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CGTase, while glycosylsucrose production utiizes the saccharide transfer reaction from starch to
sucrose which is effected by subjecting a solution of liquefied starch and sucrose to the action
of CGTase.

There is an expanding demand for cyclodextins for use as @ hose to form a stable inclusion
30 complex with an organic compound which is volatile or susceptive to oxidation. There is also an 30
increasing demand for glycosylsucrose as a mildly-sweet low-cariogenic sweetener. This sweet-
ener is sold by Hayashibara Co., Ltd., Okayama, Japan, under the Registerad Trademark of
“Coupling Sugar'’.
In order to meet these demands, there is an urgent need to provide a stationary CGTase
35 supply. This requires determination of the amino acid sequence of the polypeptide that pos- 35
sesses CGTase activity.
The amino acid sequence of CGTase has not been known hitherto.

o * The Applicants have performed investigations to determine the amino acid sequence of the .
~ polypeptide possessing CGTase activity and have found that the polypeptide comprises one or L
40 more partial amino acid sequences selected from 40

(a) Asn-Lys-lle-Asn-Asp-Gly-Tyr-Leu-Thr,
(b} Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu,
{c) Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-Arg-Phe,
{d) IIe-Tyr-Tyr-GIy-Thr-Glu—Gln-Tyr—Met-Thr—Gly-Asn-Gly-Asp-Pro-Asn—Asn-Arg, and
45 (e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly, 45
and more particularly, that these partial amino acids sequences (a), (b), (c), {d) and (e) are
located in'sequence of nearness to the N-terminal end of polypeptide.
The polypeptide is characterized by the fact that it forms cyclodextrin from soluble starch; that
it exhibits a molecular weight of 70,000+ 10,000 daltons on SDS-polyacrylamide electrophoresis;
50 and that it has a specific activity of 200+ 30 units/mg protein. 50
We have also found that polypeptides having CGTase activity derived from Bacillus stearother-
mophilus and Bacillus macerans have the amino acid sequences as shown in Tables 2—-1 and
5-1 respectively. Both amino acid sequences will be detailed more fully below.
In addition we have determined the amino acid sequences of the signal peptides which
B5 regulate secretion of the polypeptide from producer microorganisms. 139
in the present invention, the amino acid sequence of the polypeptide is determined by cloning
the polypeptide gene from a CGTase producer microorganism, and sequencing the polypeptide
gene.
By amino acid sequence containing N-terminal end is determined by analyzing a highly-purified
80 polypeptide with a gas phase protein sequencer. 60

Cloning of polypeptide gene
In the invention, a DNA fragment {obtained by separating DNA from a donor microorganism
capable of producing the polypeptide, and digesting the DNA, for example, with ultrasonic
65 means or restricion enzymes), and a vector fragment (obtained by cleaving a vector in the same 65
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M croorgani Sm Whéh & Sirtdranisg ot EnictﬁwEMla ol is used as the host, bacteriophages such as
-30 Agt.AC and Agt.AB may be used, whils p11, y1 and y105 are suitable when a microorganism of 30
species Bacillus subtitis is used as the host.

As regards plasmids, when a microorganism of species Escherichia coli is used as the host,
plasmids such as pBR322 and pBR325 are suitable, while pUB110, pTZ4 (pTP4) and pC194
may be used for a host microorganism of the specis Bacillus subtilis. Plasmids which autonomi-

36 cally proliferate in two or more different host microoganisms, for example, pHV 14, TRp7, YEp7 36
and pBS7, can be used as the vector. These vectors are cleaved with the same types of
restriction enxymes as used in DNA digestion to obtain a vector fragment
, DNA- and vector-fragments are ligated by conventional procedures using DNA ligase. For
el : example. DNA- and vector-fragments are first annealed, then subjected in vitro to the action. of a
40 suitable DNA ligase to obtain a recombinant DNA. If necessary such recombinant DNA can be 40
prepared by introducing the annealed fragments into the host microorganism to subject them to
in vivo DNA ligase.

