. 

[0215] The pH (measured in aqueous solution at use 
concentration) Will usually be neutral or alkaline, eg in the 
range of 7-11. 

[0216] Particular forms of laundry detergent compositions 
Within the scope of the invention include: 

[0217] 1) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

Linear alkylbenzenesulfonate (calculated as acid) 7—12% 
Alcohol ethoxysulfate (e.g. C1}18 alcohol, 1-2 E0) or 1—4% 
alkyl sulfate (e.g. C16i18) 
Alcohol ethoxylate (e.g. C14?15 alcohol, 7 EO) 5—9% 
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Sodium carbonate (as Na2CO3) 14—20% 
Soluble silicate (as Na2O,2SiO2) 2—6% 
Zeolite (as NaAlSiO4) 15—22% 
Sodium sulfate (as Na2SO4) 0—6% 
Sodium citrate/citric acid (as C6H5Na3O7/C6H8O7) 0—15% 
Sodium perborate (as NaBO3.H2O) 11-18% 
TAED 2—6% 
CarboXymethylcellulose 0—2% 
Polymers (e.g. maleic/acrylic acid copolymer, PVP, 0—3% 
PEG) 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. suds suppressors, perfume, 0—5% 
optical brightener, photobleach) 

[0218] 2) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

Linear alkylbenzenesulfonate (calculated as acid) 6—11% 
Alcohol ethoXysulfate (e.g. C12i18 alcohol, 1-2 E0 or 1—3% 
alkyl sulfate (e.g. Ch/ym) 
Alcohol ethoXylate (e.g. C14?15 alcohol, 7 EO) 5—9% 
Sodium carbonate (as Na2CO3) 15—21% 
Soluble silicate (as Na2O,2SiO2) 1-4% 
Zeolite (as NaAlSiO4) 24-34% 
Sodium sulfate (as Na2SO4) 4—10% 
Sodium citrate/citric acid (as C6H5Na3O7/C6H8O7) 0—15% 
CarboXymethylcellulose 0—2% 
Polymers (e.g. maleic/acrylic acid copolymer, PVP, 1—6% 
PEG) 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. suds suppressors, perfume) 0—5% 

[0219] 3) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

Linear alkylbenzenesulfonate (calculated as acid) 5—9% 
Alcohol ethoXylate (e.g. C1}15 alcohol, 7 EO) 7—14% 
Soap as fatty acid (eg C1‘?22 fatty acid) 1—3% 
Sodium carbonate (as Na2CO3) 10-17% 
Soluble silicate (as Na2O,2SiO2) 3—9% 
Zeolite (as NaAlSiO4) 23-33% 
Sodium sulfate (as Na2SO4) 0-4% 
Sodium perborate (as NaBO3.H2O) 8—16% 
TAED 2—8% 
Phosphonate (e.g. EDTMPA) 0—1% 
CarboXymethylcellulose 0—2% 
Polymers (e.g. maleic/acrylic acid copolymer, PVP, 0—3% 
PEG) 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. suds suppressors, perfume, 0—5% 
optical brightener) 

[0220] 4) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

Linear alkylbenzenesulfonate (calculated as acid) 8—12% 
Alcohol ethoXylate (e.g. C1}15 alcohol, 7 EO) 10-25% 
Sodium carbonate (as Na2CO3) 14-22% 
Soluble silicate (as Na2O,2SiO2) 1—5% 
Zeolite (as NaAlSiO4) 25—35% 
Sodium sulfate (as Na2SO4) 0—10% 
CarboXymethylcellulose 0—2% 
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Polymers (e.g. maleic/acrylic acid copolymer, PVP, 1—3% 
PEG) 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. suds suppressors, perfume) 0—5% 

[0221] 5) An aqueous liquid detergent composition com 
prising 

Linear alkylbenzenesulfonate (calculated as acid) 15-21% 
Alcohol ethoXylate (e.g. C1}15 alcohol, 7 E0 or C1}15 12—18% 
alcohol, 5 EO) 
Soap as fatty acid (eg oleic acid) 3—13% 
Alkenylsuccinic acid (C12i14) 0—13% 
Aminoethanol 8—18% 
Citric acid 2—8% 
Phosphonate 0—3% 
Polymers (e.g. PVP, PEG) 0—3% 
Borate (as B4072’) 0—2% 
Ethanol 0—3% 
Propylene glycol 8—14% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. dispersants, suds 0—5% 
suppressors, perfume, optical brightener) 

