; e3eroLT 6TE} 8PHO4890PCT WO 03/002711 pCT/ EPO2/ 06842 A novel group of
a-anyl ases aad a nethod for identification and production of novel

a-anyl ases The present invention rﬁ“ﬂﬁﬂ“mmmmm]novel group of a5 amnyl ases
bel onging to a combn sequence reg oteins wth amgelowidrc
function whi gfo ag$£/ge8F1ici ently siml anstso sai d a- anyl 3gagEpo? /Helgaeds for
production thereof and to various possible uses for said anylolytic

proteins, in particular in detergents 10 and cl eani ng ents. The invention
further relates t 0 Pa ORI ARepmthh ¢t- amtagefe @ng A ngﬁtgmi ffxuci ng novel

aanyl ases from i sqbate€ig8898hCakllAprbiuBdibhCyEaholb2MuDhltiyiagkat ed from
col l ections of mcroorganisns, and to particular priner oligonucl eotides

and application 15 thereof in said nmethod. a-Anylases (E. C. 3.2.1.1)

hydr]9I yze a- 1’]|£‘14egb¥é@§hdi cirbesndsi cf séaaee?art@ séahggenihlggqagi yoEr 1-such

as, for exanple ctln or cagen i ch bonds_2 re

| ocat ed iﬁm ¥Jr1zés o] %ﬁ%?n% Qne fSPW&P%oﬁ% F&a rT B %ha® fd

~3-1, 6-brancmndotod311gssacmah desamﬁh@lyyaxe verfyanmmrmnanon@him nosire

i mport ant ind n fqr SO hand,
Jféi%é(gﬂ; | $1ALLaPNZYMES; af B Al E8R20RY o easgger

i ke many sub I'ng enzynes, ey are usual'ly 2
m cr oor gani srmrwlﬂtl@)t%% $harqaafdi ﬁgdme‘é@ uiviags t4fat Ppﬁsﬂblsoslﬁ%ﬁe fiay obt ain

them on the iggust bingh olGRlie fEammdies cuhhur;%wc&uaraxbylﬁeram ity and
purification with cogg arativel \F/EI itile effort ot her, han anyl ases

are requitfed #0¢ GlBFBYRYsPEERFEm 3 anHSBFELEEt |fb‘ﬁ§%el’f| FELALRE 16 st
anong the i ndeck+basedsesthbdasdoyl ageatisytihe phadyebidorinl @ovedse-syrup.

Crher exarpl ez, o1 gL U3k AL SaRANENS, | N detergents 35 ang,

cl eani ng agen‘-fl O Sat e Rt et aPSEA <t
of textiles, Dk uselaoedpfodmccn@ladhegnsesvfomlfcmoomg@@u@mg and to

sugar - cont ai )00: 1090 0 £99ehelN0 Sl @581 ot HAABIORET - AniA LA € Of

an anyl ase wh IS _particular g/lntensw yuse ustrially 1s Bacillus
|'i chen. i f18r ni sheread | #8esakdchetBoGuppl i ed by Novo Nordisk A/'S, 5
Bagsvaerd, Denmark under the trade name Termanyl. The arryl ase der| ved from

B. subtilis and_B._a IoI| uef acj ectively, dIS n US
appl i cati on U%AMpb3s854 | gol dib£ jch% M%]r?b%?} BAN. 10
Thi s anyl ase poh@sube artdandrs sh@setaelkatilike txaqunﬂmemn éuua:mhas defeet oped

i N nunerous invent ons | Ob] ect was .t.g o b Z heir_enzym

properties fo?xg ﬂCI fi& Xp %I ¢aty or l°pectthmt h(g} a&dyg 5 §h gglé}%?rlnlbeoglu Sr 15
bi ol ogi c&0 noaréi d@t:la@ﬁsi Swwidepthei patlvows  md tlel the, thgmasiamplal to
the substrat eggpectfiCly t'deSph 1 el alindd y091g&§§ca@gyf§eynd%ey,arast

reaction condl t1ons or e enzymc activity 1tsel | es” of such
opti m zati onsVe#li cFYFYy bRt dhed HeRRt aF—E‘PQGtPﬁé fdil} tigtally

appl i cat i ons: uEPl@ﬂé@4%31£ﬁrﬁe§l ZEag teud | e sang VVQH6/tR633nE0maatdr ch
| i quefaction. aﬁnce devel \é(m CthOI’lSI st _nerel %12 of optim zatlllons of
only a few kndWesPaPY ﬁlj ﬁ{f} sdgggading enzymés, ‘they dre usua

25 released by microorganisms into the surrounding medium
so that it is possible to obtain them on the industrial
scale from the culture medium by fermentation and
purification with comparatively little effort. On the
other hand, amylases are required for a broad spectrum

30 of applications.

First and foremost among the industrial uses of o-
amylases 1is the production of glucose syrup. Other
examples are the use as active components in detergents
35 and cleaning agents, the use for treatment of raw
materials in the manufacture of textiles, the use for

producing adhesives or for producing sugar-containing
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food or food ingredients.



25 possibly limted with respect to the achievable results, an intensive
search for conparable enzynes for other natural sources is carried out in
paral lel. Starch-cleaving enzynmes, for exanple from Pinel obacter,
Pseudononas and Thernus, have been identified for food 30 pradisddmin
cosnetics and pharmaceuticals (EP 0 636 693), and enzynes of the sane type
from Rhi zobi um Arthrobacter, Brevibacte®i um and M crococcus (EP 0 628
630), from Pyrococcus (WD 94/19454) and from Sul f ol obus for starch

| i quefaction at elevated 35 tenperatures and strongly acidic reaction
conditions (EEn0 &2anf8% ansk W0a86/ Q263se ' ooRESH T Veky. Raciiduis SR,

anyl ases (WD 95/26397 and WD_97/00324) have been found for the use at

al kal i ne pH. ’Eiﬁ'ée?ﬁl‘t’ﬁg}’ru?ﬁ@ 1IngyEEeeRETY- 18 AaGiiiusitArhr e v igent s,

ot her anyl asea-&mpbayari eiscBacikl i stEB1@e@70b367 Noaice NoAdke forsuse in
detergents or,cl eaning agents..5 Further. optim.zations of the qnzymes

i sol at ed T%r on’?%%gﬁ?%fgm%r%g}enér orurﬁleg PP i %E?g? P85 ﬁefrnéaﬂﬁf]i Catﬂfﬁ] may
be carried ouamylaseexanpl @erivednol ecufaehi ol ogiBal sutethbis (for andanpl e
according to PSS 3171873,0L¥0; 99520788 s VLa chemscal. i [ 10
(DE 4013142). The_%aten(tmga é{\Pilcatl'on V\%GSSIIX%%S gggr %éfgqnglsgficgg{sgfrb?bes a
devel opnent oRPPhECRRHMR dmA27a3dfy| 88e 593 whY cHsegaanee aimmamari ti es
bet ween Novamyhgapndckaomameysh@@extrin gl ucanotransferases (CGlrases) are
utilized ion order to construct a nunber 15 of related nolecules with the

ai d of ndi%cul ar bi ol ogi cal techni ques. Said nolecules are a-anylases with
addi ti onal CCrase- spetafécmobosebsuandeqiienedssEhaxas) iaket Haved ivywn or,
conversely, Wit h i tional regions and functions, typical, faor a 20
anyl ases, or ¢ ??r@%ﬁs doeﬁfeti%g’etdv\olr?m élf:n% 85° THe Purpde ?ﬁm%%i LHSH oprent
is to optim zeasoramuaptigrlzeesbeapplenzariienspraper apps | Catri erpedd 897 57250,
for exanple, Q@?ﬂé&@iéﬂé 2g,itkgaching of k4 nking @9%¥HE§ S%c}laé%!@a&o-.r the
use in deterg]S_n s and cleaning agents via chemcal lTinkers to a binding
domai n WHidch Phetessedlt hened i EE¢a vCRhzy meSedhce MR EMIAR BPhe Mmaveri al

to be cl eanedreBAtéd, Muydas nestafnpChi, ONe®f t@RZYSBLIEVLE QP B iGOHA S8S

conbi ni ng el eglgnts of own pr t%' ns related to_one anofher via random

net hods to gi ene%\‘faetﬁlz(g]r& (vi G Spr 5PEYTFesURATE nAT IR JiRes et

previ ously. Scchdireidmwssoar ecaltde | éstwdi eindetitvheygenerild .t @xanies
“directed evol bt [ on for Le the foll.om ng.nethods: the
St EP met hod ( 2558 %gl%?éégggnmt WnEeh ha n%’F. ,me%ll&ﬁ*&%%{er&p. 3383 261) ,
random pr&i0ri nghe ecdebilowtingn (EShblo aattiging: (1988041028 ei for HOASGORCT - 4

Acids Res., V : )w&8 S L Ng. WP.C. (1994),
Nat ure, Vol un’gég%}g%péﬁggggg%ﬁ;g%%B??AD%%T%H Icéé}éoglé\‘? Aeriop: (2001), Nat.

Bi ot echnol ., Volunme 19, pp. 354-359). 5 The reconbination via nethods of

this kind reqeifies theigpresaientd sufdnieihent | ¥ohgngtr egipdseDp eagdr of the
nucl ei ¢ aci ds u€ed. i n_order to %%hi eve h‘%b i di zation under the particul ar
condi tions. SRFITHE?EEGIRNLES CToYnid HE FheREPYR eSERAFERTPEZNBIES Rth 45~

to one alst hepostibhe ardiimdtad d wetlel skepkdtbe tegatHed ashpreacttileabl e
e L e A g
hormol ogous ~ other natural sources is carried out in parallel.
Starch-cleaving enzymes, for example from Pimelobacter,
Pseudomonas and Thermus, have been identified for food
30 production, cosmetics and pharmaceuticals
(EP 0 636 693), and enzymes of the same type from
Rhizobium, Arthrobacter, Brevibacterium and Micrococcus
(EP 0 628 630), from Pyrococcus (WO 94/19454) and from
Sulfolobus for starch liquefaction at elevated
35 temperatures and strongly acidic reaction conditions
(EP 0 727 485 and WO 96/02633), respectively. Bacillus
sp. amylases (WO 95/26397 and WO 97/00324) have been
found for the use at alkaline pH. Due to their low



15 to one another already define a sequence region which includes any novel
sequences theoretically derivable fromsaid starting sequences via
reconbi nati on. For this purpose, they may al so have honol ogi es of |ess than
45~, if the nucleic acids derived therefromcan be 20 nade t@4se0@uy ne by
any of the methods established in the prior art. Despite all of these

devel opnents, however, there is the unchdnged task of finding, in addition
to the few 25 natural anylolytic enzynes which are currently industrially
utilized in uPPRRRFHEECY oF th GPtEH IERE ShorQRRAT RIPY el e GEPBD VEALOUS ur t her
enzynes whi chBacpriori (Ewe® &70r @Y )spegteumAii wild cakbens asel WAinch may
serve as staréiqgrgoints for éﬁﬁuication-specific 30 further devel opnents,

in particular Fhdon T e % +EHi?ﬁP?&§{:hods . The great genetic
variety of the G ampositive bacteria order of Actinonycetales, in

particul ag of g, OENUS S AL ERLAUY G5, RS NAl Ao PeA NS | QIGA

previously for anylolytic proterns su ' ndust rial” pur poses.
two Japanese RRitwral appireesi bps bhe parbécuéarehpeitedfi mpopiiisaddomext .

The applicatipg, Ho489QRETed 5 outh- A ffr 143999, 06 5C 9385 @fdb1acmaase from
a representative of,theﬂgenus Streptonyces, which I.s suitable for the use

in det er gent sPHPLFECH} TECERRAT s (£9%i €XBRBARI 8RFOSALBEt SRy &ss 547 1608M 9 or
EERZIS‘7620’ &r cones 99Dm%a6&atrr?k habikat anémgbﬁws i fodlikealdata ofdi um

ai ocynent S t he olytic enzyne nerely. yi C paraneters
and its g@?taﬂ?ﬁi%@i$§$zkhe1§%% ?%X%% eFﬁ%ﬁﬁgaﬁﬁ nbl%én?%ggézg%ts&%ﬁht not
via its DNA sexpranbe, odeaaihbeaciad damismesnt] OofhéeéhenikyoemdiNatasel i n t he
application JP- 5 60548 angd - iV, St g - p. 805 or
FERM BP- 6359 5§m§%%§%ic(§$op§€?ggg §%%F%%?E%Q %Egggg%$@§ﬁ§ SF%%%%%%&ces
sp. KSM 9 enAfeamypwedtd shpewns spplregrtsanal 96 usamosceaysirgasss d

enzyne nerely(vifaSgy MheePAEAMRLARS adopbrVitd tdeh - Ne: 81 dhudtber
nucleotlgg squence As .a reiult of thi,s, both any|ases are avail able

neit her for HeterbFOPEEE eTOLESHLES artth T odel® i oft or Of or Molecular-

appl i cati on- spesiddgicsk! artdhomcared 20Saptli M@bét@hes Siaee hotmtlnadist | onal
mut agenesi s net hods_and. directed . avolution.nethods (EP-PCR, sequence

shuf fling, fdﬂ%?@ s%@&%?%%%?fargGggggdSBﬁc% éccofpgéﬁgﬁﬁﬁngs 8€=aci d
sequences. 25(L¢reepresord ihverttiaons i o1 husqmigmadly, b&sSthsms t b tdbj ect
of identifyi a- ; S i£h 3 be Grib previ ously

"Sadpt o) 2- 2EKIBRES WS BaNg:fghsbeqtfiesar | bedy

and whi ch thenselves are suitable for EOSSI e I ndus uses or ich may
serve as?BaseaMYbrseppl PE€athdmespecPfi EhpuEWRemo3gcydes! ofenpsirpose

Preferably, thistabsedevignbdie consbdesmd s, hanbigmpeenraghienad by
finding a pluraljty of a-anylases or partial sequences of a plurality of
a- anyl ases, v?ﬁ?iﬁ 1% rel ated to one another and can be honol ogi zed,

since it is possible to derive a sequence region fromsuch a

honol ogi zat i af, mg' ] i N, £aR .Ser as startli int_for nerating
furt her enzynEs? héTlEEB géoﬁ@T@9/§7§%0, §%fiéx£§bfg, prov1d%g T2
25 teaching of 1linking enzymes suitable for the use in
detergents and cleaning agents wvia chemical linkers to
a binding domain which increases the effective enzyme

concentration on the material to be cleaned.

30 A modern direction of enzyme development comprises
combining elements of known proteins related to one
another via random methods to give new enzymes having
properties have not been obtained previously. Such

methods are also 1listed wunder the generic term

35 ‘directed evolution’ and include, for example the
following methods: the StEP method (Zhao et al. (1998),
Nat. Biotechnol., Volume 16, pp. 258-261), random

priming recombination (Shao et al., (1998), Nucleic



finding of a-anyl ase sequences as diverse as possible should be
particul arly advant ageous, since this opens up a correspondi ngly broader
sequence region with a corresponding nmultiplicity of possible variations;
on 5 the other hand, honol ogy of the sequences obtained to qresomdder
shoul d still be high enough in order to make a reconbi nati on via known
met hods possible. Preferably, at |east ~sédme sequences shoul d have
honol ogi es to_one another of in each case from50 to 10 60~ identity at the
anmino aci d | edeFISpaReESof tVRlWBfectSnasPr o &bt 2683 k he BRI eshuteligid codi ng
;or aharr%! ase$seér|nmbi:$ llw.rpd,c.si gwwpﬁi dNag@][r%i,c \ﬁ@lt?ﬁe arls;j_oez%gﬂlt izdg-bot hf
or the biote 0gi ca roduction an or the furt evel opnent o
said enzymes. ggﬂgt h%?gpa#é%&\fhe?%%f%ct Wed- ¢ £Fi Rt ho&o%)g'ani - whi ch
natural |y pro8doeetheod-anybhses 18, goest 354-329) Anot her part of the object
was to find a method by which such a pool of a-anylases can be provided. As
anot her part of the object, it should be possible to 25 utilize the
a- anyl ases, aTbﬁyragemkiaghéﬁnsvéa aeshplssefgdhds Minal nedrgr s agreent s

thereof for fhpdbBHcOT SHeVELPPL BYREW, EABHIESre R HELHP f okh j ect
was to make p%ssiblg t he 30 biote%hn%?o icgf p?odué?i%ﬁ %%&?ﬁeog-gﬁy ases

found or deriPabiela- ARfdsedSeAndihePrHaFt & BRB1BBFe YRS 7R tHeM ne
poisi bl 3 i ndu&hﬁé:l':ll tises partibelsr ahrwcbmietsih&wnﬁ.s&_sﬂihﬁg f Ld_’eﬁfué?ﬁie%:t i Sf
achi eve a tic proteins.which are thus the fjirst subject tter o
t he inveﬁ??onggkﬁ éﬁgggggﬁﬁﬁowiégg SRR & ﬁ%r#é% &° 4§§5ﬁggﬂi 7
portion of whath @Be mEmwfrey abdyi@9~lepadti alarld pbef erabhydddOk =y e
descri bed by us guen f I . in_particular via

t he subregqi onﬁggﬁgggégggi nfg:jgxteolél o%ﬁtciggr?g%glt ([))hgg?:laﬁggiélgni néc‘}‘%demore

anyl ol ytic préteFwsahavlig fdve @G ctHe s bguerdegeuisn di eamded riat itdre
sequence |isthpg1eader SRQ §PrhOredt RRARAHY efil @bl ¥rkhagadBsud r eat ed

in the exanples, in particular_the_enzynes derived fromthe species
Streptonﬁg%s £Q. OBS2 PIMER4nbECARY QﬁggﬁﬁsEﬁosﬁﬁV%%C%réegappi@ﬁéﬁﬂ}y
simlar thereincbudebi dnyamdv@ldeseyadntber efiest dyic®l hpdsiddiambiper se.

Preferred repigsemxgiges be isolated fromnatural o sne, jn

o) S Gan ] e rgagi :
particul ar frontTho e of THe r SREPRSTTcet Af est S99 5 FossiMi%e to
derive from sthissaegumss viheliomurwgeisbi dmaee sépueiogiesgi ofi idssh in
turn can servengy gbal!i0cRal Abchal OZRTLA! I LY Mo RUIPSanT i
invention secondly relates to nucleic acids codin or anylolytic
pr ot ei ns 4thosB2@@1 f6 FECOMPaHgee amnef sebeampshpdsn estt aiiisihegig-in
preferably 99nheparibgubpely preferably 100k are described by the consensus
sequence of SEQ ID NO. 263, in particular via the subregion correspondi ng
to positions 8 to 93. These

Despite all of these developments, however, there is

the unchanged task of finding, in addition to the few

25 natural amylolytic enzymes which are currently
industrially utilized in unmodified form or in the form
of further developments, further enzymes which a priori
have a broad spectrum of applications and which may
serve as starting points for application-specific

30 further developments, in particular for random
recombination methods.

The great genetic variety of the Gram-positive bacteria
order of Actinomycetales, in particular of the genus
35 Streptomyces, has hardly been investigated previously
for amylolytic proteins suitable for industrial
purposes. Only two Japanese patent applications are to

be contemplated in this context. The application



25 correspondingly preferably include the nucleic acids coding for the
respective proteins of the first subject matter of the invention but also
particul ar oligonucl eotides which can be used in nethods for finding such
genes or gene fragnents (see below). 30 The invention thirdlgoaslpaies to
the natural organi sns containing nucleic acids coding for the proteins or
protein fragnents of the first subject -mAtter of the invention.
Particularly preferred enbodi nents_thereof 35 are the strains Streptomnyces
sp. 327* and g%r%p@% 239%p. BABOBORAPCh Fdve UEAMIEPRRi t edraMder & he

nunbers DSM B@@ﬁe@é‘ﬂtwé:‘;g&ﬂ- tﬂ%p%‘énu@' )Streﬂ'wr%w Gvhidle ijvention
fourthly relates, to, P rret hodsné identif gland/ or obt ai ni ng new
|

amyl ases front & cdrtec Pﬁn HFani L nBe P AR BT ol §E 1NN @9 S thods are
characteri zedThist lmactgaﬁ@lanpr i ferephamyogsi speacNSM'}%aee TFBrRY |Eab'l6@d3

region and a I o] region knovvn ases are
usgd. Met hods'"50 Magggg%eg?aﬁleéqfi n%\%léfl §us vvays ar?gr%el &%t ended
by opti onal pm@é?elsrs sﬁ@p@l ddregeentcHedersbgeerdinganiéogehnes enayare
fragments 10 &@féi%e%adeéﬂéﬁhﬁg: PERLLAES YOI %%dﬁayté)esﬁf;a@as&&@Ef%f/' a

i mmunochem cal ods or_via their biochem cal properties
embodi ment s rEPat BSRolRhESFEIIFRIST A PIeIRIRg WRgANESspBEE DTt Yda

variability oftsebrtsofuéehcé herragindsadi@mabiéiicéhey are derived; 15 in
parti cul the prinmers used in the exanples are preferred enbodi nents.
Anot her 3855i bl e enbodiment relates to the origin of the material serving
as PCR tenpl aike entymeotlisciosad oh Atk apmidetdaies kR -7g 00ef-e05edh. | n

further errbod nt sy :Pf'@eECR ﬂtcﬁguct.@t c‘?t&%ééydée;d Vl,lz-b @i ;)O%rbanks.

Parti cul ar pre erence IS given a rea process whic
multiplicity %ERhéuEﬁ“r6@5%rb@aceszymacmr@neats@qUénn@1|aég|t@n téasepof

defined. 25 Thgel n\sq:r}téﬁbn{}}getgﬂ%rrelﬁgﬁsy 0 & aﬁyﬂiéﬁééeraag;gﬁag?ﬁ()d of

fragnents or a-anyl ase genées or agnents thereof, obtained by
the previldus ¥WBFECRCHRAR BLS6f TIRXIGKATIVN, SPAA 1SMY) BRTALYelYdF ng new
enzynmes, by ushigmbai dpsrahyt&ses,and arfyd@sanfar agireit amdhor @iy lase

genes or fragnents thereof either henselve for ng f.or or
devel opnent o u%%?/% 1Ori HEFES8ret o tﬁerﬁﬁg 5n 5r Fﬁlﬁka&éﬁ?’o%
protein or geace 3yaiRebilevemitdresi Lohl y'lertamhsgctms vexpnessinam Iag1d he

nucl ei ¢ aci d\?ﬁ)P%.dﬁgg S&coRd Sf'g%ﬁ%ﬁgwﬁ%&b & |ﬂven£ F% ceI S

t ransf or ned such vectors no oglca
preparingla oppyBOTRGOn, g HERIin bﬂtl'derlt\ﬁ%ﬁdlwelm]ordlﬂwg:mrﬁmsfl r st

subj ect matt epeOhiodde 'aﬂi@”t 'dQQfec-Elé@ i ”é@BihQﬂoﬁeVE‘rﬁEﬂWdé el atgs geg,t he
possible 5 industrial uses for | ases oun These include

det er gent s ors%%%?%gsﬁﬂémén%l dfﬁ‘m&rlé( HE DT, RS nPaRgE PRey-Yonpri se

a protein or @erresponeingcoidlagetacidesédpichcssbj ect matter of the

i nvention, methods for starch liquefaction, in particular for producing 10
et hanol , tenporary bondi ng net hods and vari ous possible uses, in particular
for the t2r5eat'ﬂ@$|t poeseal natesntalon onsi ntlsrsrediramesiily thessevhnofadthe e of

textiles, BdLcubpr ﬁe&@egmgngaee%w o-5AG1858830IGH HIGR d/ o
short - chal n o I'gosacchar | des hy é;
been described prev1ously an which themselves are
suitable for possible industrial uses or which may
serve as bases for application-specific further

30 developments.

Preferably, this object should be considered as having
been achieved by finding a plurality of o-amylases or
partial sequences of a plurality of o-amylases, which
35 are related to one another and can be homologized,
since it is possible to derive a sequence region from
such a homologization, which in turn can serve as

starting point for generating further enzymes. The



15 cycl odextrins, for liberating | ow nol ecul ar wei ght conpounds from

pol ysacchari de supports or cyclodextrins, for preparing food and/or food
ingredients, for preparing aninmal feed and/or aninmal feed ingredients and
for dissolving starch-containing 20 adhesive bonds. A proteigpageaisd N
accordance with the present application a polymer which is conposed of the
natural amino acids, has a substantial Fyél rnear structure and 25 adopts
usually a three di mensi onal structure to exert its function. In the pr esent
appl i cation, ¥HAINO ppét A TFIYEIATS PETURREEY GECURFVEHFE- R Pesadide are

i ndi cated by gheyiat Benadd oiedl Ya £t QEBEN tdgesd, 3l Btd €RU8S ophsAn
i cation neans a, protejn which

enzynme in accordance with thg B &s 2?‘6§E|

exerts a part¥Rul®ar CBF5ERBATEANIA YN AT WCAMASIYRRSE pFE8&PRs B ER_nA nes
wi th anyl ol yt¢mpr¢m©m@emlth@aawfbﬂydro@suﬂea &aﬁlsslgﬂlyposjrﬂl c
bonds of %°|W§%§Ch%éége§f rt| ul ar % e bonds | ocated, inside t e

pol ysacchari des; Whi ch' dre A OQ%fgrre S o FE9TT- Sryfake C
3.2.1.1) or creny kastehefror shdokd . stiki04890 PEEgh 1@no1ler1rerlmusoqodereltr¢s are

forTed a5 PUERED! ehS ederti EATELNCT, 1 { Nefoph Nabe ABRLT ool d hen

means the Nterm nal part protein, whos unction usu
ensure the expefferiPine pﬁ@dud@ﬁ%ﬁotépﬁefr@@qqﬁ?qﬁ%MUéhﬂgléeHhQWﬂo t he

Fﬁrl pl ?sm OL hhO1d §e§?ﬁbouﬁﬁl na?n@?ﬂ?ﬁgb%ndf&reébﬁd%?rsréecftﬂirm gbngo

ereo ubs en e signal peptide, s renpve romthe renaining
protein &ﬁdergﬁgtﬂ$%¥t%5%d??l ?@L P s7gHAI 196  bept i dase so that said
protein exerts its actual catalytlc activity mﬁthout the initially present

Nt er m nal anl ackg§ 58 dﬁ§ﬁ§9% Watshetgatl 2 & anﬁlase f on18%&g%§pnyces

sp. B327* is 4 amno aci ength, "as s TS i
illustrated |©D@imy150rDuNamy5aSBﬁeQﬁgﬂhﬂspbpmddesmncehsglénpwudaﬂ¢

conprises 30 ap{A9 agids éeséﬁéiaihebgehur%o%nzxm has A depehl A 54131

amno acids. OMng to their_enzymc_activit preference 1s given for

i ndustri aP p%’F?‘?:IéGE‘Fb‘PI% 314 hd 9Fat Ghe péb%—”Fé% fegelepmenrth z\afes Sirictessed
after their psepar@éion, over the preproteins. Pro-proteins are inactive
precursors of proteins. Their 25 precursors with signal sequence are
referred to as prepro-proteins. Nucleic acids nean in accordance with the
present appl i zadtloer t har tobécuhes oljertt aves nad UEahlly thosposadal(l safs

nucl eot i des, Serve £§tﬁgéf%$a r&ﬁhg rr#%r& %Hgl%ggg fgr the Ilnear am no

acid sequence Th pro e prese S2EIR hgl e strand,
as a singlfe strand conplenentary to sai d S|ngle strand or as doubl e strand.

For ol ecul arz b 0h 091 GalreAop kK, t?n‘é pasﬁgr:encv@aésta' VEThd 0 ot Nfe PG Bl aci d

DNA as the naturally fnore durable inforpation carrier. In_contrast, "an RNA
i s produced twh}%%l%%%%tat$%°1n@%H%T%myiﬁs%Sn%§%r%? RROYI8Rfent such as,
for exanple, in an HO4890PCT - 11

As another part of the object, it should be possible to
25 utilize the oa-amylases, o-amylase fragments or o-
amylase genes obtained or fragments thereof for finding

or developing new enzymes.

Another part of the object was to make possible the
30 Dbiotechnological production of the a-amylases found or

derivable o-amylases.

Another part of the object was to define possible
industrial uses for the o-amylases found.

35
The first object is achieved by amylolytic proteins
which are thus the first subject matter of the

invention and whose amino acid sequences comprise a



expressing cell, and RNA nol ecul es essential to the invention are therefore
| i kewi se enbodi nents of the present invention. 5 In the case of DNA, the
sequences of both conpl enentary strands in in each case all three possible
readi ng frames nust be taken into account. The fact that di ffgrgnfpgodon
triplets can code for the sane amno acids so that a particular amno acid
sequence can be 10 derived froma plural 7ty of different nucleotide
sequences whi ch possibly have only low identity nust also be taken into
account (degeﬁ@?‘é&?nofoghé”@e@éti tod@reienaivirer 99%ar i ey toraya@siys

differ in thgpfléﬁeﬁébii?esQO@‘%qonsaré;C’r gkBesepkaasans, path adhQ.agd 15
sequences and nucl eoti de seguences nmust _be i ncorporated into the scope of

protection, aRBIRERFRotTTe udRce¥N0i ndPéat et arRe ¥ i GatRY c sk t Shse
regarded onl ysalsregiong durrspidigxpnmpbe posigipast icukar emi nared

sequence. 20 The informatio nit corresponding.to a _protein is also
referred to as GERaSi na?%i%?}ﬁgﬁﬁe W?hef'ﬁﬁ pl"@géﬁ? appi c&HEP. 239 s
possi bl e for segkehtes vwodiertedi amovhadageapeneral 1iskirmywnumdehodEGuch
as, for exanple,shegyc t hesi I r [ td ((RCR) in
conbi nati on V\nbtghN(?rbl gu?gr%?é)l §SF§S?5§E§/ %Ep%%?gﬁ%%hgﬁe%%%dsggln&ahg;
met hods, to pe¥papkes he iFppPapEiantano thecl enzynes dslays vies! cérphettdriggenes

on the basis ghekiNOWn JMHAIMANGLSHANAEL 7N 11y a@h@og@%&ﬁ@%ﬁzyﬁ@
I ochem e

net hods are knlgv\n% for ex | e, fromthe "Lexi kon der g
[ Encycl oaé)di Aot B BERe MLV SREI¥K T I LA df IR r OWeRagh BeR B8 1999,
Vol ume 1, pp.debived Zherafdovol bye mdthorls 2Riowr 9 peZhagges Brefidiged

nucl eoti de se n b rpduced or, exanple, b .

nol ecul ar - bi o?%%?%%?n%%%%% gﬁgmﬁepéFﬂaEﬁ%%ﬁﬁETn-atffélseo,r%%’er r ed
to as nutati ohs.p@epbrdlay brnomhehogeeoHf thhangder dbtetnomycenskesi on or
substitution nutations or those in which various genes or parts of genes
are fused to one another (shuffli ngq)l are known, 5 for exanple; these are
gene nut a5 onkt The RPFEHbNditR) cepkiesnmsizoe refid r apquenEesutvd® s. The
proteins deringdofs@matiah et RIS RCI deqgaba fherhedit0 @gyardant s.
Thus, for exanple, deletion, insertiop, substitution_nutations or fusions
result in 10 Pé%i%%:?t‘-f"ﬁgje?gi%ﬂ*?tsg%ts??%??%ﬁl%t%ﬁ”éﬁh%? FLEYBPS genes
and, at the protein level, to corresponding deletion, insertion or
substitution [ f ys| roteins. 15 Fra nts nean all proteins
or peptides V\%ﬁ%hgg%éng%ﬁ éricgﬁéiﬁynécteulraa espr%? e?ﬁcgf%}ctﬁgﬁ h&?go ot ei ns
whi ch co2lespbed tamgbapyeiel yprotashat ewhgeresamand waicdkl nmeeqgufenice

exanpl e, al so Ppt ai ned icaldy. i»hg th ] ci
sequences, th%%/}ﬁprray %e 20 rs%%éthgéddtgéét hg}gc%r?es%%%ﬁdi ?&rec%%’l%e e gréc%t’ei ns.

They may adopP@ribfubiahpl Hrefrmblal X9¢uct Bes stessadhedr dveolyas ¢
activities orcoaséhahs agbhiéhé€SosUgRasDCABN! %BNY igf parsURStiLat & 4f or
exanple. Fragnents and deletion variants of starting proteins are in

principle 25 VBTySYPHEPEPY GRAFFESPPRGHRA 5Or Bﬁﬁégéﬁgsr &t iker 9Sel %e\ﬁﬁ y

smal | pi @6es, coheesipdrdinml yrutpardferadilher inadkden! yhshaticYe: orsigtad t hus

only 1 ndi vi dugbapait 8y LHACEEOBSC PO b bRBRUCLE ¢racld v aly, e
partial sequences Torrespond to fragments. I'meric or hybrid prd’t €l ns nean
in accordancem@kERrt heopr esthe appnveation t hbvé pretlsions wemticarlar

conposed oligonucleotides which can be used in methods for

finding such genes or gene fragments (see below).

30
The invention thirdly relates to the natural organisms
containing nucleic acids coding for the proteins or
protein fragments of the first subject matter of the
invention. Particularly preferred embodiments thereof

35 are the strains Streptomyces sp. 327* and Streptomyces
sp. B400B which have been deposited under the numbers
DSM 13990 and DSM 13991, respectively.



35 of elements which naturally originate fromdifferent polypeptide chains
fromthe sane organismor fromdifferent organisns. This procedure is also
call ed shuffling or fusion nutagenesis. The purpose of such a HO4890PCT -
13 fusion may be, for exanple, to cause or to nodify a partygidRfpcepzym c
function with the aid of the fusedto protein part. In accordance wth the
present invention, it is uninportant as Bo-whether such a 5 chineric
protein consists of a single pol ﬁgepti de chain or of a plurality of

subuni ts bet weBf ®AVERLHPRT Epunthiynceilenesnap BERtbsseidbmesdhodRo fiampl enent

the latter aligeRglityengit ahsi/BRSSidHtG i iy €XAEP! Caml PaBLERK f(;gﬁp_ g single
ide,chaininto a ’E‘l urali ty,10f' 10 pol ypepti ~de chains by a
€

chineric pol ype .
specific prot g%f;???:“&ﬁleagaﬁé,gaﬁﬁ 8r OpoFHCLERS| &G16Fal Wirigh dathogdt er a
purification atep.chireleierd zekt almednhay ireer broneiut aldwihdgean tdwese 15

variants whic ve, been .ohtai ned via net hods .known_per_se, by inserting a
nucl ei c agnd ?‘?g%rm%t ~aorflalp:)i)rlg? ei%n f FEgmeRt PR ?hesstd??qlrfﬁ%/séﬁfz}?é’es.
They shoul d beomdbsgdfis edt@as régihems c @f otleiove; dueytaxsddeidaresi nidat.ity in
principle. They Qiffetsf rgmdhe;latter, 2 rel.y in the size ratio of the
unal tered prot e1|:n art to the glllzlg 0 %h]geenei%rlénﬁr&otleﬂl e ﬁoggcr‘f’ays

i nsertionnut a®ed pPet ePHisSerAedpr Bigor PPEACBRLT opEogesST ofsdiepsi:s |tdweere t han

in chimeric pigéphas. e iHPn pHkag 1S, e @edlp%rti@aﬁ%g&@ce
conver si grrb rr(g]g be r(ggar ed as a special Tarm_of goth el etion™an

i nserti o’ ThEPEaHMRSAppPrRELVERa BERGAGGS Migth varY oke ifdlIag@Rteiaass,

whi ch devi at esidr ammredaidmgicl aEUhORCI drsegugncithe Sai hiIRHAURIATY 30
can be regar tiQn i ant s_insertion _variant and as shuffling
vari ant of tﬁg%ﬁllgrggﬁég p?% t\élﬁél.'ﬁ ﬁ‘g??@ ?ﬂ}g? ﬁ@gﬁtﬁntgc %ﬁedglr‘?cgég\ﬁt t he
present 35 apph¢capirémeriosevigriot eraspabbse tpur eclaan noaatabithaiyn hkas been
chem cal |y modified; oJhgse (IR1 1 ¥aL{ZAL ! @gém%'% 9@&&%3'{,‘9@ Qulge fiQfogxanpl e,
bi ol ogi cal Iy in connection wth protein bi osyntlhe5| S Re 1i0st ordani sm
HO4890PCES- 14N MFITEd T bi obBYi dinfitshodsefnyihe tagpl eyambohes e ardovever ,

sai d derivatigaéi&Psedny etlos@iR@near.li ethitlechepbeaibYe T Upssamg by
chem cal conversion of an _am no,acid side chain or by coval ent bindi ng of

anot her 5 conpBUAEET o SPheFtHt oPELAINSRh B oMBbERd afayP A G Deast GCR

exanpl e, ot hetempbiedns whilth askEldmtinghs f af exarmlmmpdet diddineidienal
chem cal co profeins,.of the inventjion. Suc dificati ons may
i nfl uence, f P%ﬁ?aﬂ% %',. g%bg ?5 & s 5aRp F@?Pysmtﬁﬁegfgo?ﬁog}@%ﬁ 8% %i ndi ng
to the sdbfstratedbed cuiise eppaesisdon aydid ngParftitelanzpriefeaehiei iy i f the

coupl ed-to subst@nceces af ieBLBLigh HskdBy benyshl ul) do, thegper] od of
storage, for exanple, Likew se, derivatization neans covalent brnding to a
15 nacr onol eclif By 1RLHpbEY . Ofr stidtinemepraddet e véanitieth @i &esmenser um or

a particul ar s&dion nramabeoieadhydrel ated proteins. 20 group are
di stinguished in that antigenic determ nant which is antibody.

25 The invention fifthly relates to the oa-amylases, o-
amylase fragments or o-amylase genes or fragments
thereof, obtained by a method of the previous subject
matter of the invention, for finding or developing new
enzymes, by using said a-amylases, o-amylase fragments

30 or «o-amylase genes or fragments thereof either
themselves for the screening for or development of
novel primers or for the fusion or linkage to another

protein or gene.

35 The invention sixthly relates to vectors having the
nucleic acids of the second subject matter of the
invention, to host cells transformed with such vectors

and to all biotechnological methods for preparing a



the reaction with an Body, to groups of The nenbers of a they have the sane
recogni zed by an In accordance with the present invention, all enzynes, 25
proteins, fragnents and derivatives, unless they need to be explicitly
referred to such, are included under the generic term ~protgpaggopiectors
mean in accordance with the present invention 30 el ements which consist of
nucl ei ¢ aci ds and which contain a partic¥lar gene as characteristic nucleic
acid region. They are capable of establishing said gene as a stable genetic
el ement repl iIRERYSG | Alepitidet iV f acRerdéndi rﬁ%gtg@noﬁrﬁerﬁm gubpectes or a
cell line 35mmuatersedfertle ganmiidgns or cell divisions. Vectors are, in
particul ar when used in bacteria, special plasmds, i.e. circular genetic
el enents. Genetic engineering distinguishes between, on the one hand,
HO4890PCT - Ifhe t hbaeenetbdnr s sahietittdrne usellatos stor agghandpbBEsbiko a
certain exte f-or ef i i neer i Wor the "clonin ectors”,
and, on the o%’hdé’irafJ A %%%e%%i‘glﬂ p‘gF?m %g?%% gaﬁﬁaroﬂﬁ‘SFe&fqggPﬁ?hi ng
the gene of Bldugngeanits | art led dsasmaeryents ewhdghblame ekpresseonzefl t he
protein in dugstdian. dheseyfetote argroelenr s horasaexpeesskanayagtors.

Conparison with known enzynes which are deposited, 0 exanp

general |y acdesstpe e fdaesbagy arksatEenossdi the tbnormivcen t heeshedmi ¢
activity of agbrenzgyaecHNAE] qeofsdtiesat | Qi fperiBe1aA N ACLEca88YaRCE OF
nucl eot i ?ﬁ se encglt. %rau d activi t%mara be rr%gl fied_qualitatively, or
quantitatrvel L}WO herSHRYH h | ’e‘}g/qdﬂ%t 7% 2 BF e VABLOPAVBPTEAPLR t he
actual reactiwres,Thirs pantilcubhat €olro thicort raimrs, ehzyae shabichaly,
activity, re i of..syhstr ificity. .Such.a conparison
is carried oﬁot(\It b)g/'ﬂrt%?@tg?%égggm {%I‘ % sgiégg%gggufﬁ t%% rﬁ?@icc oti-de oF ami no
aci d sequence@RWfiaH@pr §08i rdesiriang coositdar, at fon trepes imwt héneaFhis is

cal | ed honol q@iZeid 0RnhJRel- /NG t BT 1LelRMME ARRIL | 088t 0L0RCLRDL A

rin
the formof a table is referred to_as alignnent. Wen anainy2| ng nuc?eoti de
25 sequehees,CYEgQIRHA N onpf @FentdPRratiagds oWl eiekrtasweaghtt hr ee
possi bl e readicupduralEes nusgiobe t akeslysdocisepadt , | ikWsad he dggeneracy
of the genetic cod atnd t he organi smspecific cogon usage. I\/banvx/?i I 8

al i gnment s arcémé‘roégﬁi%éfd‘r{ﬁ/ corr%ﬁ er PFOAERT foFo2W exd3AP/ 8T by £RBIFASTA
or BLAST al gamgretsierttts,s fpoceptemaringleatiiimadd, féed exatypre, ahymB1J.

Li pman and W e - ) 415 Selence, . Vol une 2 . 14351441, 35 A
conpi l ation o@egl%ng?gﬂliégggos%rﬁ o%ls)gi r%f}lt%Seocicvtb)!ﬂ1f= rég ?\%ngaﬁggégén?s

referred2fo asdhamisendendsequence. HO4890PCT

A protein means in accordance with the present
application a polymer which is composed of the natural
amino acids, has a substantially linear structure and

25 adopts usually a three dimensional structure to exert
its function. In the present application, the 19
proteinogenic, naturally occurring L-amino acids are
indicated by the internationally customary 1- and 3-
letter codes.

30
An enzyme in accordance with the present application
means a protein which exerts a particular biochemical
function. Amylolytic proteins or enzymes with
amylolytic function mean those which hydrolyze a-1,4-
35 glycosidic Dbonds of polysaccharides, in particular

those bonds located inside the polysaccharides, and
which are also referred to as a-1,4-amylases (E.C.
3.2.1.1) or a-amylases for short.



- 16 Such a conparison also allows a statenent about the simlarity or
honol ogy of the conparative sequences to one another. This is expressed in
percent identity, i.e. the proportion of identical nucleotides or amno 5
acid residues at the sane positions. A w der definition of tfpegogypaT

honol ogy al so includes the conserved am no acid substitutions in this
value. This is then referred to as percefft sinmlarity. Such statements may
be made about whol e proteins or genes or only about individual 10 regions.
The generation of an alignnent is the first step in defining a sequence
space. This hypaéheds Calraios epe@PESSASdANYs Sep it dinde darieed by
permutation 15 0 indivi pQsi ti.ons esult. fromtaking into
account all vEratiohs” ggu?rfﬁ&ﬁﬁ*iﬁﬁ?ﬁ%ﬁeﬁma ?nﬁ?%?dﬂﬁ? BoSPEi dhs of

sai d aIignnenterﬁE@Mlhg@ntheflthélprpbesnblwhpsetéuncﬁﬁbﬁcubaaﬂiyalaoint in
sai d sequenc p or, n nce i h Aare
subst anti gl I ;t?dg%tglmégl tzlf(r%)c(l C?rt ? %)I%gi%q}egér)eéfg%%lsﬁt ?‘gﬁrsn ictn each
case two di f fRFeHECHRS no cadilds %ﬁﬁ@ cﬁ%%ﬁe rexitplesite SPaceinmtof owhe

different am é@r?&&x@dﬁ?%uﬁee§§m Ao '@{@%é@ﬂ&@@cgo%e%g Ichellodi ned if
further sequences are found which are in each, case ogous to

i ndi vi dual setHRTRIERFLIN sFiCe. SIHRAL hPFRHGR0I bYi SM@iSeh EXPBt the each

case in pairsrenaitingl pooseqtenaasrwirddtuseily &&yulwimL@%ySat @ikRal
recogni zci% as_bel on ing to tﬁg uence .spa ous . regions
n

f
di f f er ent pr A WEIATR t Fdse i ngotfe B 5%611%0??‘85?%\/\,{193% cé‘ﬁtb‘@(l
recogni zed bycerﬂaalmegm recthier igryt nm:L)th@mtnothel diskgiehte. ﬁ‘nsaexrtanges up to
conpl ete identdiifsi NayELy & {; reghops m%lﬂg 3PhePQ¥Rive WY 9&1%%@0“ se
only a few amno acids and usually exert FURCET ons essent i al f
overal | actiViigm THereREFREYSMS oFP + HB hbholidgofdr e@meme nearidser yinsnal |

partial functi&mngcf a@esmymtmns%ercbeﬁobya NQ4§QQB§-£ratJEZl ibhe rrpl ete
pr ot ein, fornation. of |nd|V|dua hydr ogen bonds

EUCh as,_for exar‘rg ,

for conplexi ana N@bs?r at &16r tsrléfﬁﬁltl RERIGHHR ex0t 5 ThESt cPREXAFI ot i C
protein of trmompwms 0B0t hmsnoeakd dsotsconhatonehdamatdréhengyme harction
of hydrolyzi ng f Iglé/EOﬂfl o bogds ich can be attributed to the few
am no acid resi a puta c?lailtlcally active site. The term
addi tional ly enconpasses al | 10 functions supportlng the hydrolysis of a

a-1, 4gl ycosi %v‘h ndy I f eRchiqRs g@é’l\pft% P?r\é%%*refn%r ei(g in'e b

|nd|V|duaI t1des and by one of nore I ndivi parts o
acting or0 th Qct dAGUE taEEe] yBPRALICE taonsy etPegilems matnre eMﬁ-ﬂ%l yt| c 15

function also %lcorm@ssgazgﬂllexé SHEHCEREERY| AP dHNAUHONS, pHREeatidnt he one
hand, it is not ne%ﬁssarll%%? known exactly which amno acid residues of the

protein of tH&ThVEN i t~d%f‘trI‘? catal yze the hydrolysis, and, on the
ot her hand, particular 20 individual functi ons may not be excl uded

definitively S f th cata

auxiliary fun%{&%ég%erﬁg%r%l al IHQ{:!I:Q\:/% é | ncF’uﬁ% EoPrg ?‘f‘B eﬁf&l ng of

a substrabe, wfecursonerweth asbonzl f seakepredace, raéekvetli 6n es pwei-bi tion

or medi ation o Ip-sedfg! atory effect on the hydrolytic activity. This may

al so be, for exanple, the formation of a structural elenent |ocated far
away fromthe active site or a signal peptide whose function relates to

exporting thawrisicehqids eineanut of e dieldnandidier o thize eRickeet: 30
fol di ng thereof J{;md W t ho]&'ltq whi ﬁh ualmyé_{ Nnqg functional :Egzyme i S produced
in vivo. Over®R-Ruktfer “PEhEOLESHE A AyBREEY T LY prromposed

a-1, 4-gl 9@05|@Iﬁ cnboheletndest asehver ast arrcﬁeﬁmaktaqmlqanferSeréKSahd aoder dance
vm'ththis f of th sesmlcatedlnthe
sequence I|st| ng u er éé%%frfD %%%§4 ?o §e(%_\&?¥ et edal ar ed as

amyl ol ytic prenames. sThey thay &Zee m;/emtw @Scmmbat§t@ﬁanldarm a

single strand complementary to said single strand or as
double strand. For molecular-biological work,
35 preference is given to the nucleic acid DNA as the
naturally more durable information carrier. In
contrast, an RNA is produced to implement the invention

in a natural environment such as, for example, in an



HO4890PCT - 18 proteins which overall are capable of hydrolyzing the
a-1,4-glycosidic bonds of starch or starch-like polyners. 5 Wthin the
scope of the present application, a distinction nust be nade between
screening (hybridization screening or DNA screening) and actigadapmssay. |n
general, the "screening" of transformants nmeans a detection reaction
suitable for identifying 10 those clormest} m which the desired

transformation event, has taken place. It is usually geared, as, for
exanpl e, in tFEPESSRIBE 1R ¥-anPParRFA uaakfdel efe| essestialowk® dshe

detection of @nbenehefn Gate aaHetdnsrehi ghkkhe skr asshos mehsshaye qhai ned
or which is ng Ionﬁg esent, after reconbination has taken place. This

er,15
type of bi ochRhfRE td’e?‘é@?%b?lnreacti on is referred to as activity assay in
accordance with the present application. 20 Screening refers to the

screeni ng of g nak Ni particul ar n ei.c acids and the

t her eby posssi %ﬁlegﬁgeg?’?%i égt Pg‘h*’o g‘?u%?ﬁ@%glﬁﬁsyo i :]ﬁoltg‘r %ﬁﬁn@n&(ﬁ%’
sequences. Thesrardearin ednoueachorcasanglld, thaeSowdmwsibbe Neadiergn bl ot
hybri di zat i ongya@ss arguditli tise 2 6dd  kigwn f4 prod ! ver,
this termal s%,gi ncl udes, for exanpl e, PCR-base &r#e}:te'hoéﬂs%f af{ cet i ﬁ\gﬁcﬂ on

for identifyiAtEREPRr 68080 HelkeFeRed 19asiR afesl Itda | samef adrigeni sns
(ﬁr nucl ei coaC&@lfsdsB}/\/ngfthI _fwdpaﬁgﬁcﬁgafa%&ﬁh&%#[iid‘hé %ﬁ’@l E&h”f[i’fes

aving a varia _region and a 5' region wi [ onol ogy to
correspor@i ngC T Shs 6F “Bnotin égrw]ajrté’ us‘ég. gﬁégﬁéﬁg& MENEE €51 14¢ enzyme
means its ef fseaegncest mhiichdusdssdblar éaveonshlier adw niceshi eRsemssai d 35
per formance i s e a e i Vi ut. Lo additiqn,
depends on fuﬁ%’gr Sga%%é{tregl r%ﬁ%@aéfspé%@t Hee aerntelrfzaéygrofpr%{élssgenﬁlfé?e

i nclude, for @%@l SloBeAVBRYi t yarsawst prganbsmdi dgffent énachieonse off t he
HO4890PCT - Ilfhed@! egbddnsar 7oAy 8ALEeSURSLEBRE, O phRher aglihans psidh ot her
i ngr edi egﬁs, in particular synergies. Thus, for exanple, the stugy of
whet her en?SFETEY FRALPRCEBPE LR PRABBRERFeRHS toPec LASNRYT s
consi ders itsifteothei Bubpen dfo phera@sivig ghdchaaniesgiber igianeesof an
agent formul al e ic\:'\ééehdf ur.t her corrgogent S. Fg:lr v%ri ous | n&g{itri al

appl i cations, Tt 73" PosSH] e o FArther®HovdiopEnd= 3P AFZe A enBfne vi a
mol ecul ar bi oleediad bgchwdyjues lexewmpleerfee, ai paaridudidar anibeo 1@cid
abovenent ~i ongd tgehni ques. The fol |l owi ng m croorgani sns have been
deposited according to the Budapest Treaty on the international recognition
of the défosit of microorganisms from15 April 28, 1977 with the Deutsche
Sanm ung von M&r DoF Gak STER @Rk Zebt D . Nasgherader Vg
1b in 38124 Braunschywei g, Ger manx oJr)1 %%é%gﬁg%@?hélﬁgg%gtlgaig %1%%

Act i nonycet allé%#j%’ﬁ%%f&%yc@ SFERY3 IR GRELF IGRESS SVHRR nUThfer PHSHEDRE990 and
t he 20 i sol atepgidataintcet al es/ Strept onyces sp. B400B under accession

nunber DSM 13991. According to the present application, said mcroorgani sns
are in particular characterized in that 25 they contain genes for

a-anyl as@$§, whosd scompisstidlBNAfsequancelsi Bheld amarkec d vEequenwasagse
indicated in SEaUe i St d E D a n SEQ I D
NO. 7 and 8, g?éggﬁoectj vﬁ?&%oﬁ%gog ] %(rélthﬁl gée_a’chﬁgﬁegxgﬁgégbv?gfeﬁb&%&or di ng
to the inventSBHRETAR ti BFi ciROLYBIeRRShy| @BeinalYegictiiinch 6P@RY o0 be

regarded as repisisenadn Vestdf MoDachisHlBlos6gyeATe SRACS Waioh i defi ned
by a partial se u.encjg1 OE saléd ak(%aqse, nanely a portion of "the (a(3)
$-barrel 35 st Ml SEPBHRRE Sr By PESEaTeanyhanFPBrPPrd 85€ot ei ns
whose anBfo avidl siEruerdescoapr itxes campleteonydedONGNgthe gl spegific
sequence Spa%&uﬂﬂg DNA sequences and/or amino acid sequences. Such
methods are known, for example, from the “Lexikon der
Biochemie” [Encyclopedia of Biochemistry], Spektrum
Akademischer Verlag, Berlin, 1999, Volume 1, pp. 267-
35 271 and Volume 2, pp. 227-229.