The host microorganisms usabte in the invention are those in which reombinant DNA automati-

cally and consistently. proliferates to express its characteristics. Specifically, microorganisms
45 which are not capable of producing a-amylase (EC 3.2.1.1.) can be advantageously used because 456
the use of such microarganisms facilitates isolation. and purification of the secreted polypeptide.

The recombinant DNA can be introduced into. the host microorganism by conventional proce-
dures. For example, when the. host mlcroorganlsm belongs to the species Escherichia coli,

- introduction of recombinant DNA is effected in the presecne of calclum ions, while the compe-
50 tent cefl- and protoplast-methods are employed when host microorganisms of the genus Baciflus 50
are used.

The recombinant mlcroorgamsm in whlch recombinant DNA has. been introduced is selected by
collecting clones which grow on a plate culture containing starch to convert the starch into
cyclodextrin.

B5 We have found that the recombinant DNA carrying the polypeptlde gens cloned in this way 55
can be easily introduced, after isolation from the recombinant microorganism, jnto a different
: host microorganism. We have also found that a DNA fragment carrying the polypeptide gene,
obtained by digesting with restriction enzymes a recombinant DNA carrying the gene, can be
- @asily ligated with a vectsor fragment which has been obtained int the same manner.
80  Furthermmore, we have found that the polypeptide gene in the recombinant DNA obtained 60
according to the invention is cleaved by the restriction enzyme Pvull, purchased from Toyobo
Co., Ltd., Osaka, Japan, to lose its ability of expressing the polypeptldo gene because the
recombtnant DNA has.a Pvull rastnction cleawge site _ ,

65 -Sequence of the polypepude geng S R . . -
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analyzing a highly-purified 60 polypeptide with a gas phase protein
sequencer. 60 C oni ng of pol ypeptide
gene In the invention, a DNA fragment (obtained by separating DNA from a
donor m croorgani sm capabl e of producing the pol ypeptide, and di gestiiiig the
DNA, for exanple, with ultrasonic 65 neans or restricion enzynes), ant a
vect or3 fragment (obt ai ned by cl eavi ng a vector |n the sanﬁBMWZA 2 3

%bc?hgrgmj§mpl 25@%%%% Eria mﬁ%é'ﬂ“'*'g@'aa he pb gg%?el'de

Exanpl es This ssthod bartdirerthastep of dsll\gsrestrteiao Bobisért- eue!omsd(nwaﬂaﬁau Il us

macer anscangag the|pg a@maglg piaaroid spricds| HUGES. p"@hyrryxa and

ot 112 SERLATT ﬁm@i %m@iv o T R B n

20, 373/ 72,The] eaamﬂm SRinidie Iﬁfbbarwﬁorﬁ&elp?&ks?ﬁad réchibaktahiaBérgdiinai  No.
88, 290/ 75 Thiavistaibdeirrecolibinate psiasniid dharnerted xbgekliec wishh a eyntigic piifiidr, and Hie, pp. 271- 282

(1977)10 Kenosninomanttis ther plswied amact ion thermivikiteah epysid,the pimetcaspvelichg 39 i t YI0has

oo eV MUl ookl St o B SRR Rl 3R
donor wHith the polypeptide gene sequence can b

m croor gan'heag-eaﬁbpha Whichreguboslgcretibntof| rherpglyb&wddmther&m&aha:'egaam sm for
exanpl 1, qw\@eldllaﬂielsqmdlamtture medi um for about 1-3 days under =~ 15

aeratlon tatlon condi tions entrlfugally coIIectlngthe mcroorganlsnu
fromt he g g aci a‘f 7&#@” &rlggm%éﬁ;bm géwg{“ eriolytic
procedurFayp%mecggﬁ@ y I st ‘treatnent -using l'ysozyne.-or |[err]-gl ucanase
15 andztu tThaemho acid seqaementthe signal peptide is determmed in the same manner.

15 O her enzy such r ot ease,. and surface ‘active agents, such as

i R AT AT o i,

25 purified by ammonium sulfate fractlonation. ion exchange chromatography and hrgh-performance 25
fiquid chromatography to obtain a hlgh-punty pelypeptlde specimen. The specimen is then
degraded usirig a gas phase- protein sequencer in accordance with the method described in
Journal of Biological Chemistry, Vol. 256, pp. 7990-7997 (1981), and fixed with high-perform-
ance liquid chromatograpy. followed by determlneuon of the partral amme acid sequenee contain-
30 ing N-terminal end. o _ _ 30

Preparat:on of the polypeptide w:th recombination microorganism
We have found that a large amount of the polypeptide can be eenslstently produced by
- culturing a recombinant mlcroorgamsm with a nutrient culture medium.