[0222] 6) An aqueous structured liquid detergent compo 
sition comprising 

Linear alkylbenzenesulfonate (calculated as acid) 15—21% 
Alcohol ethoXylate (e.g. C1}15 alcohol, 7 E0, or 3—9% 
C1}15 alcohol, 5 EO) 
Soap as fatty acid (eg oleic acid) 3—10% 
Zeolite (as NaAlSiO4) 14—22% 
Potassium citrate 9—18% 
Borate as (B4O72’) 0—2% 
CarboXybethylcellulose 0—2% 
Polymers (e.g. PEG, PVP) 0—3% 
Anchoring polymers such as, e.g., lauryl 0—3% 
methacrylate/acrylic acid copolymer; molar ratio 
25:1; MW 3800 
Glycerol 0—5% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. dispersants, suds 0—5% 
suppressors, perfume, optical brighteners) 

[0223] 7) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

Fatty alcohol sulfate 5—10% 
EthoXylated fatty acid monoethanolamide 3—9% 
Soap as fatty acid 0—3% 
Sodium carbonate (as Na2CO3) 5—10% 
Soluble silicate (as Na2O,2SiO2) 1—4% 
Zeolite (as NaAlSiO4) 20-40% 
Sodium sulfate (as Na2SO4) 2—8% 
Sodium perborate (as NaBO3.H2O) 12-18% 
TAED 2—7% 
Polymers (e.g. maleic/acrylic acid copolymer, PEG) 1—5% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. optical brightener, suds 0—5% 
suppressors, perfume) 
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[0224] 8) A detergent composition formulated as a granu 
late comprising 

Linear alkylbenzenesulfonate (calculated as acid) 8—14% 
EthoXylated fatty acid monoethanolamide 5—11% 
Soap as fatty acid 0—3% 
Sodium carbonate (as Na2CO3) 4—10% 
Soluble silicate (as Na2O,2SiO2) 1-4% 
Zeolite (as NaAlSiO4) 30-50% 
Sodium sulfate (as Na2SO4) 3—11% 
Sodium citrate (as C6H5Na3O7) 5—12% 
Polymers (e.g. PVP, maleic/acrylic acid copolymer, 1—5% 
PEG) 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. suds suppressors, perfume) 0—5% 

[0225] 9) A detergent composition formulated as a granu 
late comprising 

Linear alkylbenzenesulfonate (calculated as acid) 6—12% 
Nonionic surfactant 1-4% 
Soap as fatty acid 2—6% 
Sodium carbonate (as Na2CO3) 14—22% 
Zeolite (as NaAlSiO4) 18-32% 
Sodium sulfate (as Na2SO4) 5—20% 
Sodium citrate (as C6H5Na3O7) 3—8% 
Sodium perborate (as NaBO3.H2O) 4—9% 
Bleach activator (e.g. NOBS or TAED) 1—5% 
Carboxymethylcellulose 0—2% 
Polymers (e.g. polycarboXylate or PEG) 1—5% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. optical brightener, perfume) 0—5% 

[0226] 10) An aqueous liquid detergent composition com 
prising 

Linear alkylbenzenesulfonate (calculated as acid) 15—23% 
Alcohol ethoXysulfate (e.g. C1}15 alcohol, 2-3 EO) 8—15% 
Alcohol ethoXylate (e.g. C1}15 alcohol, 7 E0, or 3—9% 
C1}15 alcohol, 5 EO) 
Soap as fatty acid (eg lauric acid) 0—3% 
Aminoethanol 1—5% 
Sodium citrate 5—10% 
Hydrotrope (eg sodium toluene sulfonate) 2—6% 
Borate (as B4072’) 0—2% 
Carboxymethylcellulose 0—1% 
Ethanol 1—3% 
Propylene glycol 2—5% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. polymers, dispersants, 0—5% 
perfume, optical brighteners) 

[0227] 11) An aqueous liquid detergent composition com 
prising 

Linear alkylbenzenesulfonate (calculated as acid) 20-32% 
Alcohol ethoXylate (e.g. C1}15 alcohol, 7 E0, or C1}15 6—12% 
alcohol, 5 EO) 
Aminoethanol 2—6% 
Citric acid 8—14% 
Borate (as B4072’) 1—3% 
Polymer (e.g. maleic/acrylic acid copolymer, 0—3% 
anchoring polymer such as, e.g., lauryl 
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methacrylate/acrylic acid copolymer) 
Glycerol 63—8% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. hydrotropes, dispersants, 60—5% 
perfume, optical brighteners) 