Changes in the nucleotide sequence, as may be produced,

for example, by molecular-biological methods known per



HO4890PCT - 20 5 10 15 20 25 30 35 sufficiently simlarly proteins are
anyl ases of the invention. Said sequence space is depicted in figure 3 and
in the sequence listing under SEQ ID NO 263 in two different ways, namely
as abbreviations or conbinations of all sequences found, shqwy Feartial
sequence of anylolytic proteins which conprises 100 positions. Sequence
variations occur in 86 of these positi0n15,2 Thus, for exanple, position 6 in
the illustration of figure 3 is occupied by the am no acid Xo which may be
ei ther isol euBBnedbf Fefierred TReasamutasionsat Depensimgowind ddeh\tvtee

sequence proteeol tRahde, | i nes1ek 86201 NG ASG-CORPENSUS S aNRGRutiQd oved
by the conbinatjon, of all érg’x si bl ¢ sequences to an artificial consensus

sequence. |t BREAFICBE RSt &PASE pif t PRUFEr VERACUShISRR%h0ORCPAS tF of

i ndi vi dual pogéehésnaref dusednpdeone pasItHaN PShufBYikg) OgeUPikebWRY, a
single or els .8 se uencg of t\é\_\ﬁ)}v or nore am no_acids. The consensu%ﬁ)
sequence showh®has GAFYPVEFy | JWSPS i arfeSin PERFti oAYTEEFORRY 94

whi ch resul t scérvaspord QR bagexi_lamshededeeélemped fror alsdamtua&t)umg THe s
sequence, whigh.is:furthern g g%%pr'ﬁP bekﬂ%ﬁ@ggllh&%;?f% Fﬁc%as these

partial sequences COfrespon regi ons to Fi mer's used
for anplifica¥ffbarrade thoatl. vaEhanEsng Tows hef @ r eHgende. ofdetltﬁ,tmndl tions

under whi ch tbh§eptﬁeﬁngshe§e§talt%e rRRWAEHRI SHCERQL LA TRGUTRC T T
al so be und_and wi th conparatively | ow selectivity DNA

a
pr oduct ai 8 e'fhgg doé‘é”%ﬁﬁt%hpl eFé‘P?%GPFé@BGH‘&tPGe@heO? erﬁﬂsd{%”i at

these sites. gemethisndpassn, tihe seepeeinf Weiect i Qiblscdilrfe%idcﬁﬂi iy
parti cul ar to gglghe subre |on corre&gg g ﬁgﬁ&l 05|t| ons to 93 of the
e

consensus sequence s%bv\nlwns?ﬁ “Lonsefy 0% oI tn &esé)ﬁ e

sequence spacerésepased on 231 honol ogi zabl e parti al sequences HO4890PCT
- 21 510 15 20 25

15 Fragments mean all proteins or peptides which are
smaller than natural proteins or than those proteins
which correspond to completely translated genes, and
which may, for example, also be obtained synthetically.
Owing to their amino acid sequences, they may be

20 related to the corresponding complete proteins. They
may adopt, for example, identical structures or exert
proteolytic activities or partial activities such as
complexing of a substrate, for example. Fragments and
deletion variants of starting proteins are in principle

25 very similar; while fragments represent rather
relatively small pieces, the deletion mutants rather
lack only short regions and thus only individual
partial functions.

30 At the nucleic acid 1level, the partial sequences

correspond to fragments.

Chimeric or hybrid proteins mean in accordance with the
present application those proteins which are composed
35 of elements which naturally originate from different
polypeptide chains from the same organism or from
different organisms. This procedure is also called

shuffling or fusion mutagenesis. The purpose of such a



30 35 of a-anylases, which are depicted in the sequence |isting under SEQ
IDNO 2, 4 and SEQID NO 34 to 262 and whi ch define the abovenenti oned
sequence space by their variations in defined individual positions. The
derivation of a consensus sequence of this kind will be illygreafggpel ow,
technical details can in each case be found in the exanples of the present
application. The sequences of a-anylasesliE C. 3.2.1.1), for exanple of
Gram positive eubacteria of various genera of the order Actinonycetal es
(Streptonyces; fusher neRynoRPor £0&t ceFaMpAS: b&ocokraisrRdotT dm geadLiV| v

accessi bl e dapabeseslaFoBRaynsen fubeitaeh idh exaPheavba RHRAUGIJyan
al i ghnent, al| ows |dent| fication of sequence regions which are conserved

bet ween the spBci BEOT&IBr &G dequetite %‘b%\%déi‘%c%bt‘é{ilﬁgd BYred e tREE@SSRE t hose
conserved regionsnwhdeh fitank s/anindblperseatenae regl QMSetHélﬁSESLC&DS%F ved

regi ons are a f r a quence anchors, since th bl.e
sequence rsegi(I(:)fo'cé)m g%:onégg%é agP‘z% St Rénf PHEIBLoBL YREP, g’ﬁﬁnght ed
in figure 1 mereonfdemtplmle@llalsycoﬁseawoem:s:eqmneeémowhschl tdnfiep:(mﬂj ble to
derive from tpehie ARIONAG e CGEPELBuLEa. | ANImPRlAS, LHOMILNGIL,

nucl eoti de sequences prinmers f orwar reverse priners

shoul d be di r%%’f%@%‘éif\)é?d éﬁchsopﬁéﬁlbﬁesuéﬁraea\?éylpﬂﬁat te P@Ralkndém;‘h case

conpri ses theavgmgbéecn@ﬁéeﬂe &npgé%elaenaha&ﬁslh% Tah?nlagal | t f
ut al sp nknown erira | solates, or

genomi ¢ TI;E]IHA far atip

exanpl e m BorYPERh %sc F18§ ot dSB%ChGh‘FI REP&SPAYBtiFe CAd@AV@IE 1 0
provi de aft ereatlksr ppoetPfRupIadﬂoﬁalHjﬂdopubﬁlgnayfmie& aSpuigs efcitdd s ki nd
may be taken sigply fromnature and cultured by applying particul ar
conditions (e. %%) pH, aeration, utilizable substrate, presence of otherw se
t oxi ¢ conpounds, HO4890PCT - 22 incidence of light, etc.) in which
appropri ate upisednd aro}@wﬁ%éﬁﬁoﬁr%é’&}&%ﬂmmwé}ﬁ ol At g udt h

met hods knovvn per se and, further cultured under the apg@oprl ate conditions.
5 The folMPowi WEFHFRFEIER1IpRoheYe hAeByebtréReEy ¥l anPekbadsf émov@op@m ng

act i nonycet ess@ndyst Lapteryast es: mld\iléﬂLS:S:haQ:lgi65fragﬂnéﬁ{:' %fln%x%%‘éln
Sel ekt i oni eru#]]rg von 10, Agtl nqin%ceten .. Zbl Bakt. | pl ement 1
234-252: - WHIHHE % &5Ss tA87HFArLADS n%%%%%“esrn'l‘ rr?%ou%dee

Ri bbons, D. Wcldsksibigd Metdwds cihiimdrdireobi pkogmné\cad db¥essso Lormll@a,r Vol une

4, pp. 295 33 |1, ng (198 Rrincipl es Probl ens
of sel ective ls%%g?lf%yr%\;o#mr%rg%cygié tl%% gl | océ%e]j IS OITN@B lalf‘

W n- St anl8y, meyely Eént 6he, siBieoawttiive M ctlodi ahaPtededt proSeanc@aantd

Di scovery", A@@dthé’r%s_@etqmoahep@ntgréfi At 120 Iéf\éghgﬂgtl%@e%%%ss

(1983): Taxonon%/ ant i bi oti cproduci ng actl nonyces and new approaches for
their sel ecti®erdsef aPreReing, ddgie PHReRRYFiom é’lfobﬁQﬂelgIVOPEﬁ’ée&I? isp.

7-36. 25 | n thewexatipde, incldpeons i gtec D ection of Acti nonycet al es

i sol ates having Streptonyces properties was used. In this exanple, the

i sol ati on had been carried out starting fromsoil sanples with addition of
t he anti Bbot i Enveession n tnutaggnesis t he iacconpanyi par3dafll or seghesick ve

Weh the prt ettt Dk Bel H AR 8RR e P B g "o,
35 respecti vel§detireh Rade bEeseEeroned fhem t#RMeeqadpds esegi ths €

(GEX024) and Ru4&F028 OfF waﬁléﬁsa%r&rﬂeespgagtgo txﬂﬁ%h@%@a@%@a' ns ~4

and a7 of the a)$ barrel structyre, as defined in'the article™
HO4890PCT - om original amino acid sequence. Said regrouplng

30 can be regarded as deletion wvariant, as insertion

variant and as shuffling variant of the original

protein.

Derivatives mean in accordance with the present
35 application those proteins whose pure amino acid chain
has been chemically modified. Those derivatizations may
be carried out, for example, biologically in connection

with protein biosynthesis by the host organism.



Anyl ase fam |y: nol ecul ar biology and evol ution" (Janecek, S. (1997), Prog.
Bi ophys. Mol. Biol. 67 (1), pp. 67-97). Said priners produced PCR products
of approx. 300 by in length of all isolates assayed. 5 Said PCR products
were sequenced. The deduced amino acid sequences are |istedubagbbecgequence
listing under SEQ ID NO 2, 4 and 34 to _262. A conparison of these partial
sequences with the entries in the GenBardk# 10 enzyne dat abase (Nati onal

Center for Biotech oI 0 Information NCBlI, National Institutes of Health,
Bet hesda, Na?“,°1l?§ %ﬁwltor?ét ELhads hdeay pabei afmRLEViRACeBeEPe

anyl ase part imlweseguense€sd dbeikasibkhte@bnkhitar0apasi BN d&rdegd chbad in
table 1 which.al so |nd cates in eacg case the nost siml ar %%abase

entries for t(meen}}ara\ Glie RS, THE e gFRBVEF SHBHoIYgy Bet ween
t hese two se@mmeaud H()ztBé)Oﬂ(Eﬁn @4 by Eredaahbeﬂt bisding aﬁlanadhé'rdual

O o) 52 o HPSES | che) Boes e SasE ouflal G el byl
%e% A T Bﬁyces Sp.

2.2.2001. ces an ank ogramo rept
.SEQ ID NO Oafcccﬁ@mféLet,o semmcaozmsemﬁgdmm darabakeundt | déatity

(968327"2Y13 49084NE§5408ff@§g998 - conﬁgungg 58
~34AL35295681810 3BSSAL352956808100636N1554085 681008A137 11297781008A38Y1

333288B10103PFPILIFER RN 1 46¥8 335V TR R4 14 3B 328981 1228 40VS 33829181017C

43Y1333291B1AHHMAENER32 for example, substrate specificity or the

éégggéﬁé ?58 9%%? 10%536Y1§332§§8%9g47NﬂbgéﬁgéglgEOgégég1%%282?%322A49Y13

. AL352956808 113@A5214859498 1 B& 0 3&BHAMS 263 BAN36- if the coupled-to

oot B R b el
period storage, example. Likewise,
derivatization means covalent binding to a

15 macromolecular support.

Proteins may also be combined, via the reaction with an
antiserum or a particular antibody, to groups of
immunologically related proteins. The members of a

20 group are distinguished in that they have the same
antigenic determinant which is recognized by an
antibody.

In accordance with the present invention, all enzymes,
25 proteins, fragments and derivatives, unless they need
to be explicitly referred to such, are included under

the generic term ‘proteins’.

Vectors mean in accordance with the present invention
30 elements which consist of nucleic acids and which
contain a particular gene as characteristic nucleic
acid region. They are capable of establishing said gene
as a stable genetic element replicating independently
of the remaining genome in a species or a cell 1line
35 over several generations or cell divisions. Vectors
are, 1in particular when wused in bacteria, special
plasmids, i.e. <circular genetic elements. Genetic

engineering distinguishes between, on the one hand,



HO4890PCT - 25 89047A1
_63- - Z858499764AL3529569681049A65AL3529568681050A~2859498581052A267AL352956
88B105368ML824497B 105969M 1554075. 3B106070M252638D81D618
7178594980B106572M252637981067A73AL352956818106874M25263798 (QHQRWLE8244928
106C76Y1333289B10777U511298?81070A78

. Y13332928107179M2528379B1072A~Y1333294819881M25263928109A82Y13332868114C83
Y1333288B115~Y13332908117A185Y1333288B118 8119E86 87M25263 U5112980

75B120at t 88Y18R3988Be0 B8, BRACROaBE2 1561 $232 SIQTRATEI 22E5 IANEI 8 126/£02Y1333
2868127A93Y138826554 28R hL) 208531 39 YL526593BAGLAELRIRE 39 rx, HURIOPCT -
91~97M252639283 5851 ¥9S 58881 37 §8p 5 255 781 38° 186 - 1181¢20888F88 AMMYA5112985
8138A2 . 102. Us4#P9BGB14AG03FAR2630AB16E104NRERA39ABAG2 1 @545 7oRHE7B o431 ~

. MR5263928148A107Y1333288B152A108M25263828153( B). 109AL352956898154A110Y13332
878156811%AL3%§8%5§ 15 C?%fo§§§?é§%€§8Aﬁ1§Y1§§§ggé§?5§f?59f§§§§8 60B115
Y13332888161AtNEX57668868 166 RUEAIS IR0 SHBISS 1181888 288B1 7@ FEANMRE23828181C
120Y13332898183 eggzggaggggé 122M18244968185( B) 123Y13332

- 888186A124Y13332838187A125AL 352056888187A2126AL352956888194A12728594962819
4B1128Y1333287B196A2C129Y13332878196B130Y1333287  HO4890PCT - 27 8197B131
' ;{'15%%;33%Zgaﬁégﬁgaoﬁlazﬁasm?&%@@s -WHB3328982@kpAsl ted, for
~35Y133323735F2BR 381 3932 SSSGEALY7 Y 28585878367 198Y2R3898 p dovise 39 ¢

785949858209B348ible to deduce the enzymic activity of an enzyme

~Y1333287B210141785949898 A2Y13332888212B11.43Y1333288B213144Y1333286821
4Bl45AL352956%§§§§4éE’ 1%5%%Y1§%%2§@E§T80?E& v133308785154149Y133
32888220B160Y1383288832 1 Ad6IYERES2$85202 ( B A5RZ859 498882 18A1 5RIEIIZEB88224(

) 154Y13332878225B1 56/ 3599564382308 06, g1 3529568482218205/7839491582288 158
-U5112988B23081159AL352956758231A160285949748233C1612859497f 1 B234162Y133328

88235A163 278589098829 RATH4 Rre3 3y inyplgedpar the actual reaction.

This could relate to, for example, enzyme stability,

activity, reaction conditions or substrate specificity.

Such a comparison is carried out by relating similar

20 sequences in the nucleotide or amino acid sequences of
the proteins under consideration to one another. This
is called homologization. Relating the relevant
positions to one another in the form of a table is
referred to as alignment. When analyzing nucleotide

25 sequences, again both complementary strands and in each
case all three possible reading frames must be taken
into account, likewise the degeneracy of the genetic
code and the organism-specific codon usage. Meanwhile,
alignments are produced by computer programs, for

30 example by the FASTA or BLAST algorithms; this
procedure is described, for example, by D.J. Lipman and
W.R. Pearson (1985) in Science, Volume 227, pp. 1435-
1441.

35 A compilation of all matching positions in the
comparative sequences 1s referred to as consensus

sequence.



- 28 8238A165Y13332898240A166 . Y13332878241B2 . 187. _ -y12$88242A1.....
168MR5263788243C169 U51129868244B2_1 TU-, 4L35295675

. B246171Y13332898247A172785949748248B2173AL352956818249A" 174AL352956758249C
175U51129778250A2176Y13332878251B177Y13332888252A" | 78U511298GRAR 79133328
98253A180U51129878255B2(Q81- - Y18332898256A182Y13332888259A183Y1333288B261184
U5112996B278 - 16 -
18578594987B279186Y13382888280C187Y13332888284A188Y13332868286A  189Y13332

87B287990M25268618 202 APUPRES 2639 5E890 16d 0USY 18 3 FSUBIGINor §98EZ85919 748300

30r g194Y1333288R304 7189 X2 £5 G Q@¥1§§§286§§Q§a%Z¥é3%§%§%§§%%J9§#P52638
1 HO4890PCT - 29 B315 -- _ ~ 199Y1333287831g2p0

- 9 L] L]
- X5756882B3189B¢ VAR 1356 5y1383 R 3133895 9pRY 1 sifentity,
_M2526378B322A285Y1h33 285RES28R2 0P 526 IGEHITA@AT nucYds83d84B327 Bamids
- X5756894 350rg 09MR5 6383834§§%OY1333288B%46211Y¥?33%?1B%§7 12X5915945. 2B
348213Y1333288B83850553Y13552808 same positions. A wilder delinition
~215Y1333290B853216Y 13330 16885U YABSG 2 87836824 8 ¥he3 32812R356% Bamino
Y1333292B357

._x57568758§§§§2TEE§§%§§5§8§S.in~$f§§3§§&§§%oQ&ﬁfﬁﬁfﬁéﬁﬁﬁkéﬁﬁTﬁifd

TMLB24444. 2B3592 25y REFSRITRI8IWL LB ELE 1 1 S9ShRITEIENVIEGRE 2BIR3 682 TR 33286 B
370229 - AL3528B680B3hd230 prkdd3nd 233 /ddd 138388303 63234 Y 133348 %3ual

10 regions.

The generation of an alignment is the first step in
defining a sequence space. This hypothetical space
encompasses any sequences to be derived by permutation

15 in individual positions, which result from taking into
account all wvariations occurring in the relevant
individual positions of said alignment. Each
hypothetically possible protein molecule is a point in
said sequence space. For example, two amino acid

20 sequences which are substantially identical and have
only at two different positions in each case two
different amino acids thus create a sequence space of
four different amino acid sequences. A very large
sequence space 1is obtained if further sequences are

25 found which are in each case homologous to individual
sequences of a space. Such high homologies which exist
in each case in pairs enable also sequences with very
low homologies to be recognized as belonging to a
sequence space.

30
Homologous regions of different proteins are those
having the same functions which can be recognized by
matches in the primary amino acid sequence. This ranges
up to complete identities in very small regions, the
35 “boxes”, which comprise only a few amino acids and

usually exert functions essential for the overall
activity. The functions of the homologous regions mean

very small partial functions of the function exerted by



HO4890PCT - 30 8374B233 - _y13332-89B375234Y13332898376__ 23~ y1333299B380~
236Y13332878382237Y1333285B390238M25263838392A239AL35295697B39324UZ8594974B
394

. 24178594976B395242Y13332888396( A) 243Y13332908400244Y133328§RA0NK745N 133328
984006B246- X5915994. 28400A247 vY13332888400A2248Y13332928400B3249

- M25263808400C250X57568948400C2259ML824451 8400D252M25263898400D2253M2526389
8400E254M5263798400&2 5Y13332878400G2256Y1333287B4001257N2526381g400 ) 258X
5915945, 78400KB89X56 18985 78 RYALEIAN599B0UE . 78302269r example, the

- M2526390B907262MR626886f 1HA489@RET hydkoglhe HeRRRAMORMdLiRg a
sequences depgubg se_shows_that the nost simlar proteins

gr %n t he_dat ag)g
have honol ogi 85 01" 9 ?ﬁetﬁf??fi tR%t RBMRLEZ- of Streptonyces sp. BL053
a-anyl ase, the nmost simlar protein is the 5 enzyme wth accession number

ML8244, why chpi,g {:ggmagﬂ&h_gigig&?jg gg_&n&geihe r]‘_qﬁru 1l t{\;ﬁ;esc\aﬁ?e of the

enzynes of Streptorrgces Sp € enz
accessi on nunBeE AR3B298B6 havangl sbe pLrst rf@lpncaap@esvfcdazldr@dlmr@(oz-)) and,

in the case of 4 n%ﬁzésaiawc%n%% EHASLAL A MhL A ditlihd NECNAYIT® wi th

t he acce55| on_nunber, Z85949, "which_is the aanyl ase rept onyces
|ividans. An BfYgitfeite of iResteonduteqRfncas PUtabbee blc@tﬁl{qulﬂaf

pr esent exarrpehetimé ssithe al | THEENE e MRS dlid)mwfhmﬁ h drhve aﬂséﬁs thg 1C ust al
X progra ve]rfg 64b (standard settin §er bed |n ogson J.D.,
t

i g
Hi ggi ns, i Qjcf%gon PPrtifiggs)the %g‘fl W“Frrpr‘bﬁ/l ng
sensi ti vi ty osﬁlm@glés& eondul tSpte Furseduerscemali grereathibrvedgh faquence
wei ghting, po p f| al h rlx choi ce"
Nucl ei ¢ Aci dséili?aeﬂgﬁpe oq%}rre %Egggs& 4%§§§ﬁ§§g) %Cg tq r eaay i Tl ér}ﬁreéd
above, the coHaehstduabberts ehnabPrPseAl PN BiCHiNg @nam@eSEQuu@uws 263

in two altern@&taﬁyeﬁcéppyesaatabbon%egﬁaﬁgfxﬂﬁﬁ@suﬁe§ﬁqu%
t her ef or correspond |£g85equence space defi ned e va e am no

aci ds, ﬁé th@f%‘?'bjr bas®d"Bn 282°PRBPVFEEal 3D é’equéﬁ@@s whiost Wétm
obt ai ned fronfuatti@hs sousdege,Saish seguencesPacBaf@NPriies, iy not
doscri bed by SeTTEaRE e shEoFRG SERES IYOTRIE QTGRS naARa[ EPEE SUeRorE are up
until now no Krewprmotgiasesthatheg $5venhoonl ocgotsalryi aretdlivede | $heor e
than 970 identy&abiy;any QﬁuﬂhesgnseQHﬁpceBtherHoﬁ%%QEpT ba%%icular
20 individual functions may not be excluded definitively
from the outset from involvement in the catalysis. The
auxiliary functions or partial activities include, for
example, binding of a substrate, of an intermediate or
final product, activation or inhibition or mediation of
25 a regulatory effect on the hydrolytic activity. This
may also be, for example, the formation of a structural
element located far away from the active site or a
signal peptide whose function relates to exporting the
produced protein out of the cell and/or to the correct
30 folding thereof and without which usually no functional
enzyme is produced in vivo. Overall, however, the
result must be a hydrolysis of «-1,4-glycosidic bonds
of starch or starch-like polymers.

35 1In accordance with this, for example, the fragments of
the oa-amylases indicated in the sequence listing under
SEQ ID NO. 34 to 262 are to be regarded as amylolytic

proteins, since they are by nature components of larger



Thi s consensus sequence thus defines an entirely new group of a-anyl ases.
It indicates a region which is |ocated between the two conserved regions C
and D depicted in figure 1. This region is a secondary 5 structural

el enent, nanely the domains (34 and (37 of the (a(3)8 barrelygidddar e, as
defined in the article by S. Janecek (1997) in Prog. Biophys. M. Biol. 67
(1), pp. 67-97, and is regarded as beingl&haracteristic and a necessary
structural elenent for %%e enzynme famly of 10 a-anylases, since it ensures
opti mal spat i BFOSf+BRgERSE AVerRlbt Ask Qametilenad phyﬂr@ﬂyzhegnmllﬁ:ul e,

in particul araef, 1hglaebsyveisi t wordeleperdentiyrther e9f, hQueve{-1ike
different 15 re an ement of domains is also conceivable for newy found
or generated @%g}'fg Therefore, all those aanyl ases which contain at any
position a parti al sequence whi ch can be described by the consensus
sequence ef SFQ NO 63 I sgee s.of t
i nventi on% The aliln%l]o ggll%d s%‘éoﬁ%%ceg i TS%'I % s% %Fes%%ueﬁ%?égagéoﬁre
i dentical witRintinetieni redWitder & maghhdaede. Méiugeeme t \weneenting
sequences of (h@oA:avheses Qéraénﬁgeekomesc%en'%ﬁa a2 ?%QQQ]QG

evel .

honol ogous to_one another with 570 identity at the am™no aci
overal I, the #®H¥umVal §&°¢&@drni fBE f ?C¥%nblf19t he D3 tnansifinmnaats

sequences detﬁéﬁheﬁleda vvai‘set%%tllod:en&leh&&taaﬂ t 8ei pEsL UM YRl uas R8ng
am n sequences found i's

identity .30 acid l.ev Thu of th

at | east ﬁt’]]d%% |8 PRES dfly Wdﬂ’fg? B uaﬁﬁ th I’?Fﬁn§ dméé'qﬁé‘n@é’%ce

Sone val ues an®s sudkémnplatéy mtgherusaalagngebsedbeagst|fm~t eka@iplldie basis

of the val ues;jin ¢abl ecélsem e gﬂeeq%llylé@e SE r%3_1wn teins were 35
ogi S

found to be nost Simlar the vari ous Sequences. S48t e t han
30s at the antPREes ddleéﬁéltlﬁét\mfenatheos;@qne@@és agtid idne wkjahdeteas

bei ng I-|0489@1P£Tsfo§3antf§qtﬁé\?@ b BANPdS 07 (Abt&al nisng new ‘1’%%@5 via

random r %Oﬂbl nat i on according to Zhao et_al. (1998),

Bi ot echn RicF Tt 16af€3r pegoBRiInaGhan Basafakepipdaye- Nﬁ‘élllél EYRS ds
Res., Vol une &8, HipcHafil a168deeecti eimerea W FbiC. i(s1994FerNafjurie \é@ urre
370, pp. 389-3 % of .nore Iac 45~ are ad nta eous.

provi di ng now ‘?# sf‘g‘gquggnce%rspace SSFgFE Far Y15 act d|e§&n(§sed
repr esent at i vaspliacpobdnof rel ated sequences Wi th suffici ent sequence 10
honol ogy- is provided which makes possible further application-rel evant

optim zation by directed evolution. The diversity of the conprised
sequence<? orS¢TRERABRE; FRERES suyesihe vagrerpiay| dfyt iac @emger baegk wit h

respect to, fesnexane, Mdl@iléﬁ”ﬁﬁ%@%‘i‘besaeidQS S@bidHd Y b, R¥ é/er nal

i nfluences.. An es b | ong %rq to sai d sequence space or grou

t her ef rom séﬁ?!%%@%ub %%Eb 1REt P sPhaRuLfAGiBBE LK ééf“édaffop%l}@ﬁcnet hods
. This dependscioh heguenogs20 Thirs aind Scareit@ batgenmiat edagpluhethgr only
particular sud e va 0 sequences_bel onging to
sai d space al rcé&%{&%gf?%el\légggggfla é°§°ee¥’¥ﬁ d: zsqq:ol)osrbsace 52818 ﬁclé%ﬁ acuna]
t he cons@ﬁsusﬂ%lehu]@n@mséqgmncég ofr itowo aort niewawremno etoidstarm alllsowed in
i ndi vi dual pogidi@iss suchoas, Jﬂm@@”p' BerlBalea! HUARACI A28, qd since

ot her positions such as 45 or | so remal n unoccupi ed, honol ogi es may
al so result AR s foy cb‘ﬁ%’é’ﬁé@él%@q@é}ﬁd@rdepbhédnbyglgmvam@@e&| d

positions, whfxssn per eenlagesonr © fNYrdatiQery Sor Rohcidié £€239N, wRR¥h

anyl ol ytic prot whose am no, _acid se uen rises a portion of which
980 and, 35 Hﬁ%ehé ‘iﬁn?ﬁ? ﬁﬁ@F@FBBFi;zeéB %r%* BRLIMGES 9?96‘,’199. 850,

99. 50, 9907507azaaralolpmr3rcurlegliby1 mreieaiabl'yr]s@(llcnarmﬂefhﬂgld bBynmbhegy
consensus SG%@&P&S% lljl:% l\ﬁ‘egl%)%s acgf kAo%nneéjer?‘é:scogfjé nl% té). the

i nvention.

The performance of an enzyme means its efficacy in the
industrial area considered in each case. Said
35 performance is based on the actual enzymic activity
but, in addition, depends on further factors relevant
for the particular process. These include, for example,

stability, substrate binding, interaction with the



HO4890PCT - 34 setforth above, this applies in particular to the subregion
corresponding to positions 8 to 93. This argumentation applies particularly
to those 5 anylolytic proteins whose am no acid sequence conprises a
portion of which 980 and, increasingly preferably, 98.250, @%4%03317Y,

99~, 99.2y, 99.5k 99.7y, and particul arle%/g preferably 100k are identical to
any of the am no acid sequences indicat im SEQID NO. 34 to 10 SEQ I D NO

262, in particular across the subregion correspondlng to positions 8 to 93
accor di ng t o TheCEbhkefsEEYiBguetid oFUBBOrRDEN®T 26BteFaetipRs r afiddhant

parti al SeqU6@§E§rhaﬁ§rQaQ6n@%tehﬁln@drl5cﬁ@ér5%Y$d¥§¥é§rﬁThustthr
above-descri bed ner t he sequence listin The result

ed b
of the databaS&*ER Chth%FE‘ﬁ g@FBﬁ ATt SBFETE, 1RaSWRAPIENEOE is up
until now no ksewnirma- amdea@@m CbrCOﬁILaaﬁ$n§nya@énft:he duididdrseduances

i ndi cated. Th g und was 97~ (see aboye). These am no
acid sequencecgo % ?ﬁ%é%&gegggﬁég )s(”'ﬁzf"gl(al \%ﬂi%ﬂ F e%ﬁgﬁ%gi nggazéﬁaﬂn(:?hioft he
scope of protastiegenfhugogaciageidnt witlsai fuselgerenceompanents.a Fart i al

sequence of t i@&§”tir9&hﬁid191 S%ﬂﬁi%@foﬁé‘e presgrd b?]%onsb% 2 In

particul ar, 0se enzynes h car ré conserved substitu acuna]
ei ther or botﬁu’6$h%¥1ed§§6&PBntqr§ﬁ hPBREPL e8NS VRREUS| VianFOLECAI@I?5 whi ch

are occupi ed B1s Dogheat We'&:hnﬂlqﬁbbdl]ﬁﬁmﬁﬂdpéﬁu%'ene,lr{ eppeettMehy, the 30 the
consensu sequk?ence are. inc within the scope of protection. Said

subst i t utifons P AEFHFEE HARe ft‘? PE4F2- ami no acids |ysine, arginine or

proline for the histidine and/‘or any of the aliphatic am no acids gI yci ne,

al ani ne, val igg, or f'o%ﬂlo%?lgnl Zengérégf%éﬁfghge HaRel N6, el"imyfd%lp &dsal d

sequence space are charac at  sard genes codrng
a-amyl ases cadC®Rrdtrg 59 ttdifpl Budapreat a TRERtvog héhevmlﬂtetm@tpmn@

HO4890PCT - 3BscHigh{ t {&x024¢ CE¥R26 aegagpkl fxsffr?f%%b§g\é(w1%thscar}sz%

defi ned b t he consensus sequence and "whi ch are identical

to any off>t heARatti %8 sediieh ceszﬁé‘l caFEB |nD?‘I’1’éS%]éﬁuerﬁ?ém‘lﬂr‘§19 ngVoDai ng to
the nature 5 I@ikidﬁk@r@ﬁ&sﬁmé&@ Subfrﬁgl Onzeﬂﬂﬁﬁlﬁﬁﬁbhl onsGrib 0 93 DM )

particularly characte |st the f stlon ThIS was shown
in exanple 1 h?%‘cf'c}??lléo %?I Ol§t r%%?gﬁy 5?‘@5 erlﬁ nsCeERAA, 9B114C,
B134, B135A, ®L3BA, 2B1H2A, tB&SB@BplaBESGacthwCeabﬂ&&/.ﬁh@ﬁon&t@bA

B373, B375, Oof&Sz‘?P»«sal : gc%%% aa@cﬁggéonseﬂ SBELNIQ 1460 POR DY odyal s °f

t he genonic tinomycetales | so ates fromvarious natura
habi t at s 28nd HeQlREe orA®F Ny ¢oa kot et ami¢rs adind s &N e undey ted in

t he sequences; bk & &k entisé£dhém ihegpequence |isting under the follow ng
nunbers: 45, 83, 97, 98, 101, 108, 109, 111, 112, 113, 115, 116, 232, 234,

236, 238, 239 and 241. 20
According to the present application, said

microorganisms are in particular characterized in that

25 they contain genes for a-amylases, whose complete DNA
sequences and amino acid sequences are indicated in the
sequence listing under SEQ ID NO. 5 and 6 and under SEQ
ID NO. 7 and 8, respectively.

30 The object 1is achieved by providing according to the
invention a multiplicity of a-amylases all of which are
to be regarded as representatives of a particular
sequence space which is defined by a partial sequence
of said o-amylase, namely a portion of the (ap)g-barrel

35 structural element known for amylases. Any amylolytic
proteins whose amino acid sequence comprises a portion

belonging to saild specific sequence space and



As table 1 reveals, the anylase of the strain Streptomyces sp. B392A has

t he hi ghest degree of honol ogy of the anylases |isted here to a known

aanyl ase in the region of the consensus sequence. Said 25 honology is 97~
to the Streptonyces coelicolor A3(2) aanylase (database ent ryRlogdedbo) .
These am no acid sequences define a sequence space which is subspace of the
sequence space defined by the consensus Zequence of SEQ ID NO. 263 and
which is included within the 30 preferred scope of protection. Thus, each
poi nt of sai dseéflenertiypackinislar har Hratesioguense opmyhaseavert | émeand a
preferred sol yhi;@Qc pbnt he prescri bed object. In other words, any a-anyl ases
are cl ai ned whose anm no 35 acid sequences can be honol ogi zed in a subregion
wi th the consensus sequence of SEQ ID NO. 263, having in said region only
tﬂose ahm‘ no astgaSS/g&;abnaée shaeat ad adeﬁlrwt@@rizeswgd'reg3pﬁaat iign HHe any of
t hese three 4 PCT. - uen o nce Wt ey may
be traced acﬁe%e%ﬁ?/cifﬁt%ﬁ?du (?lfe;t“i%% #IE lggc Eggsﬁﬁ & ofélgﬁéd:eﬁ’rolrtl on.

5 For this reasws, medrwlasytahbrm\memmwmose camlnicnagciichss eqfiersclel
conprises a p i i ched cr -+ Ar ef 98. 4y .

98. 5k 98. 750, Qééﬁgﬂ‘é%@ Btd%‘géa Kk 8§g‘71h5 r)é:&l ) yg%)?m?%‘?am y 100k
identical to amylglygam Eéqﬁéhéés whighi cﬁoé@lﬂflf@sbe 1{00ac arphdaciiond r ect | y

to any of sai seaﬁ&q@@ceﬁamra@l% herehegous i birontRESe Clidmd @fcor ding
to the invention. set forth above, this applies in artlcul ar across the

subr egi or?ocor?]é‘éﬁondﬂoﬁg SXAPRLEt | HRS1E 0T 9@» J-3[15 §he t he lBRERBFEST He
a-anyl ases of figerst 3 aliBs oTic@pledmnigestisy. aBdad ™ ach0®d§ wnmtha%Z; Hee
studied in nore 1qet ai.l . .The .subre |N8ns of thg@l} an%lgase h cor.r espond
to the consenghk ?Jéq&gﬁ&?u(:éf:l@ I SUSERY - 20T €° |&P§8rf“ﬁ tRE sdquence
i sting underpSEQLAEINObY2, heands2@B8en¥ebl erbtompdal simhathehe lines
Streptomyces s5pecE324F arAmy! 83asBAsuLhe aLglesl dedag fed ristgg)r Ogyhd O any

of these anylases, deternmined by a database search ee o

honol ogy 4% 9@@@@%%@9 Pé ttHd PP tielR oRyeesnge? s&as aa a?rﬁﬂlafsléﬂ(aﬂat abase

entry X57568) ¢op8kfsasgi rgéqa@rﬁ:eseqmencs&foﬂeeflﬁé afequenge ghaceuLh is a
subspace of the sequenc ace as, defin iﬁd b%/ t he_consensus sequence of SEQ

ID NO. 263 anbB@®hi chPfs PRcl et ARt c TS Pref erhB¥d scope
of protecti onexdhpse &acbomitﬁbnofzst henawsqb@noecﬁpﬁee Bef aned rayl es aixd
sequences i s a%garti al _seguenc i nvention and. gﬁparti cularly

preferred sol U onof “Ehe %?eggrgggdoﬁb?% f. alﬁ'l%y %céﬁ é derived by using,

via an 32@&lignnent across the region corresponding to the consensus

sequence of SEQL! Dolen2d, obiubiBeSeAURA! hals E1Y0 REY ISR each
case those amno aci ds
in p051tlons 1-7 and 94-100, which results from the
PCR-based method developed for identifying this
sequence, which is further described below and in the
25 examples: these partial sequences correspond to the DNA
regions to which the primers used for amplification
have bound. Depending on the stringency of the
conditions under which this binding takes place,
deviating nucleotide sequences may also be bound and
30 amplified; with comparatively low selectivity, the DNA
product obtained thus does not completely correspond to
the template at these sites. For this reason, the scope
of protection is directed in particular towards the
subregion corresponding to positions 8 to 93 of the

35 consensus sequence shown.

This consensus sequence which describes the sequence

space is based on 231 homologizable partial sequences



which is [sic] |ocated at the same site in any of the starting sequences
mentioned. For this reason, any anylolytic proteins whose amno 5 acid
sequence conprises a portion which is 95~ and, increasingly preferably,

96~, 96.5k 97~, 97.5k 98~, 98.50, 99~, 99.5k and particularhgb4g§5§gﬁﬁny
1000, identical to any of these sequences are clained according to t
invention. As set forth above, this 10-apbltes ~ in particular across the
subr egi on correspondln% to positions 8 to 93. The a-anylases of the strains
Streptonyces 8p. ®B32m¥IafEsB40EBiche #BRD| dgoicted ol aret heteauants7~ 15

identity over maelﬁgt uh@ekeReich 10f Nchelzf aji 8Rqagkd $BAURNCE4 A% oAy be
gaged fronlthe :gﬁf;déﬁ&the figure 5 for exanple. This val ue makes

t hem appear p ?%bFEef&PQVﬁWﬁﬂﬁ%RQQQKEegB?HQ%n§P§Fﬁnéﬁhew
sequences fOrtbéykobytnatmbﬁbenﬁsdeEQnEBESﬁdEWQdaﬁy|prEt@oﬁBZynES defi ne,
via their §onp|ete am no aci d sequences indicated also in SEQID NO 6 and
8, respectively a separate sequence space corresponding to the conplete
proteins. FurfTher desrnbatsiaf Ofi sa sganseSushi sdaquencdae ocfertheel fkiord t hese

t wo sequenceswpxquﬁganﬂ%g o] tgg%gwlnq: éie§ﬁ& dggaﬁh

rel evant positions Iikew se achi eve the object. ey can b icedVia an
al i gnment  cor PBSBonkATR RS f LGURE 5iby e h coRmRiias p@§|thﬁSiﬂﬁﬁSﬁpt
occupi ed by agpg@iasgtmnenacid | ocated at the honol ogous site in either of
the two starting sequences. According to the invention, conserved
substitutions should al so be possible here. These include 35 substitutions
wi t hi n the fofrhewseguances aci d-gimleses (@.iquhat.ix. 1am)No s C@xan@le!\ V

L, I; - sulfurzc 0. a aromati c_anm no acgi

W ' roagoopch. St B AL BBREer n e BRI, o &F e Ty
am de group- condarnlﬁgtanpmwcacadgs N, ( Sgrep tamiydies ani Tieezmomtsnodpors -
basic am no agidsj, Rbé:) ép L8085 ENER 1S Qi %@:athfy[ hQs& 19 aci d

positions which can be raced irectly to eit t he two startlng
sequences® i . E3t@ARRERSar e ?G@H?Fé%?nto ehereet of tFer t wespAeRks i bedkani no

aci ds, over sprddﬁ@mﬁgrv@u 10asuBfinkhYt | ONsL1oWBIS, iaBMtaRYVEQLYLHAC Ryt eins
whose am no acid se uences can be . traced back via a cgnsg{ved substltutlon

preferably di PEEPFHCSi n FEFIRndiWhiddhl %S hofiBRSGHYE SEERTt 0 1] her of
the two sequeapesies. St Peptlonyads quuBﬁaé*zyyh&MOOBsarebtaahudedbythin

t he scope of f th Th S
preferaBI y a %géggE%g é:?rrlflstgl% Se%;kpro’?gggéﬂ%aw n Ea% ﬁﬁ?(na'%f aga:lsetaquence
which is 2 I gaguenge | yegional tTBhede ardomeenved seegiormwse iawh catlexb i n SEQ
ID NO. 6, prefgrablygi ”t:cPO%' tIQQ&ué&céO difhoRar 's%' gf' n@! ikl | n

positions 210-300. Said anino acid sequence 1S th e a- any ase of
sequence regions become available v1a them The blocks

A to E highlighted in figure 1 were identified as
conserved sequence blocks. It is possible to derive

25 from their amino acid sequences or, rather better, from
their nucleotide sequences PCR primers which, as
forward and reverse primers, should be directed toward
each other in such a way that a PCR in each case
comprises the variable region.

30
Suitable templates for the PCR may be genomic DNA
preparations of known, but also unknown, bacteria
isolates, for example from soil samples. They should be
available in pure culture to provide afterwards pure

35 PCR products and pure enzymes. Samples of this kind may
be taken simply from nature and cultured by applying
particular conditions (e.g. pH, aeration, utilizable

substrate, presence of otherwise toxic compounds,



25 the invention fromthe Streptomyces sp. B327* Actinomycetal es isolate.
Exanpl e 4 of the present application illustrates in detail how to obtain
such a sequence containing a 30 conplete gene. To this end, an expression
gene bank is conveniently prepared, i.e. the genonic DNA of yohgostpant i ng
organi sms in which the special gene is to be found is fragmented and
expressed in isolated host organisms. 3%Lenes, at | east a-anyl ase genes of
Actinonycetal es, may be cloned and isol ated by carryi ng out expression
cloning in t hekdeRres ogOfs hbbghbr gaitsin)Eschar i ciitch HedRIORCEate3g

coli, as exanphfcdl BARYE. ofGEALGHhEY drowrh IO Chbyeliddn §EO0LISRAUeRs S,
Uouzum , T. Bejg u "Cl oni ng of Str?;pto myces DNA into Escherichia

coli: Absencé" H@Fépgéﬁe HYE BRE r@Rdj Jnrer FrEpEenY c&EdeEnes in
E. coli"; Agrtice &pmtoptieere ,cofodittiorddt. (2), pp. 367-381) a heterol ogous
recogniti gn of the pronoters from actinonycetes in the E. coli host

organi sm cannot be assuned. Thus it is advisable to use externally

i nduci bl e prdﬁmefcsll¢‘oin@xanpiele$lept6v16eGahaoVesmdasevplromtabdsf t he

E. coli lac 05@% I
(i sopropylt h| ogal act oSl JP% m)y%gdg% oénn%f é%&“a%aé/. ndsuce expressi on of

t he genes under the control of sald pronmoter in host strains having a laclq

genotype 15 (€. NOesdMLOB)9eThe EIsQﬂ'llerSMgal ﬁﬁdJ'\éelf&tl%l%x?gP v 125

proved Sil tabl e for cloning the_ a-anylases deri ve from Acti nonycet al es and
for the alti AT HEPETRe” 20 débPlct oﬁ‘ er eofL - si ncBYPRI eReBEh t Bey have
t he peri pl asme. eng/m;encoded by mal S (Freundl ieb, S., Boos, W (1986):

" Al pha- anyl ase ri ch i pi N nd cloning of the structural
gene, nal S, andelEL %pl%l cat‘?%ﬁg%f ‘1?%& odqbtctatle{}soné?’cpeesrl ‘pl B8 ¢°25 Srot ei n";
J. Biol. Chend-B61 B@)DbOpg, IDA6- 2988} tor heWedlimasd o Hignickiicdwigyr el ease

of anylase ungesqt he-gxperiseibal wondhd i Ans, Thggq:%n negative) E. coli
strains JM 109, DH_10B and DH 12S al'so pr"oveap be suitable hosts with

respect £8 r ecolfAi2iARSt hek 30 Walddawvem bi rﬁél?ﬁé i t P el el gardo
sequences) ofpidislany| ase geaesceivéher 661 ant pasi bEveyibebbeanycetal.es and

recogni zing t m.no-te nal naI sequences and exporting out of the
cell to prodﬁ@f?ﬁk matuigse'nzyrlﬁs1 R&fvi oudi Y, ‘expleSsSEATLY35 afyPases of

strept onyces {(#ditadsio, noBimdatitve t heE dresdi adel IPfrodudd@t89@RETch 4@nd
Purified gen%’g&%g,r orﬂ%g}fhereaésnsf_’ t odobr(le st udl%e }‘ )r/aorbra Act i nonycet al es

isolates in exa Fore’q bl par eaved and a
manageabké S|7eW|e&ﬂtgégt@hatSedCI@S$ hélgﬁﬁéct etﬂf‘asiczmmyf oheagenbibeis -l i gat ed

| nNto appr opr | Akededdd1ald ZREIRIANT LPCLRLS . ol JBdNdIIMNDen gl cl ones

to be generat'ed for, each gene bank is base average insert sSize and

the desired RAERTHYDF e é‘éﬁ@ﬁ*é" Inpfﬁgrcasefféﬁuﬁ% Actiigaepdedal es

a-anyl ases, thelumsull,) ngpl Nee3d. size 10 was from 3 to 5 kb, with a nunber

of clones to be obtained of 40 000. As an alternative to generating a

genom ¢ bank, it is also possible to construct a cDNA bank which is based
25 In the example, an appropriate collection of

Actinomycetales isolates having Streptomyces properties

was used. In this example, the isolation had been

carried out starting from soil samples with addition of

the antibiotic nystatin to suppress the accompanying
30 flora.