35 To the hutrient cuiture medium. is incorporated, for example, a carbon source, a nrtrogen - 35
source, minerals, and if necessary, small ‘amounts of orgamc nutﬂents 'such as amino aclds and
vitamins.

. Starch, partlal starch hydrolsate, and saccharides such as glucose, fructose and sucrose are o
suitable as the carbon -source. Examples of suitable sources of nitrogen are inorganic nitrogen Nt

40 ‘sources such as ammonia gas, ammonia water, ammonium salts arid nitrates; and organic - 40
nitrogen sources such as peptone. yeast extract, and defatted soy—bean com steep hquor and
meat extracts. .

. The reeombinatnt microorganism ‘is cultured with a nutrient culture medium fer about:1-4 days
under aearation-agitation conditions to accumulate the polypeptide whtle keepmg the culture _

45 medium, for example, at- pH 4~10 and 25-65°C. 45

~ Although the polypeptide in the culture may: be used intact, generally. the culture is separated
into a polypepﬂde solution and-célls by conventional procedures such as filtration and centrifuga-
tion, prior to its use. Thus, for example, the cells are first treated with ultrasonic waves, surface
~ active agents and/or eytohydrolyst, flltered and centnfuged 1o separate - solution containing the
50 polypeptide. 60
The solution contaimng the polypeptide thus obtamed is punfued for example, by a combina-~
tion of concentration in vacuo, concentration using a membrane filter, salting-out using ammon-
ium sulfate or sodium suifate, fractronal sedimentation ‘using methanol, ethanol or acetone, to
obtain a hrghly-punﬁed polypeptrde speelmen whrch is advantageously usable as mdustnal poly-
55 peptide material. 55
To- further improve -the qualrty of the polypeptlde, pnor to its use, the amfno acld sequence of
- the polypeptide may be partially substituted, removed, added or modifred in sueh a manner that
the polypeptide does not lose its CGTase activity. :
One unit of CGTase activity is defined as the amount of polypeptide that damimshes -com-;

60 pletely the iodine-coloration of 15 mg soluble starch at 40°C over ‘a ‘period of 10 minutes under 60

the following reaction conditions: To & ml of 0.3 w/w % soluble starch solution containing 0.02
. M acetate buffer (pH 5.5) and- 23X10-%M calcium chloridé is added 0.2 ml of a diluted enzyme

solution, and the mixture is incubated at 40°C for 10 minutes. Thereafter, 0.5 ml of the reaction

mixture is sampled and added with 15 m! of 0.02 N aqueous sulfuric acid solution to: suspend

65 the enzymatic reaction. The reaction mixture is then added with 0.2 mk of 0.1 N 1Kl solution to 65
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and centrifugation are combined. Although DNA |igation can be effected by
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restriction enzynes, it is desirable to use restriction enzynes, In
partrcular4 t hose acting specifically on a prescribed nucIeotrﬁBZSQHE@Ace 4
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subtitis is uleerd 1a8, Hiﬁashihodbmeﬁ\ﬁatabergmhdﬂ'sukhhmuh,deeramknnJapam cr oor gani sm of
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pBR325 are 9 ﬁz %;;\%L”@ ®a for'®
a host m croor h e %ﬁr&%@d @Frbfdrdbﬁlarﬁ .u"r1 far, the

autononi - 35 p rfag;mno fcie baniied mmpdwpepﬂaa gBRa! dRrivtid us QéarothenfiéphM@ANi SNE,
for exanple, BshoWiRghig, restfieion mays6f la ﬂNﬂchAlﬂﬂa inupagtitulars thahef theDNAr |
These vect o‘r‘s ety °§\n"1°tP°lVH'!P" % % r'I”lin a' nxynes as 18
used in DNA d ‘ﬂ"'é‘alp ‘