[0228] 12) Adetergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

Anionic surfactant (linear alkylbenzenesulfonate, 25-40% 
alkyl sulfate, alpha-ole?nsulfonate, alpha-sulfo fatty 
acid methyl esters, alkanesulfonates, soap) 
Nonionic surfactant (e.g. alcohol ethoXylate) 1—10% 
Sodium carbonate (as Na2CO3) 8—25% 
Soluble silicates (as Na2O, 2SiO2) 5—15% 
Sodium sulfate (as Na2SO4) 0—5% 
Zeolite (as NaAlSiO4) 15—28% 
Sodium perborate (as NaBO3.4H2O) 0—20% 
Bleach activator (TAED or NOBS) 0—5% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. perfume, optical brighteners) 0—3% 

[0229] 13) Detergent formulations as described in 1)-12) 
Wherein all or part of the linear alkylbenzenesulfonate is 
replaced by (Cl2—Cl8)alkyl sulfate. 

[0230] 14) Adetergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

(Cu-C18) alkyl sulfate 9—15% 
Alcohol ethoXylate 3—6% 
PolyhydroXy alkyl fatty acid amide 1—5% 
Zeolite (as NaAlSiO4) 10—20% 
Layered disilicate (e.g. SK56 from Hoechst) 10—20% 
Sodium carbonate (as Na2CO3) 3—12% 
Soluble silicate (as Na2O,2SiO2) 0—6% 
Sodium citrate 4—8% 
Sodium percarbonate 13—22% 
TAED 3—8% 
Polymers (e.g. polycarboXylates and PVP) 0—5% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. optical brightener, photo 0—5% 
bleach, perfume, suds suppressors) 

[0231] 15) Adetergent composition formulated as a granu 
late having a bulk density of at least 600 g/l comprising 

(Cu-C18) alkyl sulfate 4—8% 
Alcohol ethoXylate 11-15% 
Soap 1—4% 
Zeolite MAP or zeolite A 35-45% 

Sodium carbonate (as Na2CO3) 2—8% 
Soluble silicate (as Na2O,2SiO2) 0—4% 
Sodium percarbonate 13—22% 
TAED 1—8% 
CarboXymethyl cellulose 0—3% 
Polymers (e.g. polycarboXylates and PVP) 0—3% 
Enzymes (calculated as pure enzyme protein) 0.0001—0.1% 
Minor ingredients (e.g. optical brightener, 0—3% 
phosphonate, perfume) 
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[0232] 16) Detergent formulations as described in 1)-15) 
Which contain a stabilized or encapsulated peracid, either as 
an additional component or as a substitute for already 
speci?ed bleach systems. 

[0233] 17) Detergent compositions as described in 1), 3), 
7), 9) and 12) Wherein perborate is replaced by percarbonate. 

[0234] 18) Detergent compositions as described in 1), 3), 
7), 9), 12), 14) and 15) Which additionally contain a man 
ganese catalyst. The manganese catalyst may, e.g., be one of 
the compounds described in “Ef?cient manganese catalysts 
for loW-temperature bleaching”, Nature 369, 1994, pp. 637 
639. 

[0235] 19) Detergent composition formulated as—a non 
aqueous detergent liquid comprising a liquid nonionic sur 
factant such as, e.g., linear alkoXylated primary alcohol, a 
builder system (eg phosphate), enzyme and alkali. The 
detergent may also comprise anionic surfactant and/or a 
bleach system. 