Positive results were obtained from the corresponding
PCR mixtures, in particular with the primer combination
GEX024 (forward) /GEX026 (SEQ ID NO. 9, and 10,
35 respectively) which have been derived from the sequence
regions C (GEX024) and D (GEX026) (Figure 1) and
correspond to the amylase domains 4 and B7 of the (af)s

barrel structure, as defined in the article “Alpha-



15 on the nRNAs, i.e. the actually expressed genes. However, genom c banks
are nore likely to produce positive results in the case of genes whose
expression in the starting organisns is only | ow or weak, however. 20 The
cl ones obtained are assayed for reconbination taking place, frggsmpl e via
the known blue/white selection, and finally for expression of the protein
of interest. In the present exarrpl e, the2d-anyl ase was detected via its
enzym c activity. Alternatively, 25 however, an inmunochem cal detection or
a screeni ng VABYRBRi difZALloH wi FRLRAGWAT pr shed amul dardiso v lydssintl e, f or
exanpl e. The (@4h&tePpPssi bilbdby)i s majdt.i e s s%@bl 8:59r 39 g(qr)es whi ch
are expressed_in ég Iéost ells weakl¥ if at."all. To this end;- it

possible to udR: Y ampPRIAnURF EMETSci BrPANGRENt £CRs AR WS St éﬂfned by
the PCR descrambedoxn 2x@ripd esn 1140g8h JHOSEL pt ObEStadi £8s£p8d be derived on
the basiscof the partial 35 sequences or prinmer sequences indicated in the
sequence listing may al so be suitable. Wen translating the am no acid
sequence backSadda Bkl popidetsewene e seduengad.i cthar dediored s age nshoul d
be taken int Oa@:E;&Oé'@&uencéQA'g?QPHsteél nS@h% 68 gn‘c’:%aqq.sqqg%n%ﬁdon the

starting organi sms_from wh ne een gener at i's then
possible to d&¥?védt i -car re%péﬁél %gl DhA 36§eq@erﬁfeep41fmm:| ofieshesst ed

pﬁSl tively, aseetihng sEélzLIi@ié'@éjS WO Y e MULOVY , 3R dgen@ex are
t he startll ng

0| nts f‘? a}i;Ll su guent cl oni ngs, ngdlflcatlons etc. 10 In
the case Acti AE2PREE| nzﬁﬁEbf”E? t hPRLRay aRd aBiRd&choedoey No. 15
of the Strepthmﬁmasatsmn B3RTBIi, son&telcémle exagplieules t hef segeanes,t he
conpl ete DNA 5 t ai no ac e rlvedther fromb5
and 6. The open rea ﬁ?f alr[rje%% ept or %ggg g‘lﬁ 7*g§§ﬁﬁl #3EH¢8EQ 1D
NO. 5) startsSQmW%ﬁWGtaneeéomaml@H isequemsd st ethe nresnithiodni ne
rather than vahide dgnddiidt e td ar}gﬁd% Th s ea% @ so ipdigatedin the
20 sequence Ijstjng in the section "msc _feature" ositions t03
the featdre "VNIHCHES® aJpﬁbI i 83ch | ncagai t FbA, @@aﬁenéeEH 8fr eSipsAdrsg to the
ri bosomal bi nshtgied t 86r the. phake iShi REsRREAdIOF SQHUCHSES thal geleeat ed
wthin up to 1p nuclfotlgg “E%Str am of said 25 start codon. Overall, the
gene conpri ses § Y ¥ SPTHRUISDf 461 anino acids. The
first 30 am no acids of these are predicted to be typical signal sequences
of 30 Gampositive bacteria, as can be expected of a secreted enzyne. This
is indicated in the sequence listing (SEQ ID NO. 5) by the feature
"mat ~epti de" which applies to positions 91 to 1383, since this region codes
for the mature protein. In the amno acid 35 sequence (SEQ ID NO. 6),
positions 201 to 300 correspond to the region which was anplified in PCR
typing (exanple 3), using the prinmer pair GEX024/ GEX026. HO4890PCT - 42



The DNA sequences and am no acid sequences obtained for the native and the
mat ure protein of Streptonyces sp. B327* a-anyl ase and the correspondi ng
nucl eotide 5 sequence were used to screen the foll owi ng databases for the

nost simlar entries:
| nformati on NCBI ,

Nat i onal

Genpept / GenBank ( Nati onal
Institutes of Heal th,

Swi ss-Prot (Geneva Bioinformatics (GeneBid) S. A,

http://ww genebj o. corﬂsprot ht m )

days, in eacht
sequence co
R. Pearson,
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30 physical influences, oxidation or proteolysis. Conbinations of
stabilizers which conplenent or enhance one another are also frequently
used. One group of stabilizers are reversible protease 35 inhibitors such
as, for exanple, benzam di ne hydrochl oride and | eupeptin, beapaxsgobeki C
acids, boronic acids, their salts or esters, peptide al dehydes or purely
peptidic inhibitors such as ovonucoi d 030 H04890PCT - 53 specific
subtilisin inhibitors. Further famliar enzynme stabilizers are am no

al cohol s such as_nppPPo~r—adi tr!eibggel-—aw paRe-atgkge— al i phatic

car boxylic aci jSBﬂBt o Oz, dicar bg' |ic adids, Tower]al gDhai ic 5 al cohol s,
but especi al | y| pB3Asol s such as, fordéxanpld, giwgddol| ebBhyl ¢ne gl ycol,
propyl ene gl yc-wwwwch as, for
exanple, calciumacetate or galciumiormata npagnesiumesalts}) a very |arge

variety of pol ynB389 such as, |for 1@8xanpld, IYGA?h, tel Pll oge ethers,
pol yam des or \EBggz0l uUbI e VilnyT CGRYT yner g, TYi3082ler [tosastalilize the

enzyme prepara1WWe&—m§' -tefreegyor-{pH
fluctuations. Re 9 ng agentd and anti oxi dant sMs_uﬁ_a.:s_._P_QL_g*xarrpl e, sodium

sulfite or 15 feB8@Ag sugard i ncred8e the |st AbiRPy of PRe proteins

agai nst oxi dat irvgggEcay - Tie [obrectzzgl— the [Tvases®n 1S g4so |achi eved by
anyl ol ytl C proteLns. or derivdatives which-share ;_t__ég__g‘(_e anti geni c
det erminant wi {hB8%e of the dbovenefti oned pr of ol déPivdtives. For not

8
only the pure qmBags acl d seqyence cﬁ42a pr ot el nY18382al o ®Re gecondary

struct ura! el en 5é th -hﬁggof-are cruci al
for exerting enzyn activitiles, Thus structures
di ffer distinctfl p40@ om one arfot her %“én for substantially

correspond spat{g@gghys and Uy T ; EVTIB3EC Pena@l or] possi bl e.
Such 30 common WWWWy recogni zed
as correspondirng geni c degterm nants by lantiSera_on pure dr nonocl onal
anti bodi es. | mfued8@fem cal crijossread’i ons thusYH®Ré if pS¥sifle to detect
and cl assify priotgpgis or derTvatrT vesggWhl ch AT ey@gagtrgcr@gzal Iy simlar to
one anot her. Se i J pss-@?%*ior ca—+dadi | y det ect
that an anyl as€ S0P i nventfion is“dctually a g i1 aﬁbam:ropri ate
agent, for exanb‘l’aomdet ergen:t or C2%ani ng | HBARBBOPCT - 994 lagent.

Therefore, the |segpgept—PprotectTon 5y Sag VeIt TggT gspeci al |y al so
includes those |proféeins or 5 derivatives which have adgylolytilc activity and

whi ch can be aslsiR#f@d to the hbove- &% i ned provéﬁ%g orf dé vdtives of the
i nvention, al bef TEpOB3T DIy NOf Vi a £39el r hojtol bigsZss i ] t e prfi mary

structure, but negz%éhe! ess—w-a—t-heki FrHRpEhEEEREH et aigrershi p.

B400G 255 Y13332 87

[ B400G2 256 Y13332 87
B400l 257 M25263 81
B400J 258 X59159 457 |

— B400K 259 X59159 45.7
BA400L 260 X59159 45.7 |
B402 261 M25263 80

B907 262 M25263 80




10 Conversely, proteins or derivatives of the invention may be used for
obtai ning, identifying or studying related anyl ase genes or anyl ases. This
is possible, for exanple, via any nol ecul ar-bi ol ogi cal nethods which 15 use
anti bodi es agai nst appropriate regions, for exanple when scrgeigdtpb@En
expressi on gene bank. The object of the invention is preferably achieved by
t he above-defined anylolytic proteins or3derivatives if 20 they are

obtai nabl e from natural sources. These include sanples of natural habitats,
scal i ng-up cullR@r eSomRarisen| tWirtds, theol seevepcesul dapedisefgl En ortgemhi sns.

Preference isdgt¥BAskO ShEWOOIGHY SHhe Shidee t BeXicap hersubinged,Arcording
to the met hod abl, i sheg |39f’5t9r 25 prior_art and be used directly for
t |

es
obt ai ni ng proﬁBWﬂ Cgre§s® ehSihYs oy SRS hi YR LV GRS hods.
Hovvﬁvgr L t he?/spsay BFHG&E(B be-am%aaissnsm%u@i cliosbersaliies C;&fbtb@ix(iUE_tsurt&ga only

W t ifficu i f at..all ut 30 0S r | or ose DNA _can

i sol ated f on%ﬁ%?ﬁ?aWV1ﬁ i?%?Esihanaﬁ%W§§§aq%f%£§%thH 4 “Knotih 55?:&5

M xtures of sanhilesgamBnStaeptamyoesostimbsus Préher ehee dasegyi wEn tihe each
case to those Las [ I t amyl~alyt i I N r

control | abl e §§E%§%§i ??Qr?gggf%gg&gﬁggsggéa%%%&t glglr?oiB%’P?At'hg%gﬁ'rsr otu}h%li ng
medi um Pref ePREWMAI YR gAfcaas iamne, nvobereadt38d8560 (wearylasp48oOPCT -
55 protein sypi-Bpsbimyteschabbelm a8do£X 03 {2 MEChaid, SMinG aHROSEAsNE dacteria
of which p ef%rencg |sﬁg|ven to ;hgze of the order Actinonmycetal es, since
there ar e QppPGPPPAPEYREEhGHR aPalfible FTRErTS: ndt 1hstPEWITRFE S 0 t he
information i withe ehanesesdidrie rpmdsent zZapPlliocat watichAsisentheoned- i n t he
exanpl es, the ces_fo i rot.ei.ns, on which the present
application ig§§g§§§,§iﬁkpgf??éhgg¥%F%rEﬁg%?aof'the consensus sequence of
SEQ I D NO. 263, were determined 10 from Actinonycetal es. Further preference
I's given to agyl ghybhheREOLE! RReBle 38711 WA NER MG A& gharacternized in
that they are obtalnable froma Streptonyces species, since inal

col | ecti ofP of PRPERBbI A*aWviaat eBeofSude Bldenmapti ity cBrafusedwivith he

maj ority beinghef hha genustHer eplaByses, x? orpo@rah e, VE¥S drhan 24b

a- anyl ases anq gheir aatur%k.prOQchi strg%g were found and nmade avail able
by the present SERBPRESt | SiFCEARGRY t HARRST ‘%re?‘léreng‘ F®sePven 1P the

i sol ates or sHégpéasStrepEomasd SHibde3y7* Tagd StleptprycecLSPTABLGDB whi ch

have been deposi .ynder_,accessi rs_PSM and _DSM 13991 with
t he Deut sche g@h%?ﬁﬁgavo§ﬁ% kré%%%gﬁggﬁgﬁ aﬁg Zg%%%ggfﬁﬁgﬁ 4&% ),
si nce 25 4¢ onsehprsaceheligomeatt itdurioaohy safemaee wesidivdinentmosift inrot ei ns

of the invent Eﬁ@c‘ﬂ’?ﬁ.@ ophal n@@naqu% D%aﬁﬂ%ﬂ@bﬂ@ﬁd&ﬁ?qm%@re

indicated in the_sequencCe |isSting under SE

: I 0 8. 30 Sone
Act i nonmycet al ¥8Cd&acprdgtde MR 1 hdPlome 2—2arryP§§8.s | h6T i $68@ke, A% may
be advant ageousrtadgoulitidieat adatabdte prelkicebnénsupl deaghichy eOfcagr ase/l ases

broper {1 65 TAPEAHg o8 GEFF 208n 8 hor oo Nt Pt O S heyme
cocktail 2@t hraepbeeedtattiboe.range. Strains of this kind thus characterize
particul arly advant ageous enbodi ments of the present invention.
This consensus sequence, and therefore the
corresponding sequence space defined by the wvariable
amino acids, are therefore based on 231 individual
30 sequences which were obtained from natural sources.
Said sequence space comprises, by calculation, approx.
10°! different amino acid sequences all of which are
described by said consensus sequence. On the other hand
[sic], there are up until now no known amylases having
35 a homologous region which is more than 97% identical to

any of these sequences.



HO4890PCT - 56 SEQ ID NO. 34 to SEQ ID NO 262 describe the am no acid
sequences which are derived fromparticular PCR products, as illustrated
above and in exanple 1. They 5 have been obtained by reacting the nucleic
acids isolated froma collection of several hundred Acti nomgpetsdlgs T

i solates as tenplates in polynerase chain reactions with the priner pairs
GEX024 (SEQ ID NO. 9)/GEX026 (SEQ I D NO3240) and GEX029 (SEQ ID 10 NO.
11)/ GEX031 (SEQ I D NO. 12). The positions 8 to 93 according to_the'
consensus seqlidhte CORSSEGUSD RETUSBRE atdUsocdeEHNGFt i eRElpelvieMEWCEX024
and GEX026 sogibap tdfeyocamybesesgarmediagipatbkCu arayioharq@eieni std ¢ of
t he sequences foqu hus t he cleic 15 acids c din% for these regions
al so charact et?325€dr r %‘%ﬁﬁﬁngﬁyapF@?brF@BSEHHS i Mg Fhe ¢ n$us
sequence depidéepictedfi gor ef3gand SEQ TBil0. r2GIonas ider iavedddomiiaiiyese

i ndi vi dual: se n d Lnes e ~ThYys _the.pre
invention5pro%?§%§€§6gg e?%ééggmhﬁ%ﬁgggngﬁgsggggggﬁt?gnaﬁﬁigﬁ gﬁﬁQ%g
descri bed subs®lht i bpryeby staiurtomssensas dafduest ein THdref areiciae by
correspondlngSpQ§5§é@e@cggggﬁysgna@y%dxaﬁfﬁgﬁﬁ@p AS150BYbLong,t q 1tyhe
object of the invention 25 _and thus as separate subject matter—of the

i nvention forPPhefo?T owPRY Aadigdrdad 1% yPeppet enagapsegistic and

nol ecul ar - bi ok ogecatsyracsesatblieathenehnbtCEbEESRRNENAGNRE FRTIARE of
avallablg-Ll.O Thi s lies to |dent|flc%}|on and characteri zation via

ap
nut agenesi’s up %%yf%sﬁfbtecﬁﬁBFggicd1 pr oY Oh. TRBEABRILeot (W& Eéduences
derived due tartémgenenn usfge thie clotlesy esflrettwb@mal hepdrtf epént thregani sns
and ri bonucl ej i ] ded, .sin cfional enzynes can be
derived fronS@ﬁ%%?ﬁ?%b?iﬁbgéégb%ﬁ%+%ggﬁu%ﬁ%i%8%%?%sé%%€'35 al so be used for
obtaining, identifying or studying anylase genes. Thus it is possible, for

exanpl e, to desagPes@shiespondi pgepegbes fophogeleNi Ng gene kAl rent
HO04890PCT - 57 econdlég%pgﬁ bovenentioned nethod for_finding th
i

e
a- anyl asé® i n* HHEETREHT @S 161 3152 hecrkanprese ferbassdYon the
PCR and t hus foutdeoeorgeasnauidgs8ycert €s acittdercEbeese@iencenbist iong 5

i ndi cat es noé@%ffSt t he ﬂycﬂeogiggasequeﬁces of tmo.garticuIarI&tpr%Ierred
a-anyl ases ( TRo TS 5°8na?7Y: the AT ePOSAETEE c8di RGP he
remai ni ng seqeewessceanwhecedaged becoddsnyibedneblyodshlenowonsensses. 10
Thus nucleic gg én@éeof'%htbe%v“ﬁdih.fe%d%éé”af%y' §Jn%5agm8£%%%5.t 0S€
am no aci d sequences conprise a portion of” which 98~ and, 1’ ncreasingly
pref erabldp, gBrogenpgimgemgiqy, 99~ 99.2y, 99.5k 99.7y, and 15
particularly preferably 100k is described by the consensus sequence of SEQ

I D NO. 263, i articular, via the subregion cornespondigg to positions 8 to
93. Nucl ei ¢ atPUs*RHERh2EodeSPBRERRESy AP ARES SPoLs FERNCEFeasPE S iR 0 t he
consensus segléaceicay beéthiaparted assovrdingridergesterabbyikaqen mehfzods.

For exanpl e, " i k er_Bio Le" _[Encycl opedi a_of Biochem stry],
Spekt rum Akad%l?ngschgé V%Igtgfa%erglgﬁu%ﬁﬁﬁg, |%)r$t r %?J%esai ﬁmVE?ﬁﬁ%’ 1,°f|rop.
267- 271 @St ho8sréptomecasver syRBR23i engs B0 BN mmdhomologone 2o pme

227-229, the pobywerass hakher eagihen-{PCR) .- té@ﬁgéﬁﬂﬂ@ncf?icimﬂe%l

pr edef i ned according to_ the generally_known codi ng systemfor am no ‘acids,
wher e appr oprPaeEatsi n§he Bt Usayeluki deterimghcteri s of F&eticul ar

genera. Moreoy®l, individual sequences determined was 32% identity
and the maximum value was 99% identity at the amino

30 acid 1level. Thus, each of the sequences found is at

least 32% identical to any other sequence within said

sequence space. Some values are substantially higher,

as can also be estimated on the basis of the values in

table 1, since frequently the same known proteins were

35 found to be most similar to the various sequences.

Homologies of more than 30% at the amino acid level

between the sequences used are regarded as being



30 the DNA sequences indicated in SEQID NO. 1 and 3 nmay be used as
starting points for synthesizing further nucl eoti de sequences by

i ntroducing the correspondi ng point nutations in those positions of said
sequences which correspond to the desired variations of the @mgadgygation.
For this purpose, all conmon and conveni ent nethods may be used, as are
known, for exanpl e, fromthe manual HO3B9OPCT - 58 Fritsch, Sanbrook and
Mani atis "Ml ecular cloning: a |aboratory manual”, Cold Spring Harbor
Laboratory PrESSUiKER Y6PK, MeBBOdaAs ekanphbeatningi cafes, eRePER neytal so be

uis;ad fo:_ i nt r@dn_abﬂlgl_ﬁétﬁt_bn%ﬂwaﬂ;d}ﬂsaefégsubg&\)édgdgé@ kBt gzmd f e@ﬂ al. )

alternative p i is to fi ia a ] escri r r above
and in the exgﬁr%}agg,’ %%uc#é?%e%%g"erHEFE‘ﬁliéespé’f' v leélti's s or
of known 10 setamds, né®@98eneNuarl egendirdaymasd .S, Wtﬂlsﬂnedae veasp anggmo- aci d

seqguence !f dggeri ged ggﬁéggrconﬁe s¢§e5§g§§8 e atu ?%g 263T7&S t he

exanples illustrate on asis 0 3y “ard B400B,
the conpl ete Bened8BeP8hgi ngndo vhdugar t iodl g@q&endé@augﬁtxy4&ﬁumhréor
exanpl e, by exp;gashgRoakoNniTag, a

met hod steps. These ?ngludeI f5?§§§§§gkpg“?zeggan?%aﬁan enom ¢ o%lgDNA

into an expreB&FbACEHaTectof VAT YA- éﬁiF&§§e§elé?PﬁﬁSﬁﬂF%h%VeS:

St rept omyces pboBachIUSe$QEQﬂeSséQ@eﬁé§§erW££hfC%uff&é&éﬁ%“ éﬁ&éﬂﬂ@eng
st eps. Tqﬁ)ge etlﬁ and Eroteln bbp henkgg ods listed 25 under. the term
prot ei n engi ne&FPng9Yn the FFSH°% EISS‘ ad TP SR SudhEotiele

sequence. SuchppéthedsonayehevaBEd t o dpritnhiera toipdri M zebpr ot eidisredtédie
nvention wi{ Bybedasdnl 07X LOYS USRS OIS ML PUNL HlA0eNES! S Of

fusion with sequences of her ‘genes: fon'is
preferably achh@v@&ﬂ@?rhﬁﬂ@mcﬁ%ﬁgﬁgt&hVéhYGOQeamaﬂa%nﬂuﬂ3@rqpqr¢mQﬂns

whose am no aﬁh@hsmé‘& [86C] £62MY: 1% p05 t?ﬂ Y"h' n
i ncreasingly greferabl 98. 250, 98. éﬁ? b a tg&pb&a%§§€%(5% 50,

99 . 7y, F?P&&FEYI§°p?§F@F§BFylE§éHeP6§ﬁtIcal to any of the anino acid
sequences |nd|cated in SEQID NJO. 34 to SEQ ID NO. 262, in particular via
t he subregi on corresEondEng tBelOFD4890PCT 59. 5 10 15

ecule nging to said “sequénce space or

groups therefrom, sequence subspaces so to speak, may

be selected for such methods. This depends on how many

20 wvariants are to be generated or whether only particular
subregions are to be varied. Two of the sequences
belonging to said space already define a separate

sequence (sub)space.

25 Since [lacuna] the consensus sequence sequences of two
or more amino acids are allowed in individual positions
such as, for example, that of amino acid 28, and since
other positions such as 45 or 70 may also remain
unoccupied, homologies may also result within this

30 consensus sequence defined by 100 amino acid positions,

whose percentages are not integers.

For this reason, any amylolytic proteins whose amino
acid sequence comprises a portion of which 98% and,
35 increasingly preferably, 98.25%, 98.5%, 98.75%, 99%,
99.25%, 99.5%, 99.75%, and particularly preferably
100%, are defined by the consensus sequence of SEQ ID

NO. 263 are claimed according to the invention. As



20 25 30 35 positions 8 to 93 according to the consensus sequence of SEQ I D
NO. 263. For the definition of the abovenenti oned sequence space was based
on said a-anyl ases which, on the other hand, enbody proteins or protein
fragnents whi ch have been successfully assayed for anyl ase agugwigipeT
Moreover, as summarized in table 1, there are up to now no known proteins
which are nore than 97~ identical to any%f-these protein fragments. The
nucl eoti de sequence to be deduced for each of these fragments may be

readi |y introtteberth mRAGenesisis i PRRY¥ISTUliR oRutdicdon tost &be or
used for scresmbhREgioh EhEr&OPPhELLg SEHUSHELSioddis ¢ $3 | ustrated in the
exanpl es on the basis of the a-anylases of B327* and B400B. A correspondi ng
positive result can be expected for any other of the fragments disclosed in
t he sequence Thisi ngramtheSEQtEDNNO. afdBl i @s SEQakDiNd1a24?. Acsi nglheskegati ve

result whizch b rLput ed strain-specjific.
characterPstic .1q$§%g?t %gt%g%%eﬁeg%%e%8$%§ 8§§§p 89“?&%% fﬁgmﬁéﬁgs
i nvol ved is ag@eetilenchohayhiiedn HBddeaced byndoupss ey lyn vaed eradiybeen

inactivated bygmidatign, 94, aogensswhiy | Ssqojs@ctbyaied by the |iying
cells for previously unknown reasons. reglon corresponding to the consensus

sequence of SERFFEFNBRr DG3Prehgsabarn ei dracitdessdicad ftor &R¥ Pfagnent s
di Isclt osed i nt@E& AREAD. at3at %eﬁiﬁsﬁlc@s'\@nd%%ﬂeﬁ %L@Os%@ %{at ﬁbna?wt%
solution.to ohj ect_on . which.,the inventjion is based. east it maps

t he pathlttoo a&g%na%t i\loa- g%l'asénanaafﬁéf"éi?ﬁriaz%’é"?sﬁe §hE t SUERERE P
Furt her pref ecordespdodimentts ogbosht sosabjSectons3d eacebriihag nventdhen are
nucl ei ¢ aci ds ' 0, i C [ e amino acid sequence
conprises a ﬁ%%%%%ﬁgu;F%%%g%%%%yéfG%ﬂéaﬁ?éﬁ§i2@ ~ and, increasiﬂgly
preferably, 98.2y , 98.5k 98.7y, 99~, 99.2y, 99.5k 99.7y, and particularly
preferably 1qa&riQﬁétfé@év&ﬁtagﬁrgﬁaihgegﬂEﬂ@eQChgv%e%%%ﬁcﬁ%ﬂeQQHE%kﬁd in
SEQ ID NQ.. 45, 83, 5. 97, 98, 101, 108, 109, 111, 112, 113, 115, 116, 232,
234, 23615238t053%a1dPBAe1 RS oY) bhesabavesdgerzebesr MARREK @84 BES r aced
back in each hoowl dgduDyPOBhéi Gedlidrend | Yikeiagy ofhSardsaeguencethe N

particular via the subregion correspondi,ng.t ositio 8.to 93

according to ?%%Q%%%%e%%%gc éqﬁ%ﬁ%@ of ggngE@ﬁD}n2§§giEo}'iWaéxigﬁFe 1,

t he PCR produchsrefi®dNipt onbel obhbwi nedknsivng ot-heyllasepwhieh mantsins
GEX024/ GEX026 d / : r jned. f ' [ ates
15 or strai nsalg)? &%ﬁgﬁ% ces %-%y\/e s%f%%kl%e%llﬁ%&gg}ilgggB%\g‘%wh@%ﬁE% B152A,
B153( B) , 281568 M@hagy, fRubEA was 68B% Bisin, aB3ve8) - BII%:seB380in®3%¢1dB392A

and B394. Fi gseguendepi chisrine 9al - elRpidmphorglid & f ragiépnaton ghhey eof .
Sequenci ng thereof _and derivation of the 20 _corresponding amno acid
sequence resuttetI9et & HHitho dSE8RGentEs FENEFOMERR - THI M SanPasicl ei ¢
aci ds whi ch coolent obfpreetiei nseditanidry sppoet ien avhpeht B wethieActhef
above-defined simlarity 25 range e_enbodinents of this subject matter of
the i nvent | on" e TT PHSTPA B BV G CTHTA Sppri et FE PattT T &IoTh" ¢ he
subr egi o@5corresponding to positions 8 to 93 according to the consensus
sequence of SEQ IQA N 2B3r, 3&khose enzymes which carry conserved

substitutions [lacuna] either or both of the apparently
highly conserved positions 11 and 75 which are occupied
throughout with histidine and leucine, respectively, in
30 the consensus sequence are included within the scope of
protection. Said substitutions include any of the basic
amino acids 1lysine, arginine or proline for the
histidine and/or any of the aliphatic amino acids
glycine, alanine, valine or isoleucine for the leucine.
35
The oa-amylases of said sequence space are characterized
in that said genes coding for said oa-amylases can be

used as templates in a PCR together with the primer



Further preferred enbodi nents of this subject matter of the invention are
nucl ei ¢ acids coding for anylolytic proteins whose am no acid sequence
conprises a portion which is 95~ and, increasingly preferably, 960, 96.50,
35 970, 97.5k 980, 98.50, 99~, 99.5 and particularly preferajgasobiic
identical to any of the am no acid sequences indicated in SEQID NJO. 2, 4
and 208, in particular via the subregiorPXorresponding to positions
HO4890PCT - 61 8 to 93 according to the consensus sequence of SEQ I D NO.
263, very par®P3Eul SEXP24/EEK026 yta sowldify afraomentag Waiflc] edRi de

sequence Indl@@fﬁdeanb§E91échﬁ)seﬁseg §eq5eﬁeé blfe sepnaietNg .preteishd
obt ai ned via saj %ﬁgartl al uences were te# for thejr_. bi ochem cal

properties in WS IAE 6. lﬁ’ﬁ% 1EREr dfDr 8 t 516 %?’E)H%Jr ng ST Fat es for
use in i ndustimc&ic@t@@emesmr dearueld o Uuridteinoptowizat ton thvet mategard to

i ndustri al e Jols [ 8 [8Xpect dfo

proteins \Rh ﬁgrrggg C?bt al ned s}?’ggéi#gsf ?gﬁqmt %’O% JS‘I e:asc é;m "98f %t i s
subj ect nmatt epanti ¢1hbarlmentqharrac_t@rﬁz§rttuccul Botry puhef er fragmebbdi nEm s are
t hose nucl ei c%@gég§ oihi ch code for an anylolytic protein whose anino acid

sequence can traced back via a conserved amino acid substitution,
preferably directly, in each individual honol ogous position to any of the

two 20 sequenggss SEQalsD Nehobnor i9FQ &fatP1e81 Fdor asthas adiaaiimie
illustrated a gove these two am no acid se enceséaﬂgfl neBg%iequ e space

whi ch en SESPERBYFGTt iR efbbAIREAt Sotihhe Sent %on vi a
conserved SUbBlBBAIII aBE524, diBEEI (BdoptBIE6®Df (B A n@lEdAls Bled®.i bed in

said two Squﬁﬂlﬁ;e pA%%%dl ngg?y? thenggr %%@(y ng ]gl Caﬁﬁl d% R £ al so

enbodi nent s resent invention erri'ng e amno acid
sequence i s ngeegsenryngbetausee dPEBctrraghisttisonobf t@@e S{ﬂn@ulher DN&clofobase

fromthe two pregcrpbednphgbeehids seguences Meglh M eallibush & difdlArence

in the codons and thus i n non-conserved substitutions at the am no acid
|l evel . THE scbpelbptssapodediicsdarmn@iude’e ofPyreapsadhng| epirge asdguences

whi ch code fogegieh€engebalerd na tthd heegscSeaMeNER Spaceistleay iaf e

obt ai ned by a ting the r Ievant codgns or by _supstjtuting with those
codons whi ch g%% %ﬂ@% ting u?@ Prt ﬁ%l T HE? abPHESESyndmynous

codons) or cod3erwsdd a8 no lddi,dsl@@coddidng 11l t helgr ouds3 ,i ndi6at ddsbove. 5

Preferred enbggdine o} hi ub t t of the invention are those
nucl ei ¢ aci dsggxlb’ﬂ c%ggfeﬁgéff?%?en%ﬁg/ %ﬁq%%aj% to the a-anyl ase gene of

Strept omgdes sp. B327*, since they can be expected to code for enzynes

equal |y as prggi S'e}gal%s 1t heyagagykase M) chagpggehesi Z%df ' “tﬁéa@teraql—f)f to
be introduced Iin methods for the optim zation thereof. Table 2 reveal s that

the gene nost S5FRPFaFYEESB3SP* aP3PRA DRAS| efbe | Highest. asiAasEse g&fe from
Streptonyces homology of the amylases listed here to a known a-

amylase in the region of the consensus segquence. Said
25 homology is 97% to the Streptomyces coelicolor A3(2) a-
amylase (database entry AL352956). These amino acid
sequences define a sequence space which is subspace of
the sequence space defined by the consensus sequence of
SEQ ID NO. 263 and which is included within the
30 preferred scope of protection. Thus, each point of said
sequence space 1s a partial sequence of the invention

and a preferred solution of the prescribed object.

In other words, any oa-amylases are claimed whose amino
35 acid sequences can be homologized in a subregion with
the consensus sequence of SEQ ID NO. 263, having in
said region only those amino acids which are located at

the corresponding position in any of these three



15 al bus, filed in GenBank under accession nunber U51129. Said gene is 83.5
identical with respect to the conplete sequence indicated in SEQ ID NO. 5
and 84.8 identical with respect to the portion coding for the mature
protein. 20 This portion is encoded by nucleotides 91 to 1383 4g?iphe
sequence indicated in SEQ ID NO 5. The nucl eotides 628 to 900 correspond
to the am no acids of the consensus seqdﬁhce (figure 3 and SEQ I D NO. 263).
25 Thus those nucleic acids coding for olytic proteins, whose sequence
is at |east 8%ﬁqW%ﬁﬁﬁ$caFntéCFﬁédﬁneﬁeeﬂgéet§eGUen©@eynmazabedtKWCSEQ | D
NO. 5, prefersidy t8 BAF biroRmidl donldfes Paktbsuh apby i 800R" 8fera 'dy in
positions 628 to 900, are clained as preferred representatives of

subj ect mat t P°0F1¥he i nvention. Increasingly preferably those nuclelc
acids coding for 35 anylolytic proteins are clai mned whose sequence is at

| east 87. 5k 0, 96~ 970 99~ and 1000 identical, to the
nucleotldg sggﬁengélgn gé Ry |nh§EC?T%£ /EEC E?ggé?gﬁl WHRSS 0 &MHNGhs 91
to 1383, I—IOECIMPSE@Je@@e pesmnpruses | yﬂ pperEJLabI ynh:n:l‘posst i98r%s @2ad,t o 900.

Preferred e thb? %%Qb%ﬁ SQf b@e %nvegg , 81§ %hose
nucl ei ¢ aci ds |ch are FlCle y S|n1 ar' to the a-anylase gene of
Streptonyces 39: 281002 shhce 9ﬁe?5%an padexpactéguilerdyde piref egnblyes
equal ly as prpcmel ngdaatibglatamdmseoehapagt ecféqzﬂﬁde@, Phech Qant 0 be

i nt roduc net hods _f t.he gptim.zation thereof. 10 able revegls t hat
t he ITDSt?[gI mq?%r tgaq&da Qb%% SN%GF«?\}&(I £ #Rat Pbr SeifeptemyeReegpin
a- anyl ase (GesBankhémolodousUpRAd)ionThese taimequenaas dirgy 8do9thdenti cal

across the se din for the iyve 1 rotei and 82. 6. ident,i cal

v~tith respe&%H%QQ?H%QSquence }tnatuggeprote? S ThePRattFe portion
i s encoded byPaitielaptdes aggoss 13ﬁMEOfSubeegequenceorrmbmmmdmhgn 8BQ I D
NO. 7. The 2Q,4wcl £Hd descS9%P3to0 888 correspond to the amno acids of the

consensus _sequencE (flgure 3 and SEQ ID NO. 263). Thus those nucleic acids
codi ng fdP a anylolytic proteins, whose sequence is at |east 85~ identical to

25 the nucl eotsh detEequengeglrd catege i NgSE h@s@@ ot preher aklkyaliRg
positions 88 374 artlculaék pref rably B S|t|ons 598 to 888, are
J

clai med as pr%ﬁ%ﬁ %ﬁm¥ eSBnt GPFVes pﬁVs 7 na¥e eftyfliefein
i nvention. 30ndmer e’la:&;amgl y fm@f subaleby ohBOSEf NitblesieC ARy s o i mlﬁ:w

507, "o “ob OEIRHAE ELSLIR (RSE SR ERERebBe™ (SR TEP T8RN RER) to ¢ he
nucl eot i @€ SEﬁISGeqlﬁ@(me!ﬁaﬂjl e@t etihen SEQeme @O, lﬂstm@f emaidy ISEQuoIDti ons
88 to 1374, pastizulardyapsgderabyel 0 POSLLIONER3P8 1A €88 eptomyces
sp. B327B a-amylase has the highest degree of homology
to any of these amylases, as determined by a database
search. Said degree of homology is 94% identity to the
25 Streptomyces griseus o-amylase (database entry X57568).

Said amino acid sequences define a sequence space which
is a subspace of the sequence space as defined by the
consensus sequence of SEQ ID NO. 263 and which is
30 included within the particularly preferred scope of
protection. Thus, each point of the sequence space
defined by said sequences is a partial sequence of the
invention and a particularly preferred solution of the
prescribed object. They can be derived by using, via an
35 alignment across the region corresponding to the
consensus sequence of SEQ ID NO. 263, in the sequential

amino acid positions in each case those amino acids



HO4890PCT - 64 Correspondingly preferred enbodi nents of this subject
matter of the invention are the nucleic acids which code for any of the
above-defined anylolytic proteins or fragments. 5 This al so includes those
variants which in individual regions, although not over theggagbpecirength
of their sequence, are within the above-defined simlarity range. These

i nclude, for exanple, the nucleotide r03Jequences which, as set forth
above, have been obtained by insertion or deletion nmutation, chinmeric
proteins or Pt nisr Aghemt oCRGREY &t thet F8BAsSit6nsy (RS O&r &hef or

exanpl e via iydiMGHals SHRSEE Isht @y enbodi nents of the present
i nvention, since they can 15 produce sequence information about anylolytic

proteins and be used for regulating the anylolytic activity. The nutants
obt ai nabl e virgpokagsl é}i‘eatécﬁi Oghﬁ9r| 4R Twdse khopropernge virmééldam&no

parti cul aé thosed havi ng single §,$ECI fic base sugl[ltl tuti ong andom’ zed
poi nt nut ati Gt dEFELFBRS o‘FOIPQf‘Eﬁ YuB BIEREDr % Cﬁ’arf‘F’a %eq38 ¢es,

fusions with itheragienelsy oprgéaeablagndits 096 obher 99Rzyn¥s, 5% ns@BBi, ons,
shuf tl 1 ng th?@‘%ﬂ?es'? of' '@ye £) 0% "%&59&8{} a?i)g"gﬂl%féiaéﬂy 18bgt i s

ki nd may 25 represen pértlcu ar e ment s i ¢ applicatidns.
mut agenesi s ofdariiiscad ndteayapE c@ﬁneﬁﬁ&ﬁﬁ t%ﬁQHﬁﬁﬁﬁﬁlfaﬁalIYléFm@ﬁa

random type nEiOE$inghEs @ébﬁn@Qnes?aHl ned, £of xR €abddd h 8nis
subsequent met hod for . screenlgg r selecting the cl oned genes fo

activit y10TheRRHMRS obt difned anHFH Pon ar¥sef ect e t hes§1é’66818f1

protection ofcdiredgrelin®nedasesitiashded eid,93 f they code for anylolytic
proteins in the 35 broadest sense and are within the above-defined
simlarity range; in particular, with regard to the latter, in honol ogous
and functi ondlhsg uebmyaasese@bn$he sHO!ZJE&Q&PC‘St-r%OHWEeiss shvi 8387 r om t he

pr evi ous St al gentsy (i TN SRRl drclys 9 MRINOUSJoRgiesal g cipy shg used

to characterize nunerous oOrgani shs | n atter produce anylol ytic

pr ot ei ns T&hi chienPY sOVEaT t Flons eddas beensyht IR cERséRs @M Quanéd of
figure 3 or dhdD, 383.cdilUpearnyadd UrgbmOr @8 SITE ghhietlit CONPIhge

nucl ei ¢ aci ds codlng for an t he ote| S or otein fragnents
defined in th%l%‘éﬁ%e%'ce {5 t?ﬁémﬁiﬁ %%(5’ g{(‘a?e %‘%’épgpé’teé Tsubj ect
mat t er of thepamwmlmmiytamye bEOrs:ahﬁaeml fneom;dat tibal geakrbatsagand

cul tured accorézli ng to met h0£d no%w ];)e?;] se._in L P art| cul ar those 15 provided
by the presenI% ‘%p FEHTDNH. " 1o ?ﬁ/ M et obi ol ogi cal

charact eki0Ozati on, they ~ can be identified by the fact that anplification

products whosg, gdefiy, O»?S' %H%?glg%? % %’ﬁ%&ﬁs&@%% g?:éc"thg‘ig l?%mb*i%g

consensus sequence be obtain

basi s of thei@nenopsEd DF@@U%%‘F%@ bReigprtedeaPER PRI FBRS IRe MO oﬁe&nidn
exanpl e 1, ingpartésedaiveédg RakbepSEX084656E%846e space corresponding

to the complete proteins. Further members of this space
25 which can be derived from these two sequences by
recombination of the amino acids prescribed in the
relevant positions likewise achieve the object. They
can be deduced via an alignment corresponding to
figure 5 by each of said positions being occupied by an
30 amino acid located at the homologous site in either of

the two starting sequences.

According to the invention, conserved substitutions

should also be possible here. These include
35 substitutions within the following amino acid groups:

- aliphatic amino acids: G, A, V, L, I;

— sulfur-containing amino acids: C, M;

— aromatic amino acids: F, Y, W;



Preference is given to those natural organisns from 25 which an am no acid
sequence can be derived in this way, which is identical to any of the
sequences indicated in the sequence listing under SEQ ID NO. 34 to 262 and
particularly preferably to any of the sequences indicated unggsgdgsed D NO.
2, 4, 6 or 8. 30 This applies to all organisns, for exanple eukaryotic
cells, e.g. fromcell cultures, or predo?ﬁ? nant I y unicellular fungi such as
yeasts. 35 This applies preferably to mcroorganisns, preferentially to
bacteria, very WC{)Q?@I largBePyR-srHEInA NG ainn r%isllciﬂ veS babt eri a.

HO4890PCT - 65 ANMNGrIRIMARIP- e thaGteld amiElRIRNEe NS @i ven to those
of the order Actinopycet al es, in particular of the genus Streptonyces. 5 O

these, in turn, 3 T Cisacg'ﬁ ‘n Ro Bhe two speci es Streptomyces sp.
B327* and Streptmmicesansmo BAIQR; : iH) partR,cw@.ar in the case of either of
the two styains DSM 13990 or DSM 13991. 10 As illustrated above and in the
exanples, The nultiplicity of a-anylases of the invention were provided via
a specially dévefepedCﬁethodiwhhchOt lrdaosteo raeion std itdu teess i isepmvdtiects ubj ect

mat t er of thecgﬂve}gy I}}gﬁ]{C%Lq%%etq yethods; tQe i dg@tl{ﬂé ng..and/ or
7om a co

obt ai ni ng new anyl ases ection of organisnms or nucleic acids are
cl ai med, whi cRtAEERBES SgABCBERSPactierd zathich t aBe PERNFAFARr $oarsd thaw whi ch

in each case B@VQh@ 20/ e ed F 818 aRdas, Soveedisan di i deRadwp! ogous
to regio of own aFméI ases. The pol ynerase chain reaction (PCR) nethod is

establis |ﬁu RELPRFOPRErt and is described, for 25 exanple, in "Lexikon
der Bi ochem e" [Encycl opedi a of Blochenlstry] Spekt rum Akadem scher

Verl ag, Berli 999, | u [ 22722 i s.based on.nmeltin pen,
El ué adéﬁb gﬁé %3%3 té ’ll‘ ate At an e?@v%?ed ke

in the first ep,
t enperat ure, (Sgcr)lesﬁeﬁt stanyl ebst r ahdedeéo Mkml vdal esa t hormemmed or

primer oligonygheet tdesonbi rﬁilerfqextacmgpsaueeﬁlg)f tz]o BELLEGRPRR LN Whi ch

are sufficiently honol ogous faor hybridization, w tenperature, and (3.)
ext endi ng- > ai BC’%‘%PEOBRIAP@@P@&@%SW rehihaE of tt'élq hewa' sepMercesedium 35

tenperature aswapeamyeals WA sgBbhesisnd TBusoBr aicesnicnubibe fidetifycl e
two copi es of ichis |OCﬁted bet ween the two priner

bi ndi ng si testflﬁ ?ﬁ8pien?fg| QFPghﬁE?‘?EdOBpE eDRﬁes?ﬂt(ﬁnYe’atE?Eh c reaction
HO4890PCT - 67 process as is possible by using a heat-stable DNA

pol ymer ase, @H 2{1 jhctea rgq] [ gé cl es rodu e n.

exponenti al | y | Rcredsi ng _un% Eg %]%%rﬁ o %(gu ?loosj\-t

regi on fI%keﬁrgtﬁynﬁhémwgpr|am3rasleq9en@fesd Sequence Whlch is at
least 93% identical to the amino acid sequence

indicated in SEQ ID NO. 6, preferably in positions 31
to 461, particularly preferably in positions 210-300.
Said amino acid sequence is that of the o-amylase of

25 the invention from the Streptomyces sp. B327*
Actinomycetales isolate.

Example 4 of the present application illustrates in
detail how to obtain such a sequence containing a
30 complete gene. To this end, an expression gene bank is
conveniently prepared, 1i.e. the genomic DNA of the
starting organisms in which the special gene is to be
found is fragmented and expressed in isolated host
organisms.
35
Genes, at least o-amylase genes of Actinomycetales, may
be cloned and isolated by carrying out expression

cloning in the heterologous host organism Escherichia



The nethod of the invention is characterized by novel priners for the PCR
whi ch are characterized by a variable 3' section and a 5 region which is
hi ghly 10 honol ogous to DNA and/or am no acid regions of known anyl ases .
The 5° " regions of the priners are preferably regi ons whi cloagnesigund to
be conserved regions in a sequence conparison at the protein |evel,
preferably at the DNA level, wth variod? honol ogi zabl e anyl ases and 15
which are | ocated adjacent to variable regions_of the honol ogi zed genes or
proteins in gt@sti ofS APraER} ) nheFNowE -t RGCRYHHENT s t@eplle¥ EeORGhE | §re 1,
for exanple. 20. TheadhorgQicbe! weeh thsizimiand ) Hdg@Re, I @di ong odefji:ned in
this way is ng tical to the border between the conserved, and vari_abl e

anyl ase regi ons-CRHHhd i a HERRAETVELS ohNA| f1RRbtESHLL LR e CPdri*abl e
regi on startsAhdeneet heofynt Mesiexospee ilidlcow) dwrse genExptedsaor5 vafi ance.

H gh honvl.ogy.j ' n ' ans t .said,primers,. i.n their 5

regi on, (éc’) a'?{épiég&?}t’fg%]i czﬁgeto% {{Ele ?ég?g%% Und%?r%%hsis‘sdleorla*ti gﬁeg‘f"knovm
enzynes or 3(Vebmsendds (Cequamcess&Gi-3&l) i4 hhbgpralegbess rstagni®don

i dentical, stitlchave-gmstElscegh ﬁeeiﬁsm%_egagctﬂﬁs bl ENdigigual,g.
positions in order to hybridize wth a_|ikew se honol ogi zabl e tenpl ate DNA
in the regi orPEIRREFT CPBROL BB BURBApaFNY8nitnishadnyErbPdEz £0i §F35

phase of a PGEkeyeh€l Bpd 10dueks] &0sstdherar INA St heginfpIeeaatieon pi-n the
further qaurs, f the._%’%?. Vari abl e or_ degener at eg ,Pg!%fgri nmer s hgve at
defi ned FDA%@%%OS-I € pBEPPPSRE i eHlf Eas&o4ir nPREXPTr & 16€ a
sel ection of pwomotdwlee or Whiwh di f f erseent nugldeetides rat hgr t harpaxae
particul ar nu j : j ti ft Q.0 er S r r than
their overall 'FJ[%%%ﬁ&%agﬁé@féﬁseigggég?%%gbf a\?i?rl’ll%alﬁnl i?%/ gwghgaﬁri mer
pool obt ai nedindeseasepregsdoent Pl Ihhen ghnehe undser tbe veontidle of

i ndi vi dual pogi{dopsomdhese jYArhSdd 088 rI8Y s be hAtioduced dyr igléglo% esis
of the priners, in particular chem cal synthesis, according to nefhods 10
known pertdse. (9t¥s Feftes using, at the point in time at which the

nucl eotide for a particular position is incorporated, said reagent not as

pure nucleotige b as .nucleotide m re. S , er of primers
with identical % %E'ecfioc}ﬁs %‘F’éa’p’r‘%dglé’gg‘% ic#ﬁdi%d@%é Pﬁtgﬁ’gﬁ)ﬁ’&f’&?&
subp_opu: at i onsutiomb ke ni _ﬁgranyéspdinigst itded | yoparsgldses nudeedtedes firont he f
particul ar va a nov ri pr .0t resence o
gene 20 seque%%ggk%?);cg%%%/ti cbggot.ei%nosrpa g?%guct %%ﬁ?%& Feg)ﬁ'glr? I Sltg to
sai d pr o8 nsdet@eyierndeherpefvar isdbice r edildthdusint ethén bbaweenthe

accessi bl e angeai©1dhe1ef Qe 30 LREEHEED B A r8eqUeNGeL@NChYr Sg 25 The
tenpl ate usegg?orﬂ he PCR cr)lf yt%{he i.nvention rrigy : DNA pr epar atsi,c')ns.

3 be any ,
Oni ng to the BNPar & véFYBEenal | ARAATEBI AR5 kOFe B FRAF T OR1a SOddIre
sanple, it ismpestidl antio deniwy soPl uhal istyueftur@dctgaie M Khuses and

paral l el . The, hod. of the inventipn is thus 30 particularly suitable for
screening a c%‘ﬁr%%%l%cna%qfo%uclogiec acPds pprroe&lp%ﬁted g?om% nﬁ’lefi\i&ila@imﬁf of

or gani sneSaccerdiatnt o det Badd .kihem.pezbke(6 TheppenpPated ohdy , altheybe cDNA
or even NMRNA prepakat|pns,: 4ofi i RCR LS i gged in S
sufficiently esc%g&bedd)i n géut he Eri ofbaretg.gél ngg v%ﬁ%%nqo det]ﬂe tlrl%act i-on
process, the FERRAERRER preeritiens add@e onliGram nagatiivedt Feaddldn

cycles  HO4899F&Is JM 109, DH 10B and DH 12S also proved to be
suitable hosts with respect to recognizing the
30 ribosomal binding sites (Shine Dalgarno sequences) of
the amylase genes of the (Gram-positive)
Actinomycetales and recognizing the amino-terminal
signal sequences and exporting out of the cell to
produce the mature enzyme. Obviously, expression of
35 amylases of streptomyces was also nontoxic to the host
cells.