veéetor - fragment-me gen 1"q;% % Yiy "Q,ﬁ,susr ng sIf)NA ligase

For exanpl e, DNA- and vector-fragrrents are fr rst anneal ed, then subj ect ed
in vitro t 2 Ewmmletion of a 40 sujtable DNA Ir%;mse to thar n a recomnbi nark0
DNA. | f necesgﬁf"ﬂigg{ﬁﬁ’”‘!’eﬁﬁmw {32 94 by introducing
t he anneal ed oﬁ into the host mcroorganismto subject themto in

vivo DNA i gampara’m Orbm&boRb DN RISy Reat@siithri-pbljpeptide dehe/ 6 Bacitis stdafotfiehOS e

I n whi ch r 2Brimopiilae DNA aut omati - cally and consi stentl roli ferates to 25
express its ché?‘ae'ﬂ'e% somp DNA qapying heatrgsl t;Pﬁ'WﬁP %ﬁ’w lsnot
capabl e of _pr g R ST “E‘}"‘?."é"?“;b‘ 3 ﬂé’@éﬁ’ !’%&?ﬁﬂ. ;ﬁﬁgd
because 45 FERM-P No. 2226 was cultured with brain heart infusion medium at 50°C ‘overnight under

. 30 vigorous shaking conditions. The cell, centrifugally collected from the culture, was suspended - 30

‘with TES buffer {(pH 8.0) containing Tris-aminomethane, hydrochloric acid, EDTA and sodium
chloride, added with 2 mg/ml of lysozyme, and incubated at 37°C for 30 minutes. The incu-
bated mixture was freezed, allowed to stand at —20°C ovemight, added with TSS buffer (pH
9.0) containing Trisaminomethane, hydrochloric acid, sodium lauryl sulfate and sodium chioride,
35 heated to 60°C, added with a mixture of TES buffer (pH 7.5) and phenol (1:4 by volume), : 35
cooled in ice-chilled water, and centrifuged to obtain a supernatant, To the supernatant was
" added two volumes of cold ethanal to recover a crude chromosome DNA which was then
_ dissolved in SSC buffer (pH 7.1) containing sodium chloride and trisodium citrate, thereafter, the
L~ mixture was subjected to both “RNase A’’, a ribonuclease commerialized by Sigma Chemical
' 40 Co., MU, USA, and “Pronase E'*, a protease commercialized by Kaken Pharmaceutical Co., Ltd.,, 40
Tokyo, Japan, added with a fresh preparation of TES buffer and pheno! mixture, cooled, centri-
fuged, and added with two volumes of cold ethanol to recover a purified chromosome DNA. The
chromosome DNA was dissoved in a buffer (pH 7 5) contammg Tns-emmomethane, hydrochlonc
acid and EDTA, and stored at —20°C.
45 ' 45
Example 1-{2} - .
Preparation of plasmid pBR322
. Plasmid pBR322 (ATCC 87013) was isolated from Eschen‘chra colr in accordance wnh the
method described by J Meyer et al. in Journal of Bacmnology, Vol. 127, pp. 1524—1537
50 (1978). 80

Example 1-{3)
Preparation of recombinant DNA carrylng polypeptide gene "
The purified chrothosome DNA carrying heet-reststant—polypeptide gene, prepared in Example

55 1-(1}, was partially digested with restriction enzyme Mbol, purchased from Nippon Gene Co., b5
Lid., Toyarta, Japan, to give a DNA fragment of 1-20 kbp. Separately, the pBR322 specimen,
prapared in Example 1-{2), was completely cleaved with restriction enzyme BamHI, purchased
from Nippon Gene Co., Ltd., and the cleaved product was subjected to Escherichia coli alkali
phosphatase, purchased from Takara Shuzo Co., Ltd., Kyoto, Japan, to prevent self-ligation of

60 the plasmid fragment as well as to dephosphonze the 6-terminal end of the fragment. 60
- Both fragments were then ligated by subjecting them to T, DNA higase, purchased from
Nlppon Gene Co Ltd at 4°c overmght to’ obtam a recombinant DNA '