[0236] Particular forms of dishWashing detergent compo 
sitions Within the scope of the invention include: 

[0237] 1) POWDER AUTOMATIC DISHWASHING 
COMPOSITION 

Nonionic surfactant 0.4—25% 
Sodium metasilicate 0—20% 
Sodium disilicate 3—20% 
Sodium triphosphate 20-40% 
Sodium carbonate 0—20% 
Sodium perborate 2—9% 
Tetraacetylethylenediamine (TAED) 1—4% 
Sodium sulphate 5—33% 
Enzymes 0.0001—0.1% 

[0238] 2) POWDER AUTOMATIC DISHWASHING 
COMPOSITION 

Nonionic surfactant (e.g. alcohol ethoXylate) 1—2% 
Sodium disilicate 2—30% 
Sodium carbonate 10—50% 
Sodium phosphonate 0—5% 
Trisodium citrate dihydrate 9—30% 
Nitrilotrisodium acetate (NTA) 0—20% 
Sodium perborate monohydrate 5—10% 
Tetraacetylethylenediamine (TAED) 1—2% 
Polyacrylate polymer (e.g. maleic acid/acrylic acid 6—25% 
copolymer) 
Enzymes 0.0001—0.1% 
Perfume 0.1—0.5% 
Water 5-10 

[0239] 3) POWDER AUTOMATIC DISHWASHING 
COMPOSITION 

Nonionic surfactant 0.5—20% 
Sodium disilicate 25-40% 
Sodium citrate 30-55% 
Sodium carbonate 0—29% 
Sodium bicarbonate 0—20% 
Sodium perborate monohydrate 0—15% 
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Tetraacetylethylenediamine (TAED) 0—6% 
Maleic acid/acrylic acid copolymer 0—5% 
Clay 1—3% 
Poly(amino acids) 0—20% 
Sodium polyacrylate 0—8% 
Enzymes 0.0001—0.1% 

[0240] 4) POWDER AUTOMATIC DISHWASHING 
COMPOSITION 

Nonionic surfactant 1—2% 
Zeolite MAP 15-42% 
Sodium disilicate 30—34% 
Sodium citrate 0—12% 
Sodium carbonate 0—20% 
Sodium perborate monohydrate 7-15 % 
Tetraacetylethylenediamine (TAED) 0—3% 
Polymer 0—4% 
Maleic acid/acrylic acid copolymer 0—5% 
Organic phosphonate 0—4% 
Clay 1—2% 
Enzymes 0.0001—0.1% 
Sodium sulphate Balance 

[0241] 5) POWDER AUTOMATIC DISHWASHING 
COMPOSITION 

Nonionic surfactant 1—7% 
Sodium disilicate 18-30% 
Trisodium citrate 10-24% 
Sodium carbonate 12-20% 
Monopersulphate (2 KHSO5.KHSO4.K2SO4) 15—21% 
Bleach stabilizer 0 1—2% 
Maleic acid/acrylic acid copolymer 0—6% 
Diethylenetriaminepentaacetate, pentasodium salt 0—25% 
Enzymes 0.0001—0.1% 
Sodium sulphate, Water Balance 

[0242] 6) POWDER AND LIQUID DISHWASHING 
COMPOSITION WITH CLEANING SURFACTAN T SYS 
TEM 

Nonionic surfactant 0—1.5% 
Octadecyl dimethylamine N-oXide dihydrate 0—5% 
80:20 Wt. C18/C16 blend of octadecyl dimethylamine 0—4% 
N-oXide dihydrate and hexadecyldimethyl amine N 
oXide dihydrate 
70:30 Wt. C18/C16 blend of octadecyl bis 0—5% 
(hydroXyethyl)amine N-oXide anhydrous and 
heXadecyl bis (hydroXyethyl)amine N-oXide 
anhydrous 
C13—C15 alkyl ethoXysulfate With an average degree 0—10% 
of ethoXylation of 3 
C12—C15 alkyl ethoXysulfate With an average degree 0—5% 
of ethoXylation of 3 
C13—C15 ethoXylated alcohol With an average degree 0—5% 
of ethoXylation of 12 
A blend of C12—C15 ethoXylated alcohols With an 0—6.5% 
average degree of ethoXylation of 9 
A blend of C13—C15 ethoXylated alcohols With an 0—4% 
average degree of ethoXylation of 30 
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Sodium disilicate O—33% 

Sodium tripolyphosphate O—46% 
Sodium citrate O—28% 

Citric acid O—29% 

Sodium carbonate O—20% 

Sodium perborate monohydrate O—11.5% 

Tetraacetylethylenediamine (TAED) O—4% 
Maleic acid/acrylic acid copolymer O—7.5% 
Sodium sulphate O—12.5% 