- 69 and/or, after the first cycles, the priners which correspond to the
constant regions of the priners inportant to the invention are added. A
third possibility is to carry out two separate PCRs . In this 5 way, the
rel evant genetic elenents of the tenplate are concentrated ip4ighephipr st
cycles using the degenerated priners and then specifically anplified in the
subsequent cycles. 10 The sel ection of- 8 d possibilities or further

modi fications, in particular in conducting the PCR, depends, for_exanple,
on the sel ect?¥iti2ed BERABELCHIMA nfrem dhea hetratasetey e SH8IDRA used as

tenpl at e contg@idth NgathengaRekitalekeneidopapdd fi abl e dpubhis ay. mbateThe
sel ectivity of. the PCR %&?‘GFC%Q be regglthatt ed via the reaction conditions in
o]

a manner knowmPerides ? eRBEL ¥s, CAVeS afple, @ t RENGICRDLE
hybri di ze w tdiZdNArarege onelabedhtar ehrotexpertidd ad i pndd dr thavgenel pel ow
honol ogy; cat higher.te ratures, .the.selectiviit O_increases. In this way
it is possSi bI{;lg?%t%%cérsqggaﬁgl%ﬁogsré‘agg&genlﬁlensea\lfﬁ‘ﬁ%%gd%iﬁ%?l oFFSF&PélSy
correspond t dlhdempnimiousiugblemovat aridrse gends gemeradtred hfohi galkch
honol ogous regionsy R the 1 pthel handyprieer i ndj ,%Tug o] e
unspecific tﬁ% Iheapr oport%n 25 of ggngs ngtg%cgg%%gr oriza(?ry]g{a{geé:§l oes not
gai n the uppeteHharfy cGAYEFEdSt 0o hhesPFBAMEr odtiRt ENFheCBpei Mim #hst be
$ﬁterm| n_edI i mé&'ﬁu?ﬂ%&teﬂ?é &aag\ytz;as\é%r,ylﬂfklge_tIi%sm&ghlgoniﬁgéh!éttlsq&%- 30

e nmultiplicit ossi bl e yarjations make it. possible_to adapt to many
di ffer enlprr o"b?%rrg,rogbrie%m%e{‘bo d’t”ft?s}ér @ntn%&fi rﬂ)thRI;\OBSISI e’vfc) i &Fs, and
render the netiwoxiodd tde 4Mveddi on a very flexible instrunent for finding
new anyl ase sequences. 35 This optim zation is carried out against the
background that, when studying DNA sequences from collections of related
nucl ei ¢ aci dshs advanlageoadiiyea trunderevating0a8g@POMIc Aanka- afly| dse
sequences shoyl &b bgogbt 81 8od i il Al d oY 0RO TR Gon £y et Sepadanot

fall short of a certain_degree o onol ogy to one anot her 1’Xsee above),
since théy meSPt hehe be™RNRE: f of - Bef | ARy aCsEgdékce SXpEEESEAd TGS -r andom

mut agenesi s medw@Esr sudderasmshuiddriing, S encud| @.1Kd1vt hite Wayodue priner
conbi nati ons CGEX029/ GEX031 gnd.i n _particul ar_ GEX024/ 026 were fqund to be
optimal 10 fd?O%t thYT eEEPBACDf IBNKTFr SASA 19 hoRFREE alVBS SN SERERFSECE. The
PCR product s nbttheestarttingenrdari die Searcly fow canplexdle, dmpreaxser .
sequences. Said PCR is thus a 15 screening step via which particul ar genes
or gene fragnents froma gene bank or collection of isolated nucleic acids
are i denii0f i €the Thel mEpe f r dgheinedobeaenedsspyedr r éspondiesgmipanes ion

i ncluding alle of;ddeig) Aeyi atdQns ekBmp R Vi daal tROSIHRAS, pIARTWHEYEe a 20
sequence space._ They are also,tyged in this way, since they may be regarded
via this comdPrechtdhceddd FEpRetentari G¥RTB8FSACRaPE EBrPaPTPFé 0P fenzy e,

Thi s screeni nfhteckees tie ghebabrskeres siekampa et hetRE seqgficasspaas of
t hose genes ich co(?e fo‘[=1 partti cul ar e.nzymssthav'#ng a?r/LI olytic a;ti vity.
Sai d sequence e PRt s Of SpartiScul EFY M er e8F MY FY - coht&thE2Ed VPaYge a

sequence 2%ar i}adabde‘{*ely, asnpimsimbeherhigehedetects’sunhoenaysese_eﬁﬁlng prief erred
aim 1o be okl | b ALGOURL £VRHoNACH 58081 LG hNE1LRepR" LIRLIp1EBY be to

obtain a variance space tor particular enzyne reglions suc s parti ¢ul ar
enzymical |y i Heresammte domai ns, for exanple. These are

The latter possibility is particularly suitable for
30 genes which are expressed in the host cells weakly, if
at all. To this end, it is possible to use, for
example, nucleic acid fragments as can be obtained by
the PCR described in examples 1 to 3. Those probes
which can be derived on the basis of the partial
35 seguences or primer sequences indicated in the seguence
listing may also be suitable. When translating the
amino acid sequence back to a nucleotide sequence, the

particular codon usage should be taken into account.



35 usual ly domai ns which provide particular partial activities such as, for
exanpl e, structural elenents or enzymcally active amno acids. The
fragnents form ng such a sequence space may be fused to other known
HO4890PCT - 71 enzymes or enzynme fragnents. They may al so b@sigeipeduced
into evolutive techniques for devel opi ng new enzynes. Such evol utive

t echni ques for random reconbi nati on of- Vdrious fragments are illustrated,
for 5 exanple, in the patent applications WO 98/ 05764, WO 97/ 35966, EP
590689 and EFF3Ed(REICA WeIEPIepen@s hod bhet Rtarking pygapssmexdapie, the

St EP net hod dgstat bate | feO 198414 2832 . bddh At dedcf9ssi bl e use of the PCR

products is the screening of gene banks which is carried out using the DNA
fragnents obtai ned by said PCR or parts thereof as probe. To this end, in
particul ar hybri diszathem mpeissdds bytohiddrisegueheesconttdsdogdimg Do

honol ogy g¢an be 15 e , dependi n.the stringency_of the

hybri di zafi ons?%?récde:ést g%ﬁﬁs h%éjq}ens tﬁgsg?go oasrj‘tt.lVle%‘yt'hi 3G f/gi'?gi &o

possi bl e to inkthédy Sngiwharpeequencedofeoveanyl claid ccproeei msre 2@hEhe PCR

fragment and %@ﬁg@lenc ipEgr matdgn ohi@ ned ih ' i tself, . al so be
used as start%g{gﬁ ol nt fgch ?urther °bCR- and/ orssegégﬁ%é?basg Oﬁ‘rrléLt )c%ds for

i dentifying, M GHGL RS cIVFFng the entire gene. To this end, for
exanpl e, inverse PCR, A-PCR (anchored 25 PCR) or priner wal king are

described in the prior art. The gconplete genes obtained in this_way are
finally ggst f or “R%iei r8%&r chOt| eaﬂg‘ﬁg aCtFrePEY™YReEn aéPivi t?-”gﬁs*ay, f or
exanpl e aft erAct ommgretdesain iexpaessi (e eekampla02A11l et kesmemethods

may be |inked, i s nper, t S n S of e.genes _or
pr ot ei ns obt %ln%&%#agégégggl gﬁfentc%rm%’elfﬁl{%t gﬁ\??e%%&?%ﬁg%sr’ry%??%ggga&ﬁ vity.
These vari at i ghss cwayacerdi Anief @cidd Ssaeabods medrsivid t lthersdhjosct

matter of thedquvendt®nep lifo one gidpogli nent of this subject matter of the
i nvention, the genes or gene fragnents obtained are HO4890PCT - 72

sequenceé.S Sai d sequencing nay yield information about the identity of the
frflgrfents Obt'];ﬂilé]e@pe&i NE€adfsg 5 ﬂfaméhoagd,s&ﬁ@mmbl dgpenﬂb?mtlae
selectivity of the PCR caonditiqQns._Thus it is ssible wt owsel ectivity
conditions, f8W pr(ggﬁc?fé pﬁ@duééd s%fi‘gtlso @beéi 918 pPEABF 5P ng to
fake positiveviisshul is. t@phisdaakdsdquencigtthioinie paoidect shahusaddaieds 10
unnecessary wor kin%@i&@epﬁafl"s?ggggﬁ.Caﬂlxi%e isse“a“fé‘&e‘j 8%&8&}1“ RO (RIS TET
wal king, for éxanplé Tn a manner "as carri &d ‘Sut-Tor the conplrefe éeﬁes in
exanpl e 20 Osedeentderl g hampl bhez aseoni onlat ablsse fswdnotess  for
positions 1 to 3, the feature “INIT MET” applies. In
addition, sequences corresponding to the ribosomal
binding sites, i.e. the Shine-Dalgarno sequences, are
located within up to 10 nucleotides upstream of said
25 start codon.

Overall, the gene comprises 1386 nucleotides coding for
a total of 461 amino acids. The first 30 amino acids of
these are predicted to be typical signal sequences of

30 Gram-positive bacteria, as can be expected of a
secreted enzyme. This 1is indicated 1in the sequence
listing (SEQ ID NO. 5) by the feature “mat_peptide”
which applies to positions 91 to 1383, since this
region codes for the mature protein. In the amino acid

35 sequence (SEQ ID NO. 6), positions 201 to 300
correspond to the region which was amplified in PCR
typing (example 3), using the primer pair
GEX024 /GEX026.



15 and the definition of a sequence space may, as exanples 1 to 3 show,

al ready be carried out via the PCR products derived froma portion of the
gene. The formation of a particular PCR product may characterize individual
strains or larger groups such as species or 20 genera and ngp4geppesent a
taxonom c classification feature. This is a valuable aid when cul turing
said strains. One embodi nent of nethods 43 the invention is 25
characterized in deriving fromthe genes or gene fragnments obtained

pepti des which are assayed for an epitope of a known anyl ase via an

i munochem caﬁh@ﬁiﬁm%e&%r@@@p&&é seihabheifiosetibficaseoBta@nkhe fproduct s
of the PCR of .the |nvent|og!]é§1 for exangle, SC gnlag %% be carried
out with the @Y BREAREI BG SPRHU RSV ETR Eﬁnsﬁ# 5T SRECBECBF dPHg t o
nmet hods knowB3&r* seceamyleskasiandf the dedc'bzx/misgmmim@s nibeeamylel ytic
35 proteians and derivati s I e RLes r
avallablegfor P #?F¥%|§r¥8 pre‘irréd g é nents fg&¥5§§§b %? gg?%egAs an
aIternatlve(ﬁorrthﬁkm®$bn8iml$QQUenCrmgSorGeopaptVGﬂnBanhedNeaﬁOneﬂhod
a-anyl ases My, Ao g,y d%ltdtféaﬂlo%dw tﬁf%*}%{ It 182 Y Ricg TaCt chaxsﬁaﬁ Thus

preference is given to those nethods Which are characterized in

pepti des ana¥ﬂﬁ§%ﬁﬁﬁ?$(ﬁﬁt¥@ﬁb€%esB%Fh§%ﬁ%'fMHgnHﬁﬁé 8BaSWa§s-REPEN are
assayed for a(@e&[‘éxfa but BOBihBoaMadM¥kOl Yt (ceradiioi ty, s p&k ef er abkwnekar,

anyl ol yti¢ ac IVIt Iet l.y _exerted by said 10 peptid .~ TO i s end,
the PCR ﬁﬁodd% bnpEﬁé5Lgz&@QBgﬁéfiﬁéhﬁfﬁyﬁiéﬁﬁéigﬁﬁQ'scr T may be
expressed by géamwmgwaéocaeraeﬁleuasdm1dm&ﬁqﬁenﬁ3dé&slitnlaaby kasg PCR
fragments, as yesuli, "Eﬁ&&f‘”dfcu'%r f ot he, ehalge af o%l% ORGALE
prinmers, may & cl'oned dire | y'i nt'0 "'expression vectors in the course of
expressi on clbmthigtutk t hodEBRI ovi dinng désdrdiddgy otWeitedrti Eingdgmences

in the vector%thrﬁ— F)RReSeioPlal Ngd) ar enegeg3saxed dfp st A& hydiel yzi ng
20 activity, ng out on starchcontaini ng agar plates. In

a prefertéd PO MRNIOUE he2QCOFRYPSNn BP athPealPSShe PEEREA i <Whi §hly

vari abl e OL hn;ﬁﬁ&yhoxdelganenat Eﬂpﬁ5nand?/l\m’.5}th.€9§8 r8gi 0@|pr 2at44l—aaa18)one
prinmer is hig onol ogous ion fro es

vari abl e prln%r% n%ﬁﬁngfgﬁ k%ﬁ% FHEFS W)ld%i aP@Fg éﬁ fold,
96-fol d, 128-defaulbt pnmaméﬁbfsghefh@eg@mwlacyscﬁlanedmnm Wab12|mterned|ate
variabilities The primers are regarded as highly honol ogous when the

constant 5' regions deviate fromthe consensus sequence used for
const rucilon Babhe 2or Resiakt t @8 s esbaseb, iy etee aeppieptd&GemBaakt han

one 35 nucl eobase, wit ha&@n@dﬁ?&@lyrbéeaatgaésésqvgac%’ﬁeb@m@ Raktieul arly
preferred. The priners derived on the basjs of figure 1 are |isted
using the amino acid sequences of the

native (complete) and the mature protein (without
leader peptide) of Streptomyces sp. B327* a-amylase and
25 the corresponding DNA sequences, in each case carried

out using the FASTA program.

Sequence Database Date Homology Closest
in % hit
identity Acc. No.

complete DNA | EMBL 1.0, 2000; | 01.18.01 83.5 Us51129

65.0, 2000;

GenBank 121,
2000, 1.0 2001
DNA without EMBL 1.0, 2000; | 01.16.01 84.8 U51129
Leader 65.0, 2000;
GenBank 121,
2000, 1.0 2001

complete Genpept/GenBank | 01.24.01 80 U51129
protein 121, 2000
complete Swiss-Prot 01.04.01 78.7 P27350

protein 39.0, 2000,




HO4890PCT - 74 in exanple 1 in table 3 and in the sequence listing under
SEQID NO. 9 to 33. The variable positions are indicated there in each case
by the commonly used one letter codes stated, for exanple, in WPO standard
5 ST.25. Thus, for exanple, the pri rrer GEX024 (SEQ I D NO. 9)yduas gpgrt wo
positions the abbreviations "s" and "r", which may nean in each case either
g or ¢ (for s) and g or a (for r) re‘sp%*ct'lvely Said prlrrer thus has a

4-fold degenEAdLy LUIIB“%%%%hL Qy 20, S UHUCIbLLUu +o—thattT—fot CAaI | e,

t he degener Slein 1€ Pr 20 S NO—=1) ‘ HKev otd,
that of the%ﬁgﬁitGEXOZS %&%&b ﬂ% oL SLEEN PR AN Rk gri ner
GEX031 (SEQ | {Lddly 12) i 9 d. 15 A net hod of tihe inventipn is based on
the fact thatordedis POSSI opLgentygegico hi-e—are—c o

bet ween a pl ufj?, 'ﬁc;:'y._ of arqﬁ‘é’gggspgg‘g whi chdlrrgy? gg Utilized forpconstructi ng
the constant| {§ns of trﬁgmgrhn@r sl the |nvent| on, t her eby becom ng
sequence 20 anchors——Approprrate primers—are Hsted—mexamtre—1—Fgure 1

depicts their position with respect to particul ar conserved regions.

Accordingly, meft@feengeotélﬁl vm;élo thpee sELOASmPteLS 5 Ehe BIYPAL QN whi ch
are characterized in that the 5 gl on of at 'l east one PCR prlrrer 'S

derived from 3gEERNIS ré‘@S&n F‘P SF6MEI nF°t othe c Srrndards edomai n,
preferably ofegtreguenicorr esrondbmglégyt he mwm@@m@l@psabt@sg tAe 58-91,

B) 94-14 155 30 207, (D), 295-345 (E). ;3 7 S
érl)seus ajsarry? eI %r?fcm‘%r?ytﬁiygf BFSB%n 8%‘%320% t%%@ng‘tatr’ﬁeﬂieggyces

domai ns B4 opretFimf Thes(ma¢B piBibarr ehzymleualsunsétrep?d@m])tc@sl altters wer e
successful ly ysgd iasexanpl e b Aati ngnyg s ONA. e '
sequences pr owﬁlq)él ﬁ?/ t he present HO4 QOP%%?I?S aptp <_I‘chast%’lmon an t1|sted
in the sequend@tapa%®ng REgIBESdsedvRbresynt REsi zi’8g7cor Bashondilng%pri mers.

This applies, régpeexap®l @, ﬁdiéﬁti@yrEQkOBEeW@hEByaWPQm@b hacaied Mt he
conserve reglons but, which energe as 5 common partial sequences in

subpopul d% on€* ¢y e%énpl%tlf?%‘f YRR r RN LIRLARRUDT  Oh&WdRSEnsus

sequence of SEEEEND. 26BicPsef ahencaiighmidiits ghFenthe naihads sich are

10 characterlzedlnthat £0 pefer bly two, PCR priners are u i ch
5¢ e hrrRs T ere S et oSy Gl g

can be derived FTonm an any ant

fragnment of tmdetstequmJyees gabuer whithesenuentiesnargs r@f exrtredottiver

hand, prefer
one,

e

preferably two,

é&ésasgﬁ 20 Lhesgs i h

priners are use

&SP Erd]

characterized in that
t directly fromany of

t he nucl ééti de sequences according to the second subject matter of the

lnventltont hSImgst hgse ainwa@ytzte ?aeeangucqhggb: e\m%qa%ri@e a@a@&@oul d,
owing to the codon u Sui e in par or
sequences froh? AGS niﬂ%@ét%} s ‘f’ﬁl ot HeTE X é&‘rﬁ"&ﬁé’l t?%? ﬁﬁ% 872%%Armng

t hese,
| east one pr

B PRRR Y 51 0¥ 53

listing under

Labhe; a2

=)
i cal ar<af

preferedse i S2gb6%en t%%ret he@s, whpah, ar @gzhar agd %y i zeddl n-idigt at
ugncgiel ndi.cat ed |n t he sequence

o e ses(fuf?élnces

i ndi cat e@0 n ihdiceye@dnda [SEQ | iﬁ@ lNQierG $¢3©llaﬁ)mﬁd 10 t the2 prasend t hese,

preference 'Saf)ﬁlié'é@l&hVe@hig HB{sh‘Qgé
primers are u26efl

25

30

In

he co
of the mature protein,

nbi nati1on of

g?le@@r%ﬁy

1e

estimated from the known sequences.

as far as thlS can

°ger BekeEhesd n Bl (e

10 or

be

Said degree of identity applies preferably in positions

31 to 461 and particularly preferably in positions 210

to 300 of the
more than 95%

most

identity,

increasingly preferred embodiments of
since the sequence found to be

similar to the latter amino acid region which

corresponds to the consensus sequence of figure 3 and

SEQ ID NO. 263 1is,

as already indicated in table 1,

a

database entry which is 92% identical to said region.



35 of SEQID NO. 11 with SEQ ID NO. 12, since these were, as exanple 1
shows, successfully used for obtaining a nultiplicity of a-anyl ases.
HO4890PCT - 76 Methods of the invention can be carried out on individual
sanples. On the other hand, however, preference is given toHpigyigwhi ch
are characterized in that the tenplate DNA used is isolated nucleic acids 5
of a plurality of sanples which can be‘a%% i ol ogically useful collections,
i ncluding, for exanple, cqllections of organisns, cell cultures, isolates
or cultured | FRFSi RISt A& nE139P21 s § D atid MIGMICESacFBs FOh &am of
organi sms, cehhyTaséures, isolates, cultured 10 individual strains or

i solated nucleic acids. Isolated nucleic acid may be purified from sanpl es,
for exanpl e outdoor isolates, thereby avoiding an isolation step, for
exanple. In thhe wapjetti soposshkl eihvebbisubj ést wergry dardcddulands of .
different bio i sQur 0 i i i . AS

al ternati \?e t%&gjbttgg%%i % 0%31»[% tgoraﬂ?lzlgql tes%qgfi)?é?ésﬂg? sgﬂggésggﬁlgot g%g'bdt ain
vari ous strai pedfenaet hes20igensiaply &ecesbiebl enfingcuRsid TiFesmerde al so
be col | ectionsn@fcgeagt igaldnn Mpei hbedeor g (b1 efer 8BkY tions 31

m croorganisns. |t is alsp possible to study various strains fromculture
col | ections (EBMPOLATRELtEBGARYY SBF BERER ALY, 1B5PIPEt Hethotl 673 ¢ e
invention may al so be applied to cell cultures, as generated, for exanple,
from eukaryot in rticular_fromh ns. This is useful,,,for_ex | e,
when thea}‘ nzyﬁﬁ%st (?ng:ec}ﬁ affﬁgﬂdar]é“‘tg"rg%«?pﬁggéfc&ﬁi to%&vé‘ paFYi AH ar
physi ol ogi cal esptessedr hétsadplogmayhes are tarimuparHastul ardllsiel las
tolerated, th pl yi ngs dJ spar t:i_cul osgeticappli i .

Col | ecti ons o?l%ﬁ%é§iFn a%% g%% égébﬁf tﬁ%%gkgfgna?ﬁl§ﬁ§5 %hié@%luqir

m croor gani snBOS&ERLAs Fungise .yed9fs, ehaBPer; a Jerenterlyzes erliyidans er ence

is given to bagberigniShNCLLidese @& Misdt r@éﬂﬂé/télc%ﬁ%ﬁi Pl - diie
m cr obi ol_qgi cal and ge%etlc nmet hods esaabIL hed ji.n HO4890PCT 77 t he

prior artt®> AnDRQURREsEL FIRHiASER atPi? ef fBAEe MESiGiv I t BXEFRLe Of &
G am posi ti veshatabl éa, exspressidresereanr clieseshet cexprtkisé 1ol v&gdxcat i ons

owng to their il o.export _de novo sypt hesized pratei.ns_into the 5
surroundi ng n%%g€%1 k%%%r%f%g’toEPHST?enaﬁk@'ab§3§%and ﬁE&FH§“§§hnﬁﬁgs of
the present afpécthitco8ionatr @epcndepMetaténve g giheeExporessd onolangiv ng

met hods: 10 Secretion of the alpha-Amylase Inhibitor Tendamistat in
20 Streptomyces lividans”, J. Biol. Chem., Volume 271
(Number 25), pp. 15244-15252; Figure 6). Expression in
this wvector 1is under the control of the constitutive
ermE promoter. Alternatively, expression in E. coli
DH 12S, for example, is possible.
25

Example 6 investigates the enzymic properties of this
heterologously produced protein. According to this, the
maximum activity of Streptomyces sp. B327* a-amylase is
at 41.3°C. Said amylase is most stable in the weakly
30 acidic to neutral pH range, as determined via its
activity. It is more active in a medium with low SDS
content than in one without 8SDS. The activity is
slightly zreduced in the presence of chelators of
divalent cations. These properties make Streptomyces
35 sp. B327* oa-amylase an interesting candidate for
industrial applications. Further developments of this

enzyme via molecular-biological methods are, within the



Met hods characterized in that the tenplate DNA used is isolated nucleic
acids of mcroorganisns, preferably of bacteria and particularly preferably
of Gram positive bacteria; those characterized in that nmenbers of the 15
order Actinonycetales, in particular those of the genus Strepugsyees, are
i nvol ved and those characterized in that the nenbers of the genus
Streptonyces are Streptonyces sp. 327* > Streptonyces sp. B400B, in
particular either  of the two strains_DSM 13990 and DSM 2Q 13991. Preferred
net hods are chHaMakderiyzetPreetfatinpe 8BA¥S. oingerrCFREgHeNE§RBt &D8ed are
introduced i NEcopd EXASESSEON GENEE bk peLdnt sagdeitassayed for 25
anylolytic proteins or fragnents of anmylolytic proteins. Such an assay
preferably involves hybridization of nucleic acids, an i mmunochem cal

met hod or an Gmtnerdimhsgayli&axtiphe 4fdeddrd bemsy balht & pxptessi ame

cloning. 30 T. i.di zation j arql out_ | n ner ribed,
for exarrpr%e, ﬁlﬁgéngén%alirgy n}f%%cscci]é,t%g&nbra(g{(ﬁ: }ﬁ)(; %ﬂll 2?’:%5 ® ﬂ%@%l ar
cloning: a | aborther yogkawal ", Col d Spring Harbor Laboratory Press, New
York, 35 1989, by using a nucleic acid of a known anyl ase as probe in order
to identify the sequences substantially conplementary thereto in the gene
bank. The desi? ef8-8BYLe&SofohoRBRogyPVRIF IR cHREr GIlsey PRERiIRe] ifFem

H84890FCT _ Téhe ﬁb@ﬁﬁf@mﬂ?ﬁeté&ébi azcaend t%m, 1if. thiee ddnid E@@pcxﬁs |

| dentifi seguences e invention e recogni via thei.r _honol ogy
{6 Known Ly 1SRRG T0gd haBAvacia « §EABRImYERS: i ac oLl « PraTeaRsol - &
Banks whi ch drheadympieted@Nexpessmre obft hbegdmamerheand onhai Arane .
assayed on t g ARSI flod e 88evBEOMEL S Ukt AKE fghi LLS ane 3all bodies
agai nst known a-anyl ases, and the products found nust Tikew se 10 be
checked for t$RIGeREF | bisting dades tJEQ THRMNO net yed &re al so established

inthe prior art. Alternatively, the isolated cells of expression banks can

be assayed directly for their activity by applying themto starchcontaining
agar plattes, e fReat dfPatH e ahml &  FRSPoAUGLRO tdIdshe SSEMFTCRen be

recogni zed bycdéheiiséysis7hameslddrtideds i eoecaknbadi neddred ewith a
characterize d? that the isolﬁteg Ais,.i nii:Eloduced into.an exElr essi on
vector 20 whi *1 D7 5% HeSCPYRANERI TRt i OREP ARd SfFaNSFAEPBREAIEEN RSl enent s
and optional | n ofereptomyeesr apnem327df, ars abyamskagedeasonefationi@eover al |
result in a pogijdye gage iéu@{hé‘%:ogﬁﬁéﬁgiéyé%ra étlﬁlé'i g;t?! erfpL Gfus are

in particular those vectors into ragnment obtained is reconbined in
such a wa@y t tseoipfafatedzvesthe esegranaed limfiigidcalSie RpNererdted by

means of expregsifl VRLdeh WhiingBcCcoshahifed: 9o debgtgfei P Isiah Ay t hat
cloning of 30 the fragnment cancel s out ex:é%tly this deletion. This
enbodi nent | LRRIIFEUSS | POSEELIBPe +ortPCR - r TPRert IR Gr €936 shor t

in order to chileedée acolmperéadl thanyiiobydmal asindiny . sBbefarti cul ar
preference is given to a nethod whose activity assay which follows the
inventive PCR for screening isolated nucleic acids and which conprises
three st@ps iBhasfiobto®®: amino acids are predicted to be an export

signal sequence (of the proenzyme) so that the mature
protein begins with the amino acid sequence TPPGE. This
is indicated in the sequence listing (SEQ ID NO. 7) by
the feature “mat_peptide” which applies to positions 88
30 to 1374, since this region <codes for the mature
protein. SEQ ID NO. 8 depicts the complete amino acid
sequence in which the mature protein starts at position
30. The positions 200 to 296 correspond to the region
which was amplified in PCR typing (example 3} using the
35 primer pair GEX024/GEX026. The protein comprises 458

amino acids.



HO4890PCT _ 79 _ (a) screening a gene bank, preferably one with conplete

genes,

with the aid of the PCR fragnent obtained or a probe derived

therefrom (b) expressing the genes or gene fragnents identified 5 in this
way, and (c) neasuring the contribution to an anylolytic actigsdoppirthe

proteins or protein fragnments obtained
bank may conveniently be a genomic or a

p% sai d expression.
©ONA bank.

It

10 Sai d gene
is possible to carry

out the PCR of the invention and the activity assay on the sane bank. The
t er m scr eeni ngHBaRSZEMEc P& psRabivehed e t BA1S0g8ingr famt this

particul ar thenabpuegertl ies RSyt Olet BEnbanksayhachy
sequences obt ai ne

St TeqBdRdds oF2RABWA

nucl eic acid

S,

In this case

t he inventiont?ﬁth%?z¥%%n‘ﬁ%r

the parti.al

%
ATHBRELZ @S e

if@ﬂggiéy W th
y the PCR of
theed.

Screeni ng t hergengtbaskssaba@nseeryras?20 to identify clones which conprise
Al ternative methods known fromthe

the corre

ondi ng conpl ete anyl ase gene.
prior art conprise using the PCR fragnent obtained as starting point for

an inverse PCRebtead:anBasnétd RER the PERproh fir $SheuaeripapthGenBars

wal ki ng. Preference is gjyeg,tast
obtained after the PCR or& wils ??8€

t ete

e conp

%

Bedsekn 4l ¢

enes are i

e S
ntroduce

ke, ACH

I'nmto ‘cl

25

ds
oni ng

vectors and transformedufhRg Hostawmenrpsachfi spavenche afttbety assay. They
are thus norengeadil y (aepgsstbl e haat henabovamentd onpd sagrenglng,apd/ or

further clon
host ceIH?t

tep

i .. 1 n¢lud
o tadsE pRepEideh; of

g clonin

i nto expression vectors.

pEEpERE OB ESS SPer BHOPEs OrAmyd a5t e gener a

35 The

Escheri chi a cohé, cSrrepipomdiesy mNBaskeblhbfces, HA4899REH a8 dJdidieds of

the inventio
but also in

Cu
r

ofHe

G251 el OB e

aln a nmu

t_onl

on ¥amﬁth regard to individual sequences
|PlngCIfy of sequences which are 5

honol ogi zabl e_and via which a sequence space can be defined, which in turn

refers to theSequeanceul ar |Pntadbasei d sequePratss, sincéiemoflogy t helasestof |t he
nmet hod of the invention tjo identify corrijespondi ngl|yirdPf f er ent hjpt ot ei ng.
Thus, the anino_acid sequyences derivabl e from 10 thsleREREyr odbct s Nrust| be
cont enpl at ed| fompletie BHAc EMERECOr @i 2100, |pdefldr.dicd 41s 9t her ef pues€ia/en |t o
met hods which are carried @ut0,0200@peateld on so ndny di f f erent PCR
tenpl ates that at |east t|WendehketZht ami no acid 15 sequence$s having 4§
common consepsus sequencd Z2H08.obt@id®Yd, |in particylar via individual
dommi ns, par | P¥A widhioutt i|éMBLstr Oct200; edkrmont0s qre2cénpl et e| yeses and/ or
pr ot ei ns. Leader 65.0, 2000;
GenBank 121,
2000, 1.0 2001
complete Genpept/GenBank | 01.24.01 76.8 U08602
protein 121, 2000
complete Swiss-Prot 01.04.01 71.6 P08486
protein 39.0, 2000,
EMBL 1.0, 2000
protein Genpept/GenBank | 01.24.01 77.7 U08602
without 121, 2000
leader
protein Swiss-Prot 01.16.01 72.2 P08486
without 35.0, 2000,
leader EMBL 1.0, 2000
15 At the protein level, the Streptomyces sp. B400B o-
amylase 1s most homologous to the GenBank database
entry U08602; the homology is 76.8% identity across the
sequence for the native protein and 77.7% for the
mature protein. This most similar enzyme is
20 Streptomyces sp. (GenBank Acc. No. UB8602) o-amylase. In

contrast, a search in the Swiss-Prot database produced

values of 71.6 and 72.2%, respectively, identity for



20 It is the aimof these studies to generate a sequence space whose

i ndi vidual representatives have such a ratio in honol ogy and vari ance t hat
sai d sequence space can be introduced to random net hods of nutagenesis and
enzynme devel opnent, for exanple shuffling nmutagenesis. 25 A%é?dl%iy
preference is therefore given to nmethods which are characterized in that a
consensus sequence w th sequence identit4es-of at |east two sequences
contained therein of at |east 30~, preferably at |east 30 40~, particularly
preferably attheasflatgbasps egitaivne®08%&eparsit ebeabj ebti trambéichof itshe
invention i s gheepesmi -BELI t ' ' (o] ekC 4
provi ded by the p?e,sejr;t a ﬁﬁggﬁﬁr@f%géqﬁ‘ﬁ%ﬁ%ﬁnﬁégu% g- %%}ess. Thus
the use of a ProtEifBieer Pratthe MEHUI A§ifo T9riemGet &dbj BRe ®atter of
the inventionahplasesl04898PCEPtoficelsdept.i Byions amanmH APt d¥otain is

cl ai ned, %ref %abﬁ% i n_a nethod 125?&? di ng to the fourtfh subject matter of
the i nvent] on'~ 5" %% RS b Us et r eXBfiplPE 0o rachy i $PAYSEEFFesFondi ng
prinmers for natéstsonf arlee rafentedntoHoviess , ashay gw2 al aadbeacos] f or

t he aboverrentj_,ggggcgg\gggg§ for generating anti bodies for the i munochem cal
screeni ng of an ‘expression bank) 10 Nucleic acids according to the second
subject matter of the invention may al so be used for identifying and/or

obt ai ni ng a neML3MKheSs myRIcARLRDIYr-d 1k 8h TBLHOSe a57 281 RGO dRRISRUL th

subj ect tter of the 15 invention. They may serve, for exanple, as

t enpl at e ‘for ﬂ%v%FoEFﬁﬁtpﬁpﬁEﬂ§%F°31Péﬁd®f E Sar @Yo P srapP Ive

avai | abl e as 82l®%j 085Ut Mt 5&N SRRL €93i.68, VOGROr 9639 tovat, 2@sc! @ysyng into
sai d vector | s cQ enentatio r expression. A _possihle use for
prot ei ns obt afgﬁgdvéﬁo%)g?lr:lgl:jc%lga’é&??e?ﬂég’oflégﬁglf:ﬁ‘geﬁtol er@é‘li‘lntosaﬁ%{n
fusion or |inkageeRset andacbhed prot$EQ, IDNNGar 18 cararciaimdévéhopineg a new

enzyne. In thﬁ):?cg&@ﬂfﬂépﬁ?i@é’@%me to prepare, for exanple, multifunctional
enzymes by chem cal coupling. A possible use for nucleic acids obtained
according>o 30 a method of the invention results fromtheir use for fusion

to another nuehesCappildesl BAAdABINArd OpodE¥ELARI RY & AEMUENEY¥ MR Thi S
may be carried out via specific fusion of particular sequences or via a
random r econtPRRET Bn PREERGE, 35 Use8SoffAthi 35 kithd St e pREi fast ifedicsh,
utilizing hightymhohel logows seguensee®f the am no acid sequences, common
restriction cleavage sites of the nucleic acids or via HO4890PCT - 82
20 This applies particularly preferably to positions 200
to 296, since the sequence found to be most similar to
this amino acid region which corresponds to the
consensus sequence of figure 3 and SEQ ID NO. 263 is,
as already indicated in table 1, a database entry
25 (M15540) which is only 74.2% identical to said region
and which is again the Streptomyces hygroscopicus
o-amylase, since the EMBL entry M15540 corresponds to
the entry P08468 in Swiss-Prot.

30 The object of the invention 1is very particularly
achieved by those amylolytic proteins whose amino acid
sequence 1is identical to the amino acid sequence
indicated in SEQ ID NO. 8, preferably in positions 30
to 448, particularly preferably in positions 200 to

35 396.

This protein found in Streptomyces sp. B400B may be

expressed heterologously in various host cells, for



PCR- based fusion, are preferred enbodi nents. Another possibility is the use
in a randomreconbi nation nethod, in particular by utilizing highly 5

honol ogous regi ons of the am no acid sequences, commobn restriction cl eavage
sites of the nucleic acids or via PCR-based fusion. The hi ghiysdyysigous
regions of the amno acid 10 sequences, which are usually conserved,
function carrying regions, may serve her&8as anchors for PCR priners, where
appropriate of degenerated priners. Conmon restriction cleavage sites of
the nucl ei c aB¥X@®Pbe t WBLHFPFENEAES gendsVAERRS poseY bl eEa digekbi. f usion at
15 the DNA | eyelusfnycagt haduasiabl | shedahpibhe £rdnd 3r hnand Alagy he

met hod of the.,inyentign, including its various enbodi nents, are avall able
for conbi ni nglFaécﬁﬁ?gouguﬁgﬁ%rr Ve[ ST . DbreReIBIeCTomR i silig dny of
the nucl ei ¢ aaindlaegi onstof ishe thegondvauhjaeqle MEdrer «af1 t henmueiitdion are

i ncluded in a arate subject matte the inyentjon., Such_ vectors are
t he preferérqedaégE ‘%egtl

of .
artr g poi nfs s zﬁi%f"éﬁﬁ\“éﬁi- BPol Vit A BYodifehi cal
st udi es of thefgernampheqiesthen belowrrespondi ng protein, for further
devel opments of the invention and for anplifying and produci ng proteins of
the invention. 30 Suitable vectors may be derived from bacterial plasm ds,
from vi ruses BRrEhem barbedisghages dfut Wy absesevht ailnvensdent s axfe a wi de

variety of orighgfentsi B8 hhe16ther cogretiesng! erenhs 11838 _ﬂx%:%% case,
vectors are able to establish thensel ves as st abl 5 units i'n the rel evant

host cel 'Y ovePtacyabaf g’éfné?%]t%ﬁﬁf? THtaELBRdante R tFAR heei WREHMSsh, it

i s uni nport anfrber anywhet hehet Byvestiabti sbet hepsetygs. as i ndependent units
extrachronosomal |y or integrate into HO4890PCT - 83 a chronosone. The
system of choice out of the numerous systenms known in the prior art depends
on the indivi@uas caseluBesisi ferf aekempleny lrdoskor feeamsnd,s t héricdpy

nunmber attai négﬁgriﬁﬁ]eesﬁbecttﬂémcér}{ﬁi%é ﬁfaial a@h?stbﬁ@é"go£h%§eet}heost

especially resistances to antibiotics, or the cultura ity of th
cel I s capabl ef®¥FMebkPRg Af safd VEFWFEUraEd onicAGMPEEL or 5eGrEr @f ef diazed

enbodi nent s ohy&8hbSyd s subjrecty makder 8k t hemdveidon. aSRhEns! Onifyg
vectors are, in adgl ti og to s orgge, bi ol ogi cgl anplification or selection
of the gene of*#WPEtFest “UEHi t AbPEMFBFSchBREct BFi zd6SSn SFRSRE ig&he th 15

question, forpeaaupee uhay geer AbhgRrof passessr i S ONcubdr OF RRAHIGISH Ng.
CL0n 19 ¥eCt gy 55, AL 20cRLET 1 LA SUPRIL IBILS Of (Ehe prgsentamengon,

because they are a transporiabl € an of t
are al so 28r efmptedudeart isurlpoi mss f pesabbéyul aan 20 dvitdlvdgivealeduedhmi ques

not | i nked torggllligto]gych @échQ Fyele] ymegase ﬁ‘g?i n rdee@%tli(fn, faor %@g)l e.

Expression vectors are preferred enmbodi nents of thi's subfect matter of the

i nvention. 252¢VFREREECERe aPpiBhEY atRr ekt i ¢ BRI s fxagmensar @fsi on
vectors are cepddl &iefd r aali calddgben phephpss HGANIYE MMddTizadfor the
productl on of ¢ Bf oL gL AS12"Ingh: EXPIS5haMn08S MR 1o %0 S Weum,
25 for example, from “Lexikon der Biochemie” [Encyclopedia
of Biochemistry], Spektrum Akademischer Verlag, Berlin,
1999, wvolume 2, pp. 194-196. Chemical synthesis, for
example, may be advantageous when chemical
modifications are to be carried out after synthesis.
30
The generation of amylolytic deletion variants appears
useful for deleting inhibiting regions, for example.
The result may be, in addition to the deletions, both a
specialization and an extension of the application

35 range of the protein.

According to WO 99/57250, it is thus possible, for

example, to provide a protein of the invention or parts



30 enbodi nents are expression vectors which thenselves carry all the

genetic elenents necessary for expression. Pronoters regulate transcription
of a gene. Exanples of the forner are natural pronoters originally |ocated
upstream of the genes in question. Since in the 35 case of @i@qtsggfpctrhe
genes of the invention, however, said pronoters cannot be assuned to be
known, preference is given to those embdd ments in which, after genetic
fusion, known, other pronoters are  HO4890PCT - 84 provided for

regul ati on ofthereaf ansy@nePrephédpromiiter menreptidie alprbavser watht he

host cell, a ymdifiLdiRhoimd esr 05 @bsepaccoiRLeLRhY cHbbEBy Rt pLapRter from
a different organism Preferred enbodi nents are those expressi on vectors

5
whi ch can be ¥ LA Y Uity PREScubEErettBRdi tflond Sor 1Brewadeng
particul ar comesislise sochiak d4mylexarid epreeklindensd t yher isResihiioa
factors. %0 pr essti on _vectors ena | e het erg{ogous or %orml ogou% protein
expressi on, dependitty BhCR&SPar t i c U artX§8RetS/c Pen®ht® & | PFasn
expressi on sysitBmsct ol ghrqiregtres n bi osynthesis is mmcked in vitro may
al so be enbodi nents of the present invention. Such expression 15 systens
are |likew se established in the prior art and are based on the genes
provi ded i n 'ErorFREINexPreEssiFral ceeBEsdeshpbtaippbte hut rdeayfinghe
I nvention i nodnislas- theshidl cahliso Wk Cis CKPERSErEpr688iRE hAPUREdot BeXPT €SS
any of tgﬁ pr ot ei ni cio)r. derivatives of tge |avent|on, preferably by using an
appropri ate SGFELTONTeATHT AN i DECLYREReSTEMBEIES | GRYEEdOBnzyne of
the 25 inventmoratnd Ipxonginel |5 cbgpvags nbehanassf 6 ehikhrisar magpondi ng
gene into a |, oLq€s tr formation thereof. Suitable host cells are
in principl e%néyo gk%afﬁlsécrirs 0 .O?.&Seﬁro Oarly%%’%%?ffe%kgwgfg? 5FCe ﬁBBﬁ‘gt es.
Pref erence i ®rptaims owibbseplodificeldleal3tgei shtas ewdadi [thareandealil e

genetically, 'Itthi&%;ect L exj_agbq:gl tr TgLL5oN Wt h_t
expression ve%gt or, an |tssst&§§flggesta |c§’hsnpn?!g§%/§%gg%§r‘, k\%ef gﬁggglhost
cel | s ar é5di RARIGIHRIRTY by ySod i cBbiRPIYIREE il BicsteEkeol agadar
rranagﬁabi i tyiei-a?tﬁ:imﬁe, rgkatesnsf Q{f emgpliea,vetr&i%g;syiﬁug;tﬂt&%gi l1d yish; gh
growth rates,_J|ow requirenepts on fernentatjon nedia_and_good rates o
product i on ar?dlssoecp%??blﬁf?ogof 5FECY R g’g’ot‘g‘? _tigh ehﬁ‘éﬁ‘t’??’ga%t regiRBessary
to det er m ne comif)iBOIORCTin aclexpese nent ahdyet kdaeX Pl £SsoABesYSH €8S
optimal for t i ndj, yi se_fr e abundance of various .systens

avai |l abl e acc%ir%idi %gé%%g%ﬁ%g%fi gF: eéf%?.akgyPrne ergc?% etnﬁgdilr%n?%cgr &3Fhose
host cel B8 wHdbe btotkin ptoddibti 8n Bat & ,cen be régudat @dcoowengtivegenetic
regul atory elgpRiy s;MuEhaHBY oRE thgl'od%%idf O S A0RL Emo Qcﬁi‘%e’fﬂﬁé?‘s' on
vector or else may be present in sard cells fromthe outsef. pression in

10 sai d cel | sS-heBPPel FhHtRERY, SXBRARRBEpWEENh \Eheo QM T el Bk t Fontbe

chem cal conpeisKindises Bormghdd at 8 sotbycchard g the evwbhukipdogandi tions
or on reachi a particular cell density. This makes possible a very

econom cal pr ¢ti%on of the proteins of interest. 15 A variant of this
experi medbal principle is expression systens in which additional genes, for

exanpl e thoseupdided @8 offler fetlfietied TAHENSRANC PERANELLIN,E]
proteins of the Invention. Said additional genés nay Ue

preference 1is given to those fragments or deletion

variants which comprise portions which, within the

homology values indicated above, correspond completely

30 or partly to positions 210 to 300 of SEQ ID NO. 6 and,

respectively, 200 to 296 of SEQ ID NO. 8, and

particularly to those which comprise portions which,

within the homology values indicated above, correspond

to positions 8 to 93 of the consensus sequence of

35 figure 3 and SEQ ID NO. 263.

The object of the invention is furthermore achieved by

amylolytic proteins obtainable by insertion mutation or



20 nodi fying gene products or those intended to be purified together with
the protein of the invention, for exanple in order to influence its
anylolytic function. They may be, for exanple, other proteins or enzynes,
inhibitors or those el enments which influence 25 the interactjqugofddt
various substrates. In a preferred enbodi ment, the host cell is
characterized in that it is a bacteri um5®n-part| cul ar one which secretes
the protein or derivative produced 30 into the surrounding medi um
Preferred hosPYceimgl Gkt olchiynsriic oprbsetosi al wbeths. cBaetise a wdual |y

di stinguish thegsel ves &r ¢ UkRS Yohgsrbynshart egmgfaﬁyeiboractemscﬁnd
| ower 35 denmnds on tr}:&@cul turi n%]econdl tions. This makes it possible to
nePRY8s

establ i sh cosF2¥f ¥t i §Frohesdi nPRYtPEBE e rRa%’%lcf‘-FﬂeaﬂWerﬂl on.

HO4890PCT - %orﬁe%ﬁoﬂﬁlﬁ@ 2ma80rd5 ][ﬂszﬁtezlei I's @@@yacba&tzgdlamyhatathey
are GGampositive. bacteria are a err ment am posi

bacteri a, % c#u OLE10% oy %;arrpfzg, (?glolvle gﬁsgfﬁgﬁgnyc&rggeéflsoth

repr esent atl vegrnésmmdﬂompcamc&hets:,orhavé nm 023 enceerdiage ts® SHQt Igecreted
proteins ar ev\lkh] ggately released into the nutrient medium surrounding the
cells, fromwhich rredl um the expressed proteins of the invention can be
directly purified according to another preferred embodi nent. Host cells

whi ch are chazaebeaiZgd don that trﬂ;%-xltta%rpngtﬁé Hhe@anes Baekihds: by
preferably to thefs eci es Baci] | us é% eniforms, Bacillus
r

amyl ol i q&é’f acFR%s, 7 Bgesu’cﬂ?‘?rﬂ EachfYEs AaupREl fRodhfE &
preferred enbbgheehsn ﬁaidhhﬁ)stlﬁel:hé Bireadebablienled adyaB1Resict iote a

expressi on syst IIs whi.ch e racterl zed .in that they bel ong

to the order %I norryce % §EIPY &gjreta&@ﬁ £\ ¥% ?h8fgé’h&srb§t &‘hﬁ%‘

preferably tobomdssp8biads ﬁmceq:nt@)'rrymey Ihall erestepaptri audcia:rff:yecbrbj/embl y to

S. lividans T t e e L/ C p St et ces
o ftec@iet BatlRe Fps .S..s {f@ EromPa %ﬁ%g E Q:

sp. B400B, in particular to elt of two strains
13991, afd a HreeREied e%ﬁf%duwlf‘elrﬁh ESr parhivul Brey el leariddy erm@merrents

of proteins oélémedng@@&éomwlgl@bﬁglé@glé roa-£ epresent atives of said
genus and, respectively, said species, as described above and in the

exanples. OMng to the simlar codon usage, said representatives are al so
particul arly suchahheléoulexpsasiss ngudhe Igenasoribrgenavfirdgnenys peovi ded

by the presen}e-&&g {léé&m'via their consensus sequences or boxes as
20 being homologous to the enzymes from other organisms.
Such regions wusually impart to the enzyme its
characteristic enzymic functions and may also be
distributed across various domains, i.e. globular
regions of the protein molecule. The invention

25 therefore also relates to those chimeric proteins
which, owing to their construction, have, where
appropriate, a lower identity across their entire amino
acid and/or nucleotide sequence than defined above for

the similarity range of the invention but which may be

30 assigned to said range in at least one of the regions
introduced by fusion and which exert in this portion

the same functions as in an amylase which is within the

above-defined homology range.