65 Introduction ofrecombmant DNA into Eschenchm cofi -~ S . : 65



the use of such microorgani sms faC| litates isolation and pur|f| cation of
the secreted pol ypeptide. The reconbi nant DNA can be introduced into the
host m croorgani sm by conventional proce- dures. For exanple, when the

host m croorgani sm bel ongs to the species Escherichia coli, introduction of
reconbi nant DNA is effected in the presecne of calciumions, while thgl
conpe-_ 50 tent cell- and protoplast-nmethods are enpl oyed Wnen host
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Fur t hel%esl nd t th de e in the econbl ndft DNA
obt ai nedm, ;%ia %@@ 5‘5 in | on
enzyme Py hadaehh m se its

abi | i ty5 ond Inxfnm Dlmlneva e:kt frord aheQeroliferined mmmemulnzm byemerdlusmlant DNA has
tlo| i ac| t 1Y; e
25PVU| 13 ﬂg?%riaé,age sites, ant?}?io?n%%téely gtse%ttued %gthgr;estﬂctmn eE:zyanq: Ec% mgg fpﬁ@-geﬂé o
on Gene e _digeste uct was subjected to T DNA as in
GB216990 Rbena 1nesy o iﬁan LNt P T T roF Lt oy |- Bend o
chai n-t ehiginimbdbrdanck Wil thaSn crn"e,lae ple 110{4§>aTh erecMﬁllunan m.eﬁﬁrgaaéaca%eal%a :
Thi s n2Q heetombinang PNA of la celativély) sidll-sizg ithet) caniss tpolypspii dmgemz rres t o i nsert 29

cl oned DNA"F l"%[@l‘ﬂ“ g%%ﬂg%;gﬁ% yggptli n site
of a Su' g@a hin ‘f"‘ec mﬁéﬂ%&e a smd is
|ntroducegl,. yp.,ty[, gu,,gatl nlntoa |ta'?1 C|a €O
' 25 One of these microorganisms and its recombmant DNA were named as "Escherichla call o
TCH201 (FERM P-7924) and *’pTCH201".-
The restriction map of recombinant DNA pTCH201 in partlcular. that of the DNA fragment
derived from Bacillus stearothermophilus mlcroorgamsm was as shown in Flg 1. :
Fig. 1 clearly shows that this recombinant DNA is cleaved by either restriction enzyme Pvull
30 purchased from Toyobo Co., Ltd., Kpn!, Hindlll purchased from Nippon Gene Co., Ltd., ar Xbal 30
purchased from Takara Shuzo Co., Ltd, but not by EcoRl, BamHi, Pstl Xhol, Bglll or Accl all
purchased from Nlppon Gene. Co Ltd

_ Example 2 : _
35 Cloning of polypeptide gene of Bacillus stearothermophilus into Bacfllus subtilis o . 35
Example 2-(1) . .
Preparation of recombinant DNA pTCHZOl .
- Recombinant DNA pTCH201 was isolated. from Eschenchia coll TCH201 (FEFlM P-7924) in o
accordance with the method in Example 1—(2) : 40 St
40 L : g :
-ExampleZ—(Zl.- ' : : C : ' o
Preparation of plasmid pUBl 10 -
Plasmid pUB110 (ATCC 37015) was isolated from Bacﬂlus subtllis in accordance wuth the
methad described by Gryczan et al. in Journal of Bacteriology, Vol. 134, pp. 318-329 (1978).
. 48 : ; 45
Example 2-{3) ' S
Preparation of recombinant DNA carrymg polypeptide gene .
- The recombinant. DNA pTCH201 carrying heat-resistant-polypsptide gene, prepared in. Example
0 2~{1}), was completely digested by subjectlng it simultaneously to restrlctlon enzymes EcoRI and
850 Xbal. 50
Seperately, the plasmid pUB1 10 specimen, prepared in Example 2-(2), was completelv cleaved
by subjecting it to restriction enxymes EcoRf and Xbal in the same manner.
The resultant fragments were subjected to T, DNA ligase snmllarly as in Exemple 1—(3) to
: obtaln a reeombmant DNA. ;
. Example 2-{4) . o : e
Introdugtion of recambmant ‘DNA into Baclllus subtills
-In this Example. Bacillus subtilis 715A,. a strain incapable of producmg amylase. was used as
the host. The microorganism was cultured with brain heart infusion medium. at 28°C for 5 hours,
60 and the cell, centrifugally collected from the culture, was then prepared into protoplast suspen-- 60
sion in accordance with the method described by Schaeffer et al. in Preceedmg of the Natlonal
" Academy of Sciences of the USA, Vol. 73, pp. 2161-21565 (1976) o
To the suspension was added the recombinant DNA, prepared in Example 2—(3), lnd the
mixture was then treated in accordance with the method described by Sekiguchi et al. in
65 Agricultural and Biological Chemistry, Vol. 48, pp. 16171621 (1982) to effect transformation, 65