Enzymes 0.0001—O.1% 

[0243] 7) NON-AQUEOUS LIQUID AUTOMATIC 
DISHWASHING COMPOSITION 

Liquid nonionic surfactant (e.g. alcohol ethoXylates) 2.0—10.0% 
Alkali metal silicate 3.0—15.0% 
Alkali metal phosphate ZOO-40.0% 
Liquid carrier selected from higher glycols, 25.0—45.0% 
polyglycols, polyoXides, glycolethers 
Stabilizer (eg a partial ester of phosphoric acid and O.5—7.0% 
a C16—C18 alkanol) 
Foam suppressor (e.g. silicone) O—1.5% 
Enzymes 0.0001—O.1% 

[0244] 8) NON-AQUEOUS LIQUID DISHWASHING 
COMPOSITION 

Liquid nonionic surfactant (e.g. alcohol ethoXylates) 2.0—10.0% 
Sodium silicate 3.0—15.0% 
Alkali metal carbonate 7.0—20.0% 
Sodium citrate 0.0—1.5% 
Stabilizing system (eg miXtures of ?nely divided O.5—7.0% 
silicone and lOW molecular Weight dialkyl polyglycol 
ethers) 
LoW molecule Weight polyacrylate polymer 5.0—15.0% 
Clay gel thickener (e.g. bentonite) 0.0—10.0% 
HydroXypropyl cellulose polymer 0.0—O.6% 
Enzymes 0.0001—O.1% 
Liquid carrier selected from higher lycols, Balance 
polyglycols, polyoXides and glycol ethers 

[0245] 9) THIXOTROPIC LIQUID AUTOMATIC DISH 
WASHING COMPOSITION 

C12—C14 fatty acid 
Block co-polymer surfactant 1.5—15.0% 
Sodium citrate 
Sodium tripolyphosphate 
Sodium carbonate O—8% 
Aluminum tristearate O—O.1% 
Sodium cumene sulphonate O—1.7% 
Polyacrylate thickener 1.32—2.5% 
Sodium polyacrylate 2.4—6.0% 
Boric acid O—4.0% 
Sodium formate O—O.45% 
Calcium formate O—O.2% 
Sodium n-decydiphenyl oXide disulphonate O—4.0% 
Monoethanol amine (MEA) O—1.86% 
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Sodium hydroXide (50%) 1.9—9.3% 
1,2-Propanediol O—9.4% 
Enzymes 0.0001—O.1% 
Suds suppressor, dye, perfumes, Water Balance 

[0246] 10) LIQUID AUTOMATIC DISHWASHING 
COMPOSITION 

Alcohol ethoXylate O—20% 
Fatty acid ester sulphonate O—30% 
Sodium dodecyl sulphate O—20% 
Alkyl polyglycoside O—21% 
Oleic acid O—10% 
Sodium disilicate monohydrate 18-33% 
Sodium citrate dihydrate 18-33% 
Sodium stearate O—2.5% 
Sodium perborate monohydrate O—13% 
Tetraacetylethylenediamine (TAED) O—8% 
Maleic acid/acrylic acid copolymer 4—8% 
Enzymes 0.0001—O.1% 

[0247] 11) LIQUID AUTOMATIC DISHWASHING 
COMPOSITION CONTAINING PROTECTED BLEACH 
PARTICLES 

Sodium silicate 5—10% 
Tetrapotassium pyrophosphate 15-25% 
Sodium triphosphate O—2% 
Potassium carbonate 4—8% 
Protected bleach particles, e.g. chlorine 5—10% 
Polymeric thickener O.7—1.5% 
Potassium hydroXide O—2% 
Enzymes 0.0001—O.1% 
Water Balance 

[0248] 11) Automatic dishWashing compositions as 
described in 1), 2), 3), 4), 6) and 10), Wherein perborate is 
replaced by percarbonate. 

[0249] 12) Automatic dishWashing compositions as 
described in 1)-6) Which additionally contain a manganese 
catalyst. The manganese catalyst may, e.g., be one of the 
compounds described in “Ef?cient manganese catalysts for 
low-temperature bleaching”, Nature 369,1994, pp. 637-639. 

[0250] An ot-amylase variant of the invention may be 
incorporated in concentrations conventionally employed in 
detergents. It is at present contemplated that, in the detergent 
composition of the invention, the ot-amylase variant may be 
added in an amount corresponding to 0.00001-1 mg (calcu 
lated as pure enzyme protein) of ot-amylase per liter of 
Wash/dishWash liquor. 