35 This applies to the proteins which can be derived from
SEQ ID NO. 6 or 8 but also to the regions outside the
consensus sequence depicted in SEQ ID NO. 263, since

said sequence defines especially a highly variable



HO4890PCT _ 87 _ They enabl e honol ogous protein expression in the case
where they express their own genes. Said honol ogous protein expression may
have the advantage that natural nodification reactions in connection with
translation 5 are carried out on the protein being produced ggyddppcsane way
as they would al so proceed naturally. This nmay be carried out, for exanple,
via an introduced vector which introduceslinto said cells the already
present endogenous gene or inventive nodifications of the sane, 10 for
exanpl e with Aegiepl ef copreglasest asel sBowhatnmcerampkd in that they are
Gram negative bacteria are a preferred enbodi nent. 15 For nobst experience
in biotechnol ogi cal production, has been obtained with G amnegative
bacteri a suchP%sRIf &P SAEHH eSIELLaHi Y o nKRRESIER1E . THeS eSBREL &rlise,

mor eOVﬁI‘, secapb®i@s m;tbi phiagiitay t@f p:rcgt ebds bpteihbe lowj pli@ﬁ@t h'&isulrfflce,
i.e. the conpartnent be n the two menbr anes _envel opi ng .the cells.
This may g% uT?FggéﬁnfB%mggch Pvﬁﬂﬁpéégpﬁ n&mY l?ﬁécoﬁﬁgFgﬁgﬁd,T' ver,
pref erence nagumbpsse befgiivaeritd onhensEamEfesi s el ®asénobatrhe canayneso
produced by atva. ia. extrace f_space. A.nethod
for this is g%@@%?ﬁgd,&ﬁglpgghgiamﬁ%§ﬂ%ég¥%%ai% er%%##%ﬁ%? pé?enﬁhe
appl i cati on POYepPpigon4aathy thoske eftlatheyer babteansur Peosehs uny

rekonbi nant er-iPrpiei e gubebigsamNeaaldive Bakd erigg” Methedhor frpoduci ng
reconbi nant pr.otejns G am negatjve bacterial. 30 Pretrerence is giJden to

b
t hose host ce‘P]P'éa%"fﬂB%ZaPé" ST 7Bt pRiPRat it HEye bErehgnEo WHEyenus
Escherichi a, gaefekabl yritacéde bpewi esyischenbehi a eldlodiart teul atey
preferably to_any of the sérains 35 E. cali JM 109, E. . coli Erlo B or E
coli DH 12S. %5?%e@??%}%%e r e SEFEHCCEne 2o nePFBPF §PELRESs| DI04t at or y
and producti ovaktesi nend Thehest reamnidnt cabtaintd#8IRCT an 8&myIBHVEAS was
used SUCCGSSff‘McYTIQ%_I&‘%t @ﬁ&'ﬂﬂgéﬂéegé%&?%{e gé‘?gft hgafﬁtw@{%?g? al es genes

obtai ned in exanple this made It possi obtain proterns with
det ect abll® a-anyl ase activity. 5 A further enbodinment is host cells which

are characterpggd iftthaf Haawiyie, eukaryobksmSel! S.byn & ﬂ)}i%{% arcphose
whi ch posttransl ational lLy nodify the protein roduced? 10 Exanpl es of these
are fungi or 9%%§?angu8ﬁ Y %%@%%%E‘éscarlp PuyPPS o rffe e SR 2YHRE s ERay? be
particul arly edvantageousinditigexdomain ifnt herdeot eids iaid-dageende t o
receive nvdifig@é{gggig e%iéﬁctkg substrate. Analogously, it is also
20 possible, for example, to fuse other detersive or
cleaning-active enzymes to an amylase of the invention.
In this connection, it is in principle immaterial
whether the fusion takes place at the N or C terminals
or via insertion.
25
Amylolytic derivatives of the abovementioned proteins
mean those proteins which derive via chemical or
biological, in particular molecular biological,
modifications from those proteins which themselves have
30 amylolytic activity or which support the hydrolysis of
internal a-1,4-glycosidic bonds and which are within
the similarity range indicated above. Increasing
preference is given to derivatives of the
correspondingly preferred starting molecules.
35
These molecules are in particular molecules which can
be obtained from low molecular weight compounds or from

polymers by chemical coupling. The purpose of such a



15 connection with their synthesis which are nmade possible by systens of
this kind. They include, for exanple, binding of |Iow nolecular weight
“conpounds such as nenbrane anchors or oligosaccharides. 20 A further

enbodi ment of this subject natter of the invention is nethodg4gyogerepari ng
a protein or derivative of the invention. For this purpose, nucleic acids
of the invention are used, optionally usifig-an appropriate vector and/or
usi ng an appropriate host 25 cell or using a cell which produces said

protein nat urBPEyLipaehent hESE, PeaPdeemIcIEdigid e atker dieaghyngo athe

natural organygnso 2 scusseaadhdye. aAPeRictile el.emantsrgbheadudisssiissed
above may be 30 conbined to ne%hoﬁé in order to prepare proteins of the
i nvention. | n?RhPREEBHABELPBNCTat IFP&V@&FtFaGPﬁE5§§FbI€ 154 iths of

met hod steps WG 29ns86yapl erf an cacdrqu=d elm stabheitpyenicicordiAlgl tf these

i mpl ement t he_id iC he present inventipn is 35 based, nanely to
prepare g antlE%a‘tEﬁ%ggw\?ep{r}%éen?g??%% SofmaaP’ty“"p Sf erot“écf%etgle%$né’d‘%i a the
anyl ol yti c fuatycosybationt bvherpdive g mhe ht ghchimol ofy Woo G 6835duences
indicated in ghe sgQugse listings with the HO4890PCT - 89 aid of the

correspondi ng genetic Information. In each actual individual case, the
opti mal nethod nust be determ ned experinentally. 5 In principle, the

procedure hergep&n@sn§obhoWtie NSt £ikmaet dSwetkiAg-LpY SRt igibddydiNAf orm
are ligated info a suitable eﬁg;e55|on vector. The latter 'is transng{ned

into the YostOEeld , PFBFeERanpi%¢h nfo REATE o MaYr &ftli fySeGiehirdolve
bact eri al st raaniwhscbtireporcidbstthadesot eimspdot idwbar géfies tabasungkasin t he

control of ap riate et i i t he ry oundi ng. nut.rient
medi um or mhigéggﬁégéufg§§s£éngggr ?é?ﬁgg%%nges%hg'Eggﬁféé¥;#§nQ9y
regul ati ng t htsemay Baitpr o¥lsled, ihdepexdepitdy bytheémeakpr ebsiven Vesror . |t
is possible t } (s } i (o] undi ng
medi um or mﬁ?%Qg§g%%%%?gn%%fﬁ%%gég@ﬁﬁi,ﬁ%?%%?g §£h%§FE%eF%§n$ﬁ§ﬁ%%$Ves vi a
a plural i%¥dy ofopuriFiE®ion §PepsiRekPr e, flde ex@hpreagepr ecidhititivons or
\mr Ohma:] ogr gphbeﬁix{é\t%ég I GQqé’ﬂ_{ﬂ‘c%et i lalleapafb%&l@}‘ atgfyanﬁfeﬁakag:lt@ntgy%ﬁm 20

i ch has been_optin zed experipenta on the laporatory scale
| ar ge- scal e pFBﬁu@HQ¥?meﬂﬁ%ﬂﬂﬁé§%ﬁ%t?¥ﬂ%stP |SL&%Sa#8P dﬁV&iﬁﬂé%ﬂtthe
invention areoé sépaisre snbpett tidyencalalle Aarodwvent sahd stmoenide
under | yi ng obj en, t i Sl I | as or.yariou
i ndustri al pr%ggégggg ?ﬁéQ%Dé?PF%%%??gng&%%ggﬁggg%br5%%%%%slgﬁFPgb}E
di scusse® bel asigedNubea bustipssitiswe appllical pwnsa¢bivanyl ol it i arenzynes,
whi ch are eSthHﬁBedsté‘réé‘é’U%ﬂdh ;ﬁro%u@eschléiad 58 fpapg! Sorjfy%h Wifen f OF
exanpl e, the book "Industrial enzymes and their_ applications™ by H_ Unhlig,
W | eyVerl ag, We@Avorkrigogwy TRE fePrevPhieondidtat BFATPLe35 VbR tidide

under st ood asfalfingl dtsde PBE ithe pebeetihorpof mhbe passidl erbadusidi al
uses. Should it turn ﬁUt t.hat jndivi%ual roteins within the simlarity
range are, owFRYCTOLPREI r BAIARE, Ple. M9l ol3R | CMOTSH0 ARTEEEY Gt

properti &5 saubabhacésrocadfiromoaabthesscbherapphiechéndam.not explicitly

cl ai med herein, said possible applications are hereby included in the scope

of protection of the present invention.
The proteins of the invention may, especially during

storage, be protected by stabilizers from, for example,
denaturation, decay or inactivation, for example due to
30 physical influences, oxidation or proteolysis.
Combinations of stabilizers which complement or enhance

one another are also frequently used.

One group of stabilizers are reversible protease
35 inhibitors such as, for example, benzamidine
hydrochloride and 1leupeptin, borax, boric acids,
boronic acids, their salts or esters, peptide aldehydes

or purely peptidic inhibitors such as ovomucoid or



5 I n one enbodi nent, the present invention relates to detergents and

cl eani ng agents which are characterized in that they conprise a protein or
derivative of the invention. 10 An inportant field of use for anylolytic
enzynes is that as active conponents in detergents or cleanigpggageais for
cleaning textiles or solid surfaces such as, for exanple, dishes, floors or
tools. In these 15 applications, the amAdlytic activity serves to

hydrol ytically dissolve or detach fromthe underlying material

car bohydr at e-ReeHf i ngukbilisigs, inhibikereul Errthese fpadddasn eszameh. | n
this connectiompspl fefHZWERS BRMRE aBBbhedsal ehen i4s syidapl e rrdia or 20
else in detergents or cleaning agents. The conditions to be chosen for

this, such astr¥erhenahml 04 erfroRaRL AR oAl Gt KarPeFyR icat i os
or nechani calad¢idid uepceso shoul diumrpixyiiizedatadst hel gpagt | ellighatlieani ng
problem i..e._wth sp to_the sqi li.ng an he_support material. Thus
usual ten'pr’era?#ﬁéh?%%gegﬁlg'oregggtcéf—iégm ?oéLrYé’qcﬁ esglh%}hgaige%f’g gg{gmprlgm 10C
for manual agelycexdh, 40CEMIl S umiweds f orpymphiene ageiyssadr i rdaustri al
appl i cati ons. o 5ol £5.8b! Yoa iyl NgE eflk el OL1LBE AOGAL S sliBrOupSt i 0B, 30 are
al so matched to one another. Since In nodern washing machines and
di shwasher s t¢amRhper GoLEEUNS agSialtey WONERhEEHWB| ForBRLSt aFla@negijpm
internmedi ate §£PEr ahURRSHAT €adb80 vaiGldtdedor The19kBes candi t hens By
| i kew se_be designed in,a very variable mapner via_35 the ot her conponents
of said éﬁbnt%xﬁﬁg¥@re%b%%%ntoc? %uiaﬁ?iEGPSFSCIBQAVﬁ&lHGFpS§EWE¢F%TErred
agents of theséhyienéi airgdilst bgulshersHI4890RCBer 9to tdeamel VoS he he
washi ng or cleagiqg per&grg%gggogf saug a %ﬁh_undeg gnﬁsgf th con%h;ions
definable in ThHi way B&i g Irmproved eb)f’? & addi ti on°0 n a y(ﬁlf'tic
enzyne of theinhleen¢en, ¢n hpadlivgmatiidns. t Reduring atdgsmbe t kot sai d
enzyme. 10 ¢ Nhe{ 62PEhes PEltf CACE 112201 ¥elinb 0o NCYAUAL Lage! POSO
anmylolytic proteins 1nto agents of the invention which are capable of
i nprovi ng>t her MBI RG EHEREF ARSASPARG 1T of bkl er af déher paptegns
cl eani ng agenjgailfstuski@st pref@eegg. agents distinguish thensel ves in that
the anylolytic enzynmes and the ot her conponents renpbve the soilings
synergistically. This is carried out, for exanple, by other conponents of
sai d agents, Bheh alsjedb fof exhapl envencfaat anks, adebubiadhiiergd héy
hydrol ysi s prgrﬂ“féf E’Icthﬁoﬁﬁh‘s" L GREOLEL DS, ArRLAt el of at\:h%.le'a@{:ent' on
may be used b0 h |hyage s Tor Tndustrial “constunmer’s "or “industrial” users and
in produ@ls foret hheaptilgsne cconsdeeeymimant al | wptbsentatd onsoést aliihieshed in
20 the pri or_%évéﬂgﬁghlﬁg@@%@g{ngrg§e@é€%{,g9§vgé:so bei ng enbodi ments of
the present invention. The anylases are conbined In agents of the
i nvention, for exanple, with individual or several of the 25 foll ow ng
Llngreﬁi entgl: E@%Oﬁbfz oﬁtQS/i Qmieglpﬁﬁ(ﬂh(ﬁmi{&fﬂ@?i@ §a@aﬁ&anbsh ablﬂrldfi@ifn
eaches, ach activators each cata S, .enzymes suc s, ,for
exanpl e, pr of’é‘é%e?ﬁs& h eaﬁ??ﬁ%@%’,:yl SEESEIUTEd) | Rt ARRES h@ﬁgcéﬁhﬁﬁ%’ses or
oxi dases 25st aBithezeisonal n f3ldiard | chkapoénzame strabiikilzefsy soiereriirgy

thi ckeners, aQﬁ%Yg. SUbSL ANGes. s dyesy, [ a0r 3BGESH <97 AW Dk | “gix@r&a‘}ff’
color transfer i Ibitors, foaml'nhl_bl ors, corrosion 1nhhibitors,
particul ar sisveercpupesctaffsr cisitdactdy dinanerre anetheer ebnalform

substances, Wgpuprekest @Rt shaldpathak i §2TPORSILSKBAWN sHa@ NS Rier art.
thus make identical enzymic behavior possible. Such
30 common features in the secondary structure are usually
recognized as corresponding antigenic determinants by
antisera or pure or monoclonal antibodies. Immuno-
chemical crossreactions thus make it possible to detect
and classify ©proteins or derivatives which are
35 structurally similar to one another. Secondly, the
immunological crossreaction can readily detect that an
amylase of the invention i1is actually active in an

appropriate agent, for example a detergent or cleaning



Preferred agents are characterized in that they contain HO4890PCT - 92

0. 000001 percent by weight to 5~ by weight and, increasingly preferably,
0.00001 to 4~ by weight, 0.0001 to 3~ by weight, 0.001 to 2~ by wei ght or
0.01 to 1~ by weight of the anmylolytic protein or 5 derivat ipoelgdreferr ed
agents are characterized in that they conprise nore than one phase. These
may include solid agents, in particul ar ££03e in which at least two 10
different solid conponents, in particular powders, granules or extrudates,
are present i®98Atoverall |oose mixture or in which at |least two solid
phases are connected to one another, in particular after a joint conpacting

step. In addition, .at |east one of the, 15 ases. nay contain an

anyl ase- sensi ﬁ‘%éﬁ‘&’f%ri atie | PeRei A arplg?k"a?%trﬁorbr Od;g tg'{e | Sffsent
partially, suinvemtidnorespeatied ly adsd natcludes Lthoss serpteiesr exdt agents
are characgter] L. t e e L quid,. -1 ] :

paste-|li kgs. P?éfg\rléégf?/?gt t‘]"ég'p)ctrﬂc;t }eélagét hacé)[%r{}g%i%%%é olré?gtlvlg‘g sté}éﬁ'eq{) lctl’}'ue
enzynes ther ecanandgor 2ageipnedt tpee thet hebovisedefdmedhe mrotEicsei Prar e

present indi vidpal by pEseBEansie at gdehe98hhen1Wdik O%wéiﬁmaeentﬁa
preferably 25 1n_mcrocapsul es, particular(y prefera hose made of an

ly 1in
anyl ase- sensi ERQEY mathaiiogiigs a pPef efhed SFESETNent ,SZFF‘l%t‘éﬁ?I ol R4t
activity is npévéireHeleBspaisi EHbar Sikabhbihedieal/ selanteashed.in 30 its
contri butioon to the washing or cleaning performance of the agent, by any of
the ot hert conmponents of the agent. In accordance with these discussions,
any washi ng otoB%erkedwi npytirigssesrwhilehiwaeibesedfi nthe |igasntomm part

on an a-anyl ofi.t he dve n rab . of .-t jAention is
used are al sgﬁg%o%% nglnétés?yo trﬁeog)ﬁ: ggéﬁ%ﬁi’nv%ﬁ??gﬁggﬁé@ﬁﬁog%#éylgg Any
use of an a- akgplasedofamia@seveanesn & prELesasly Bilsaniggamssibiee

invention forsyasBkABHPE, Cheanang tNlddA%rAbiRA iR dahdds alsik@n
enbodi ment_ of the 5 present invention. Another enbodinment is the use of a

protein dr> dePfGafPveP8RleRe 2PATERLI GRPFOPILRL S FEX MR JPT fFaR S i al s
or internedi alReni Bctbenihgubacexpeestid yemei besk.in particular for

desi zi ng cotton.
The object of the invention is preferably achieved by
the above-defined amylolytic proteins or derivatives 1f
20 they are obtainable from natural sources. These include
samples of natural habitats, scaling-up cultures, cell
cultures, isolates or cultured single organisms.
Preference is given to microorganisms, since they can
be cultured according to the methods established in the
25 prior art and be used directly for obtaining proteins

or as starting points for molecular-biological methods.

However, they may also be organisms which themselves
can be cultured only with difficulty, if at all, but
30 whose proteins or whose DNA can be isolated from
natural habitats and analyzed via methods known per se.
Mixtures of such organisms are also possible.
Preference is given in each case to those strains which
produce the amylolytic protein under controllable
35 conditions and release said protein into the

surrounding medium.

Preferred microorganisms are, not least due to their



Raw materials and internediates in the manufacture of textiles, for exanple
of those based on cotton, are provided with starch during their production
and 15 further processing, in order to inprove the finish. This method,
which is applied to .yarns, to internediates and to textil exj048® 0l ed
sizing. Anylolytic proteins of the invention are suitable for renoving the
starch-contai ning protective | ayer 20'(d3%r2ing). A further enbodinent is
met hods for starch, liquefaction, in particular for ethanol production,

whi ch are chaPatte+Rze¥nFReshat "eRBRRL AMa2potdPRTsr MEshgddispat iGramyf t he

invention is psedciterbstoechal bguaphachi prefsi-anel S@akaddnn teAlt@oy
buffer is incubated wth Iol¥;ic enz thereb¥ cl eavi

5 ﬁ S trgkthe
pol ysacchari d8ti nt'd*Smal* & par £*§ FIPRMYHE30%8nd pPIAGRI | y*HMED m@%ose.
Pref erence i sagpvepriatesmnaghtds auahlabpeotberedpra patt lidaateafwiengzynes

of the Imeentign (Ad LiemoGRL MG 1930l Li.adapladibe 3 £0riRePondlag,
production process, owng to thei r "bi ocheni ca roper?les. his naytbe t he
case, for 35 aR@hpfatien.thd\s arwensipaefint ristucédei n exempied. i n taddi ti on
to other enzygegu¥hi&d E6HULLG1LNGLSEMBrbEREHEON 0fORM:IhO e f?ﬁc’eté'e%é ar
preference is given to anylol¥tic proteins of the invention if interest is
HO4890PCT - 9aPPLigatienodspsbageds figrubagtéspéeiral F9r opagre 9f oddi& s
generated by sehdeRsoseiseguheaselvesgg Strar afo | | gieef agbir-an qeberdlisede a
step in nul%istage $rocess f?r produci ng et hanol or secondary products
derived ther ett 8 2F ot SAnpra 8etic acid. i Another enmbodinent is the use
of a protein or derivative of ‘the invention for preparing |inear and/or
short-chain i char.l i 4 ei.r. e i cl iy . | Ql ytic
proteins of t %g?ﬁgﬁn??gﬁgﬁﬁﬂﬁ¥ﬁ%%1é?&%@h-%|5§§§§ é%é %?%é%%ﬁgzcﬁggher
mol ecul ar wei §B¥ 1Rt B8 caididhdear g ushagsc il zedanph e thedl t Bhexadys

nal t ohept aosecpta BhbECt BASR, Af ts%&eétb&b%@svek?eékﬂeét, I achbatigh t4 ne.
After a l.qnger jncubation tjne, the praqportion of |ower oligosacchari des
such as, “for €% ﬂ%?%}oﬁalﬁﬁée FH G | 0d8CLALLRe rebct i Ui pr S
increases. |fatbefiemySepaléscukdthi niles esdjonicgr balifigh €t thE Ryepiscts, it
i's possible tg use aﬁﬁrogri te variagts of Er%hein O%f t he anentio%land/or
to design the” FEERIPEACEDNndF P oREERESr al*REFy F2FRI € OVs Qparilases: &
attractive ifthekxrurmsstwfaki midetuaconpetrds nsat weret hfoupdr earcd NMoe@ded s
matter, as, f e, 14, N i 0 SQl.ut 1 ons, pensi Qns or
gels with onl%}%g?%g?% pl?] .si@gf %rop%%t:' e&ég&nlo%]%rdrg'nb&éfo%u q";ﬁset e use
of a proté n Brefie¥renaei vasof Iien nveat i ¢ief origgtriedszi Ay cyElesd®& rins.
Cycl odext ri nsgafepBomkyda8! ¥p0sbdbgal Lydl isthaght omyeleisC <).1 8PEChariides of
whi ch t hose con5|s%|ng q% 6, 7 and 8 glucose mononers, the a- gﬁgaand

y- cycl odext ri A&Ver BESEtFSRASL YR BHEPEhEEE eSS 1oty urers - BsMadiA%ses,
respectivel y)andr e IsnoaBealll y whehnosthd npoetastheTheyam@yu®r mvicic! usi on

compounds wi t: pYgs pDL GegUSSha Ol SEHL SR SHS o] O (B! s nce

fragrances,
25

from these the two particularly preferred embodiments
of proteins of the invention were obtained, whose DNA
and amino acid sequences are indicated in the sequence
listing under SEQ ID NO. 5 to 8.

30 Some Actinomycetales can produce more than one
o-amylase. In this case, it may be advantageous to
culture a natural producer of a plurality of oa-amylases
which can possibly complement one another with respect
to their biochemical properties. This may be utilized,

35 for example, for producing an enzyme cocktail with a
broad action range. Strains of this kind thus
characterize particularly advantageous embodiments of

the present invention.



HO4890PCT - 95 flavorings or pharmaceutical active substances, from which
i ncl usi on conpounds the guest nol ecules can be rel eased agai n when
required. Depending on the field of use of the ingredients, for exanple for
food 5 production, pharmacy or cosnetics, for exanple in apgoaRciode:
products, such inclusion conpounds are inportant to the final consuner. The
rel ease of ingredients from cycl odextrd is thus a possible use for
proteins of the invention. 10 Another enbodinment is the use of a protein
or derivative of the invention for releasing | ow nol ecul ar wei ght conpounds
from pol ysacch@s i ¢he GEI 38l 800EEGY $hOoftext R6BS gele rPWeN@nkO atfigll aenay M C
activity, anylolytic protei,ns of the invention may |iberate | ow nol ecul ar
wei ght conpoﬁﬁﬁy%ﬁ%%gfry Gtherd%e 1, degiyedsi dixch | yPRFhkgwlar PCR

po: ysaf:chalri Okefodlm't@l lrras tif’zl.Kl@-llsFtJr%Q:%d agod s ahahael Céﬁférﬁzﬁpé(tli. lnﬁ‘,he@t the
nmol ecul ar _level as well as. jn.larger systens,suc s, for _exanple,,

i ngr edi enfs et apsuPEERd PRL?ﬁ%e or ofrﬁﬁggﬁegpsﬁﬁgs.ngF&F&ﬁ, A5t IS anpl e,
is a materi al issiatbéd shetbam tlae prbdileakionn ovfler severscaps huaidered

compounds  Suckl, a8, o f ke EXPIP! € 5 S EIZYIES m)%:“lhataése 3.31? ?%gﬁg'{r:[e(?ra%%

introduced in defined anmounts Into reaction Lures, orage. The
control | ed preR®sd &PaCEiORSe Y¥EPm sheh RERAN eBaity FEXI s{8BQhyD

anyl ol'yti c engynes) péek@igs | NueRy i ofp b Anolder HIMOUEMg | S(dHle yge of a
protein aqr derlvgtivF_of%%fe inventiaon for_producing food and/ or food

i ngredi ents. Y9 ket 5eCEXPl udaE8r 12 ¥t ef A or T@Er IRPRITIOTGT 8 hEC3S3

i nvention foragretditndgtanivid: ¢aesermnid osegubfiek fofedsEQOrdiNent 2635 an

enbodi ment of _t he . prese i nventiqn. Werever s or st -derived

car bohydr at es*pf a}oeaca%e%igbb ch}% PhAPEL Es C}']%{)@hor a&ﬁi ?Fél%??%gd S0

i ngredi ents, @mtanyl cheyi ¢ amn vi t penay tegeamEdyedasn predudiond atrfigse
itens. Said agliyi j £as Lan n S O i S
conpared to ?ﬁe% %ﬁ%%%?f% guggr?HgogéﬁgﬁégégpgﬁgPﬁgi2§$%fggee3%ﬁ%%£?;the
taste, dilfesta®e§tycefig@nsitoFencshasie t heegbems pr adeet . Chairackeyrize
required for gseEUEHhOEdRAG1Y CUYbLef arta®l dr@fshiimmintad SO, THOr Rra@lsts i N the
production of fruit éUICGS, wi_ne, or _other food products, if the_proportion
of pol yneric SBTLLRET s SPBIEESHe Hbdfiigurand 13 SEQsvidetNAndfB? MERdi |y
sol ubl e sugar@ersvéd Heomndleasedindbei fossi bleerueseedi smssadfitesher above
for starch I|i f i on._and/ or gt han production .may he regarded as the

i ndustri al va%g%r‘]?g%? tsfﬁascdép'ri r?gﬁu& egh% %ﬁﬁ%%%s T L T oAV 6"

count er a@0 t hamybzsenf whdch, kmowrise stali pgrtabnbakeériclpr odant s be
(antistaling F i i dded to the
dough before %éi?ﬁ%%e%hﬁéPééﬁéﬁgﬁgggsg%hééﬁéhéﬁé?é%gggw%éégéﬁggént
invention are those in which proteins of the invention are used for making

bakery product§erefore, the corresponding nucleic acids must also be

regarded as solutions to the object of the invention
25 and thus as separate subject matter of the invention
for the following reasons: firstly, proteins become
molecular-biologically accessible when the
corresponding genes are available. This applies to
identification and characterization wvia mutagenesis up
30 to biotechnological production. The nucleotide
sequences derived due to the codon usage which varies
between the different organisms and ribonucleic acids
are also included, since functional enzymes can be
derived from them, too. Corresponding nucleic acids may
35 also be used for obtaining, identifying or studying
amylase genes. Thus it is possible, for example, to

design corresponding probes for screening gene banks.



Anot her enbodiment is the use of a protein or derivative of the invention
for dissolving starch25 contai ni ng adhesi ve bonds. Tenporary bondi ng
processes which are characterized in that a protein or derivative of the
invention is used therein are also an enbodi ment of the pregeagodBcr
invention. In addition to other natural substances, starch has al so been
used as binder in paper production and dndi ng of different papers and
cardboards already for 35 centuries. This relates, for exanple, to_draw ngs

and books. O&8cafElbourtd® ofPPYRBEpELPBES oPethad, far afdmsbing i fhPuences

such as, for £xanplasedDisd UrQuéesii 6RUSeyBUER Pager 8etQilbeaomenWayyeor to
br eak, HO4890PCT. 97 . | eadi ng possi (t%l)é tq conpl e estruction_thereof.

e
Restoration dF¥MRISapets aRaselr dBBar nafcheqLﬁpr{- dFRel uPRontBE the
adhesi ve | ayaererredparidirg f aguciént edacddsi.derdid vy dyquenag adismihgl ytic
protein 5cof Lhe dJuentign Plagt RlYMRLS auehaas slanchoor ol |yl gse and
their wat8r-sdluble derivatives are use , inter alia,~as adhesives or
pastes. For toastipyiposle; puelepoegner-emylasest (3BGtIBWADL iln watebh and
then, after i gat.i 0 o] erjalgd 0 glue dr. t :achi ng
said materi alaaq?% t7?1}é bgrs%. ﬁr{@ée%yrée&gfsttﬁgaﬁ%\éen??%n t>frrlrat(_:‘y %ﬁlg gté%%to such
an aqueous sESFEHNGRE ifABrRRrdeduced | aereeding hahesthedpr kpewni 88¥of t he
resulting 15 gwaste. However, it may al so be added to the paste instead of
or in addition to said function~in order to stay, after drying, on the
materi al 0o be glued in an inactive manner for a long tine, for exanple
several year srThwGhangundethe eawidsonmameal «laidnéd ongh2@hspecddée caltby, for

exanpl e by wetfing, in r agtiv h at a
Cater time iy R e it PHShe "RLAS] oloalRbiBhECL BRI O )
to detach aga npphsighuedf nwhachal S%br endeadingréasingle basdereblvhi s

method, the ejgysdy 0f9@554heobNyERt | @RaClsy O NGyd Os4 [ SognyEgl Yhhg
activity, as separating agent in a tenporary bonding process or as_"sw tch"

for detadRi ngPael G YratRFeEpraloanpt @93 30 ERanfPEctibBfst Pict 8/ of

pri melr ol i 935%&{8 eid e sséQiedd® o f y*smgkmriq@bl eeseqmﬁnpfar“lt@ghqla& ina(E .
a- anyl ases ased on conparisons of., known sequences a- ases (E. C
S o 5 ot Ch i BT YO BB S o 1L SRS o S 19 o et

Acti nonycetal es (Streptonyces, Thernononospora, etc.) from GenBank
(National Ce . CT_ .. _ B 0} ec, I 1_nf i I,

Nat i onal | nsp\lh?éu]teelsé_gé% t Wl%glt hgégé, #\é% ; Q%d’ftr}lé%r ég%"ggrwgf%& ,
pot ent i akly coreerdinb séfuehbe regpiansuwRer &eatiemce | vay wite hpiiemakesequence

regions as vy{iabl®iAs POS§eBk®ally known methods. For example, the
“Lexikon der Biochemie” [Encyclopedia of Biochemistry],
Spektrum Akademischer Verlag, Berlin, 1999, introduces

in volume 1, pp. 267-271 methods for de-novo synthesis

25 of DNA and in volume 2, pp. 227-229, the polymerase
chain reaction (PCR). The sequences may be predefined
according to the generally known coding system for
amino acids, where appropriate using a codon usage
which is characteristic of particular genera. Moreover,

30 the DNA sequences indicated in SEQ ID NO. 1 and 3 may
be used as starting points for synthesizing further
nucleotide sequences by introducing the corresponding
point mutations in those positions of said sequences
which correspond to the desired wvariations of the

35 invention.

For this purpose, all common and convenient methods may

be used, as are known, for example, from the manual



5 The conserved sequence bl ocks identified were the blocks Ato E

hi ghlighted in figure 1. They extend over the follow ng amno acid
positions: A: 58-91, B: 94141, C 155-207, D: 295-345, E 392-427. On the
basi s of the sequences of these regions, the oligonucl eoti dg®480opcT
conpiled~in table 4 were designed as priners of the invention; their
sequences are indicated in the sequence 38 sting under numbers 9 to 33.
Their position relative to the conserved sequence_blocks Ato Ewithin an
a- amyl ase ger&Fi%SGhi uSERRESEX nand gied iR thE wallodecedarhe T e 6f
Streptonyces Hh&EMSoRy aMrhAs81 ¢ CenBanky Acgsiipn narber X2.4588htolgey can
be distinguished by their origgi é'on to said eng into forward prinmer and
reverse primerte9Yy THEMe YATHp % neﬁ?f?ﬁa@ﬁé%i yirPEateS a- M ase
sequences of m®presksnd atbaesusédt héoor dentAotibanycetakesibndilicabedeare in
each case_.t he_ _nanes used in. fi 1, 25 the correspondi ng nunbers
accordingsto ?#&f%ﬁﬁﬁﬁﬁﬁ%ﬁl%%%?ﬁ%ﬁ%f the present patent application and the
orientation of the primers relative to the anylase genes in question.

NameSEQ | D £ ti ibility is to find, vi PCR
NO. Ori ent at i opr‘lréE%lgf%?orngr 01614t or war dCEX01715% of war dGEXO1816For war dG

EX01917r ever sSR&EXODPAG EByerRRED2Ye 0rRGei BetheHgxg0pPEs - 009 NUGERESEQ | D

X026107 oy r SCCER027 23t of war dCEX038241 or wer ACEX029 LT o oy ACX020351 aver SoCE
reverse or war or war or war reverse
X03112r evdr s B ISP 6f GTHar JEBRE3 7971 o?ﬁﬁ?d%&%%?%v\é\f?%x%ﬁgﬁ er seGE

X04030f or war diséd 1 3d iod was et 32ire v elesa@EXBB 3Dy . theversasEnesus
tenpl at es used wer e gegprgﬁ%% I@éep%?ti ons, obtained according to
nd” un

Se e . . . . .
standard met hods, of . Known hown bacterial isolates fromvarious soil
sanples, 5 which were present in each case as pure culture. The priners

were used in gombipati 2R3 hekn 630R G338 A O Wakk PrHgBE sWi bl adhverse

prinmer in _each PCR Th product*s were fractionated via agarose gel
el ect r opRér estsampkasRs cfiusdy Bakdw, 20d RPH.or the oMYy 9§ Conpl et e

genes. The PGR1&a§in®n td xihk epairichlidasbddisee£onbqi Wagfbhed pr ifiees
conbi nati ons GEX024 (forward)/ GEX026 (reverse) and GEX02 f orward)/ GEX031
(reverse). Thes¥@RkETe 1% GEPFGEEPRofTPHE SeqiEREE B Ofs 961G £ and

GEX029) and Dt Gfi@érabile GaX0B&J EtepgereThese Whicthdeor fespe@xhntod &, he
anyl ase donai (3 37 of t .a(3)..a el , uct ur are
defined in thtgﬁ%r tc?lccﬁrg&qlAl pﬂ'ufg ge%ﬁ%OPé’l: P% Jﬂ%rr%/(ll; asaeryf gérﬁ%%:stsgo%ecul ar
bi ol ogy &fd evetuer owlth]ameoelams.age 989} et PpugmuBRophy StrdstonBicsls. 67
(1), pp. 67-94). ghe; Mch eathde; sequences  AfrdNRSE T4l RHTERIREARS
indicated in the seqhence Ioélés%?lng under SEQ5 ID NO. 9 to SEQID Nao.e 12.

These four prEheRENYrdEeRBd in the PCR nmixtures with the isolated nucleic
aci ds of bacterial isolates reproducibly sized fragnents. Figure 2 depicts

o0 L0, 5Bl S ! 58508l 2001 o DL bLethion P GNGLaLCP e, of 20
usi ng t he5riuedepathe CEX0R4pEEX628 engfingeréngAiandheherpormer tpaire
GEXOZQ/GEXO31aiQof£9Hé8 8&'tﬁ@enﬁg$egggggtgga§eﬁE§. Such methods may
be used to further optimize proteins of the invention
with regard to various wuses, for example by point
mutagenesis or fusion with sequences of other genes.
30
The object of the invention is preferably achieved by
nucleic acids which code for amylolytic proteins whose
amino acid sequence [sic] comprise a portion which is
98% and, increasingly preferably, 98.25%, 98.5%,
35 98.75%, 99%, 99.25%, 99.5%, 99.75%, and particularly
preferably 100%, identical to any of the amino acid
sequences indicated in SEQ ID NO. 34 to SEQ ID NO. 262,

in particular via the subregion corresponding to



15 indicated in exanple 2; after the reaction, in each case 1/10 of the
reaction volunme was fractionated in a 2.5~ strength agarose gel. The
reaction m xtures are based on the Streptonyces sp. strains conpiled in the
followi ng table. 20 Table 5: Streptomyces sp. strains whoseuB@Bspmreaduct s
with the primer pairs GEX024/ GEX026 and GEX029/ GEX031 are depicted in
figure 2. LanesStreptonyces sp. SEQ ID- 59 -

NO. 1B101A452B114C833B134974B135A985B138A1016B152A1087B153( B) 1098B161A1169B1
56B11110B157 (AU FAIEBAG 152 9B1868214ing HEL3JERCTCONGGASUE 3 SETBERESt onmyces

sp. SEQ I D of SEQ ID NO. 263.
NO. 13B161A11614B37323215B37523416B38023617B39023818B392A23919B392A23920B394

241 5 10 15 20 Both prinmer pairs were used to anplify DNA fragnents
correspondi nFéo ehd0f@ebinbandn Aff thgnebbvemeappoaxd Seduencaddpbicenal |y

appeared 5D SPAR LEBEHT 8 LNy AQULPLANG! S S nt AROLLLI oS

a- anyl ase “sequences by Sequenci ng ee exanple . Thé ot her "priners,
listed above emdbdn phetsdgsenee pirstiedy, Sragwentowehishl deavei bpenAll
strains |iste éé‘eéé‘fuf%ﬂugé‘%yéaSEngaH{z?QHEeQeEE@iE?«UEMb%B'vE%, Iy
particul ar, the 300 by band was reproducible for all Strains. Al

fragments, i nSWERRTEERGAr 1Bhet TR by f rdififesht 87t MR R Wee BD| &1P¥Tobt ai n

inthis vvaly flﬁ_@cmé{]ﬁs SAHARLAas aaféaM6QeC%mlal?1|e mmha@hwdalmﬁy &8¢ T egpond,
in particylar_jn the priner_regions, to a large extent, albeit not
necessarﬁﬁy Ot RY ?e%%dff?ééeﬁki‘sufficient in order to identify them

by the nethod of the invention. They define, via their sequence variations
Lo one anothep,eag,|ndieatedsalsgnin Lhepsequansel st! Raynder (HEQJ D No.
263 and in figure %, a sequencé variance space mn?hln t he group ©
amyl ol yti c prbragmentExaapl de2 rERdIPvai inermdutedernietbasagsagpl iihi cati on
Egﬁ,\gg(r)gga?t illgéz’ﬂ’fél&fér anghtReRand 1N 8geBE &5aMYLage B6PE RQPSNERS
15 for the complete sequences. This is illustrated in the
examples on the basis of the a-amylases of B327* and
B400B. A corresponding positive result can be expected
for any other of the fragments disclosed in the
sequence listing and SEQ ID NO. 13 to SEQ ID NO. 242. A
20 single negative result which may occur here may be
attributed to strain-specific characteristics. Thus it
is conceivable, for example, that the gene involved is
a gene which has been produced by duplication and then
been inactivated by mutation or a gene which is not
25 activated in the living cells for previously unknown

reasons.

Thus each nucleic acid coding for the fragments
disclosed in SEQ ID NO. 13 to SEQ ID NO. 242 is also an
30 alternative solution to the object on which the
invention is based. At least it maps the path to a
complete o-amylase and characterizes the latter in the
region corresponding to the consensus sequence of SEQ
ID NO. 263.
35
Further preferred embodiments of this subject matter of
the invention are nucleic acids coding for amylolytic

proteins whose amino acid sequence comprises a portion



The applicability of the method of the invention was tested on a collection
of several hundred individual isolates of the order Actinomycetales, which
had been obtained fromsoil sanples according to common mcro s biol ogical
met hods. They were in each case cul tured individual strainsgohgobbbg
exanple, the isolation was carried out by standard nethods, starting from
soi | sanples, using GYM 10 nedi um (4.6 &0O1-gl ucose, 4.0 g/1 yeast extract;
10 g/1 malt extract, 2.0 g/1 CaC03, 10 g/1 agar, pH 7.2) with addition of
50 ug/m nyst‘&iﬂ@td%u@&%s@n@he accoepAyiony f boederablsyr aPR-&8kti vati on

The acti nonycgeg @% stragngsyere ggpwn lay |2r5c%cul abynNge S m9g)f75q-|PF gedi um (10
g/ 1 gl ucose; gc 1 peptone from casein; meat extract; g/ 1 ¥1east

extract: 0. 7R3t HETLY proferaply. Ll)ooéontlef?‘?ﬂtrfgc £O| W spbr &
SUSpensi on atariiits | AcachktpEticls aimdb@eeed i ent enmpr abune .( 285 te35OC) and

a shaker rat f Or fter figi.ent un cel h f or med,
200 1 2550f e%?%lvEg dilm'(é‘%%e'l ;Q st 1 'raﬁ?’ 533?’ datio jfféjnpt 233 3 g/l
mal t extract;234), 236 D(2}§l u2d3eand4Q4§/ s wmomose! pilid. Qeqaénees or

aut ocl avi ng, - Wi ofp,d yei C 20
g/1) were i nc@&l aﬁ QQ E% (?: f%ea@k?e%{ljl t%tﬁlr%g1 a%%ﬁ@oébﬁg%b thDfih
shaki ng at 17birgmhin ‘aomnyt epffl VWEEMUERESS oS 1at Raﬂétls@n@n’ elpérature

and for 3 dayge DNAySQY Bdh ONedBr SE SRR En N o | Np88Ehi 6RsE & grgf Bycel ium
washed in 35 20e0 (v/v lé3K'Q“Jg[gly erol was resus end%dngl)n l of TE25S buffer (25

mM Tri s, 1PH @groshing, Epde FongGnsng %%%cﬁ%@o@&‘f 2 4Ry
Iysozyrre i nverted at 37Cfor 30 mn and, after addition of 4 m of 2x

Kirb 2~ HA4890PCT 1 /1 sodi 4- | i 100
BT e, By L S e

suppl errent ed abitdirled ~uhydgoXygui twd | pe)lmenerited (’BEXO&M@EX@@@ 40dni n.

This was fol Ié%ggz Gﬁ?g S i

successi vely, an%y j%%%’ﬂ%n%lp‘;aﬁ?oro gar*rﬁﬂ ngagoﬁ%ﬁ ﬁﬂoﬁgf%gtfﬂsf 1) by
i nvertingSi n @ackKtEadast opL 15 HRAXTY R SPhseqBehthy &K4G fufldd at 2
500 x g. The fINASMAS B pi teatseh by Bacw ) 1/ Hlsed, un@l@hcelvl sadigm

acetate (unbuffered) and opr. nol ent |

inverting, sp%]oq%% aﬁ%gb ri %gg'f |% Sy n%%gaﬂ %gg% é#&%ﬁ)l n %Bél | et was

taken up in Figund HEdbplites (HH: r@éHEQE&;tﬁd:bBoerjM:tlirH@ﬂ:dpn&tHNhEDTA) ,

i ncubat ed at ng SS%f or,1l h and dis oI ved._at 4% over ni
e oh .

appropri ate, \Y b‘tcé FOFToWed b %ﬁ%?ﬁeraﬁ eggyggﬁogt eB %%ﬂeder to
renove c@@pormnt:semmmyamm@n@ar@ sbguéhlbe andsihhedi unaNhanptnuhlocatl on

reaction. Thi £35S, iSO DNA preparations 20 in which
initially no %d}g? uct %:é orlrre see below). In this case, the

i nfl uence of i nhi b| tory conmponents in the DNA preparation had to be stopped
by diluting (iHud oady 199¢1€1cbycpasifheahi 8Ba%i &o2 &A@@hﬁ& B@lalng a

puri {1 cati on colum. (o agen,, H Iden, ;25 Germany) agcording o hhe.
25 range are embodiments of this subject matter of the
invention. As illustrated above, this applies in
particular to the subregion corresponding to positions
8 to 93 according to the consensus sequence of SEQ ID
NO. 263.
30
Further preferred embodiments of this subject matter of
the invention are nucleic acids coding for amylolytic
proteins whose amino acid sequence comprises a portion
which is 95% and, increasingly preferably, 96%, 96.5%,
35 97%, 97.5%, 98%, 98.5%, 99%, 99.5% and particularly
preferably 100%, identical to any of the amino acid
sequences indicated in SEQ ID NO. 2, 4 and 208, in

particular via the subregion corresponding to positions



On the follow ng day, the DNA was worked up by incubating at 37C
successively with 40 ~, g/ RNaseA (heat-inactivated) and 0.5 ng/m

protei nase K, in each 30 case for one hour. Subsequently, the agueous phase
was extracted in the same vol ume as phenol /chl or of or M i soamgo s saihrel
(25:24:1), inverted for 10 mn, centrifuged at 2 500 x g and precipitated
as on the previous day, spooled, then hed and dissolved in 35 1 m of HE
buffer. Anplification of the anyl ase sequences by the PCR of the invention
HO4890PCT - 184topddracerxditicter ithengFanfenind ssequengeneés SEQhdD att er

vere first anpbifped bywdARe pakyRRLAES16NabFef&AGLT PN o PER:1 8hE Chy e
carried out using HotStar _Taqg .pol ynerase (Q agen, Hil den Germag@ and the
anyl ase s speRRYHRIpA me@&gﬁp|9@q{eq%|@%qam tRi §E8url}5)o - ilh each
case 4 ~, 1 ofothg.genom c DNA isol ated by the above nethod were used in the
presence %f 200 ~, M dNTPs (each of dATP, dTTP, dCTP, dGIP), 20 pmol of in
each case™a forward priner and a reverse priner, 2.5 U 10 of HotStar Taq
pol ynmer ase (Fagerthdd kcdepleGer nangleand bhtcdHACedbuffier seié ysadial a

total vol unme . g f o] kN _Ssi r
anplified in t_gégégréf?%wm%%%cyc e'%&lf%%/c%ég? 3)38%?‘%%“9%§1mp§%5‘%o‘y@yec es at,
in each case, 195CG%arPh® £ . 60beavor thergdogxeange?pC tor 139 Hromigigie at
72C for 7 m neadBeaREEBET £8AI I §EX024 G@dderi 4 PP LIl RI0dUCHd
constant results for all genpm c, DNAs wjth respect to a 300 by product

whi ch exHi%bi t EBTFBRBI 0gPREIBZAM)PAsesWDER | n ¢ Lqueiti ng &l e
1). In sonme DMlRopeepasat iuing,lami prabeythespraxtictowase f ekpedtretin idu s
case, the inf Lgence q:f I_nhi bi%tol—r;y (0] onen&) i.n 'Eihe DNAt.prepgrati had to
be stopped by dfl HiNG(p Yot 171 orc by %ﬁlﬁﬁel cat IS FTaqdttk PCR
purification géctefianaci@sagénthites| dehjeGrmanyeractordengnventhen.

manuf acturer's information. The bands (approx. 300 bp) obtained with the

primer conbination GEX024/ GEX026 were sequenced by eluting 30 themw th the
aid of tHé Q REXtirukprlyr ovwefenesd (1I9fsimendsmaaye abdoee oftuy aitem by

means of the ZEPEsThnkich dodd tiQgedn Shonbigene pherlehheoyadnidy o the
pCR2. 1- TOPO vect Qr, accordin tg%the manuf acturer™s instructions. The

| i gation prodBEts REFEEBESUS tTERRFOr RREC VbR ATEONERE VAT ARy en,
G oni ngen, Thachét heshssiisiut b er ireefaraiiley sebeekcanyof rEgontaant

clones on LB ¢ gi. ym.cont aj n}nngoag}gisci I loisri‘tg%go lé%/ rr1a)n I Ig‘liG (tlnoeo rgwd X- Gal
(40 Hoaggopei iV igRal “hohd b Y
20 sequences SEQ ID NO. 6 or SEQ ID NO. 8.

For, as has already been illustrated above, these two
amino acid sequences define a sequence space which
encompasses the further embodiments of the present
25 invention via conserved substitutions or direct
adoption of the amino acids prescribed in said two
sequences. Accordingly, the corresponding nucleic acids

are also embodiments of the present invention.

30 Referring back to the amino acid sequence is necessary,
because direct adoption of one or other nucleocbase from
the two prescribed nucleotide sequences might result in
a difference in the codons and thus in non-conserved
substitutions at the amino acid 1level. The scope of

35 protection includes only those nucleotide sequences
which code for proteins belonging to the same sequence
space. They are obtained by adopting the relevant

codons or by substituting with those codons which code



20 25 30 35 ng/m ), the plasm d DNA of white clones was checked, after mni
preparation, for DNA insert in a restriction analysis wth EcoRl. The
sequences of plasmds with DNA insert were analyzed in a routine nmanner in
an ABI PRI SM 310 (Perkin El ner, Witerstadt, CGernmany) accor gioagoip®ctrhe
manuf acturer's instructions by neans of Anpli Taq-FS-Big-Dye term nator kit
(Perkin El mer, Weiterstadt, Gernany) usif% 200-500 ng of plasm d DNA 10
prol of prine TopoF: 5' - GCCTCGGATCCACTAGTAACG 3' and TopoR:
5' CTCTAGATGCA%KCT & 3spmey amings HRELGE x | FYRORGRCHS voFaAens) 20r~| . The
DNA sequencescarbdaivedl arigo raci ddehycapdifgnegpthangkbyipkr angGLRed i nto
an am no aci d .seqguence, conpared via the BlastX, BlastN and Bl astP
al gorithns V\Iiatlk?'lo\f e GenBank entries available and identified in this way as
parti al sequences of aanyl ase genes. Table 1 indicates for each parti al
sequence @bt a a |t ] I ol ei t inop Lcly o i ble
dat abases,g W?]ifc %%\/%‘di %%%Hgglst% t g %ﬁ%sgﬁjﬁg%ﬁog@%%&he@féegﬁ nces in
question. ThelpeRrtidn seqredcesthosdd aruclesced anidhe swhiehce kirsting
under nunber s\ §5Q d RMNXy 2, ArBNG34 L8 26@pand &%%i ngtelt}‘% copgensus

v

sequence of figure 3 and SEQ ID_NO. 263, respectively. Special nention
shoul d be gi Ve eREIRECDRr BPal BdedlencENGmi BReverary ikewrseearpdi £red

using the priciie ppot EEX0RA45GEEIAE 19ndh My dmiadimglens CtRE bRakeag@quence
listing der nurrbers.SE%l D NO. 1 t(1 SE? I D NOQ 4. The corresponding
strains were FEHACE TSPt oMy c EE2LP1eR357+0F sEe® | R0 IF T a8

St rept onyces regh®IH 0B SEE |dp thOni Bataish 4heddwef parti al sequence obt ai ned
fromthe Actinonycetal es isolate Streptomyces sp. B327* conpri ses,
including the prinmer regions, 302 base pairs and codes for 100 ami no acids.
The partial sERihce BBVERAEd thasmtliee I&ne Mg esamésarsslbaB323t r @t omyces
sp. BA00B ~ HOASOBRET 1ev16 1 £ 0MRE! SemylaGEl ddith L HEoR! ISFRbpoth RS, 203
base pairs and, codes_for 97 anmino acids. Exanple 3 5 Typing of m crobial
pure cul 11t§ir e FHY# S egllgﬁ‘a &Poﬁ;ieﬁ’&aﬂfck ANARA RECYFAEOR cGHBREES UPR 2BNA
sequences of gmiddylgees have deay anpldrtiet]l awidescridagded r ed atheof the
streptomycetes_strains_ 10 referred-to.in exa by. a PCR o e

i nvention usicnogm};f]h‘:"g:epr|s?r%ﬁ‘lgmﬁa‘%xflﬁl F&éﬁﬁ% 1%?1%cﬁeﬁDc¥lgned5 aﬂﬂésbgugﬁced.
Thus, in totaldem3ilcylar wiith smppEwestof theanpdasisn wereihgunfomhiche ar e
listed in the, ’l&eoﬂéiﬁ{.i ng under nunbers SEQ ID NO. 2, 4 and 34 to 262.
15 The individual Streptonyces sp.. strains referred to therein, for

exanpl e 8Pfreptomyces sp. i B327* and Streptonyces sp. B400B, can be
characteri zedrigue porthenf a@ &hebaéd bg RARSIdY 18 d&s agpl idy 1Hgs efpom
fragnents haV|}Pr% an a roprlcz*te size,and the partial anylase_20 sequences

i ndi cated in t'He % ® TRSITHEY L aSBeRMsNRg Phe TR RBFL1gatides
GEX024/ GEX026628A dons&tus coaqusmemdvastoderdheed afrionm saicd dseque&ncesewi t h

the aid of t 'gmga ust al, X r-si 1. b (standard
settings; ders]cgorrl?gbée m?éelcﬁ%e%gééegnrq,gfﬁte, 3i—llabng(lg%s‘p“\62 ) q\liba'n026€§‘3”b‘son, T.J.
(1994), 2BLUSTAL W inproving the sensitivity of progressive nmultiple

sequence al i gpyent gh e i in iti spegihi
penal ties and wel g_hztlﬂ%gl!:éri X&%%P% oi c\eé@,l%cl g?gﬁ'ﬁ; i ds Res. %ﬁ%’gkg%@& pp.

4673- 4680) . BHREHRS beVRegar FeFUSRCsE tifi s2koArastsdffentdengical to
represent at i wgge ohuz leattideul seqh¥Reeof it asel I3 dsegnsensu® segquence i s
di splayed in two. alternative re%r.%entati qns in figyée 3 and.in_th

sequence | i stirRf FRMNder TSEQPPBREPT 863 2 Thet PosttFon oPaTATGU¢BRI¥NsuUs
sequence3fas pisffiewablon tilme pasisiofhst he2&equengoOof dhe RORipeatiuak of

st a'Z;‘ B327* gy d et Ney HdSBRLs B L FO8F FXPLO0 18920 861 48 «REQ ! D

invention.

Increasingly preferably those nucleic acids coding for
35 amylolytic proteins are claimed whose sequence is at
least 87.5%, 90%, 92.5%, 95%, 96%, 97%, 98%, 99% and
100% identical to the nucleotide sequence indicated in
SEQ ID NO. 5, preferably in positions 91 to 1383,



HO4890PCT - 107 The amino acid positions 1 to 8 and 93 to 100 whi ch appear
to be practically invariable in the consensus sequence are prescribed by
the PCR prinmer sequences 5 (GEX024/ GEX026). Onmng to the selectivity of the
PCR perforned, only slight deviations were found within thege4gegiroms. Mre
stringent conditions (in particular higher annealing tenperature) result in
a | ower nunber of positive results, nan®3y those sequences which are 10 in
conpl ete agreenment with the priners in the primer regions, In contrast,
owi ng to the R¥ptBIEanLbiPRHeraky iify It IRt /s thitH are nore
difficult to separate in agarose gels are increasingly produced under |ess
stringent conditjions._ Ann sai d produycts,. 15 the proportion of_. sequences
no | onger coo??fg%?ﬁe%nfﬁ’g’g’&“\eﬁéﬁeaggs.tﬁ'ashers\‘lﬁlgég,c%nrfl?tfﬁ’é & n&P5&ci d
resi dues hi stimrerecion posate on fiHosed | puciakci n posdsi onwlihchr e eaeserved
in 20 the.sequences. |i.st.ed I 11 _anyl fr Ss . S

f ragnent sscon %flfll%nér%)%l ti %’%n%%srgqug%ceséﬁg a (%%M%% o@ég% noggﬁi ds
rat her than aStfewtemarehosnci 8400Bessiaree atheyi sainc Redekxpetigdr §03 and
SEQ ID NO. 263, a0dfof €aReGhbYCLYualNG idigidiali kP S§IURACES alg18est i on.
Sai d i ndividual sequences” are the paftial sequence TAGGE of the strain

Str ept onyces FRTFIELYTTH 1P NGX2PPAL, PheCParE?P alPS edREFOSUPSSAELDf t he
strain Streptmiesss Sibr B30 fiERl22Nbn 2eradl. t he partial sequence
YPAMEEEKlgf the 30 strain Streptonyces sp. B4006B (SEQ ID NO. 246). In

addi tion;""sone fragnents do not contain any amno acid in positions 29, 45,
46, 66, 70, 8labB2, 383evralds Fhathathe¢ hmoshdisvimdlalr merEeratngthae DA

devi ates sli f£EQ@m that t sequence. e fr ts 35

i ncl ude, forgg%%%%lég fﬁ%@é %grtﬁgrégggﬁggg%tr ﬁtoﬁy%%%iggé é%f%%gg 61 and
B1059. The se&fence¥oshoW8RAve,. aFhese bevoundedweneg®se are HE4896PCT -
108 al ready Shoywy BT €laRRefr erhBet YEgbO UL MR RANEo2 7 G 1REANERE G e

identity to known a-anyl ases. These sequences, tqo, partly exhibit_a

consi der &8l e RER & e. 2FAUs B2t RE aidfRtHEGad saludhceseFRE R of Ot héhe

a- anyl ases frosanberfitd efdONMice mSpur B3R7Stangl. B400B are nerely 57~ identical
to one another. Exanple 4 Detection of full-length gene sequences coding
for al0 amarl ase by neans of activity screening of expression gene banks
Conpl et e a- anfheasea genespoettor| baednandedsbiahedlepoidast BRotmpcdBdldes by
choosi ng expressi cloning Lo t - er 9] og hest ganksm
Escherichi a éﬁfi,eﬁ%neg§&%%%é§trgﬁﬁigiﬁggs.Q#heggéong?erggéedh@asqleé | PTG
(i sopr opyl0t hi weal eet bdee1e) 28 neacBBBecpargarartosPdibe pranst acige e | ac
Operons (1ac PEOMGEkdns i Sedi DL o] £ 158 &1 PViie sy 1DNOUG 5 pl asti d
vector 20 (GenBank (Nati onal nter for Biotechnol ogy I nformation NCBI
National Institutes of Health, Bethesda, MD, USA); accession nunber L08752;
figure 4). Prepasatitoosef expebaston geids baekgihgr ther pasydidigei2b
strains

proteins, whose sequence is at least 85% identical to

25 the nucleotide sequence indicated in SEQ ID NO. 7,
preferably in positions 88 to 1374, particularly
preferably in positions 598 to 888, are claimed as
preferred representatives of this subject matter of the
invention.

30
Increasingly preferably those nucleic acids coding for
amylolytic proteins are claimed whose sequence is at
least 85%, 87.5%, 90%, 91%, 92%, 93%, 94%, 95%, 096%,
97%, 98%, 99% and 100% identical to the nucleotide

35 sequence indicated in SEQ ID NO. 7, preferably in
positions 88 to 1374, particularly preferably in
positions 598 to 888.



Purified genomc DNA fromthe particular Actinonycetal es strains, which had
been obtai ned according to exanple 2, was partially cleaved wth the
restriction enzyme Aci |, and the size range from3 to 30 5 kb was |i gated
into puUCl 8 plasm d vectors linearized with the restriction exggorec |
(figure 4). A desired 5-fold covering of the genone in a gene bank, with an
average insert size of 4 kb and an estin@ted actinomycete genome size of 8
My, results in a figure 35 of 20 000 primary clones. Since expression
starts from t RETFGEPPRBABESY |IRyhrssh embopiashts M thésSi midrisctan
integrate in pacheeaser i RNEWOI eS| @R%® tRES dWie: | SciBsr easesht o at

| east 40 000 cl 8nes whi ch HO4890PCT - %0? V\gs thﬁ1 ni.nmum nunber of

cl ones obt ai nEB9Forr WacHYeRE btjﬁk.a]?ﬂ‘éeb ef iafdr EIVICdYtdT REURIRS s for
the preparative Srpgmehak.di gestion of genomic DNA from acti nomycetes were
determ ned. by first carrying out restriction kinetics using 6 ~, g of DNA
and restriction enzyne (Acil) at concentrations of fromO0.1 to 0.4 U per
~.g of DNA i nThig mfscer inghedes apposgr ivml atror hhght ant hendvidual

manuf act ur er’ 2efShEVC IRl M JOVLOES YN SLOUAL N1 ERSE,. Iif éhdfl 2]

vol une of 15 ~ For I'S pdrpose, reaction mxtureS were, initrally
wi t hout enzynmEeqHeafed t@@?cwm%aﬂ:ée @hoviendafdmest redptian Was

started by ad@laﬁger estrhte%@ orin%n@@@lcl %&e e%arrw@ed 15nd nteivR St e
between 0 and 10 n.each case reaction mxture was. added to

1 x stop %%fféFqPSRCGEOWW i &3 ﬁﬁt7 f@r% akg‘%‘ﬁﬁcerftﬁve P PR ce and
anal yzed on ab§. Insstrteogt bra@harlcﬂaog:elmuttdmrcehy adleinminipuptieitiyiakial |y

for each DNA prepalatiQon p%'éﬁtff,o Q%yer%%'r{,resatr{é WL tééﬁasézq{ &P

di gest, which“was 0on ave The reparatlve par ial a"lgestl on
was carried odibras di?wmllﬁ:d abbve, buﬂlwﬂhaﬂen tSuRseatiensountal$o 25

reaction mxt WreoushRata0 of 9tk CGHFDSOMELRGL:BATY CoLfcINRHRRD ¢4
previously optimzed anount of enzyne for the peri od which was in each case

det er ni nekP i nBFPPYGE ISPTUSRGS %@%%Hﬂ%bl‘?%eap@&ét 29 L VAd S RFAtS&iRs op

buffer, the maxtube vwaedelfeet rephoaetngakhy 3@yilbagtienatedvanya 0.7~
strength agarose gel, the gel region containing DNA of 3-5 kb 1n size was

excised and isolated in dialysis tubes at 4C by electroeluting for two
hours. The Dhllkh‘eamumaex:ispidkﬂiaemwlleh vii/dl Gnovlod aundea 104 b i Meioch Lnmeicled@s e and

2.5 volunes o a 5.in | e
further rermvja(P%RJP‘ mal | er rawrr%é:’t Js‘h g g%'ltu%g&t \@é’@g @&ﬁg% Qinéf’é
el ect r opha0 es|SPemltthsubbéqaents‘@%@ttrld@lm?r oncand #ABOABLZEEncePR¥RL | on.

HO4890PCT - 110 okl gAll, Oy dihy Jrfe &é%ﬁ&ﬂﬁ&ﬁa@r pRLELS o\ﬁﬁ%f%éh?ﬂapm at
16C overnight in a total voI ume of 20 usi % 150 ng of _Acc
h

| -linearized SEEUENFESH orf iU h‘é{Ht]Beé’r?h@rde%?Fb% BFyI9&d Tk Romen P
(al kal i ne phogghaitasa fewiynasf thyaus)oassosthutd ltitigt hehterfuataidirer ' s

i nstructions and 450 ng o artially cleav noni ¢ and_al so _an
or ope 1 at o andiet capa paeB RS 50 TR Ao, o h bR 10
25 represent particular embodiments for specific

applications.

A mutagenesis of this kind may be carried out target-
specifically or via random-type methods. This may be
30 combined, for example, with a subsequent method for
screening and/or selecting the cloned genes for
activity. The genes obtained by mutation are subject to
the scope of protection of the invention described
herein, if they code for amylolytic proteins in the
35 broadest sense and are within the above-defined
similarity range; in particular, with regard to the
latter, in homologous and functionally relevant

regions.



Conmpetent E. coli DH 12S cells (G bco Life Technol ogi es, Karl sruhe,

Germany) were transforned via electrotransformation. To this end, 1 ~, | of
ligation m xture and 30 ~,1 of cells were m xed, incubated on ice 15 in an
el ectroporation cell for 1 min and treated in an el ectropor aiyrgoBb%
ECMB99, Genetronics Inc., San D ego, CA USA) according to the

manuf acturer's instructions. After |mTEcﬁ-"_at'e transfer to 1 m of SOC nedi um
(2~ bacto tryptone; 0.5~ yeast extract; 10 mM 20 NaCl; 2.5 mM KO ; pH 7.0,
adjusted with NaOH, autocl aved; supplenented with 10 nM MyS04 and Mgd 2 and

ZP mv D(+)ng #@sa)s bbewuwasnamr eﬁh%“@iakfé\ﬂﬁﬁ:@f s%glﬁgaateg%EC amaorfﬂo%h

pl ating e qu e ban s tested by determ ning the
total nunber TF2 IﬁPf Paﬁ Eglﬁfiss éﬁ%%nd@%e Renbepeds  to

i nsert - carryla:ﬂgancdumt\e:slz/ea rhhmmu‘cmstensgﬁmms)n im a&Haast yHeat ilagteko this
end, 1 and 10 =~ tgg fure were in each case plated out on
30 LB med:%um on a?énl ng rrpil%g’}[? rFQ X%Ch( as 4&&¥Ni%De gff&\%})s and

i ncubat ed at @qﬁm}éﬂﬂn bt th?h@oa@mMSy sgdayeetd skrifigizes3were SENf i r ned
by isolating theyp! asgn ds of at |east 10 white colonies of the test plating
and carrying out a suitable 35 restriction digest with subsequent

gel - el ectrophoretic size anal ysis. HO4890PCT - 111 Activity assay of the
gene banks FﬁTﬁ&s ahe ﬁ@tht&y @fgéh@sﬂgnﬁhbéﬂk%o rREeakdawn oSty was
determn To h| s %‘r’ LB ag}ai gnt ai ning 1~ soluble starch (Merck,

Dar mstad 1589%) RERt BH VIR QR orfE@ e of
br eaki ng dommsfme:dh ¢an tee i deqtieficed 1y diysi sumd@d0s SEGhiID requi _&d t he

pl ates to be red t u ks untl sald | at es
becane cl oudy%%f tgergév%adi%g%rg @Ck%atq—tgax(r)céfﬁglew}slﬁ?% gll%ggrl ng up
10 of said- phrai edar Gued aties cétr@m esatugalt iatad tats S@Inj:bl e:us'tttameld
(approx. 0.6 a&%&%diﬁ@ekgdm@hhadg @%@Wﬂ1ﬁgﬂ|ééaninF$Qr§§cﬁlgél@%b%%

Tauf ki rc en Ger npn was used ely M sl ovi cova, D., WMarkovic, O.,
Kal ac, (19‘%’89"”1 Nl ERE ol %‘ﬁPE @BB%%FéFéoPor I§s§§915ﬁ8n15°déﬁé(ctl on

gf a|k 8ha an¥/|xaser¢1%fﬁmg1a%pchemh§m@§amth7%dnl) fpaﬁais lggcaﬂﬂh% be .
reakdown o arch.be et taey ading af, .t he reddi sh agar in the
area of the ploé?rﬁjvg %%y %ao Chse %the aﬁﬁ)&tlefé'c\ﬁé:rlgnadﬁ’irféjﬂ‘ %% bot h

cases with | m$a06enweﬂbramlmnhjca¢tgi ZQe@enpeomterb@ndemfhbadpw I'1in
(100 ~.g/m) N, pressur n{he_ tr f

According to %lﬁ% ???%%hgg t he é CrégeJrsérc:';f'ti Sl %n :Iéag 53;.2% %n'gjr&fl ne& vol une
of the teE&nsfermaticonohtrined ZsﬁcéhﬁalmﬁgSamfr oxhei® (B¥hauionDdR, per

plate (14 cmwn%a&eéee)s ¥As PEat 59lfagkse}ﬁ@ﬂuoﬁgdﬁ@anéxginpg'eaas hegads
(primary plati ggﬁ)After ncubatin 16 hours, thé plates were

i ncubat ed at %y‘?%%@%k‘br%%%@%ﬂ%ﬁ&o?%i ease for another 24-48 h.
The 30 incubation at 28C was usual l'y indi spensabl e for visualizing a

br eakdown of ?ﬁg erencerrpr %ved r ot eén fgllo i ng ag 8 rmsabl lizatiqn of the
outer cell Fane may p pl aygé BAr t " PerdoF& aPROPEOF oL B HYr §F6T G,
Ear hart, 26. F.wii¢i96pn ' afmmaclae:mdzawqmeme E@@knerbehdarasredol inexjiessi ng

an Lpp' OmpA( 59)wieh Si O_{Id L al t rane"

Appl. Mecr obﬁﬁ?k} Bi ot e&ﬁ , 95&32 &7;1)82) <Liﬁgages 1?? %)% ngé was

t hus acconpant %t%drépeé%’@ cﬁecwi%n%@a ﬁéé@gpw@&%eoﬁEQ HORBYIOPCB4- 112
to 262 and particularly preferably to any of the
sequences indicated under SEQ ID NO. 2, 4, 6 or 8.

30
This applies to all organisms, for example eukaryotic
cells, e.g. from «cell cultures, or predominantly
unicellular fungi such as yeasts.

35 This applies preferably to microorganisms,

preferentially to bacteria, very particularly

preferably to Gram-positive bacteria.



in each case, and a cell lysis, to be carried out additionally, for
detecting cytoplasm c anyl ases which had not been exported was not

required. 5 After isolating the colonies fromthe hal o regions of the
primary plating by renewed (secondary) plating on the sane sigygngyd@tes,
anyl ase-form ng single colonies were selected on the basis of renewed halo
formation. For photo-archiving purposes,®&taining of the starch 10 pl ates,
after securing the clones, with 50~ lugol solution (Mrck, Germany) for
unanbi guous VEBORFI FHRIGPUIT g chAFEEE 1Regi RFRESEPRAR AN BaVes) tas
proved USGfU'thé5eFkgyr€h¥(BﬂaéﬂsAéelﬁ§ﬁ§@8Eh@é§|yJ§Iab8§g1cular of
starchcontalnggg LBM!aggE gﬂgte to_which i n~ each case suspensions of
positive clon PePhe <SEtoRE8TYCBFati ng have been applied in drops. 20

I sol ation of individual clones The plasnid DNA of positive clones, obtained
after mnigre on (k|t fromQ a , use ordlng to
nanufactuﬁgr Qélns uctloﬁ%)tﬁég stﬁﬁ?gﬁr?%?elﬁg%r9¥¥é%é 8 q? “fctlon
anal ysi s wi t hspéckes F€¢r@ptémmr¢$}ﬂspd | BB2&rid &hén Squpnanﬂcekbnﬁq t he

i nsert-flanki 3 pLi o cg¥g%%;x¥¥; M&%
reverse: 5' C%g%%%A 2 CB %gkg%Pﬁggdéﬁggst In order to ogtm inally
the entire se§bEptespPaM" b??ﬂ%roﬁaPﬁMné398% known fromthe 30 prior art.
The principle of thls procedure is to derive new sequencing primers in a
repeating sequence, rting, fromdetermped, sequences and to use said
priners %t?r é uer?‘&lr]l’g'3 e%dj o?ﬁ]f”ﬁﬁ, s"’F’rC{] aRkn reﬁ?‘ﬁﬂ?af’—'?om W&h in
turn the nextmséquphmcmgyprbﬂErSL%&ymﬁsém def i veHe Theveamieat e Wi
sequences and Ci equenc ri t f obtained in .this way
for the two pﬁgbgg‘ég qu%lﬁg A%?’le(r%gm}\é‘g’t alée]%;elel'sé m§?58§to rLce?“sp
B327* and Streheveajere spnsBigoBessd sermiaEe euwe pataer odpitdteed in
t he sequence hh§éhggoﬂnder SEQ ID NO. 5 and 6 and, respectively, SEQ |ID NO.
7 and 8. 5 Figure 5 depicts an alignnent of the two conpl ete aanyl ases of
Streptomfces sp. B 327* and Streptonyces sp. B400B with the anyl ase

sequences nosth&k nptanbzas@aefn@th%tschfo\foerlelemti&guln@ @Bk divating
Center 10 for Blotecinolo | nf or mat tional I nstitutes of

Foal th, Bet neQdh. SORATSEA FXoR FR0L FHEC IO | OF CERRBHEEE. Se T XN one
hand Strept omacidsalelres cdannhede, whdchs siearhodsrbere Uohaz8ctieligeds 80~

i dentical acr t o] n t nyces B 15 the
ot her hand, S??gttgﬁ§§2é££%epé %ﬁj éé%a? %%E%%k ei%g ‘%%%bz?ghe
i dent i ca|2Qacrﬁ§§L@hbeeB\f| regpest ehd B0 53t ﬂf@atl@ﬁyd'esﬂ'dp' Imw@go@eamm e 5 20

Het er ol ogous §é€{§§§lgﬁ RhofnagM,8g88si N prokaryotic expression systens In
order to characterize the biochem cal properties of the cloned a-anyl ases,
the latter should be produced in 25 larger quantities and in soluble form
Sai d char act ewhaatimmrmri ethagil f eeakheogaonpl etr) anhasiogengs of
Streptonyces s tre myces s B400B and the ct|n

i sol ate Strep?gﬁﬁéiésgﬁé égg eThQrégﬁré§§?oﬁ‘ st-Sus ﬁsﬁﬁk reg%ﬁhyces
30 livid&ats TeRdmplae exprésexmkoneod@w B edhend g AXBEN ¢ ¢ Yoped Ha uﬁfmhlch
expressi on | SpYBERkmi BErGPNt I Ghe Rl LhC LONSIMIUALS SFdYE B OTHST

i ntroduce the ‘or E1'on| rfg and

e cl éavage sites
to replace t hé9$%} atViolamme r ar e Rihd Eﬁgr%%F e Iﬁos%ﬁbﬂ?}aﬁ@r aphvarsl tiaer | y

transl ated stgpengodanenef riharamrdse a0RH1e- B320qCHRA anagn 348 (TTG)

with AT a PCRwth_a opriately nodified
G at an eléﬁ% ég temperature, (2.) short single-stranded

30 DNA molecules, the primers or primer oligonucleotides,

binding to positions of the melted-open DNA, which are

sufficiently homologous for hybridization, at low
temperature, and (3.) extending said short DNA
molecules from the 5’ to the 3’ end at medium

35 temperature as in natural DNA synthesis. This produces
in the first cycle two copies of the DNA region which
is located between the two primer binding sites in the

initially melted-open DNA. In (4.) a cyclic reaction



HO4890PCT - 114 priners was carried out. Thus, for exanple, the forward
primer: 5 aaaactagt AAGGAGAACCCCCACaTGATATCGAG 3' and the reverse primner:

5' gaattcgccctt TCAGCAGITGECCTTGCCCG 3' were used for cloning the conplete
a-anyl ase of 5 Streptonyces sp. 327*. New, nonconpl enentary mutgeobides are
represented in | ower case here. In the forward primer, the recognition site
for the restriction enzyne Spe | and the63tart codon are underlined, with

t he Shi ne-Dal garno sequence being 10 highlighted in bold type. In the
reverse pri meProCEEsrecdfnits oPCssidlicor byhels g riact heatefzpReeECNRI i s
underlined angotiftethaR,CEFHRN a1V er3E Hd AU AldPNurisehi ghl tghied in
bold type. The genomi c clones isolated fromthe gene, banks served as

. tenpl ates. 15PK €SubcPBni n&xPﬁEePéRaﬂJﬁ'éfducf-gcﬁ‘éﬁépaged BrrReBr x ®f ati num
* pol ynerase i nideatieallorDNICRnBlLeotiles BAROsE nyihé r ogan, rddiai nfeankéde

Net herl andg), . directed i rtion into the Streptonmycete expression vector
20 pAXSa V\%.S (]?Xr rt?leed%gl?t %§§g}eﬁggteﬁé‘le§§gsl' and Eco Rl restriction cleavage
sites. This was followed by protoplast transformation of S. |ividans TK 24
according to Kies | n¢ ( Kheser. . Bl b : , J ater,
K F., Hopwood?h%. %e%oo%oc)hzc’ %1% %E&%Bstsli% egst %%gﬁgr@%{l?%:é céxj S??%%owces
prot opl ast s WPERANSESs nif@TDNARE RaFFR: sitEHich cave prbegagterizeq: ©prazti cal

Streptonmyces GRRELEIAE 3 Theelt@hdn Naes Boundaldedn diPUphisher)s K gMSy

Nor wi ch, f@gl %E%f and pl ating_ out t%}e t ransfor rran,tg on the Bg{fie ective
regener atton CdPAIRPPE. “Ba P e R T o AT EPs ast+d 15394°8F ro8evmno. 25 g
of KzS04, 0. l2anglefsedyCiihetHR20, réfionef ofl theserikidtsrpd Préferably
casam noaci ds i.fca, i del , y),..10 f 5~ strengt.h (W v)
KHzP04 sol ut i 5%31581%m“ﬁg 35‘8%8,5%%{%@?}& ?%// s?n&%avgdsoﬁef%l%%, ih 524 of
L- prol i ne, 10GeuuepiceTESMMfigion @4 the protein level, preferably at

2-{[ Tri s(hydr purehhy| ) &pdhyl {,aphnohet Baresiy a4 2614 1aé£|l/12aé2s ofn§race

el ement solution (40 nmg/1 of zZnd 2, 200 ng/1 of ~ HO4890PCT - 115 Fed 3 x

6 H20, 10 hy/ 1@&9&1}0@?% bppatedo afgAreBEMIQ 2V 2abhe, YeIREFPE tNaPPR0~ x

10H20, 10 ng/ hogfoglw)ze@dwogaﬂey H2P) aﬁwtirinl@f lJiQr stfugag%)bn(w/ VAB fco75
yeast extract fco, Hei de , Ger,many) t . acunal cont ai ni ng

- ~,g/m ofthio tséﬁtnﬂ}?lé_&as%%l E%‘gﬁ\?}%}l %Fo%ieé’.lc%ne%erlrr‘ e%#gﬁrﬁg lto ﬁ%gA

i ndi cator pl atessmip3eg/ 1 of Nutrient Broth Difco, 15 g/1 of Agar Serva, 1.5~

- (wv) 10 of soluble starch Merck #1252, pH 8.0; manufacturer: D fco,

Hei del berg, Gernmany; Serva, Heidel berg, Germany; Merck, Darnstadt, Germany)
and ident?8i cahieodpogfdeamiedseqrodiig &' cluhes’ vibi theneregieasg@eféededn t he
basi s of the develaping,s) asgh bieakdonn ha) 0gnel%orids Valdi@adn thguid
culture to obtain enzym cal |y act)ve supernatants was carried out. For this
pur pose, a 5- FONFEEVEG PSR hnd ARG ARK UATY12S8 SERH OR%i n ERRdr eVivdr e

C;,I| tulred in Bw/ 1dgilzevieyer fFasdksubd t bi{bai;tgl,estlby wairriglb@\é}vl ﬂgglium)m
g/1 glucose, 4 egst 20 _.extrac 10 g/, 1 malt _.extract) 2 1 CaC03

cont ai ning 75 Sg%ﬁljtr% "‘fa}h st et 8%£?8§1i6(ﬁe5n e&"a’ay?}a% e%‘?fg%f?t?/%%‘f" The
anyl ase- c@ht aiveimigined.t ure supernat ant was obtai ned by renoving the cell
mass by centrifugation at 2 500 g for 15 min and subsequent 25 filtration

(0.45 um and immedi ately subjected to neasurenent or stored, after
shock- freezi ndtiigh | ihpmcd agxt r ogen, this a sorneetien -pew)s Exbhpte said

primers, in their 5’ region, (a) are 100% identical to
the regions under consideration of known enzymes or
30 consensus sequences or (b) if they are less than 100%
identical, still have a sufficient degree of matches in
individual positions in order to hybridize with a
likewise homologizable template DNA in the region
suggested by sequence comparison in the hybridization
35 phase of a PCR cycle and to make possible a DNA

synthesis reaction in the further course of the PCR.

Variable or degenerated PCR primers have at defined



30 Characterization of the anylolytic activity of aanylase representatives
The detection in principle of the anylolytic activity of the two a-anyl ases
of the invention from 35 Streptonyces sp. B327* and B400B has al ready been
described in exanple 4. Here, the enzym c properties of enzynesspsepared
het er ol ogously according to exanple 5 will be studied in nore detail.

~ HO4890PCT - 116 Characterization of the®8azym c properties The

" characterization of the enzym c properties, which may be the basis for

| - appl i cati on- r BOFEEFOFE &ct i AL CBS_NZy FBRdoms MEFLHYEd Futd wEekesehRRd to

" Lhe l'ar ge \éaLw ﬁg@f, rtil'ﬂ:l_ééS dlfdmmi&ﬂ%ﬁéﬁérm‘ 1 Y0 BERSs fir@tﬁq@f\zm&s may
e prepared here oni.ng and heter ol ogous_expr essi an. of the gen

- sequences accOF6i %ﬁcholcé'ﬁgfablré‘éc %1‘?1’0‘9%’ and Fﬁ@ep%’ edl?reéltﬁtlyus‘%rea't%éﬁ 10

above. The ampialeytsi caatidryithamweshedet esvereddl byemgpdnsi ofvdted. The

dinitrosaltcyl id_ass .DNSA.assay ). e, | ysj s+ of onpl ex
starch sub%t rglteéri%% dgﬁerﬁgﬁéggi@lgi t%% bggfgs Pxﬁ%g iﬁé():?%‘aas%&f%}ﬁg uci ng
ends of the pdngsaesiesri daponhatapddyptwbbh attls0 mumbefr unfeactetalDNSA

reagent servi N A% RAIUM € Joif; il 1y dr aindd £ a%&ﬂ;{(&@’i?rfsg Thea RS Saye vas

carried out by introducing_into the sanple and bl ank we in a 96-well
pl ate for PCRIPFEOMBERS er QUYBRe nisyniiasifal | Of| atldre #3prémeyPB ( MFecul ar

Bi FPL qucts, %&&d‘ﬂc%g%r U&A)ardi&ae_gghyﬁaﬁésZE,~i &c@f)raﬂfh?t rebe :agtlg&a@n (1~
sol ubl e starch Merc 5 p.a. . i.n 1l nM Tri s-mnal eate huffer H8.6.0r in
180 nM coi&es&élr?a’lnné)egss%y B B $5t 15itfatd hg g %‘bjc‘f,’gojrnaFl‘Pﬁe
particul ar assay wkeiger aher ueIectider ffoecyd epabktbclkléor dosmitn.onAf L er

addi ng 20 ~, 1.0f lutl.o I he_su ra .0{)V e d 30
at 50C, or at Jﬁﬁzg gartl (faﬂlo’atg%ls@aggég)érr%ke:r g?tohtr e?éfgﬁgffS%ﬁnl%fesoAﬁae% a%gi ng 65
~, 1 of DNSA r @sgemcle® g dp afixdiutia.r gshlihnyg ivawcial, n2eoey of poimessum

sodi um tartratgtrf- 3q8neicadi 9 deslohist €ard3flatied FRiCH VaidogE, 915
- m  of HZOi to the sanple wells and 35 bl ank wells and adding 20 ~, 1 of

enzyne solditi dRH%0 t h@ et Sel | SURRRPHAEOHT at e GRREFHMERT at el 1Y

transferred tgtadikerimaligckppeehpatedhi®l dOPLaand imcybat egant i dQ0&xf or 20
m n. The sanpl es Were HQ4890PCT - 117 nmeasured by transferring in each

~ case 60 ~, 1 of&H& &sesi?gﬁ'ioﬂsme to 200 ~.1 of H20 which had previously
been introduced to a 96-well neasuring plate (PS mcroplate, 96 well

#655101, G eingr) a b y Lnin b i at, <54 by
means of a m c%‘r%l&tq tggygﬁaﬁg%g%%% r %h%ﬁ%%e%g (%E)%C%%)ﬁ%%?}fl\/b?%@%: ar
Devi ces, Z0nnisgguenagsa)  ofisi agyHRa vAd cr efRf@iridS | nacadtr ahrit t hpead

- measurenents W&e%@fdﬂﬁ%gou%oth%a%ﬁal Lt%ét%&r\l‘@.s C@héked AHAdY the
subtracting the 10 average, of the 3 hlank wells fromthe average_of the 3
sanpl e wel [ s, variable region located 1n between accessible and are

therefore also referred to as sequence anchors.

25 The template used for the PCR of the invention may be
any DNA preparations. Owing to the comparatively small
amount of work required for a single sample, it is
possible to set up a plurality of reaction mixtures in
parallel. The method o¢f the invention is thus

30 particularly suitable for screening a collection of
nucleic acids prepared from a multiplicity of organisms
according to methods known per se. The templates may
also be cDNA or even mRNA preparations, if the PCR is
designed accordingly, as is sufficiently described in

35 the prior art.

In a variation of the reaction process, the degenerated

primers are added only to the first reaction cycles



Tenperature stability and tenperature profile The tenperature stability was
determ ned by 15 preincubating the solutions of reconbinantly obtained
a-anyl ases at various tenperatures for 15 mn and subsequently determ ning
the remaining activity according to the above-described procgshdsnmir 50C
and 100 mM Tris-mal eate, pH 8.6. The maxi num stability of 20 a-anylase from
Streptonyces sp. B327B was found to be-af945C, but the effect of el evated
tenperatures up to 61C was relatively noderate, with remaining activities
of nore than 88d/o¥he afher rebealtfinse conpleed |vhealdrimersy twhide

opti mum of 456c8ekshend00to25tHabl 8ofscdePPer8yibesSt@bi liny Uy ey ase
fron1Streptongces S 7* Preincubation, tenperature_ LC]Renaining.

. B32
activity, rel F‘PVEthtt hat® of th§C ATemsiRis0. 25855, 8464, 74875%F The
t enperature ppoksibidasydédiserdd netkBy catrywogsephratH04BRIRCIn tHBs 5 10
the reaction according t he .above-described procedure at various
Lenper at urss BRAY1 ATRO0 T G SR 6 BLrTeRtE B e Hertidrtnane
activity of acangkasezatedmist rdp oficets spclB8S2usings tate dePDertd ighir
t enper at ures d i I sthnct | | Vi ethis zy see
table 7). In g%ﬁ%ggt, t‘g a%?%@ityggégéf?é%?%%ycé%ﬁéﬁ£¥1§§£7B§§nyﬁ%§% was
rel ativel y coRYPEREUBNEr CYBéeBenper at ure range assayed (see table 8). Table

7:- Tenperature profile of a-anylase from Streptonyces sp. B327*

Tenperature [ClActivity, relative to that of 41.3C
[ 94 408741 B10656. 73%‘536%/3% OB350f5 TERT] 8 PORHR A HSS pr 8Fi | EHFERRANYI ase
from Streptonpods fipatB3aER Tempesaattirc@uld3d Adn viebyidueelhiati veh&éo iRt of

41.3C [qq4010§é$e§é995ofgélz§2§%§fé?8%x1 the selectivity of primer
binding or on the frequency of the DNA used as template
containing the genetic element amplifiable in this way.
15 The selectivity of the PCR can can be regulated via the
reaction conditions in a manner known per se. At low
temperatures, for example, the primers hybridize with
DNA regions which are not identical and/or have only
low homology; at higher temperatures, the selectivity
20 increases. In this way it 1is possible to access
ag-amylase sequences which do not completely correspond
to the previously known amylase genes, even in the
highly homologous regions. On the other hand, primer
binding must not be so unspecific that the proportion
25 of genes not coding for amylases does not gain the
upper hand compared to the desired product. The optimum
must be determined in the individual case by varying

the reaction conditions.

30 The multiplicity of possible variations make it
possible to adapt to many different problems, for
example to different starting DNA collections, and
render the method of the invention a very flexible
instrument for finding new amylase sequences.

35
This optimization is carried out against the background
that, when studying DNA sequences from collections of
related nucleic acids, advantageously a number of



20 It is evident that the a-anylase of Streptomyces sp. B327B is nore
stable than that of Streptonyces sp. B327* over a broader tenperature range
and up to higher tenperatures. The anylolytic enzymes provided by the
present invention thus distinguish thenselves by a considerafysoglaility
Wi th respect to their tenperature sensitivity. HO4890PCT - 119 Stability
to pH fluctuations The activity of the al&nyl ase anyl ases was determi ned
under various pH conditions by mxing the starch 5 substrate solution in a
pH range fron®8aYlagegsemenkeshsharliesppnabhgineddpbschd Bkhemoh

Tris-mal eate pHEMEE1REE, dBfefdd 8- GANHohi gherl WHJY 188 MM glasidg-NaCH
buffer. After _diluti ncIL the substrate solution, the desired pH val ues and

buf fer concentPEFFEnSTof NABRLOW 16°OTI9RE nBPEAPETHUFERS aRAVEDo mumce

gl yci ne- NaOH bhéjemayr eRpacbeveakpdwegbe deifdnied @ndiquassry i@ tares.

| nfl uences of .t he huffer system were capcel.ed out by neasuring at pH 8.6 in
bot h buffzsr sgéfeﬁgnd?ﬁle% DIRET a@??@?g§ ﬁu#heg%aﬁsF%Shéang@) ues
was 15 det er nexampds. i ndi cat ed above at 50C. The results obtained are
conpiled in table 9 below. The activities of the two a-amyl ases from

Streptonyces sp. B327* and B327 at pH 6.5 were set to 100 in each case; the
respective valBe§hpel ¥@vreltdie Poimee rambépatonssGEXORE /GEXRMH ¢indic

activity of the FHAPRSRT fERROILYERKOPY CEfertP. £B83RL* @Ndpbh@ptimal

Acti nonycet al gs i sol ate iléfr&eptorry;:@gqs slg. B327B at _al kal i ne pH_val ues

Prei acubadty on*BHRePat iGPd TEGH1OR v IF atPNR afFPW t PO 18OMYGeta3eR ofitlt . sp.
8327Ba- anyl aserampyéaset ~~t %46. 51001008. 638129102184121343 Conpared to the
a-anyl ase of Streptomyces sp. B327*, that of Streptonyces sp. B327 is nore
stable in a nore al kaline nmedium and al so has higher stability and
HO4890PCT - 12Be RCharrcamdts yobtammedvaryg wsedb fr ytheglsepkchalfices.

Stability to sybfactant smbhe 8! ahiddiandds Surbaghantsas; det epained, by

carrying 5 out two series o? activity neasurenents. I'n the first, a-anylase
was prei AcubafereaBifescFipRd Bhdva i ¢l PEfEFEH FbIeRRT I utdH®

containing 0. 48ghwhvs Fadnina dodeey! bswk f ate dDRVatdWScEesWdidied N a
concentration of 0,01 SDSd n the assgy m_>%t_ure aft er
nucleic acids are 1identified. The PCR fragments
obtained or corresponding genes, including all of their
deviations in individual ©positions, constitute a
20 sequence space. They are also typed in this way, since
they may be regarded wvia this common sequence as

representatives of a particular type of enzyme.

This screening reduces the global diversity to the

25 sequence space of those genes which code for particular
enzymes having amylolytic activity. Said sequence space
is of particular interest if it contains as large a
sequence variability as possible of genes for such
enzymes.

30
A preferred aim, to be taken into account even when
constructing the primers, may be to obtain a wvariance
space for particular enzyme regions such as particular
enzymically interesting domains, for example. These are

35 usually domains which provide particular partial
activities such as, for example, structural elements or
enzymically active amino acids. The fragments forming

such a sequence space may be fused to other known



10 dilution. The activity was again determ ned at 50C and in 100 nM
Tris-nmaleate buffer, pH 8.6. If these values are set in each case to 100k
bot h a-anyl ases studi ed have | ower activities in the absence of SDS:. that
of the a-anylase of Streptomyces sp. B327* has an activity XHogdodb2

wi t hout SDS and that of Streptonyces sp. B327B has one of 89~. This shows
that randomy sel ected representatives- oflthe new group of a-amyl ases are
sufficiently stable in the presence of a surfactant concentration typical
for many appl PRAYI8Rs. X0 TRBZ¥Meynifxragsentsy | Bheve pradsendésef be

potentially stabibhated dhv¥al epbienseaRéchng %%t ifes! Yaevdl ddiaprsence of
chel ators was characterized, by i ncubating ran ﬁgﬁly sel ected enzynes with

3.6 mM Cad 2 EBAYEFRF ng SBCBt ar ENOLUELVFat e S 1~ ar cHPB™hi t h a
starch subst r akeosblinatdoncofit &amubgslf&a@Melﬁlﬁ'EA,aﬁehuSL]nﬁSiﬂdueﬂig ifrodf i nal

concentratd on mM Ca2+ .and 1 DTA, s Lvely, | y
carried oét 3 %Iél E':Z'?rbe abot\e;"e t?réEtnm npﬁg g% |9P§y \W/é)s angbnsa%g'}egzfjl

det erm ned at WGOEIMBHQGO NEPTr9$0689 eadrd bUER er329MH B, 6.A | fPQhebamd viti e
in each case S C p.; Of Str o] S 1 nM
EDTA. s of bo@%tggg tr(r)refsep%}? Eﬁnﬁe asgtl\%??ye%g ledectfekg%s %t%o ecgtictlwty
of B327B decr€g8e5ibgdThnsWehBB442832-t 2 nM Cad 2 are set of the a-anyl ase
of 91~ in the presence the a- anylase of 57~ in the presence both enzynes
have HO4890PCT - 121 rrgr kabl y %h remai ning activities in the
presence ‘ot sﬁ??&é?’ént?oﬁﬁa ¢Fel ’a‘tSSrs LHowFer PBot RTOARTSs rféactti® these
i nfluences insardeathgcblfy giifef eseatis anthi ch ves seaprnBar ouas usidigcaitad by
the different actli in.the sen f elators., T ts, of
this exanpl e Pﬁ |gt§ éh%lh(régt IO%t—'tahl eb |éf:ﬁ/leér)1t?§/lg 8ﬁz€%tsf g:glne a%‘le %ot onl y
to be regar deﬁrabea @nyltélsésemﬁ ngnt mmwmmmm@mmm 10
but i ndeed al g 1? SEEUEAELCRYIdly AkhVidy. 1The Rl PnEaff

Rvige
enzynes studied w th respect to theit requirenmenis on reaction con |t| ons
can be régar dé6t8§t8@v denéépéﬂd{-ﬂ@ f @R t hEet heSPFEREPRCY nvedi i ot ovi des

a broad spect hyBrohiagyhieh¥li Gl eBEYBRSsWelih imdinedysti i f herencas, in
addition to the. basic honol og |pt|on of t]rc_]e fi, res 20 Figure 1:

Posi tion of tﬁglﬁot‘”é‘m i B | ?Sc}éﬁsgé"vlﬁ@ arft nbdgRF it efd &@rblw&eq‘(a'essequence
anchor" A-E) iforaamgybagesc(gkyeesyk.hydrolase famly 13, EC 3.2.1.1),
derived from Actinonycetal es a-anyl ase sequences, and rel ative positions 25
of the PCR priners inportant to the invention which are listed in table 3
and i ndi 2t edThe P& sethomany |drdi hje( eeanpheel inffrmadmmiono cletiafiredl DNA

sequences CO”Eﬁbn?lngtﬁGZt@@l@OmQS}' Q%s%“%ell%%d%s fseéatkeé‘ltﬂg}/%c}’m@ffor
Streptonyces 30 ri seus_a-anyl ase (GenBank (National _Centeéer tor
further PCR— and/oxr sequence-based methods for

identifying, isolating or cloning the entire gene. To
this end, for example, inverse PCR, A-PCR (anchored
25 PCR) or primer walking are described in the prior art.
The complete genes obtained in this way are £finally
tested for their starch-cleaving activity in an
activity assay, for example after cloning into an
expression vector.
30
All of these methods may be linked in a useful manner
to a subsequent assay of the genes or proteins obtained
via possible intermediate steps for amylolytic
activity. These variations characterize preferred

35 embodiments of this subject matter of the invention.

In one embodiment of this subject matter of the

invention, the genes or gene fragments obtained are



Bi ot echnol ogy Information NCBI, National Institutes of Health, Bethesda,
N~7, USA), accession nunber X57568), having the conserved domains Ato E
whi ch extend over the following amno acid positions: A 58-91, B: 94 35
141, C 155-207, D. 295-345, E: 392-427 are depicted by way mdqeX@smt €.
Figure 2: Size analysis of the reaction products of the HO4890PCT - 122

i nventive PCR of primer conbinations GEX024f GEX026 (figure 2 A) and

GEX29/ GEX031 (figure 2 8) on streptonycete DNA (exanple 1). 5 The tenpl ates
used here wer éeguepgedti ons of genomic DNA of the followi ng 20 randomy

sel ected Streptonyces sp. Strains: 1: B101A, 2: B114C, 3: B134, 4: B135A,
5: B138A, 6: B152A, 7: B153B, 8: B161A, 9: B156B1, 10; B157C, 10 11:
B158P:, 12: Bf&6S, FRIUSRFHAY 14%aR37yielst piybormatiemgoabppt B3the, 18:
B392A, 19: B392Ant20y B394. Thee r edaldgaerisoduebsalhed) of sigasli omyol une)

were fractionated.in each.case _in.a 2. 5~ strength agarose gel; bot
partially re@@ﬂglBpsgucF?eope§bﬁpogép§@§%bfni%ﬁ§h&g%ﬁﬁFﬂfgi§601%yEH$ si ze
were .identifiPed ascrdit@smsequemees by seqienpoagibMar kemws thM 1400 by
DNA | adder (i : t m 0 0 , 03 900,
800, 700, 600?’%%8}:&5(88? %‘%2 , éi’pofggzgjcﬁzqﬁg’?%d%‘?g%oHs%é%glﬁs‘?ase‘?qlb"‘énce of
a-amyl ases fré&m 23Brecifiles findte Pepditndt Fepfompc e (iSEQd Dregrls. 4 and

34 to 262) wi bBt‘i@ﬁé@SprEi%[@né/ﬁ{g} angg faheLach-paghts On chekamMivo}s 25
The consensus sequence i s based on an alignnent using the program C ustal

X, Versi ot 1. BRBCCSEERTRr Ut 1 | HyE9e dESE iMRFYGES TRBAP SN, SSAUSNCe ggi ns
D.G and G bs®e®, abplyitOEhimerCludSidindy foprexangleéhensengidrindr ya Hf

progressive nultiple sequence _alignnent 30 through seguence , wei ghti ng,
posi tion specFFFggﬁngBgngpfig eagamﬁgﬁﬁﬁtgﬁﬁﬁfi ncﬁégEEE? Rucl ei ¢ Aci ds
Res., volunme 22, pages 4673-4680). The ami no acid positions 1-7 and 94-100

are substantially esghihed th i . sequ GEX0 X026 and
35 GEX029/ 03156%-1 dtelgéen%%r}# qunh_tgﬁg’ s%i@oﬁ%ﬁ#&gheaagéﬁggr ri e%#but . This
is an al tEr natide rtd&sre dtitorPof ehe @onSEAYESCSeqERREE | MAYat e8I n SEQ

D NO. 263. cRAABIBEBCT -tdl23 show, already be carried out via the
PCR products derived from a portion of the gene. The
formation of a particular PCR product may characterize
individual strains or larger groups such as species or

20 genera and may represent a taxonomic classification
feature. This is a wvaluable aid when culturing said
strains.

One embodiment of methods of the invention 1is

25 characterized in deriving from the genes or gene
fragments obtained peptides which are assayed for an
epitope of a known amylase via an immunochemical
method.

30 Examples suitable for this are also the products of the
PCR of the invention. Thus, for example, screening may
be carried out with the aid of antibodies which have
been synthesized according to methods known per se on
the Dbasis of the derived peptides. The amylolytic

35 proteins and derivatives disclosed by the present
application are available for particularly preferred

embodiments.



Figure 4: Diagrammatic representation of the plasmd vector pUC 8 used for
expressi on gene banks (GenBank (National Center for Biotechnol ogy 5
Informati on NCBI, National Institutes of Health, Bethesda, NB7, USA),
accessi on nunber L08752; exanple 4). The vector was in eachupageopcreari zed

with the restriction enzyme Acc | in order to receive Aci |10 fragnented,
genom c streptonycete DNA CRI origim of3 replication; lacl: lac-repressor
gene; | acZ-al pha: gene for geptl de of ~3-gal actosi dase AmpicillinR

ampicillinr ?s?%n%etﬁﬁnl%tb‘l’ Qr| 3Bt aHgiEionstp 36%95013& §EMERt 3 t he

two conpl ete mwéas@sl@eilt hanem@@tl onacémﬁlageéorryﬁ@ SpalBo327beand
St rept onyces SR B4 0 h t he st simlar, n%l ase sequences found in

GenBank (Natithal- I Bt %%IWI% TWRYY on NCBI, Nati onal
I nstitutes of Health Bet hesda Nm USA) on 1.24.2001 (exanple 4). The

latter a-amylases 2Lerdldd gteonygeaj@&ustg APAL ek RbAEY Ol D i 80

i denti cal no acl 25 sequence ase acCr oss
| engt h of theckamptieenlprdt dm HhdtSipeptiigTesrsp. darawdaserc(mnmz)

whi ch corresp@é&dé@%y %énnggagﬂéﬂﬁbcéthQneaat whfi Bt Rt RBKEGRAS goxB“OOB

(cf. tables 2 and 3 ure 6: E asm d vector pAXSa use
a

expressing arfy| §§’é’§r1|1?”§t1|°é’pt bRy &8s PIWILAAKS1TK 29t hekianpl @rsferahdie:
pUC 9 ori: orighn ayBsl A ciddd iR tyamidiig lddelactamadd By O%Ta&@pt on

01, R 1 St t I t R,
PP o5t F e Cor | BTFLHISED P oRBLer i CASITCK GErRtther &2t GRE FEBFdERtoe
replication igemé¢ Sbteiyelirgda HI&OOPEAnk Ehedrdasay i bed ebqp:regasleld S. H.,

Engels, J. W 9@101;1156 h%&t%ﬁlﬁ%%; )gé}Fé]Jhl % eptide Mitations on the

Expression and Secretio tor Tendam stat in
Streptonyces lividans", J. Biol. Chem 5 voI ume 271 (nunber 25), pages

15244-15252) . Pﬁyti&pi@@wg tind enge Stet_raéﬁeﬂegce aenesdQ, e cligned can
be |nsert%d via Spel_ (5 _end) %nd EcoRl (3 end) recoghition sites into

pAXSa and be RHprESIF ¢ h’é?’@l SRRy o‘h??h%pﬁb‘ﬁ%?l PGH“@ESer rey

pronmoter. 10 be cloned dlrectly into expression vectors in the

course of expression cloning, without providing

accordingly other partial sequences in the vector. The

clones obtained are then assayed for starch hydrolyzing

20 activity, for example by plating out on starch-
containing agar plates.

In a preferred embodiment, the 3’ region of at least
one primer is highly variable or highly degenerated
25 and/or the 5’ region of at least one primer is highly

homologous to a region from known amylases.

Highly variable primers mean, for example, primers with
8-fold, 16-fold, 64-fold, 96-fold, 128-fold or even

30 higher degeneracy or primers with intermediate
variabilities. The primers are regarded as highly
homologous when the constant 5’ regions deviate from
the consensus sequence used for construction by no more
than two nucleobases, preferably by no more than one

35 nucleobase, with completely identical sequences being
particularly preferred.