[0251] The present invention is further described With 
reference to the appended drawing, in Which: 

[0252] FIG. 1 is an alignment of the amino acid sequences 
of four parent ot-amylases in the context of the invention. 
The numbers on the extreme left designate the respective 
amino acid sequences as folloWs: 

[0253] 1: the amino acid sequence shoWn in SEQ ID 
No. 1; 
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[0254] 2: the amino acid sequence shown in SEQ ID 
No. 2; 

[0255] 3: the amino acid sequence shown in SEQ ID 
No. 3; and 

[0256] 4: the amino acid sequence shoWn in SEQ ID 
No. 7. 

[0257] The numbers on the extreme right of the ?gure give 
the running total number of amino acids for each of the 
sequences in question. It should be noted that for the 
sequence numbered 3 (corresponding to the amino acid 
sequence shoWn in SEQ ID No. 3), the alignment results in 
“gaps” at the positions corresponding to amino acid No. 1 
and amino acid No. 175, respectively, in the sequences 
numbered 1 (SEQ ID No. 1), 2 (SEQ ID No. 2) and 4 (SEQ 
ID No. 7). 

[0258] FIG. 2 is a restriction map of plasmid pTVB106. 

[0259] 
[0260] 
[0261] 

FIG. 3 is a restriction map of plasmid pPM103. 

FIG. 4 is a restriction map of plasmid pTVB112. 

FIG. 5 is a restriction map of plasmid pTVB114. 

EXPERIMENTAL SECTION 

[0262] The preparation, puri?cation and sequencing of the 
parent ot-amylases having the amino acid sequences shoWn 
in SEQ ID No. 1 and SEQ ID No. 2 (from Bacillus strains 
NCIB 12512 and NCIB 12513, respectively) is described in 
WO 95/26397. The pI values and molecular Weights of these 
tWo parent ot-amylases (given in WO 95/26397) are as 
folloWs: 

[0263] SEQ ID No. 1: pl about 8.8-9.0 (determined by 
isoelectric focusing on LKB AmpholinelIl PAG plates); 
molecular Weight approximately 55 kD (determined by 
SDS-PAGE). 
[0264] SEQ ID No. 2: pl about 5.8 (determined by iso 
electric focusing on LKB AmpholinelIl PAG plates); 
molecular Weight approximately 55 kD (determined by 
SDS-PAGE). 
[0265] Puri?cation of ot-amylase Variants of the Invention 

[0266] The construction and expression of variants 
according to the invention is described in Example 2, beloW. 
The puri?cation of variants of the invention is illustrated 
here With reference to variants of the amino acid sequences 
shoWn in SEQ ID No. 1 and SEQ ID No. 2, respectively: 

[0267] Puri?cation of SEQ ID No. 1 variants (PI approx. 
9.0): The fermentation liquid containing the expressed 
ot-amylase variant is ?ltered, and ammonium sulfate is 
added to a concentration of 15% of saturation. The liquid is 
then applied onto a hydrophobic column (Toyopearl butyl/ 
TOSOH). The column is Washed With 20 mM dimethyl 
glutaric acid buffer, pH 7.0. The ot-amylase is bound very 
tightly, and is eluted With 25% W/W 2-propanol in 20 mM 
dimethylglutaric acid buffer, pH 7.0. After elution, the 
2-propanol is removed by evaporation and the concentrate is 
applied onto a cation exchanger (S-SepharoselIl FF, Phar 
macia, SWeden) equilibrated With 20 mM dimethylglutaric 
acid buffer, pH 6.0. 

[0268] The amylase is eluted using a linear gradient of 
0-250 mM NaCl in the same buffer. After dialysis against 10 
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mM borate/KCl buffer, pH 8.0, the sample is adjusted to pH 
9.6 and applied to an anion exchanger (Q-SepharoselII FF, 
Pharmacia) equilibrated With 10 mM borate/KCl buffer, pH 
9.6. The amylase is eluted using a linear gradient of 0-250 
mM NaCl. The pH is adjusted to 7.5. The ot-amylase is pure 
as judged by rSDS-PAGE. All buffers contain 2 mM CaCl2 
in order to stabiliZe the amylase. 