The primers derived on the basis of figure 1 are listed



Figure 7s Detection of the anmylolytic activity of the inventive a-anyl ases
of Streptonmyces sp. B 327* and Streptonyces sp. B400B after heterol ogous
expression thereof in 15 Escherichia coli. After heterol ogously expressing
t he corr.espondi ng gene sequences in Escherichia coli (exanplmaporegp! yi ng
the transfornmed host cells to LB, ~, -agar plates containing 1~ soluble
starch and subsequently staining the p1ék£5'20 by nmeans of Lugol's
solution, the col onies whose cells exgress the inported gene sequences can

be recogni zedi By S¥REPELeakddin RPER. IFANA hiB f4lfur 8eT3EREE ed 16t 18100nes
ger! ;/ed by If@ﬂ:@érerbromtlh@.teanﬁ& ogmtat ey ma@twwe Web8iapphkedre?S 1.
ositive control; expression strain _containjing Streptonyces griseus
a-amyl ase in brﬁéi%?tgé tﬁ@ﬁﬁt ire %?Rrﬁ?s?pbéﬁ éﬁﬁt %‘Uf‘ng?)ﬁ}& gﬁ? r OF€ 3.
Sanpl e of an haytase-quuded | wrateahie Iorcoskamplag gemorWIPMONAtendard
Strept onyges . 00B:. 4. 5 es_pf two. om l,on f
Streptorryc%es ggtzggz ) Sth g?%ec?’?arﬁﬁgnipét’hetgg lrngeﬁ]gf (E)E'IFE%) i4on?§%§ 62 to 8.
Sanpl es of thi@e Yenbaisc igl otres pPsStiepsorhfsesaipreB32yiondt dFfiednd om t he
sanme transforapkiog; & hlylheafaiR &a dud ge008 Cgchenes @by )
HO4890PCT - 125 Streptogéges ri seus, obtained fromthe sane
transfor mat i odRd 9WOr0ZY 0FPAL I HO4BBBPRIL PLS T EPOSR DB 8RY 1mex ) fhup, e

claine 5 10 18 4-fold degeneracy. Correspondingly, it is understood

10 that, for example, the degeneracy of the primer GEX026
(SEQ ID NO. 10) is likewise 4 fold, that of the primer
GEX029 (SEQ ID NO. 11) is 96 fold and that of the
primer GEX031 (SEQ ID NO. 12) is 8 fold.

15 A method of the invention is based on the fact that it
is possible to identify regions which are conserved
between a plurality of amylases and which may be
utilized for constructing the constant regions of the
primers of the invention, thereby becoming sequence

20 anchors. Appropriate primers are listed in example 1;
figure 1 depicts their position with respect to
particular conserved regions.

Accordingly, preference is given to those methods of
25 the invention which are characterized in that the 5‘
region of at least one PCR primer is derived from a
sequence region corresponding to a conserved amylase
domain, preferably of a region corresponding to the
amino acid positions (A) 58-91, (B) 94-141, (C) 155-
30 207, (D) 295-345 or (E) 392-427 of the Streptomyces
griseus o-amylase, particularly preferably
corresponding to one of the domains P4 or B7 of the

(af)s barrel structure.

35 The latter were successfully used in example 1 on

Actinomycetales DNA.

The amino acid sequences provided by the present



20 25 30 35 1. An anylolytic protein whose am no acid sequence conprises a
portion of which 98~, preferably 99~ particularly preferably 100k are
descri bed by the consensus sequence of SEQ ID NO. 263, in particular via

t he subregion corresponding to positions 8 to 93. 2. An anyklagbio®cpr ot ei n,
whose am no acid sequence conprises a portion which is 98~, preferably 99~
particularly preferably 100k identical-t’® any of the anmino acid sequences
indicated in SEQ|ID NO 34 to SEQ ID NO. 262, in particular via the

subr egi on cordRR e t BnPodiltstess 1 t Bho3 ssevescd nt IBirheM@BnSeEnsus
sequence of SEQRAD Mr 263nthesA% iy oédxtfé‘s;%mﬂag{m g@@ﬁ@rgm nenagl d
sequence conprises a pqrtion Wmfh is 98~ Erefer_abrg% g~,, particul arly
preferably 100RP1RMti CQF (T*AWL8f EHEAnFRo TRIIPRGBAEDs 7RI 8Fed i n
SEQ I D NO. 45lo&3ted7in98&hd 0tpntBByrvedi0%edibhs 18dt Ihdchllémeddéd, azd32,

234, 236, 238, 239 an 41. or_which can_b race ack in_every honmol ogous
posi tion &1 CeeioR PARE At “Freleles on. subbPRSTaP T la ar o PeiB 1S
subr egi on corimdjpondiial teppesentansv8st of 98haccondenguso selqmetcorsedsus
sequence of BN . 2863 . 4. An anylolytic protein whose amino acid
sequence conprises a portion which is 95~, preferably 97.5k particularly
preferably 100k identical to any of the am no acid sequences indicated in
SEQ ID NO. 2,pAcfdferdd, iR PafhusUl divend tHE SuiRite@aen Cekiespordieng to
positions 8 to 93 according.to the consensus secl?uﬁpce of SEgVI D .NO. 263. 5.
An anyl o i cCRFEREFFE RS eI BitHE ta P s RFREHTER 1Y eB¥R- | RERV PFGHSTS
honol ogous postéi asedanvioieci r aaad Imcleri vEB4TYRCTany 1258 phef andbloy
directly, by conser bstituti tq_eithe f_t t u SEQ I D
NO. 6 and SEQQ ﬁfgl\%%qégg‘gég éﬂ#n gmﬂ otﬁq'lnc c|Eolfo 5?%2’% no\épaﬁﬁ%m%ﬁ%%zci d
sequence whi céubieat hatber 865 fhlenincemtiont he ami no acid sequence
indicated in SEQID NO. 6, preferably in positions 31 to 461. 10 7. An
-anylolytic protein having an _am no _acid sequence which is at |east 95~
i denti call® o PRetBfi ABNGE| HaBequBhBéSr REFBaLEdIRNCBERC BhNSe Fethoser abl y
i8n ROSi ti ons wiidle 465 @lﬁéfd}@ﬂéﬁiié’dpﬁeﬂc efaaty dn@,p%fﬁﬁéﬁﬁb_ﬂﬁo_tgfb,3po- | 15
. An anylolytic protein havin m no aci d sequence. whi.ch is identica
Lo the anino BOXADECHRERCE: Pndieeat S 1Tr SERFTES NOLEREC Y of EPROAPY!
positions 31 tle46hucpantidel adegunefesr akdgcordiposi t tons tBé0 tsec2®d300. 9.
An anylol ytic 1 N I 1.N0.; agl ue [ | t 80~
identical to ?ﬁ%?%% ng@?&e sggugnrﬂcee f%glé%%?(g% i %q%l‘::gjlﬁqﬁbg %‘,hjpe‘r%e erably
in 25 pogiti dnaveoat audothale | sedraenge pwbfiehatshpuld poswinonso2ddhe o 296.
10. An anyl ol ¥thG, P N i g ' | g sEeouenc [ i east
90~ identi cal él%%&tlhgg%%!eﬁohg% gg%gggggug%c?%lﬁ%i cat ed ?ﬁygggbl%l%hgg
preferably i nSPEIPRFDRs L3P™ oAQRBNOBYEFEFRLE RN IOF pPEREF aitAM PP itYi®ons 200
to 296. 11. Apa@p¥todytic protein having an am no acid 35 sequence which is
identical to the am no acid sequence indicated in SEQ ID NO. 8, preferably
in positions 30 to 44, particularly preferably in positions 200 to 296.

25 Among these, preference is given to methods which are

characterized in that at least one primer comprises any

of the sequences indicated 1in the sequence listing

under SEQ ID NO. 9 to 33, in particular any of the

sequences indicated in the sequence listing under SEQ
30 ID NO. 9 to 12.

Among these, preference is in turn given to methods
which are characterized in that the primers are used in
the combination of SEQ ID NO. 9 with SEQ ID NO. 10 or
35 of SEQ ID NO. 11 with SEQ ID NO. 12, since these were,
as example 1 shows, successfully used for obtaining a

multiplicity of a-amylases.



HO4890PCT - 128 12. A fragnent of an anylolytic protein or anylolytic
protein as clainmed in any of clains 1 to 11 which is obtainable by deletion
mutation. 5 13. An anylolytic protein obtainable by insertion nutation or
an anylolytic chinmeric protein, which conprises, at |east i moagsopon

I nparting an anylolytic activity, a protein as clainmed in any of clains 1
to 12, particularly a mature protein as A0 tlained in any of claims 1 to
12, very particularly a portion corresponding to positions_8 to 93

accordi ng t o X¥gEReds NoPL265he14 InNenemPol yiaTe dee i vaRTYES8f 8Ubrodi n as

claimed 15 i nirdiv Ddu#l ai Bamplee.13.0nl5. the amdHAyt i BaREOt eHdwiver,
derivative, which shares,at l|.east one ﬁ}ti enlﬁ,dgtern1n nt with any of the
1o i'lfé

proteins or RITVAITIER 48 Or¥FRedq A% Y 13rCoFREFACERT1ZEA ol yti c
protein or deinvilhavetlas temphetlei DNAnysell dkaiemelitied hhclelar acties zed in
that it ig obtai a_pa r gani l.nyparticul.ar a.
nicroorga%isné§2%a§%&r%%gg%ngfo%§%ﬁée%rgﬁgkﬁngﬁhdggi3%¥i33%&393F§%%¥H I n
claim 16, charsebeligelleations, t hachudingr géarsexagpd eqr snljesitiions _
bacteri um 30,48. offen fENHL 01 YELE Pr BLELD,BE, ACELKALELS a3:C! TRl cf ai m
17, characterized in that the Gampositive bacteriumis any of the order
Act i nonycet al B3 uFheSEERIBPYL (€ phdt &FRLBFSHemurdeive 331d% aPfred in 35
claim 18, chagast &ffi zedganilshal, | tells acSlE€peoNY CasoIRAM €S cul thld4B90PCT -
129 20. Bhe aq%iol th grotein or der'vgt've clained in claima19,
char act eri'zed™ FAt YHAIA T t 5 52205 ept ohiRed %%.n *C ACKE T ept onyces sp.
B400B. 5 21. A nucleic acid coding for an whose am no aci d sequence
conpri ses 98~ I =, ticylagl ’ crl bed t cQnsensus
sequence in;ﬁﬁ%ﬁ%ﬁ%%?g%?%gg eagﬁﬁréé oﬁéléugégggﬁo%gB%BSgﬁpggg’ oy
example outdoor isolates, thereby avoiding an isolation

step, for example. In this way it is possible to
15 subject a very broad range of. different biological
sources to a screening of the invention.

As an alternative to obtaining outdoor isolates, it is
also possible to obtain wvarious strains from the

20 generally accessible [lacunal. These may also be
collections of genetically modified organisms,
preferably microorganisms. It is also possible to study
various strains from culture collections (DSMZ, ATCC,
CBS) by said method.

25
The method of the invention may also be applied to cell
cultures, as generated, for example, from eukaryotes,
in particular from humans. This is useful, for example,
when the enzymes to be obtained are to be used owing to

30 a particular physiological action or if said enzymes
are to be particularly well tolerated, the latter

applying in particular to cosmetic applications.

Collections of this kind are preferably those of mainly
35 unicellular microorganisms such as fungi, yeasts,
bacteria or cyanobacteria. Preference is given to
bacteria, since these are most readily accessible to

the microbiological and genetic methods established in



anylolytic protein a portion of which referably 100k are of SEQ ID NO. 263,
corresponding to 22. A nucleic acid coding for an anylolytic protein, whose
am no acid sequence conprises a portion which is 98~, preferably 99~,
particularly preferably 100k 15 identical to any of the am ng@agdgbcor
sequences indicated in SEQID NO. 34 to SEQ ID NO. 262, in particular via

t he subregi on corresponding to positions’8 to 93 acccording to the
consensus sequence of SEQ ID NO. 263. 20 23. A nucleic acid coding for an
amyl ol ytic prehei Priosarbpi foond dtbeg@end@omliasespaeperenoca vitsi ch is

98~, preferably,@9~toPatidsd!l 8! bx%rnﬁfp%’s%lﬂn)(rel%té’ﬁfg' caknt@ ameLd the
am no aci d sequences |nd|cated in SEQ ID NO._45, 83, 97, 98, 101 108, 109,

111, 112, 25 33me ¢igsesig topgin Wl@%eap%aca%@n%newzm &0 WedF can be

traced back IQbEY@t‘:y benmekpeeus dposiclioo B vaitheetilzyed @rateiefs tikese the
sequences, garticalar via t he subregion corresponding to positions 8 to
93 accordﬁ%g For T AR CONE eASBE " Bequence of SEQ ID NO. 263. 30 24. A nucleic
acid coding for an amylolytic protein whose am no acid sequence conprises a

P o it ShakSoRBraaPre anbl yodd: ok RARLLOWRY b0 PLELELAILIOG:

identical to an am no acrd sequences indicate
4 and 208, |ntbarpr§aeat ebaliketdobr egnorcasings poediergnce posidivars 8 to

93 according tg the ggm§§@§H§ segHsegse of SEQ ID NO. 263, very  H04890PCT
- 130 particularly preferably a nucleic acid having a nucl eoti de sequence

indicateddn SEQ ID Nos. 1 or 3. 25. A nucleic acid coding for an
anyl ol ytic prméehsdb whairac@@irm@eacildl SEIENEIRe | ﬂeﬁpmatén@mi dedld is

honol ogous posi t an traced bac referab di rect|l a conserved
Subet 1 tut; on EECAREREr BoPTenE” Ao WBeg e ARET SSEGHT N - G uT P BRLY Tho 8

10 26. A nuclbactecrid emsbdpagtanuaaylel wrefqraiilel nefwirsen-gerpienice i s at

| east 85~ ide ot C n i a i E . 5,
preferably i nﬂégg?lﬂ %ns %ﬁoéy %gggéggg‘? ?%gl ;ﬁ? e£pl%lgf era &Sisnggos% I ons
628 to 90> 1srder ACﬁm@p@VéeaaleSené@dpﬁgtaﬁuéﬁgﬂ shpsiec 9fr dihe rgenifose

sequence is abtk@ Ebm 8e§"3%8'Eﬁboi@e&h%ﬂaﬂ%ﬁ%ﬁéd@h%%ﬁ%%@?@zbadhﬁﬁted in
SEQ I D NO. 5, era y i n 03|t|o to 1383, particularl

preferably int 6§|t| %F%OOO NUSPBRE aéFJeQHEHHFﬁﬁ a@re
anyl ol yti c prgteeptomhose sgquerme*l Sord%lifll’é‘@ttorﬁ}a’:é:he spucl BOOOBe siequence

par i cul ar |y BPEFEFABR) BCBGE: (iiond 8" oS 6L 055K RASEG: A it

encodi ng 2h afpbPBlLyti c protein, whose sequence is at |east 85~ identical to
t he 30 nucl eotide sequence indicated in SEQID NO 7, preferably in

positions 88 to 1374, particularly preferably in p05|t|ons 598 to 888.
Preferred methods are characterized in that the genes

or gene fragments obtained are introduced into an
expression gene bank which is then assayed for

25 amylolytic proteins or fragments of amylolytic
proteins. Such an assay preferably involves
hybridization of nucleic acids, an immunochemical
method or an activity assay. Example 4 describes such
an expression cloning.

30
The hybridization is carried out in a known manner,
described, for example, in the manual by Fritsch,
Sambrook and Maniatis “Molecular cloning: a laboratory
manual”, Cold Spring Harbor Laboratory Press, New York,

35 1989, by using a nucleic acid of a known amylase as
probe in order to identify the sequences substantially
complementary thereto in the gene bank. The desired

degree of homology may be controlled here via the



30. A nucleic acid encoding an anylolytic protein, 35 whose sequence is at
| east 90~ identical to the nucl eotide sequence indicated in SEQ ID NO 7,
preferably in positions 88 to 1374, particularly preferably in positions
598 to 888. HO4890PCT - 131 31. A nucleic acid encodi ng apsoopeytic
protein, whose sequence is identical to the nucleotide sequence indicated
in SEQIDNO. 7, preferably in positions’88 5 to 1374, particularly
preferably in positions 598 to 888. 32. A nucleic acid encoding anylolytic
proteins or frhgheat ks HeeNtdeR | goprarAsns2 tH-25. Wre 3FtrAmgency.

ol i gonucl eot i ﬂ&eH@YEDQdaQé!q@én&Q@ §equgacesvendi eat &ﬁg %é@@do@dﬂ?ed‘izt 015
) (0]

33, in partlcular ﬁ % 51 ﬁ sequences |nd|caied in

34. A nucl ei cVERi GREAE0GCPAGIRFYarhA JfRYRE % %?%S'cWéFﬁc?@m?ﬁ&ivﬁ¥quu it
is naturally @seaﬁnéerﬁlﬂ@yagfpé@ftbvgaﬁbﬁﬂﬁoﬁs defined in clains 16 to 20
and, preferably, is naturally utilized by said organismfor protein

synt hesis.” 20 35. A natural organi smwhich conprises nucleic acids encoding
any of the prBaBkas wiriqir otéireafivagpeov sdas akgfigssdam btlie seeguaaned i sting

under SEQ ID N) erahly SEQ | . 0 2 r arly
25 preferably un er ét%[% ﬁg% aH§Q§%d E&é Qgg@ P%%ltg'r gégl s%ﬁ)%stgl(ﬁ(f%‘! med in
claim 35, chapsefiestsed $witaale| t£9s Liier corgamnmbastiaser Against

bacterium paghbss!l anbmymagfagr ataln\a i apro@stts veohaat ﬁ\us%mh&%ﬁ%e The
organi sm_gs cj ai ch arﬁ8 eri,zed in that the G amposjtive

6,
bact eri umY s Bﬁynch#ﬁQ SPHeF% T AGTY, EdfaPeE IVt Yparhiesh e $f the
genus Strept oayeealsdd aallhiesledjanhsmias ot Borredrn mllajénrﬁﬂ;lvely,

characteri zed . s_pf tr o)

St reptonyces Ehg %gg;akg%Strep%%ﬁggeg g%e%%iééB%’ﬁﬁg €%§8§8 %a%%&

particular eid eerlytﬁertﬁbesrraphsvmswlb399®péwanSNm£39@D starch-
containing agar plates, as indicated in the examples.

15 Positive clones can then be recognized by their 1lysis
halos. ’

Methods of one embodiment are characterized in that the
isolated DNA is introduced into an expression wvector
20 which provides transcriptional and translational
control elements and optionally one or more fragments
of an amylase gene so that the overall result in a

positive case is an amylase activity.

25 Suitable for this are in particular those vectors into
which a fragment obtained is recombined in such a way
that complete enzymes are obtained. This can be
implemented by means of expression vectors which
contain a gene deleted in such a way that cloning of

30 the fragment cancels out exactly this deletion. This
embodiment i1s particularly suitable for PCR fragments
which are too short in order to code for a detectable

amylolytic activity.

35 Particular preference 1is given to a method whose
activity assay which follows the inventive PCR for
screening isolated nucleic acids and which comprises

three steps is as follows:



39. A PCR-based nethod for identifying and/or 5 obtaining new anyl ases from
a collection of organisns or nucleic acids, characterized in that PCR
prinmers having in each case a variable 3' region and a 5 region highly
honol ogous to regi ons of known anyl ases are used. 10 40. ThejgwdowtT as
clainmed in claim39, characterized in that the genes or gene fragnents
obt ai ned are sequenced. 15 41. The methotP as clained in claim39 or 40,
characterized in that peptides which are assayed in an i mmunochemn cal
met hod for an(@pit BPESBRIBIKknGWN SRS as®arkr of rAfigraitln pPBEei Widh
derivative as cl ai geflplatanyedbsCl aiith 1the 304 Iy €eei ved fAignida 20
genes or gene fragnggts oht ai ned. 4%. ghe.neéhod as_clained in any of
claims 39 to 41, cRBF&tPEFi 98d2i R PRGt ApEpY PSP FhFERSr e assayed for a
contribution t{b)aneanyéstyhgc thet igartes qr efenablfyaboen2s ardeamifiledi c

activity erted c I y d peptides, are derived fromthe genes or
gene fraggints Obtgﬁﬁg§£§4§§9Th%§§Ethod as clainmed in any of clains 39 to

42, 30 charactelizegagnringt ttihe 3' copgrbhubiont |tenst aBne FORPnitwTr is

highly variable angdfeiibg Sorr eghen ;ISIEo@éithaScSrO SR P | fRlgrich Y ghly
honol ogous to a region,of _a known _anyl ase. ' 35 44. The nmethod as clained in
any of claims 39 t8PE3INEAPHCEREFZ8UPFRSEMAR -t he 5' region of at |east one
PCR priner is derived froma sequence regi on corresponding to a conserved

anyl ase quaig .grefera | y.of a region, t48 OPCT - 133, corresp ing to
am no aci'd poSPtFoAEREA - PBY (BTERYHS Y )€ 18359589 FDP 2 ds- or (E)
392- 427 of StbepkonyTes iy i pessiblanyktasecapayt icud arthy pPeRerabl ytHeo

ei ther of the, LRs.( a .Lhe ) r cture. 45.
The net hod aslgﬁgﬁkgéni%ﬁgngﬂgggéFg?ﬁ%QBSQ?é§43§ gﬁérgé %r?ég “in that one
PCR prinmer, preferably two PCR priners, which can be derived from any of

the.anino 10 apibdrgequepceendh am@%ﬂ%ebnd@ké@ﬁﬂﬂ@”&sﬁgbﬂﬂéﬂéﬁﬂiﬂ!EHHW of
clains 1 to 20, are used. he method as _clained in any of clains 39 to

46. )

45, char act er PZ&8Ti ATFhatNoRAT t3Coleraiing AROVEBIER M5 AFAY Ik R i ng
gilr ect | §4f r orrtnaygahlzt;he%ﬁuh&w%idgeaﬁmineme? _aﬁlcqleaidrm:i‘:ds_ .amh afhidd ZiGmSZO

~to are_used. . .met hod as cl ai in of . cl aj 0 :
charact eri zed“fi®t hﬁvleatpalr:ta{‘srgtel cﬁﬁeq‘berrﬁ'%sr %I%%Jrrﬂ%(gg%}énéh& %tcr[’?é 032 Shces
i ndi cated i n ttheesegoencealthstri ngcharderpS8EQ 4D N&egBehoe83, afn pardwrcul ar
any of the se i gdi.c [ e hist] to
12 25 a5, Thatibfheq ArecPeed BCIRMAIAGS et A BBl S YT he
priners a® used iderheivomliongs owhjichSEcomprige othet FSEEIIPMNOLNG0 or

of SEQ ID NO-c%%pTEEE §§§lh§b“@ené2-

Alternative methods known from the prior art comprise
using the PCR fragment obtained as starting point for
25 an inverse PCR or an anchored PCR (a-PCR) or for

sequencing by primer walking.

Preference is given to those methods in which the
nucleic acids obtained after the PCR or the complete
30 genes are introduced into cloning vectors and
transformed into host cells, prior to the activity
assay. They are thus more readily accessible to the
abovementioned sequencing and/or further cloning steps,
including cloning into expression vectors.
35
The host cells to be used for this purpose are
preferably strains of the genera Escherichia coli,

Streptomyces or Bacillus.



30 49. The method as clained in any of clains 39 to 48, characterized in
that the tenplate DNA used is isolated nucleic acids of organisns, cel
cultures, isolates or cultured individual strains, or is isolated nucleic
35 acids of a sumof organisnms, cell cultures, isolates, culioasedpcT

i ndi vi dual strains or isolated nucleic acids. HO4890PCT - 134 50. The
method as claimed in claim49, character§&ed in that the tenpl ate DNA used
is isolated nucleic acids of mcroorganisns, particularly of bacteria and
particularly preferably of G ampositive bacteria. 5 51. The nmethod as

claimed in einbeho@s 6Faithe 4Qwnd iR LHhar@ktelédedut NnnbhabntgTharsh of the
or der Actinoqgcetg%e%ﬁ%in art&cu ar_those of %h% genus Strqgt@nyces, are

i nvol ved. 10 529%5%e Gret hBE B30 Rai MAFAUGISER BP cii T 48 19583 t°
characteri zedobraimat & he mehbipki ofty he genusdsiueaptamycetdiiatte are

Strept onyges ¥ tr o] eSS 0Q [ reicular ejther of
the two s'(t%S r ai %%nagg%ﬁﬁ%§9€%z§1d%%M%%ﬁBé53§e%%hérpregt Lﬁ%%%gs ¢ %.i %ged in
any of clai red@bired 52WhaRar dgt ebizrdriefierfatta hehgensstorugane ariagnent s
obtained are 30i§0dBERENCRED &L RXPr LESHQN GRNE, bANlo 20 yhi (B hSat Rgn
assayed for agalolytlc proteins or_fragnents of anylol ytic proteins,

preferably bytR§brimyoRtiem of° nidentd e geraserandimeiioc Reémfesentet hod
or via an actpyvotyimssayhudp bde ahenbehbed aesqulenicerd dotizaplef fdox ms 39

to 53, teri I hat the jsol ated iS Lntrod d int
egpr essi(:g%r Sg'élfe‘%)lrf@gi é%’%?%tﬁ* d@‘gs{' fgﬁgﬁg?b%éﬁeézﬂﬁ ??é;\%]gl %"I[lg%ga?ncont r ol
el ements and optionally one or nore fragnents of an anyl ase gene, 30

| | £ ] i e it ase, | e achivity. . e
method as ol o padroLighy® BeladKRcEasts LReRRELE80 Sl bY, mibnoliC
activity assayhteapprsesaghaeds ofudl | B FRPS1epd: onapos measnidid fengate bank,

preferably ongci ttlenpArRlcat ereneatr Wddsd hewdi dyi0fr d: g PCBnE 8RN
obt ai ned or a probe derived. therefrom HO4890PCT - 135 5
15 sequences aving a common consensus sequence are

obtained, in particular via individual domains, partial
activities, structural elements or complete genes

and/or proteins.

20 It is the aim of these studies to generate a sequence
space whose individual representatives have such a
ratio in homology and variance that said sequence space
can be introduced to random methods of mutagenesis and
enzyme development, for example shuffling mutagenesis.

25
Accordingly, preference is therefore given to methods
which are characterized in that a consensus sequence
with sequence identities of at least two sequences
contained therein of at least 30%, preferably at least

30 40%, particularly preferably at least 50%, is obtained.

A separate subject matter of the invention is the

possibility of wusing the proteins or nucleic acids

provided by the present application for finding further
35 o-~-amylases.

Thus the use of a protein or derivative according to

the first subject matter of the invention for



10 (b) expressing the genes or gene in this way, and (c) neasuring the
contributio activity of the proteins obtained by said expression. fragnents
identified n to an anylolytic or protein fragnents 56. The method as
claimed in any of clainms 39 to 55, characterized in that theygusdecer aci ds
obtained after the PCR or the conplete genes are introduced into cloning
vectors and transformed into host cells,8brior to the activity assay. 57.
The nmethod as clainmed in claimb56, characterized in that the host cells are
strains of thédgeréf¥ing Esaheri 8AYVaCANG 1St r eproRpdds arid Bagldimed58. The

net hod as cl abes@ekabg?yiaf LIt B%Eordindhi6hthe Gfited QU5
repeated on so nané ditferent PCR tenplates that at |east two different
am no acid 20M&EHGENRESEREVERYSAtL8RAnoNn consensus sequence are obtained, in

particular via individual domains, partial activities, structural elenents

or conplete g S an r proteins.., 25 .. The_nethod as.cl ained in claim
58, charac er?gg in %ﬁatggacoﬁgﬁﬁ%us ggauenﬁéaﬂfgﬁ’seqﬂ%ﬂceg%ﬁﬁﬁﬁ%Qes of
at | east two seyuespesdingat apnsuerderfmim oktiodsecast 30ke piefertaldy. at

least 40~, paghieybar! ynRrefiRipblyg tbleegﬁeéofori $ @bt Al er?tqz%pﬁd The
use of a protein or derivative as clained in any of clainms 1 to or
i dentifyi ng aMebhps] yt i EOPr ot e¥eRePReiRg abl AR LROGRMod aO%| ai R i n any

of claims 39 {pmafocBembialTherdeRing 8£NHAl BkpraskdoAsnghRl med in any of
claims 21 to 34 for identifying and/or obtaining a new H04890PCT - 136

anylase,]é}eferably in a nethod as clainmed in any of clains 39 to 59. 62.
The use of a Nnolein abtdsnadcbydangetbodhas secondi RobjigrtCingittme83dt o 59

for fusion or_Lin n r tein, in.particul ar .for _the devel opnment
of a neM/enzyﬁ%% égg%¥%g£%33&%$ %E%§C &<P%ﬁ9d€%ﬁté%ﬁ&&léylg%nﬁqéz?éw 10
cl ai ned ~n cl ebhgigingo 87 fmmw f Lemylase, anbragerabtyei énaciad, method

particul ar fogcthegdgyel apyrentphaf FNEHIENZ¥(IBject matter of the

15 invention.

They may serve, for example, as template for developing
primers for a PCR of the invention or may be available
as deletion mutant 1in expression vectors so that

20 cloning into said vector leads to complementation for
expression.

A possible use for proteins obtained according to a
method of the invention results from fusion or linkage
25 to another protein, in particular for developing a new
enzyme. In this way it is possible to prepare, for
example, multifunctional enzymes by chemical coupling.

A possible use for nucleic acids obtained according to
30 a method of the invention results from their use for
fusion to another nucleic acid, in particular for
developing a new enzyme. This may be carried out via
specific fusion of particular sequences or via a random
recombination method.
35
Uses of this kind for specific fusion, utilizing highly
homologous regions of the amino acid sequences, common

restriction cleavage sites of the nucleic acids or via



64. The use as clainmed in claim62 or 63 for targeted 15 fusion, in
particular with utilization of highly honol ogous regions of the amno acid
sequences, joint restriction cleavage sites of the nucleic acids or via
PCR- based fusion. 20 65. The use as clainmed in claim62 or Gh4agymdm@ndom
reconbi nation nethod, in particular with utilization of highly honol ogous
regi ons of the anino acid sequences, jDi®8 Testriction cleavage sites of
the nucleic acids or via PCR based fusion. 25 66. A vector conprising a
nucl ei ¢ aci d Pe§rbnsedstueipnedarf erafasred embgdimgntsThe cloning vector
as claimed in claim66. 30 68. The expression vector as clainmed in claim

66. 69. A host ceg whi ch exgrfsses or can be induced to ex resslgﬂ%%of t he
proteins or tABOHBFFvatPOBEIRLIEEY Jefifed FRCcl 19 1 I 207 préd ly by

usi ng an expr esebmbmacmﬁ asthbdi med parttllaula&Bby dﬁq&%mr highdid 70.
The host %?" Ia| characteriz it is a

i_n int i
bact eri um |nh89?? guP reﬁ wﬁléﬁpse ?e?@%n?hgcbgoF&QH%&9e§érfV%?vV%
pr oduced |ntorehersqtnonndﬂﬂgvngelmnteﬁ'hﬁ fiive hosletel bcasscloai meich i n
claim 70, chapagtgriggdsj,QiLhat it is a Gampositive bacterium 72. The
host cell as c?aine% ?n c?é?n171 10 characterized in that it belongs to
the genus Bacillus, preferably to the species Bacillus licheniforms,

Baci | | us anyl @héqu%@m@ns,hoamdddﬁ% SWddd di$s Or oBackhkus aaligal opfiddss. 15
73. The host cell as cl |ngg' n claim?71l, iTaracterlzed in that it bel ongs
to the order AEEPRBRFEet a n PFti BEratlYo CRESEENES: St riefiTmRtss,

preferably tOchhﬁy$ﬁ§Cl1@gfﬁﬂ’£pt mayc&sefvm tan®e, partEamiHoad yrprefrearmbly S

| i vidans TK24 to e sp St.rept o es 327* and _Streptomyces
sp. B400B, i nP par %gUIar Fo ei 8 lF%% t&%Psf¥ e (€3 ﬁp d "DSM

13991. 74. Th€ohwen celsitrastdloai melceawagtﬁ S, 025tbhamaml@1|czeacbnds t hat
it is a Gam eggeevbvamgkgwtugnenéé make %%fsﬁﬁ'é AU éw%gl%rplbafeym 74,

characterized In that it belongs to_the génus Escherichia, prefera

t he speciles E5BRePNBhi§VSs - CBPV mﬁéﬁ@@@m@ﬁﬂ%?%ﬁ%ﬂ%ﬁdﬁl9ijR%ﬁPRﬁaﬁ%e
strains E. cobhaJM1d, the aéthd¥1QIB end Env“éﬂtﬁdﬂ" lzﬁclﬁéln'grhel&mst

cell as clained iin cl ai aracteri zed | ukar otlc cel
in various e oéﬁmegk are avalfgb{] or co%bgnlngy

various gene region [sic].

20 Vectors comprising any of the nucleic acid regions of
the second subject matter of the invention are included

in a separate subject matter of the invention.

Such wvectors are the preferred starting points for
25 molecular-biological and biochemical studies of the
gene in question or corresponding protein, for further
developments of the invention and for amplifying and

producing proteins of the invention.

30 Suitable vectors may be derived from bacterial
plasmids, from viruses or from bacteriophages but may
also contain elements of a wide variety of origins.
Using the other genetic elements present in each case,
vectors are able to establish themselves as stable

35 wunits in the relevant host <cells over several
generations. In accordance with the invention, it is
unimportant here whether they establish themselves as

independent units extrachromosomally or integrate into



35 particul ar one which posttranslationally nodifies the protein produced.
HO4890PCT - 138 77. A nmethod for preparing a protein or derivative as
claimed in any of clainms 1 to 20 by using a nucleic acid as clainmed in any
of claims 21 to 34 and/or using a vector as clainmed in any efpsgloaipts 66 to
68 and/or 5 using a host cell as clainmed in any of clainms 69 to 76 or using
a cell which naturally produces said p‘rcﬁ%i'n or derivative, in particular a
cell as clained jn any of clains 35 to 38. 10 78. A detergent or cleaning
agent, char ac?eFi"E8ﬂ°¥ﬂm‘Fhaf1‘%ﬁt SYSTET Lfs @R ePRt oP £ déhiey aumps oxs
claimed in anyyotemsai kKRodmt 0 i20. 79 Theibse Gfrtd Pi&b&hdls Or ofler itk i ve as
clainmed in 15ig&¥Yo ugiaicm; 1 o) 20 .far ﬁta{}:e treat men%?of raw materials or

i ntermedi ates 1 n § o TS {R%r PReulF 5P 8 zi ng

e franuract ure cof “t'ext
cotton. 80. Atheocespyfonusbarchakitgisbbiei onthien paltictuloar 29 sftems

produci ng set hg\r,lgiﬁa]gf@,r actgfinged hgﬁ_ggat e%gg%qtggilgl 8{%%5{&\‘/%&%5 ag cl ai med
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- 139 85. The use of a protein or derivative as clained in any of clains 1
to 20 for pregafyno.pniiml fredsnd/ o ani gl feed Jingl eqf.oents%orage,
biological amplification or selection of the gene of
interest, suitable for characterization of the gene in
15 question, for example via generation of a restriction
map or sequencing. Cloning vectors are also preferred
embodiments of the present invention, because they are
a transportable and storable form of the claimed DNA.
They are also preferred starting points for molecular-
20 Dbiological techniques not linked to cells, such as the

polymerase chain reaction, for example.

Expression vectors are preferred embodiments of this
subject matter of the invention.

25
Owing to the appropriate genetic elements, said
expression vectors are capable of replicating in the
host organisms optimized for the production of proteins
and of expressing the contained gene there. Preferred

30 embodiments are expression vectors which themselves
carry all the genetic elements necessary for
expression. Promoters regulate transcription of a gene.
Examples of the former are natural promoters originally
located upstream of the genes in question. Since in the

35 case of most of the genes of the invention, however,
said promoters cannot be assumed to be known,
preference 1is given to those embodiments in which,

after genetic fusion, known, other promoters are
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Gram-positive bacteria, such as, for example, bacilli

5 or actinomycetes or other representatives of

Actinomycetales, have no outer membrane so that

secreted proteins are immediately released into the

nutrient medium surrounding the cells, from which

medium the expressed proteins of the invention can be

10 directly purified according to another preferred
embodiment.

Host cells which are characterized in that they belong
to the genus Bacillus, preferably to the species

15 Bacillus 1licheniformis, Bacillus amyloliguefaciens,
Bacillus subtilis or Bacillus alcalophiius, are a
preferred embodiment.

Said host cells are established Gram-positive

20 expression systems.

Host cells which are characterized in that they belong
to the order Actinomycetales, 1in particular to the
genus Streptomyces, preferably to the species

25 Streptomyces lividans, particularly preferably to
S. lividans TK24, or to the species Streptomyces sp.
327* or Streptomyces sp. B400B, in particular to either
of the two strains DSM 13990 or DSM 13991, are a
preferred embodiment.

30
For particularly preferred embodiments of proteins of
the invention were obtained from representatives of
said genus and, respectively, said species, as
described above and in the examples. Owing to the

35 similar codon wusage, said representatives are also
particularly suitable for expressing the genes and gene

fragments provided by the present invention.
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’ whic% introduces into said cells the already present
endogenous gene or inventive modifications of the same,

10 for example with multiple copies.

Host cells characterized in that they are Gram-negative

bacteria are a preferred embodiment.

15 For most experience in biotechnological production has
been obtained with Gram-negative bacteria sﬁch as, for
example, E. coli or Klebsiella. These Dbacteria,
moreover, secrete a multiplicity of proteins into the
periplasmic space, i.e. the compartment between the two

20 membranes enveloping the cells. This may be utilized
for special applications. On the other hand, however,
preference may also be given to the specific release of
the enzymes produced by Gram-negative bacteria into the
extracellular space. A method for this is described,

25 for example, in the international patent application
PCT/EP01/04227 with the title “Verfahren zZur
Herstellung rekombinanter Proteine durch gram-negative
Bakterien” [Method for producing recombinant proteins
by Gram-negative bacterial.

30
Preference is given to those host cells which are
characterized in that they belong to the genus
Escherichia, preferably to the species Escherichia
coli, particularly preferably to any of the strains

35 E. coli JM 109, E. coli DH100B or E. coli DH 12S.

Said strains are established, generally accessible

laboratory and production strains. The strain E. coli
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A further embodiment is host cells which are

characterized in that they are eukaryotic cells, in
particular those which posttranslationally modify the
protein produced.
10 ’
Examples of these are fungi or vyeasts such as
Saccharomyces or Kluyveromyces. This may be
particularly advantageous, for example, if the proteins
are intended to receive modifications specific in
15 connection with their synthesis which are made possible
by systems of this kind. They include, for example,
binding of low-molecular weight compounds such as

membrane anchors or oligosaccharides.

20 A further embodiment of this subject matter of the
invention is methods for preparing a protein or
derivative of the invention. For this purpose, nucleic
acids of the invention are used, optionally using an
appropriate vector and/or using an appropriate host

25 cell or using a cell which produces said protein
naturally. Among these, preference is given accordingly

to the natural organisms discussed above.

Any of the elements already discussed above may be
30 combined to methods in order to prepare proteins of the
invention. In this connection, a multiplicity of
possible combinations of method steps is conceivable
for each protein of the invention. All of these
implement the idea on which the present invention is
35 Dbased, namely to prepare quantitatively representatives
of a type of protein defined wvia the amylolytic
function and, at the same time, high homology to the

sequences indicated in the sequence listings with the
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acids of the invention in DNA form are ligated into a
suitable expression vector. The latter is transformed
into the host cell, for example into cells of a readily
culturable bacterial strain which exports the proteins

10 whose genes are under the control of appropriate
genetic elements into the surrounding nutrient medium
or which accumulates said proteins inside the cell;
elements regulating this may be provided, for example,
by the expression vector. It is possible to purify the

15 protein of the invention from the surrounding medium
or, with disruption of the cells, from the host cells
themselves via a plurality of purification steps such
as, for example, precipitations or chromatographies. A
skilled worker i1s capable of transferring a system

20 which has been optimized experimentally on the

laboratory scale to large-scale production.

The possible industrial uses for amylases of the
invention are a separate subject matter of the

25 invention, since the underlying object had been to
provide suitable amylases for various industrial
processes. The most important of these processes will
be discussed below.

30 Numerous possible applications for amylolytic enzymes,
which are established in industry, are discussed in
manuals such as, for example, the book “Industrial
enzymes and their applications” by H. Uhlig, Wiley-
Verlag, New York, 1998. The following compilation is

35 not to be understood as a final list but is a selection
of the possible industrial uses. Should it turn out
that individual proteins within the similarity range

are, owing to their enzymic, i.e. amylolytic,
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10FdEXY: | | OF IRRe HieB 100 &Ytabrliogster- 0 additional possible
applications mnot explicitly claimed herein, said
possible applications are hereby included in the scope

of protection of the present invention.

5
In one embodiment, the present invention relates to
detergents and cleaning agents which are characterized
in that they comprise a protein or derivative of the
invention.
10
An important field of use for amylolytic enzymes 1is
that as active components in detergents or cleaning
agents for cleaning textiles or solid surfaces such as,
for example, dishes, floors or tools. In these
15 applications, the amylolytic  activity serves to

hydrolytically dissolve or detach from the‘underlying
material carbohydrate-containing soilings, in
particular those based on starch. In this connection,
said enzymes may be applied alone, in suitable media or
20 else in detergents or cleaning agents. The conditions
to be chosen for this, such as, for example,
temperature, ©pH, ionic strength, redox vratios or
mechanical influences, should be optimized for the
particular cleaning problem, i.e. with respect to the
25 soiling and the support material. Thus usual
temperature ranges for detergents and cleaning agents
are from 10°C for manual agents via 40°C and 60°C up to
95°¢ for machine agents or industrial applications.
Preferably, the ingredients of the agents in question
30 are also matched to one another. Since in modern
washing machines and dishwashers the temperature is
usually continuously adjustable, any intermediate
temperatures are also included. The other conditions
may likewise be designed in a very variable manner via
35 the other components of said agents with respect to the

particular cleaning purpose.

Preferred agents of the invention distinguish
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The amylases are combined in agents of the invention,

for example, with individual or several of the
25 following ingredients: anionic, cationic and/oxr
nonionic surfactants, builders, bleaches, bleach

activators, bleach catalysts, enzymes such as, for
example, proteases, other amylases, lipases,
cellulases, hemicellulases or oxidases, stabilizers, in
30 particular enzyme stabilizers, solvents, thickeners,
abrasive substances, dyes, fragrances, graying
inhibitors, color transfer inhibitors, foam inhibitors,
corrosion inhibitors, in particular silver protectants,
optical Dbrighteners, antimicrobial substances, uv
35 protectants and other components known from the prior

art.

Preferred agents are characterized in that they contain
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0.000001 percent by weight to 5% by weight and,
increasingly preferably, 0.00001 to 4% by weight,
0.0001 to 3% by weight, 0.001 to 2% by weight or 0.01
to 1% by weight of the amylolytic protein or

derivative.

Preferred agents are characterized in that they
comprise more than one phase. These may include solid
agents, in particular those in which at least two
different solid components, in particular powders,
granules or extrudates, are present in an overall loose
mixture or 1in which at 1least two solid phases are
connected to one another, in particular after a joint
compacting step. In addition, at 1least one of the
phases may contain an amylase-sensitive material, in
particular starch, or be, at least partially,

surrounded or coated by said material.

Likewise preferred agents are characterized in that
they are overall 1liquid, gel-like or paste-like.
Preferably, the protein therein and/or at least one of
the enzymes therein and/or at least one of the other
components therein are present individually or
encapsulated together with other components, preferably
in microcapsules, particularly preferably in those made
of an amylase-sensitive material.

In a preferred embodiment, the amylolytic activity is
modified, in particular stabilized and/or increased in
its contribution to the washing or cleaning performance
of the agent, by any of the other components of the

agent.

In accordance with these discussions, any washing or
cleaning processes which are based in at least one part
on an d-amylase of the invention or preferably an agent
of the invention is used are also embodiments of the

present invention.
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Any use of an a-amylase of the invention or preferably
of an agent of the invention for washing or cleaning
textiles or hard surfaces is also an embodiment of the

5 present invention.

Another embodiment is the wuse of a protein or
derivative of the invention for the treatment of raw
materials or intermediates in the manufacture of

10 textiles, in particular for desizing cotton.

Raw materials and intermediates in the manufacture of
textiles, for example of those based on cotton, are
provided with starch during their production and
15 further processing, in order to improve the finish.
This method, which is applied to yarns, to
intermediates and to textiles, is <called sizing.

Amylolytic proteins of the invention are suitable for

removing the starch-containing protective layer
20 (desizing) .
A further embodiment is methods for starch

liquefaction, in particular for ethanol production,
which are characterized in that therein a protein or

25 derivative of the invention is used.

For starch 1liquefaction, starch soaked in water or
buffer is incubated with amylolytic enzymes, thereby
cleaving the polysaccharide into smaller parts, in the
30 end primarily into maltose. Preference is given to
using for such a process or a part thereof enzymes of
the invention, if they can be readily adapted to a
corresponding production process, owing to their
biochemical properties. This may be the case, for
35 example, if they are to be introduced in one step in
addition to other enzymes which require the same
reaction conditions. Particular preference is given to

amylolytic proteins of the invention if interest is
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focused especially on the products generated by said
proteins themselves. Starch liquefaction may also be a
step in a multistage process for producing ethanol or
secondary products derived therefrom, for example

acetic acid.

/ . .
Another embodiment is the use o0of a protein or
derivative of the invention for preparing linear and/or

short-chain oligosaccharides.

Owing to their enzymic activity, amylolytic proteins of
the invention form from starch-like polymers primarily
higher molecular weight oligosaccharides such as, for
example, maltohexaose, maltoheptaose or maltooctaose,
after a relatively short incubation time. After a
longer incubation time, the proportion of lower
oligosaccharides such as, for example, maltose or
maltotriose in the reaction products increases. If
there 1is particular interest in certain reaction
products, it is possible to use appropriate variants of
proteins of the invention and/or to design the reaction
conditions accordingly. This is particularly attractive
if mixtures of similar compounds rather than pure
compounds matter, as, for example, in the generation of
solutions, suspensions or gels with only certain

physical properties.

Another embodiment is the wuse of a protein or
derivative of the invention for hydrolyzing

cyclodextrins.

Cyclodextrins are a-1,4-glycosidically linked, cyclic

oligosaccharides of which those consisting of 6, 7 and

8 glucose monomers, the a-, p- and y-cyclodextrins,
respectively (or cyclohexa-, -hepta- and -octaamyloses,
respectively), are economically the most important.

They may form inclusion compounds with hydrophobic

guest molecules such as, for example, fragrances,
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flavorings or pharmaceutical active substances, from
which inclusion compounds the guest molecules can be
released again when required. Depending on the field of
use of the ingredients, for example for food
5 production, pharmacy or cosmetics, for example in
appropriate products, such inclusion compounds are
important to the final consumer. The release of
ingredients from cyclodextrins is thus a possible use

for proteins of the invention.

10
Another embodiment is the wuse of a protein or
derivative of the invention for releasing low-molecular
weight compounds from polysaccharide carriers or
cyclodextrins.

15

Owing to their enzymic activity, amylolytic proteins of
the invention may liberate low-molecular weight
compounds also from other a-1,4-glycosidically 1linked
polysaccharides. This may take place, as for the
20 cyclodextrins, at the molecular level as well as in
larger systems such as, for example, ingredients
encapsulated in the form of microcapsules. Starch, for
example, 1s a material established in the prior art in
order to encapsulate compounds such as, for example,
25 enzymes, which are intended to be introduced in defined
amounts into reaction mixtures, during storage. The
controlled process of release from such capsules may be
assisted by amylolytic enzymes of the invention.

30 Another embodiment 1is the use of a protein or
derivative of the invention for producing food and/or
food ingredients.

Likewise, the use of a protein or derivative of the
35 invention for producing animal feed and/or animal feed

ingredients is an embodiment of the present invention.

Wherever starch or starch-derived carbohydrates play a
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part as food or animal feed ingredients, an amylolytic
activity may be employed in producing these items. Said
activity increases the proportion of monomers or
oligomers compared to the polymeric sugar, possibly
5 Dbenefiting, for example, the taste, digestability or
consistency of the food product. This may be required
for producing particular animal feed but also, for
example, in the production of fruit juices, wine or
other food products, if the proportion of polymeric
10 sugars 1is to be reduced and that of sweet and/or
readily soluble sugars is to be increased. The possible
use discussed further above for starch liquefaction
and/or ethanol production may be regarded as the
industrial variant of this principle.
15 .
Amylases in addition also counteract the loss of taste,
known as staling, of bakery products (antistaling
effect). For this purpose, they are conveniently added
to the dough before baking. Thus, preferred embodiments
20 of the preseﬁt invention are those in which proteins of

the invention are used for making bakery products.

Another embodiment is the wuse of a protein or
derivative of the invention for dissolving starch-

25 containing adhesive bonds.

Temporary bonding processes which are characterized in
that a protein or derivative of the invention is used
therein are also an embodiment of the present

30 invention.

In addition to other natural substances, starch has
also been used as binder in paper production and
bonding of different papers and cardboards already for
35 centuries. This relates, for example, to drawings and
books. Over the course of 1long periods of time,
unfavorable influences such as, for example, moisture

can cause such papers to become wavy or to break,
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leading possibly to complete destruction thereof.
Restoration of such papers and cardboards may require
dissolution of the adhesive layers, which is
facilitated considerably by using an amylolytic protein

5 of the invention.

Plant polymers such as starch or cellulose and their
water-soluble derivatives are used, inter alia, as
adhesives or pastes. For this purpose, said polymers
10 must first swell in water and then, after application
to the material to be glued, dry, thus attaching said
material to the base. The enzyme of the invention may
be added to such an agqueous suspension in order to
influence the adhesive properties of the resulting
15 paste. However, it may also be added to the paste
instead of or in addition to said function in order to
stay, after drying, on the material to be glued in an
inactive manner for a long time, for example several
years. Changing the environmental conditions
20 specifically, for example by wetting, may then be used
in order to activate the enzyme at a later time and
thus cause the paste to dissolve. In this way it is
possible to detach again the glued material more
readily from the base. In this method, the enzyme of
25 the invention acts, owing to its amylolytic activity,
as separating agent in a temporary bonding process or
as “switch” for detaching the glued material.

Examples
30
Example 1
Construction of primer oligonucleotides for amplifying

variable sequence regions of o-amylases

35 Based on comparisons of known sequences of o-amylases
(E.C. 3.2.1.1) of Gram-positive eubacteria of wvarious
genera of the order Actinomycetales (Streptomyces,

Thermomonospora, etc.) from GenBank (National Center
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for Biotechnology Information NCBI, National Institutes
of Health, Bethesda, MD, USA; updated November 1998),
potentially conserved sequence regions were identified
which flank sequence regions as variable as possible.
5 The conserved sequence blocks identified were the
blocks A to E highlighted in figure 1. They extend over
the following amino acid positions: A: 58-91, B: 94-
141, C: 155-207, D: 295-345, E: 392-427. On the basis
of the sequences of these regions, the oligonucleotides
10 compiled in table 4 were designed as primers of the
invention; their sequences are indicated in the
sequence listing under numbers 9 to 33. Their position
relative to the conserved sequence blocks A to E within
an o-amylase gene is illustrated in figure 1 by way of
15 the example of Streptomyces griseus o-amylase (GenBank
Accession number X57568). They can be distinguished by
their orientation to said gene into forward primer and

reverse primer.

20 Table 4: PCR primers for amplifying partial a-amylase
sequences of representatives of the order

Actinomycetales

Indicated are in each case the names used in figure 1,

25 the corresponding numbers according to the sequence
listing of the present patent application and the
orientation of the primers relative to the amylase
genes in question.

Name SEQ ID NO. Orientation
GEXO015 13 forward
GEX016 14 forward
GEX017 15 forward
GEX018 16 forward
GEX019 17 reverse
GEX020 18 reverse
GEX021 19 reverse
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Name SEQ ID NO. Orientation
GEX022 20 reverse
GEX023 21 forward
GEX024 9 forward
GEX025 22 reverse
GEX026 10 reverse
GEX027 23 forward
GEX028 24 forward
GEX029 11 forward
GEX030 25 reverse
GEX031 12 reverse
GEX036 26 forward
GEX037 27 forward
GEX038 28 reverse
GEX039 29 reverse
GEX040 30 forward
GEX041 31 forward
GEX042 32 reverse
GEX043 33 reverse

The templates used were genomic DNA preparations,
obtained according to standard methods, of known and
unknown bacterial isolates from wvarious soil samples,
5 which were present in each case as pure culture. The
primers were used in combinations of in each case a
forward primer with a reverse primer in each PCR. The
PCR products were fractionated via agarose gel
electrophoresis, as described Dbelow, and wused for

10 screening for complete genes.

The PCR reaction mixtures included those containing the
primer combinations GEX024 (forward)/GEX026 (reverse)
and GEX029 (forward) /GEX031 (reverse). These were
15 derived from the sequence regions C (GEX024 and GEX029)
and D (GEX026 and GEX031l) (figure 1), which correspond
to the amylase domains P4 and B7 of the (af)s barrel

structure, as they are defined in the article “Alpha-
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Amylase family: molecular biology and evolution”

(Janecek, S. (1997), Prog. Biophys. Mol. Biol. 67 (1),

pp. 67-97). The nucleotide sequences of these four

primers are indicated in the sequence listing under SEQ
5 ID NO. 9 to SEQ ID NO. 12.

These four primers produced in the PCR mixtures with
the isolated nucleic acids of bacterial isolates
reproducibly sized £fragments. Figure 2 depicts an
10 exemplary size analysis of the amplification products
obtained of 20" randomly selected preparations of
isolates of the order Actinomycetales, using the primer
pair GEX024/GEX026 in figure 2A and the primer pair
GEX029/GEX031 in figure 2B. The PCR conditions are
15 indicated in example 2; after the reaction, in each
case 1/10 of the reaction volume was fractionated in a
2.5% strength agarose gel. The reaction mixtures are
based on the Streptomyces sp. strains compiled in the
following table.
20
Table 5: Streptomyces sp. strains whose PCR products
with the primer pairs GEX024/GEX026 and
GEX029/GEX031 are depicted in figure 2.

Lanes Streptomyces sp. |SEQ ID NO.
1 B101A 45
2 B114cC 83
3 B134 97
4 B135A 98
5 B138A 101
6 B152A 108
7 B153 (B) 109
8 B161A 116
9 B156B 111
10 B157C 112
11 B158A 113
12 B160B 115
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Lanes Streptomyces sp. SEQ ID NO.
13 B161A 116
14 B373 232
15 B375 234
16 B380 236
17 B390 238
18 B392A 239
19 B392aA 239
20 B394 241

Both primer paifs were used to amplify DNA fragments
corresponding to a 300 bp band. A fragment of approx.
500 bp additionally appeared in some reaction mixtures.

5 Both products were identified as a-amylase sequences by
sequencing (see example 2). The other primers, listed
above and in the sequence 1listing, showed 1lower
selectivity.

10 All strains listed in the sequence listing produced the
same results; in particular, the 300 bp band was
reproducible for all strains. All fragments, in
particular the 300 bp fragments, that we were able to
obtain in this way from the samples assayed can be

15 homologized. They correspond, in particular in the
primer regions, to a large extent, albeit not
necessarily completely, and this was sufficient in
order to identify them by the method of the invention.
They define, via their sequence variations to one

20 another, as indicated also in the sequence listing
under SEQ ID NO. 263 and in figure 3, a sequence

variance space within the group of amylolytic proteins.

Example 2

25 Obtainment of genomic DNA from actinomycetes and PCR-
based amplification and cloning of o-amylase gene
sequences
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The applicability of the method of the invention was
tested on a collection of several hundred individual
isolates of the order Actinomycetales, which had been
obtained from soil samples according to common micro-
5 Dbiological methods. They were in each case cultured

individual strains.

In this example, the isolation was carried out by
standard methods, starting from soil samples, using GYM
10 medium (4.0 g/l glucose, 4.0 g/l yeast extract; 10 g/l
malt extract, 2.0 g/l CaCOs;, 10 g/l agar, pH 7.2) with
addition of 50 ug/ml nystatin to suppress the

accompanying flora.

15 Strain cultivation
The actinomycetes strains were grown by 'inoculating
5 ml of GHPF medium (10 g/l glucose; 5 g/l peptone from
casein; 5 g/1 meat extract; 5 g/l yeast extract;
0.74 g/l CaCl; x 2H;0; pH 7.2) containing 50 ul of spore

20 suspension at the in each case strain-specific
temperature (28°C to 50°C) and a shaker rate of
200 rpm.

After sufficient amounts of mycelium had formed, 200 ml
25 of YEME medium (3 g/l vyeast extract; 5 g/l bacto
tryptone; 3 g/l malt extract; 10 g/l D{(+)glucose;
340 g/l sucrose; pH 7.2; after autoclaving, addition of
5 mM MgCl, and glycine, strain-specific 0.5-20 g/1)
were inoculated with the entire preculture and
30 incubated with shaking at 170 rpm in a 1l-liter flask
with baffles at the same temperature and for 3 days.

DNA isolation

To prepare DNA, in each case 1 g of mycelium washed in
35 20% (v/v) glycerol was resuspended in 3 ml of TE25S

buffer (25 mM Tris, pH 8.0; 25 mM EDTA; 0.3 M sucrose)

with addition of 2 mg/ml lysozyme, inverted at 37°C for

30 min and, after addition of 4 ml of 2x Kirby mix (2%
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PH 8.0; 6% phenol, saturated with 50 mM Tris/pH 8.0 and
supplemented with 0.1% hydroxyquinoline), inverted for
a further 10 min. This was followed by extracting the
5 aqueous phase twice with, successively, 8 and 3 ml of
phenol/chloroform/isoamyl alcohol (25:24:1) by
inverting in each case for 10 minutes and subsequently
centrifuging at 2 500 x g. The DNA was precipitated by
adding 1/10 volume of 3M sodium acetate (unbuffered)
10 and 0.6 volume of isopropanol with gentle inverting,
spooled and purified five times with 70% ethanol. The
pellet was taken up in 3 ml of HE buffer (10 mM HEPES,
pH 8.0 with NaOH; 1 mM EDTA), incubated at 50-55°C for
1 h and dissolved at 4°C overnight.
15 _
Where appropriate, this may be followed by another
purification step in order to remove components which
may accompany the DNA and inhibit an amplification
reaction. This was necessary for some DNA preparations
20 in which initially no PCR product had formed (see
below). In this case, the influence of inhibitory
components in the DNA preparation had to be stopped by
diluting (up to 1:100) or by purification wvia a
QIAquick PCR purification column (Qiagen, Hilden,

25 Germany) according to the manufacturer’s instructions.

On the following day, the DNA was worked up by
incubating at 37°C successively with 40 ug/ml RNaseA
(heat-inactivated) and 0.5 mg/ml proteinase K, in each
30 case for one hour. Subsequently, the aqueous phase was
extracted in the same volume as phenol/chloroform/iso-
amyl alcohol (25:24:1), inverted for 10 min,
centrifuged at 2 500 x g and precipitated as on the
previous day, spooled, then washed and dissolved in
35 1 ml of HE buffer.

Amplification of the amylase sequences by the PCR of

the invention
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Prior to characterizing the amylase sequences, the

latter were first amplified by the polymerase chain
reaction (PCR) which was carried out using HotStar Tag
polymerase (Qiagen, Hilden, Germany) and the amylase-
5 specific primers (example 1, table 3). For this
purpose, in each case 4 ul of the genomic DNA isolated
by the above method were used in the presence of 200 uM
dNTPs (each of daTP, dTTP, d4dCTP, dGTP), 20 pmol of in
each case a forward primer and a reverse primer, 2.5 U
10 of HotStar Taqg polymerase (Qiagen, Hilden, Germany) and
1 x PCR buffer were used in a total wvolume of 50 ul.
Fragments of from 280 to 500 bp in size were amplified
in the following cycles: 1 cycle at 95°C for 15 min;
40 cycles at, in each case, 95°C for 30 s, 60°C for
15 30 s and 72°C for 30 s; 1 cycle at 72°C for 7 min.

The primer pair GEX024/GEX026, in particular, produced
constant results for all genomic DNAs with respect to a
300 bp product which exhibited homologies to amylases
20 in the sequencing (see example 1). In some DNA
preparations, initially no product was formed. In this
case, the influence of inhibitory components in the DNA
preparation had to be stopped by diluting (up to 1:100)
or by purification wvia a QIAquick® PCR purification
25 column (Qiagen, Hilden, Germany) according to the

manufacturer’'s information.

The bands (approx. 300 bp) obtained with the primer
combination GEX024/GEX026 were sequenced by eluting
30 them with the aid of the QIAEX 11° kit from Qiagen
(Hilden, Germany) and cloning them by means of the TOPO
Ta® kit (Invitrogen, Groningen, The Netherlands) into
the pCR2.l—TOPO® vector, according to the
manufacturer’s instructions. The ligation products were
35 used to transform E. coli-ToP® 10F (Invitrogen,
Groningen, The Netherlands). After blue/white selection
of recombinant clones on LB medium containing
ampicillin (100 ug/ml), IPTG (100 mM), X-Gal (40
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mg/ml), The plasmid DNA of white clones was checked,

after mini preparation, for DNA insert in a restriction

analysis with EcoRI.

5 The sequences of plasmids with DNA insert were analyzed
in a routine manner in an ABI PRISM® 310 (Perkin Elmer,
Weiterstadt, Germany) according to the manufacturer’s
instructions by means of AmpliTaq—FS—Big—Dye®
terminator kit (Perkin Elmer, Weiterstadt, Germany)

10 wusing 200-500 ng of plasmid DNA, 10 pmol of primer
(TopoF: 5' -GCTCGGATCCACTAGTAACG-3 " and TopoR: 5’ -
CTCTAGATGCATGCTCGAG-3’'), 4 ul of pre-mix in a total
volume of 20 pl. The DNA sequences obtained were
routinely and conceptionally transcribed into an amino

15 acid sequence, compared via the BlastX, BlastN and
BlastP algorithms with the GenBank entries available
and identified in this way as partial sequences of a-
amylase genes. Table 1 indicates for each partial
sequence obtained the amylolytic proteins entered in

20 publicly accessible databases, which have in each case
the highest homology to the sequences in question. The
partial sequences found are listed in the sequence
listing under numbers SEQ ID NO. 2, 4 and 34 to 262 and
combined in the consensus sequence of figure 3 and SEQ

25 ID NO. 263, respectively.

Special mention should be given to the partial
sequences which were likewise amplified using the
primer pair GEX024/GEX026 and which are depicted in the
30 sequence listing under numbers SEQ ID NO. 1 to SEQ ID
NO. 4. The corresponding strains were denoted
Streptomyces sp. B327° (SEQ ID NO. 1 and 2) and
Streptomyces sp. B400B (SEQ ID NO. 3 and 4). The
partial sequence obtained from the Actinomycetales
35 isolate Streptomyces sp. B327" comprises, including the
primer regions, 302 base pairs and codes for 100 amino
acids. The partial sequence cbtained from the
Actinomycetales isolate Streptomyces sp. B400B
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comprises, including the primer regions, 293 base pairs

and codes for 97 amino acids.

Example 3
5 Typing of microbial pure culture isolates and cloning
of o-amylase gene sequences

The DNA sequences of a-amylases have been amplified, as
described, from all of the streptomycetes strains

10 referred to in example 2 by a PCR of the invention
using the primers GEX024/GEX026 and then cloned and
sequenced. Thus, in total, 231 partial sequences of
a-amylases were found which are listed in the sequence
listing under numbers SEQ ID NO. 2, 4 and 34 to 262.

15 The individual Streptomyces sp.. strains referred to
therein, for example Streptomyces sp. ‘B327* and
Streptomyces sp. B400B, can be characterized due to the
fact that it is possible to amplify therefrom fragments
having an appropriate size and the partial amylase

20 sequences indicated in the sequence listing via a PCR
using the primer pair GEX024/GEX026.

A consensus sequence was derived from said sequences
with the aid of the alignment program Clustal x®,
25 Version 1.64 Db (standard settings; described in:
Thompson, J.D., Higgins, D.G. and Gibson, T.J. (1994),
“CLUSTAL W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting,
position specific gap penalties and weight matrix
30 choice”, Nucleic Acids Res., volume 22, pp. 4673-4680).
They may be regarded, via this common sequence, as
representatives of a particular type of amylase. Said
consensus sequence is displayed in two alternative
representations in figure 3 and in the sequence listing
35 under SEQ ID NO. 263. The position of said consensus
sequence was defined on the basis of the sequence of
the PCR product of strain B327  with the primer pair
GEX024/GEX026 (100 amino acids; SEQ ID NO. 2).
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The amino acid positions 1 to 8 and 93 to 100 which
appear to be practically invariable in the consensus
sequence are prescribed by the PCR primer sequences

5 (GEX024/GEX026). Owing to the selectivity of the PCR
performed, only slight deviations were found within
these regions. More stringent conditions (in particular
higher annealing temperature) result in a lower number
of positive results, namely those sequences which are

10 in complete agreement with the primers in the primer
regions. In contrast, owing to the complexity of the
starting DNA, products which are more difficult to
separate in agarose gels are increasingly produced
under less stringent conditions. Among said products,

15 the proportion of sequences no longer coding for
amylases increases. A

Otherwise, only the amino acid residues histidine in
position 11 and leucine in position 75 are conserved in
20 the sequences 1listed across all amylase fragments
assayed. Some fragments contain in position 28
sequences of a plurality of amino acids rather than a
single amino acid; these are also indicated in figure 3
and SEQ ID NO. 263 and, respectively, the individual
25 sequences in question. Said individual sequences are
the partial sequence TAGGE of the strain
Streptomyces sp. B347 (SEQ ID NO. 212), the partial
sequence TSGAE of the strain Streptomyces sp. B361 (SEQ
ID NO. 204) and the partial sequence YPAWGGGK of the
30 strain Streptomyces sp. B4006B (SEQ ID NO. 246). In
addition, some fragments do not contain any amino acid
in positions 29, 45, 46, 66, 70, 81, 82, 83 or 91 so
that the individual numbering thereof deviates slightly
from that of the consensus sequence; these fragments
35 include, for example, those of the strains Streptomyces
sp. B347, B361 and B1059.

The sequences shown have, as can be found in table 1
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already shown hereinbefore, between about 45% and 97%

sequence identity to known a-amylases. These sequences,
too, partly exhibit a considerable variance. Thus, the
amino acid sequences found of the o«a-amylases from

5 Streptomyces sp. B327* and B400B are merely 57%
identical to one another.

Example 4

Detection of full-length gene sequences coding for a-
10 amylase by means of activity screening of expression

gene banks

Complete o-amylase genes were cloned and isolated from
Actinomycetales by choosing expression cloning in the

15 heterologous host organism Escherichia coli, namely the
strain DH 12S. The promoter wused was the IPTG
(isopropylthiogalactoside) -inducible f-galactosidase
promoter of the lac operons (lac promoter). Said
promoter was provided on the pUCl8 plasmid vector

20 (GenBank (National Center for Biotechnology Information
NCBI, National Institutes of Health, Bethesda, MD,
USA); accession number L08752; figure 4).

Preparation of expression gene banks for the particular
25 strains
Purified genomic DNA from the particular
Actinomycetales strains, which had been obtained
according to example 2, was partially cleaved with the
restriction enzyme Aci I, and the size range from 3 to
30 5 kb was ligated into pUC1l8 plasmid vectors linearized
with the restrict.on enzyme Acc I (figure 4). A desired
5-fold covering of the genome in a gene bank, with an
average insert size of 4 kb and an estimated
actinomycete genome size of 8 Mb, results in a figure
35 of 20 000 primary clones. Since expression starts from
the lac promoter located on the plasmid but the inserts
can integrate in each case in two orientations, this

figure is increased to at least 40 000 clones, which
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stop Dbuffer, the mixture was electrophoretically
fractionated on a 0.7% strength agarose gel, the gel
region containing DNA of 3-5 kb in size was excised and
isolated in dialysis tubes at 4°C by electroeluting for
two hours. The DNA was precipitated with 1/10 volume of
3 M sodium acetate and 2.5 volumes of ethanol, taken up
in a smaller volume and then, for further removal of
smaller fragments, subjected to a second gel electro-
phoresis with subsequent electroelution and another

concentration.
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Ligation with the plasmid vector pUCl8 was carried out
at 16°C overnight in a total wvolume of 20 ul by using
150 ng of Acc I-linearized pUCl8 vector which had been
5 dephosphorylated with CIAP (alkaline phosphatase from

calf thymus) according to the manufacturer’s
instructions and 450 ng of partially cleaved genomic
DNA, and also an appropriate amount of ligase (here 400
NEB units) in 1 x ligase buffer.

10 '
Competent E. coli DH 128 cells (Gibco Life
Technologies, Karlsruhe, Germany) were transformed via
electrotransformation. To this end, 1 ul of ligation
mixture and 30 ul of cells were mixed, incubated on ice

15 in an electroporation cell for 1 min and treated in an
electroporator (BTX® ECM399, Genetronics 1Inc., San
Diego, Cca, Usa) according to the manufacturer’s
instructions. After immediate transfer to 1 ml of SOC
medium (2% bacto tryptone; 0.5% yeast extract; 10 mM

20 NaCl; 2.5mM KCl; pH 7.0, adjusted with NaOH;
autoclaved; supplemented with 10 mM MgSO, and MgCl, and
20 mM D(+)glucose), there was a resting phase of 1 h at
37°C prior to plating.

25 The quality of the gene bank was tested by determining
the total number of primary transformants generated and
the number of insert-carrying clones wvia blue/white
selection in a test plating. To this end, 1 and 10 ul
of the ligation mixture were in each case plated out on

30 LB medium containing ampicillin, IPTG, X-Gal (as
described above) and incubated at 37°C overnight. The
actually <cloned insert sizes were <confirmed by
isolating the plasmids of at least 10 white colonies of
the test plating and carrying out a suitable

35 restriction digest with subsequent gel-electrophoretic
size analysis.
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Activity assay of the gene banks
First, the ability of the gene banks to break down
starch was determined. To this end, LB agar containing
1% soluble starch (Merck, Darmstadt, Germany, Cat. No.
5 #1252) was used on which clones capable of breaking
down starch can be identified by 1lysis halos. This
required the plates to be stored at 4°C for from two to
four weeks, until said plates became cloudy, after
which breakdown of starch was visible as a clearing up
10 of said’ plates around the colonies. Additionally,
soluble starch (approx. 0.6% w/v) labeled with Cibacron
Brilliant Red® 3B-A (Aldrich, Taufkirchen, Germany) was
used (Biely, P., Mislovicova, D., Markovic, 0., Kalac,
V. (1988): “A new chromogenic substrate for assay and
15 detection of alpha-amylase”; Anal. Biochem., volume 172
(1), pages 176-179), breakdown of starch being
detectable by a fading of the reddish agar in the area
of the positive clone. Prior to use, the plates were
admixed in both cases with IPTG (100 mM) for inducing
20 the promoter and with ampicillin (100 pug/ml) for

exerting selection pressure on the transformants.

According to the titer of the bank generated in each
case, a defined volume of the transformation mixture
25 containing approx. 10 000 colonies per plate (14 cm in
diameter) was plated out evenly by means of glass beads
(primary plating). After incubating at 37°C for 16
hours, the plates were incubated at 28°C for amylase
expression and release for another 24-48 h. The
30 incubation at 28°C was usually indispensable for
visualizing a breakdown of starch. Improved protein
folding and permeabilization of the outer cell membrane
may play a part here (Stathopoulos, C., Georgiou, G.,
Earhart, C.F. (1996): “Characterization of Escherichia
35 coli expressing an Lpp’'OmpA(46-159)-PhoA fusion protein
localized in the outer membrane”; Appl. Microbiol.
Biotechnol., volume 45 (1-2), pages 112-119). This was

thus accompanied by a release of the a-amylase produced
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in each case, and a cell 1lysis, to Dbe carried out
additionally, for detecting cytoplasmic amylases which

had not been exported was not required.

5 After isolating the colonies from the halo regions of
the primary plating by renewed (secondary) plating on
the same starch plates, amylase-forming single colonies
were selected on the basis of renewed halo formation.
For photo-archiving purposes, staining of the starch

10 plates, after securing the clones, with 50% lugol
solution (Merck, Germany) for unambiguous visualization
of starch-free regions (breakdown halos) has proved

useful.

15 Figure 7 depicts an appropriately stained, starch-
containing LBap-agar plate to which in  each case
suspensions of positive clones of the secondary plating
have been applied in drops.

20 Isolation of individual clones
The plasmid DNA of positive clones, obtained after
minipreparation (kit from Qiagen, Hilden, Germany),
used according to manufacturer’s instructions) was
studied for insert size in a restriction analysis with
25 Eco R I or Sac I/Hind III and then sequenced. Here, the

insert-flanking M13 primers (M13 forward: 5/-
GTAAAACGACGGCCAG-3’'; M13 reverse: 5'-CAGGAAACAGCTATGAC-
3’) were used first in order to obtain finally the

entire sequence via “primer walking” as known from the
30 prior art. The principle of this procedure is to derive
new sequencing primers in a repeating sequence,
starting from determined sequences and to use said
primers for sequencing the adjoining, still unknown
regions from which in turn the next sequencing primers

35 can be derived.

The complete DNA sequences and amino acid sequences

derived therefrom, obtained in this way for the two
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Actinomycetales isolates Streptomyces sp. B327" and
Streptomyces sp. B400B isolates (see example 2) are
depicted in the sequence listing under SEQ ID NO. 5 and
6 and, respectively, SEQ ID NO. 7 and 8.

Figure 5 depicts an alignment of the two complete a-
amylases of Streptomyces sp. B 327" and Streptomyces
sp. B400B with the amylase sequences most similar
thereto, which were found in GenBank (National Center

10 for Biotechnology Information NCBI, National Institutes
of Health, Bethesda, USA) on 1.24.2001. The latter
sequences are on the one hand Streptomyces albus o-
amylase, accession number U51129; this is 80% identical
across the entire protein to Streptomyces sp. B327 . On

15 the other hand, Streptomyces sp. a-amylase (GenBank
Acc. No. U8602) is 76.8% identical across the entire
protein to Streptomyces sp. B400B.

Example 5
20 Heterologous expression of o-amylases in prokaryotic
expression systems

In order to characterize the biochemical properties of
the cloned o-amylases, the latter should be produced in
25 larger quantities and in soluble form. Said
characterization was carried out for the complete
amylase genes of Streptomyces sp. 327°, Streptomyces
sp. B400B and the Actinomycetales isolate Streptomyces
sp. B327B. The expression host used was Streptomyces
30 lividans TK24; the expression vector used was pAXba
(figure 6) in which expression is under the control of

the constitutive ermE promoter.

To introduce the Spe I and Eco RI cleavage sites
35 required for cloning and to replace the relatively rare
and therefore possibly relatively poorly translated
start codons of the amylase genes of B327" (GTG) and
B400B (TTG) with ATG, a PCR with appropriately modified
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primers was carried out. Thus, for example, the forward
primer: 5’ aaaactagtAAGGAGAACCCCCACATGATATCGAG 3’ and
the reverse primer: 5’ gaattcgcccttTCAGCAGTTGGCCTTGCCCG
3" were used for cloning the complete a-amylase of
5 Streptomyces sp. 327°. New, noncomplementary
nucleotides are represented in lower case here. In the
forward primer, the recognition site for the
restriction enzyme Spe I and the start codon are
underlined, with the Shine-Dalgarno sequence being
10 highlighted in bold type. In the reverse primer, the
recognition site for the restriction enzyme Eco RI is
underlined and the stop codon (in reverse orientation)
is highlighted in bold type. The genomic clones
isolated from the gene banks served as templates.
15 _
After subcloning the PCR products generated with Pfx
Platinum polymerase in the wvector pCR Blunt II TOPO
(Invitrogen, Groningen, the Netherlands), directed
insertion into the Streptomycete expression vector
20 pAX5a was carried out, using the Spe I and Eco RI
restriction cleavage sites. This was followed by

protoplast transformation of S. lividans TK 24
according to Kieser et al. (Kieser, T., Bibb, M.J.,
Buttner, M.J., Chater, K.F., Hopwood, D.A. (2000):
25 “PEG-assisted transformation of Streptomyces

protoplasts with plasmid DNA. Rapid small-scale
procedure.” in: “Practical Streptomyces Genetics”, The
John Innes Foundation (publisher), Crows, Norxrwich,
England) and plating out the transformants on the
30 selective regeneration medium R2YE. Said medium
consists of: 103 g of sucrose, 0.25 g of K;S04, 0.12 g
of MgCl,x6H0, 10 g of glucose, 100 mg of Difco
casaminoacids (Difco, Heidelberg, Germany), 10 ml of
0.5% strength (w/v) KH;POs solution, 80 ml of 3.68%
35 strength (w/v) CaCl, solution, 1.5 ml of L-proline,
100 ml of TES buffer (pH 7.2; 2-{[Tris(hydroxymethyl)-
methyl]amino}ethanesulfonic acid), 0.2 ml of trace
element solution (40 mg/1 of ZnCl,, 200 mg/1 of
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FeCl; x 6 H;O0, 10 mg/l of cCuCl, x 2 H;0, 10 mg/l of
MnCl, x 2 Hy0, 10 mg/l of NayB;0; x 10 Hz0, 10 mg/l of
(NH4) 6 MO7024 x 4 HyO0) and 5 ml of 10% strength (w/v)
Difco yeast extract (Difco, Heidelberg, Germany) to 1 1
[lacuna] H;0) containing 75 ug/ml of thiostreptone as
selective antibiotic.

After replating to NBSA indicator plates (8 g/l of
Nutrient Broth Difco, 15 g/l of Agar Serva, 1.5% (w/v)
of soluble starch Merck #1252, pH 8.0; manufacturer:
Difco, Heidelberg, Germany; Serva, Heidelberg, Germany;
Merck, Darmstadt, Germany) and identification of
amylase-positive clones which were recognized on the
basis of the developing starch breakdown halos,
cultivation in 1liquid culture to obtain enzymically
active supernatants was carried out. For this purpose,
a b5-ml preculture and, subsequently, a 50-ml main
culture were cultured in 300-ml Erlenmeyer flasks with
baffles by using GYM medium (4 g/l glucose, 4 g/l yeast
extract, 10 g/1 malt extract, 2 g/l CaCO;) containing
75 upug/ml thiostreptone for 16 h and 4 days,
respectively. The amylase-containing culture
supernatant was obtained by removing the cell mass by
centrifugation at 2 500 g for 15 min and subseguent
filtration (0.45 um) and immediately subjected to
measurement or stored, after shock-freezing in liquid

nitrogen, in a freezer at -20°C.

Example 6
Characterization of the amylolytic activity of oa-
amylase representatives

The detection in principle of the amylolytic activity
of the two o-amylases of the invention from
Streptomyces sp. B327° and B400B has already been
described in example 4. Here, the enzymic properties of
enzymes prepared heterologously according to example 5

will be studied in more detail.
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B327B 1is more stable than that of Streptomyces sp.
20 B327  over a broader temperature range and up to higher
temperatures. The amylolytic enzymes provided by the
present invention thus distinguish themselves by a
considerable viability with respect to their

temperature sensitivity.
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measuring at pH 8.6 1in Dboth buffer systems. The

amylolytic activity at the particular pH wvalues was
15 determined as indicated above at 50°C. The results
obtained are compiled in table 9 below. The activities
of the two oa-amylases from Streptomyces sp. B327* and
B327 at pH 6.5 were set to 100% in each case; the

respective values below relate to the latter.

20
Table 9: Amylolytic activity of the a-amylases £from
Streptomyces sp. B327" and the
Actinomycetales isolate Streptomyces sp.
B327B at alkaline pH wvalues
25
Preincubation pH Relative activity | Relative activity
of St.sp. B327" of St.sp. B327B
o-amylase o~-amylase
[%] %]
6.5 100 100
8.6 38 129
10 21 84
12 13 43

Compared to the o-amylase of Streptomyces sp. B327",
that of Streptomyces sp. B327 is more stable in a more

alkaline medium and also has higher stability and
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are set in each case to 100%, both oa-amylases studied
have lower activities in the absence of SDS: that of
the a-amylase of Streptomyces sp. B327  has an activity

15 of 94.2% without SDS and that of Streptomyces sp. B327B
has one of 89%. This shows that randomiy selected
representatives of the new group of oa-amylases are
sufficiently stable in the presence of a surfactant
concentration typical for many applications.

20
The enzymic activity in the presence of potentially
stabilizing divalent ions and, respectively, in the
presence of chelators was characterized by incubating
randomly selected enzymes with 3.6 mM CaCl, containing

25 starch substrate solution (1% starch) or with a starch
substrate solution containing 1.8 mM EDTA, thus
resulting in final concentrations of 2 mM Ca®' and 1 mM
EDTA, respectively, in the assay carried out as
described above. The remaining activity was again

30 determined at 50°C and 100 mM Tris-maleate buffer,
pH 8.6.

If the activities of both enzymes at 2 mM CaCl, are set
in each case to 100%, the activity of the o-amylase of
35 Streptomyces sp. B327 decreased to 91% in the presence
of 1 mM EDTA. The activity of the oa-amylase of
Streptomyces sp. B327B decreases to 57% in the presence
of 1 mM EDTA. This shows that both enzymes have
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o-amylases owing to their DNA and protein sequences,

10 but indeed also have a starch-cleaving activity. The
deviations of both enzymes studied with respect to
their requirements on reaction conditions can be
regarded as evidence of the fact that the present
invention provides a broad spectrum of amylolytic

15 enzymes with individual differences, in addition to the
basic homology. “

Description of the figures

20 Figure 1l: Position of the potentially conserved amino
acid sequence blocks (“sequence anchor” A-E)
in o-amylases (glycosyl hydrolase family 13,
E.C. 3.2.1.1), derived from Actinomycetales
o-amylase sequences, and relative positions
25 of the PCR primers important to the invention
which are listed in table 3 and indicated in
the sequence listing (example 1).
The amino acid and DNA sequences comprising 567 amino
acids and 1701 Dbp, respectively, of Streptomyces
30 griseus do-amylase {(GenBank (National Center for
Biotechnology Information NCBI, National Institutes of
Health, Bethesda, MD, USA), accession number X57568),
having the conserved domains A to E which extend over
the following amino acid positions: A: 58-91, B: 94-
35 141, C: 155-207, D: 295-345, E: 392-427 are depicted by
way of example.

Figure 2: Size analysis of the reaction products of the
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*s& 109" & () - moyRJObA4108M" & ‘!10@&812&f()- T110% 8"t & () -
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1711098" & ()- ! 1098" & dpx02 DA(y/A# 1Q £igulrd09K" &) ()and Y GEXQYHKGEROB1
MOAC & () - # 10%CE (Ve i 2B d W08 9810 & eB omycete DN
(example 1).
5 The templates used here were preparations of genomic
DNA of the following 20 randomly selected Streptomyces
sp. Strains:
1: B101a, 2: Bll4c, 3: B134, 4: B135a, 5: Bl1l38a,
6: B152a, 7: B153B, 8: Bl161la, 9: B156B1, 10: B157C,
10 11: B158Aa, 12: B160B, 13: B161A, 14: B373, 15: B375,
16: B380, 17: B390, 18: B392A, 19: B392A, 20: B39%4.
The reaction products (1/10 of reaction wvolume) were
fractionated in each case in a 2.5% strength agarose
gel; both partially present products of approx. 300 bp
15 and approx. 500 bp in size were identified as amylase
sequences by sequencing. '
Markers (M): 100 bp DNA ladder (in bp, from top to
bottom: 3000, 2000, 1500, 1200, 1031, 900, 800, 700,
600, 500, 400, 300, 200, 100).
20
Figure 3: Consensus sequence of o-amylases from 231
strains of the genus Streptomyces (SEQ ID
NO. 2, 4 and 34 to 262) with corresponding
variants for each position (example 3).
25 The consensus sequence is based on an alignment using
the program Clustal X®, Version 1.64b (standard
settings; described in: Thompson, J.D., Higgins, D.G.
and Gibson, T.J. (1994), *“CLUSTAL W: improving the
sensitivity of progressive multiple sequence alignment
30 through sequence weighting, ©position specific gap
penalties and weight matrix choice”, Nucleic Acids
Res., volume 22, pages 4673-4680). The amino acid
positions 1-7 and 94-100 are substantially prescribed
by the PCR primer sequences (GEX024/GEX026 and
35 GEX029/031), depending on the selectivity of the PCR
carried out.
This 1s an alternative representation of the consensus
sequence indicated in SEQ ID NO. 263.
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ORI: origin of replication; lacl: lac-repressor gene;
lacz-alpha: gene for o-peptide of f-galactosidase;
AmpicillinR: ampicillin resistance gene of P-lactamase.

15 Figure 5: Alignment of the two complete o«-amylases of
the invention of Streptomyces sp. B 327" and
Streptomyces sp. B400B with the most similar

a-amylase sequences found in GenBank
(National Center for Biotechnology
20 Information NCBI, National Institutes of

Health, Bethesda, MD, USA) on 1.24.2001
(example 4).
The latter o-amylases are Streptomyces albus o-amylase
(U51129) which is 80% identical to the amino acid
25 sequence of B327° o-amylase across the length of the
complete protein and Streptomyces sp. ad-amylase
(U08602) which correspondingly is 76.8% identical to
that of Streptomyces sp. B400B (cf. tables 2 and 3).

30 Figure 6: The plasmid vector pAX5a used for expressing
amylases in Streptomyces lividans TK 24
(example 5).

Where:

pUC1l9 ori: origin of «replication in E. coli;
35 AmpicillinR, ampicillin resistance gene {(beta-

lactamase) ; ThiostreptonR, thiostreptone resistance

gene; pIJlol, Replicon origin of replication in

Streptomyces; ermE, ermE up promoter of S. erythrea
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By replac1ng the tendamistat sequence, genes to be

cloned can be inserted via Spel (5’ end) and EcoRI (3°
end) recognition sites into pAXS5a and be expressed

therein, starting from the constitutive ermE promoter.

10
Figure 7: Detection of the amylolytic activity of the
inventive o-amylases of Streptomyces sp. B
327" and Streptomyces sp. B400B after
heterologous expression thereof in
15 Escherichia coli.

After heterologously expressing the correspbnding gene
sequences in Escherichia coli (example 4), applying the
transformed host cells to LBagp-agar plates containing
1% soluble starch and subsequently staining the plates
20 by means of Lugol’s solution, the colonies whose cells
express the imported gene sequences can be recognized
by the breakdown halos.
For this figure, samples of clones derived by isolation
from the transformation mixtures were applied:

25 1. Positive control: expression strain
containing Streptomyces griseus o-amylase in
puUC18) ;

Negative control (pUC1l8 without DNA insert);

Sample of an amylase-positive clone
30 containing genomic DNA of Streptomyces sp.
B400B;

4. and 5. Samples of two genomic clones of Streptomyces
sp. B327", obtained from the same
transformation;

35 6. to 8. Samples of three genomic clones of

Streptomyces sp. B327, obtained from the same
transformation;

9. to 12. Samples of four genomic clones of
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preferably directly, by a conserved substitution to
either of the two sequences SEQ ID NO. 6 and SEQ ID

NO. 8.

5 6. An amylolytic protein having an amino acid
sequence which is at least 85% identical to the amino
acid sequence indicated in SEQ ID NO. 6, preferably in
positions 31 to 461.

10 7. An -amylolytic protein having an amino acid
sequence which is at least 95% identical to the amino
acid sequence indicated in SEQ ID NO. 6, preferably in
positions 31 to 461, particularly preferably in
positions 210 to 300.

15
8. An amylolytic protein having an amino acid
sequence which is identical to the amino acid sequence
indicated in SEQ ID NO. 6, preferably in positions 31
to 461, particularly preferably in positions 210 to
20 300.

9. An amylolytic protein having an amino acid
sequence which is at least 80% identical to the amino
acid sequence indicated in SEQ ID NO. 8, preferably in

25 positions 30 to 448, particularly preferably in
positions 200 to 296.

10. An amylolytic protein having an amino acid
sequence which is at least 90% identical to the amino

30 acid sequence indicated in SEQ ID NO. 8, preferably in
positions 30 to 448, particularly preferably in
positions 200 to 296.

11. An amylolytic protein having an amino acid
35 sequence which is identical to the amino acid sequence
indicated in SEQ ID NO. 8, preferably in positions 30
to 44, particularly preferably in positions 200 to 296.
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12. A fragment of an amylolytic protein or amylolytic
protein as claimed in any of claims 1 to 11 which is

obtainable by deletion mutation.

5 13. An amylolytic protein obtainable by insertion
mutation or an amylolytic chimeric protein, which
comprises, at least in a portion imparting an
amylolytic activity, a protein as claimed in any of
claims 1 to 12, particularly a mature protein as

10 claimed in any of claims 1 to 12, very particularly a
portion corresponding to positions 8 to 93 according to
SEQ ID NO. 263.

14. An amylolytic derivative of a protein as claimed
15 in any of claims 1 to 13.

15. An amylolytic protein or derivative, which shares
at least one antigenic determinant with any of the

proteins or derivatives as claimed in claims 1 to 14.

20
16. The amylolytic protein or derivative as claimed in
any of claims 1 to 15, characterized in that it is
obtainable from a natural organism, in particular a
microorganism.

25

17. The amylolytic protein or derivative as claimed in
claim 16, characterized in that the microorganism is a
Gram-positive bacterium.

30 18. The amylolytic protein or derivative as claimed in
claim 17, characterized in that the Gram-positive

bacterium is any of the order Actinomycetales.

19. The amylolytic protein or derivative as claimed in
35 claim 18, characterized in that it 1s a Streptomyces

species.
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20. The amylolytic protein or derivative as claimed in
claim 19, characterized in that it is Streptomyces sp.
B327* or Streptomyces sp. B400B.

21. A nucleic acid coding for an amylolytic protein
whose amino acid sequence comprises a portion of which
98%, preferably 99%, particularly preferably 100%, are
described by the consensus sequence of SEQ ID NO. 263,
in particular via the subregion corresponding to
positions 8 to 93.

22. A nucleic acid coding for an amylolytic protein,
whose amino acid sequence comprises a portion which is
98%, preferably 99%, particularly preferably 100%,
identical to any of the amino acid sequences indicated
in SEQ ID NO. 34 to SEQ ID NO. 262, in particular via
the subregion corresponding to positions 8 to 93
acccording to the consensus sequence of SEQ ID NO. 263.

23. A nucleic acid coding for an amylolytic protein,
whose amino acid sequence comprises a portion which is
98%, preferably 99%, particularly preferably 100%,
identical to any of the amino acid sequences indicated
in SEQ ID NO. 45, 83, 97, 98, 101, 108, 109, 111, 112,
113, 115, 116, 232, 234, 236, 238, 239 and 241 or which
can be traced back in every homologous position
directly to any of these sequences, in particular via
the subregion corresponding to positions 8 to 93
according to the consensus sequence of SEQ ID NO. 263.

24. A nucleic acid coding for an amylolytic protein
whose amino acid sequence comprises a portion which is
95%, preferably 97.5%, particularly preferably 100%,
identical to any of the amino acid sequences indicated
in SEQ ID NO. 2, 4 and 208, in particular wvia the
subregion corresponding to positions 8 to 93 according

to the consensus sequence of SEQ ID NO. 263, very
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particularly preferably a nucleic acid having a

nucleotide sequence indicated in SEQ ID Nos. 1 or 3.

25. A nucleic acid coding for an amylolytic protein

5 whose amino acid sequence in each individual homologous
position can be traced back, preferably directly, by a
conserved substitution to either of the two sequences
SEQ ID NO. 6 and SEQ ID NO. 8.

10 26. A nucleic acid encoding an amylolytic protein,
whose sequence 'is at least 85% identical to the
nucleotide sequence indicated in SEQ ID NO. 5,
preferably in positions 91 to 1383, particularly
preferably in positions 628 to 900.

15
27. A nucleic acid encoding an amylolytic protein,
whose sequence is at least 92.5% identical to the
nucleotide sequence indicated in SEQ ID NO. 5,
preferably in positions 91 to 1383, particularly

20 preferably in positions 628 to 900.

28. A nucleic acid encoding an amylolytic protein,
whose sequence is identical to the nucleotide segquence
indicated in SEQ ID NO. 5, preferably in positions 91

25 to 1383, particularly preferably in positions 628 to
900.

29. A nucleic acid encoding an amylolytic protein,
whose sequence 1is at least 85% identical to the

30 nucleotide sequence indicated in SEQ ID NO. 7,
preferably in positions 88 to 1374, particularly
preferably in positions 598 to 888.

30. A nucleic acid encoding an amylolytic protein,

35 whose sequence 1is at least 90% identical to the
nucleotide sequence indicated in SEQ ID NO. 7,
preferably in positions 88 to 1374, @particularly
preferably in positions 598 to 888.
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35. A natural organism which comprises nucleic acids
encoding any of the proteins or protein fragments as
defined in the sequence listing under SEQ ID NO. 263,
preferably under SEQ ID NO. 34 to 262, particularly
25 preferably under SEQ ID NO. 2, 4, 6 or 8.

36. The organism as claimed in claim 35, characterized
in that it is a microorganism, preferably a bacterium,
particularly preferably a Gram-positive bacterium.

30
37. The organism as claimed in claim 36, characterized
in that the Gram-positive bacterium is any of the order
of Actinomycetales, in particular any of the genus
Streptomyces.

35

38. The organism as claimed in claim 37, characterized
in that the members of the genus Streptomyces are
Streptomyces sp. 327* or Streptomyces sp. B400B, in
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48? The method as claimed in any of claims 39 to 41,
characterized in that peptides which are assayed for a
contribution to an amylolytic activity, preferably for
25 an amylolytic activity exerted completely by said
peptides, are derived from the genes or gene fragments
obtained.

43. The method as claimed in any of claims 39 to 42,
30 characterized in that the 3’ region of at least one PCR
primer is highly variable and/or the 5’ region of at
least one PCR primer is highly homologous to a region

of a known amylase.

35 44. The method as claimed in any of claims 39 to 43,
characterized in that the 5’ region of at least one PCR
primer is derived from a sequence region corresponding
to a conserved amylase domain, preferably of a region
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45. The method as claimed in any of claims 39 to 44,
characterized in that one PCR primer, preferably two
PCR primers, which can be derived from any of the amino
10 acid sequences of a protein or fragment as claimed in
any of claims 1 to 20, are used.

46. The method as claimed in any of claims 39 to 45,
characterized in that one, preferably two, PCR
15 primer(s) resulting directly from any of the nucleotide
sequences as claimed in any of claims 21 to 34 are

used.

47. The method as claimed in any of claims 39 to 46,

20 characterized in that at least one primer comprises any
of the sequences indicated 1in the sequence listing
under SEQ ID NO. 9 to 33, in particular any of the
sequences indicated in sequence 1listing under SEQ ID
NO. 9 to 12.

25
48. The method as claimed in claim 47, characterized
in that the primers are used in the combination of SEQ
ID NO. 9 with SEQ ID NO. 10 or of SEQ ID NO. 11 with
SEQ ID NO. 12.

30

49. The method as claimed in any of claims 39 to 48,
characterized in that the template DNA used is isolated
nucleic acids of organisms, cell cultures, isolates or
cultured individual strains, or is isolated nucleic
35 acids of a sum of organisms, cell cultures, isolates,

cultured individual strains or isolated nucleic acids.
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53. The method as claimed in any of claims 39 to 52,
characterized in that the genes or gene fragments
obtained are introduced into an expression gene bank
20 which is then assayed for amylolytic proteins or
fragments of amylolytic  proteins, preferably by
hybridization of nucleic acids, by an immunochemical

method or via an activity assay.

25 54. The method as claimed in any of claims 39 to 53,
characterized in that the isolated DNA is introduced
into an expression vector which provides
transcriptional and translational control elements and
optionally one or more fragments of an amylase gene,

30 overall resulting, in the positive case, in amylase

activity.

55. The method as claimed in any of claims 39 to 54,
characterized in that the activity assay comprises the

35 following steps:
(a) screening a gene bank, preferably one with
complete genes, with the aid of the PCR fragment

obtained or a probe derived therefrom,
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which is carried out or repeated on so many different

PCR templates that at least two different amino acid
20 sequences having a common consensus sequence are
obtained, in particular via individual domains, partial
activities, structural elements or complete genes

and/or proteins.

25 59. The method as claimed in claim 58, characterized
in that a consensus sequence with sequence identities
of at least two sequences contained therein of at least
30%, preferably at least 40%, particularly preferably
at least 50%, is obtained.

30
60. The use of a protein or derivative as claimed in
any of claims 1 to 20 for identifying an amylolytic
protein, preferably in a method as claimed in any of
claims 39 to 59.

35

61. The use of a nucleic acid as claimed in any of

claims 21 to 34 for identifying and/or obtaining a new
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recombination method, in particular with utilization of
highly homologous regions of the amino acid sequences,
joint restriction cleavage sites of the nucleic acids

or via PCR-based fusion.

25
66. A vector comprising a nucleic acid regions as
defined in claims 21 to 34.
67. The cloning vector as claimed in claim 66.

30

68. The expression vector as claimed in claim 66.

69. A host cell which expresses or can be induced to
express any of the proteins or the derivatives as
35 defined in claims 1 to 20, preferably by using an

expression vector as claimed in claim 68.
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71. The host cell as claimed in claim 70,

characterized in that it is a Gram-positive bacterium.

72. The host cell as claimed in claim 71,

10 characterized in that it belongs to the genus Bacillus,
preferably to the species Bacillus licheniformis,
Bacillus amyloliquefaciens, Bacillus subtilis or
Bacillus alcalophilus.

15 73. The host cell as claimed in claim 71,
characterized in that it ©belongs to the order
Actinomycetales, in particular to the genus
Streptomyces, preferably to the species Streptomyces
lividans, particularly preferably S. lividans TK24, or

20 to the species Streptomyces sp. 327* and Streptomyces
sp. B400B, in particular to either of the two strains
DSM 13990 and DSM 13991.

74. The host cell as claimed in claim 70,

25 characterized in that it is a Gram-negative bacterium.

75. The host cell as claimed in claim 74,
characterized in that it Dbelongs to the genus
Escherichia, preferably to the species Escherichia

30 coli, particularly preferably to any of the strains
E. coli JM 109, E. coli DH100B and E. coli DH 12S.

76. The host cell as claimed in claim 69,
characterized in that it 1is a eukaryotic cell, in
35 particular one which posttranslationally modifies the

protein produced.
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77. A method for preparing a protein or derivative as
claimed in any of claims 1 to 20 by using a nucleic
acid as claimed in any of claims 21 to 34 and/or using
a vector as claimed in any of claims 66 to 68 and/or
using a host cell as claimed in any of claims 69 to 76
or using a cell which naturally produces said protein
or derivative, in particular a cell as claimed in any
of claims 35 to 38.

78. A detergent or cleaning agent, characterized in
that it comprises a protein or derivative as claimed in
any of claims 1 to 20.

79. The use of a protein or derivative as claimed in
any of claims 1 to 20 for the treatment of raw
materials or intermediates in the manufacture of

textiles, in particular for desizing cotton.

80. A process for starch liguefaction, in particular
for producing ethanol, characterized in that a protein
or derivative as claimed in any of claims 1 to 20 is
used.

81. The use of a protein or derivative as claimed in
any of claims 1 to 20 for preparing linear and/or
short-chain oligosaccharides.

82. The use of a protein or derivative as claimed in
any of claims 1 to 20 for hydrolyzing cyclodextrins.

83. The use of a protein or derivative as claimed in
any of claims 1 to 20 for releasing low-molecular
weight compounds from polysaccharide supports or

cyclodextrins.

84. The use of a protein or derivative as claimed in
any of claims 1 to 20 for preparing food and/or food

ingredients.
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85. The use of a protein or derivative as claimed in
any of claims 1 to 20 for preparing animal feed and/or

animal feed ingredients.

86. The use of a protein or derivative as claimed in
any of claims 1 to 20 for dissolving starch-containing
adhesive bonds.

87. A temporary bonding process, characterized in that
a protein or derivative as claimed in any of claims 1
to 20 is used.