[0269] Puri?cation of SEQ ID No. 2 variants (pl approx. 
5.8): The fermentation liquid containing the expressed 
ot-amylase variant is ?ltered, and ammonium sulfate is 
added to a concentration of 15% of saturation. The liquid is 
then applied onto a hydrophobic column (Toyopearl butyl/ 
TOSOH). The bound amylase is eluted With a linear gradient 
of 15%-0% W/W ammonium sulfate in 10 mM Tris buffer, 
pH 8.0. After dialysis of the eluate against 10 mM borate/ 
KCl buffer, pH 8.0, the liquid is adjusted to pH 9.6 and 
applied onto an anion exchanger (Q-SepharoselIl FF, Phar 
macia) equilibrated With the same buffer. The amylase is 
step-eluted using 150 mM NaCl. 

[0270] After elution the amylase sample is dialyZed 
against the same buffer, pH 8.0, in order to remove the NaCl. 
After dialysis, the pH is adjusted to 9.6 and the amylase is 
bound once more onto the anion exchanger. The amylase is 
eluted using a linear gradient of 0-250 mM NaCl. The pH is 
adjusted to 7.5. The amylase is pure as judged by rSDS 
PAGE. All buffers contain 2 mM CaCl2 in order to stabiliZe 
the amylase. 

[0271] Determination of ot-amylase Activity 

[0272] ot-Amylase activity is determined by a method 
employing Phadebas® tablets as substrate. Phadebas tablets 
(Phadebas® Amylase Test, supplied by Pharmacia Diagnos 
tic) contain a cross-linked insoluble blue-colored starch 
polymer Which has been mixed With bovine serum albumin 
and a buffer substance and tabletted. 

[0273] For the determination of every single measurement 
one tablet is suspended in a tube containing 5 ml 50 mM 
Britton-Robinson buffer (50 mM acetic acid, 50 mM phos 
phoric acid, 50 mM boric acid, 0.1 mM CaCl2, pH adjusted 
to the value of interest With NaOH). The test is performed in 
a Water bath at the temperature of interest. The ot-amylase to 
be tested is diluted in x ml of 50 mM Britton-Robinson 
buffer. 1 ml of this ot-amylase solution is added to the 5 ml 
50 mM Britton-Robinson buffer. The starch is hydrolyZed by 
the ot-amylase giving soluble blue fragments. The absor 
bance of the resulting blue solution, measured spectropho 
tometrically at 620 nm, is a function of the ot-amylase 
activity. 

[0274] It is important that the measured 620 nm absor 
bance after 15 minutes of incubation (testing time) is in the 
range of 0.2 to 2.0 absorbance units at 620 nm. In this 
absorbance range there is linearity betWeen activity and 
absorbance (Lambert-Beer laW). The dilution of the enZyme 
must therefore be adjusted to ?t this criterion. 

[0275] Under a speci?ed set of conditions (temp., pH, 
reaction time, buffer conditions) 1 mg of a given ot-amylase 
Will hydrolyZe a certain amount of substrate and a blue color 
Will be produced. The color intensity is measured at 620 nm. 
The measured absorbance is directly proportional to the 
speci?c activity (activity/mg of pure ot-amylase protein) of 
the ot-amylase in question under the given set of conditions. 
Thus testing different ot-amylases of interest (including a 
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reference ot-amylase, in this case the parent ot-amylase in 
question) under identical conditions, the speci?c activity of 
each of the ot-amylases at a given temperature and at a given 
pH can be compared directly, and the ratio of the speci?c 
activity of each of the ot-amylases of interest relative to the 
speci?c activity of the reference ot-amylase can be deter 
mined. 

[0276] Mini DishWashing Assay 

[0277] The following mini dishWashing assay Was used: A 
suspension of starchy material Was boiled and cooled to 
ZOEIC. The cooled starch suspension Was applied on small, 
individually identi?ed glass plates (approx. 2x2 cm) and 
dried at a temperature of ca. 140|I|C in a drying cabinet. The 
individual plates Were then Weighed. For assay purposes, a 
solution of standard European-type automatic dishWashing 
detergent (5 g/l) having a temperature of SSIIIC Was pre 
pared. The detergent Was alloWed a dissolution time of 1 
minute, after Which the ot-amylase in question Was added to 
the detergent solution (contained in a beaker equipped With 
magnetic stirring) so as to give an enZyme concentration of 
0.5 mg/l. At the same time, the Weighed glass plates, held in 
small supporting clamps, Were immersed in a substantially 
vertical position in the ot-amylase/detergent solution, Which 
Was then stirred for 15 minutes at SSEIC. The glass plates 
Were then removed from the ot-amylase/detergent solution, 
rinsed With distilled Water, dried at 60|I|C in a drying cabinet 
and re-Weighed. The performance of the ot-amylase in 
question [expressed as an index relative to a chosen refer 
ence ot-amylase (index 100)—in the example beloW 
(Example 1) the parent ot-amylase having the amino acid 
sequence shoWn in SEQ ID No. 1] Was then determined 
from the difference in Weight of the glass plates before and 
after treatment, as folloWs: 

Weight loss for plate treated With mamylase 
Index = U 100 

Weight loss for plate treated With reference 

[0278] The folloWing examples further illustrate the 
present invention. They are not intended to be in any Way 
limiting to the scope of the invention as claimed. 

EXAMPLE 1 

Mini DishWashing Test of Variants of Parent 
ot-amylase Having the Amino Acid Sequence 

ShoWn in SEQ ID No. 1 

[0279] The above-described mini dishWashing test Was 
performed at pH 10.5 With the parent ot-amylase having the 
amino acid sequence shoWn in SEQ ID No. 1 and the 
folloWing variants thereof (the construction and puri?cation 
of Which is described beloW): T183*+G184*; Y243F; and 
K269R. The test gave the folloWing results: 

Parent (SEQ ID No. 1) Index: 100 
T183" + G184" Index: 120 
Y243F Index: 120 
K269R Index: 131 
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[0280] It is apparent that the each of the tested variants 
T183*+G184*(Which exhibits, inter alia, higher thermal 
stability than the parent ot-amylase), Y243F (Which exhibits 
loWer calcium ion dependency than the parent ot-amylase) 
and K269R (Which exhibits loWer calcium ion dependency 
and higher stability at high pH than the parent ot-amylase) 
exhibits signi?cantly improved dishWashing performance 
relative to the parent ot-amylase. 

EXAMPLE 2 

Construction of Variants of the Parent ot-amylases 
Having the Amino Acid Sequences ShoWn in SEQ 

ID No. 1 and SEQ ID No. 2, Respectively 

[0281] Primers: DNA primers employed in the construc 
tion of variants as described beloW include the folloWing [all 
DNA primers are Written in the direction from 5‘ to 3‘ (left 
to right); P denotes a 5‘ phosphate]: 

#7113: 
GCT GCG GTG ACC TCT TTA AAA AAT AAC GGC 

Y296: 
CC ACC GCT ATT AGA TGC ATT GTA C 

#6779: 
CTT ACG TAT GCA GAC GTC GAT ATG GAT CAC CC 

#6778: 
G ATC CAT ATC GAC GTC TGC ATA CGT AAG ATA GTC 

#3811: 
TT A(C/G)G GGC AAG GCC TGG GAC TGG 

#7449: 
C CCA GGC CTT GCC C(C/G)T AAA TTT ATA TAT TTT 

GTT TTG 

#3810: 
G GTT TCG GTT CGA AGG ATT CAC TTC TAC CGC 

#7450: 
GCG GTA GAA GTG AAT CCT TCG AAC CGA AAC CAG 

Bl: 
GGT ACT ATC GTA ACA ATG GCC GAT TGC TGA CGC TGT 

TAT TTG C 

#6616: 
P CTG TGA CTG GTG AGT ACT CAA CCA AGT C 

#8573: 
CTA CTT CCC AAT CCC AAG CTT TAC CTC GGA ATT TG 

#8569: 
CAA ATT CCG AGG TAA AGC TTG GGA TTG GGA AGT AG 

#8570: 
TTG AAC AAC CGT TCC ATT AAG AAG 

[0282] A: Construction of Variants of the Parent ot-amy 
lase Having the Amino Acid Sequence ShoWn in SEQ ID 
No. 1 

[0283] Description of plasmid pTVB106: The parent 
ot-amylase having the amino acid sequence shoWn in SEQ 
ID No. 1 and variants thereof are expressed from a plasmid 
borne gene, SE16, shoWn in FIG. 2. The plasmid, pTVBl06, 
contains an origin of replication obtained from plasmid pUB 
110 (GrycZan et al., 1978) and the cat gene conferring 








