strain such as Escherichia coli JMB3, followed by selection of the

reconbi nant m croorgani smthat contains the plasm d. The reconbi nant
plasmd is prepared fromthe proliferated reconbi nant m croorgani sm The
obt ai ned reconbi nant plasmd is anneal ed together with a synthetic priner,
and the. 10 Kl enow fragnment Is then allowed to act on the mxture to extend
the prT as well as to form 10 the conplenmentary DNA. Thereafter, the

m xture i 59 subj ect ed sequenti-ally to pol yacryl ami de- el ect roph@Pééﬁ%“&ﬂd 8
aut or adi - oygraphy—fTomrwh th—te potypept e geme SEqUETTE calr 0e

det er mi ned. & aSinditP! mddRi dolfainiiG 'zeb,ﬁ /2 ot RinGimycinCdnt % | g mP&t stdelh and
pol ypepti de intubatell BE28%€ for T2cHdukao S6tm coloniggienced in the sane manner. 15
Ami no ai d seqtfencihagefcolohies, pesom B?Frl’ nﬂbmoiﬂaeisrarh thcfatbe daceaqmnbﬁAMﬂs@ﬁt-

oo giced e g
?ﬁ'eygﬁp-ﬁédicm%%?}g Hspep T g e

manner. rH?r&Gﬂn ﬁ?ﬁﬂﬂi ROfariRBisH theCorGRY DA g?ﬁbn
N-t er mi nal eﬂd'ivédfmhmpkb emﬂml&sfmmoergaﬁsfngawsanﬁﬁwrgemszmgzl dlaady i S

cul tured wi t hhoswsthet thiserecorohinaptPNA hycvithar sestristion eneymeoPyslh ipnk t dfindifih
super nat ant0, bt Py Feaffa eyl B’F’ar"ﬂ‘éd’#'i' &ﬁ?’?ﬁé‘bi'ul ture, is 25 purified by
anmoni um sul i 4 actionation, ion exchange chromatography and ~ -

hi gh- per f or rmma amm3 Qeit Lsaumtecbh B&YIRS SegdrexhdtinopHiiusOpbiyPbpiida. cotitfing W-terrhinal ped
ypepti de SFECIﬁEn The specinen - is.then degraded using a gas phase protein

sequencer 1;)ce V\n[g% the method described in Journal of Biologi cal®
tOP

em str 5’9‘”
ance | qui dvqf{fﬁ 1 Eﬁﬁﬁ.ﬂpx &%&?&%@'&iﬁg‘&ﬁ@ Eheobm ﬁ‘é’i%ﬁ*’

aci d sequenc guitufe)ivas Baitecd oﬁli:ﬁil siiphaté tlobtain a polypeptide fraction which was then
30 Prepar a0 owified by belumro wiingH ‘DEAE.CTavppeat 5591 ah eni mges [$PIPBerh g\, 20

° T “‘tf??é" Lt Fing u
Lsuzs.znfrng &ﬁ@“ M&%mﬁ%ﬂ T gouced

To the nutri &rgy BléBHrophorddi OF B6rakrRsl with ere .ﬁetmmeecnbau BEK.bWBber
source,..a 28 tandieOsboltbin sbumﬂ ©f Biologieal GhemistunViol. 244, nme@@&ﬂwﬁsb thal dolvmdmt s25

oweagemejecu 78800 ,00 daltons.

: Example 3-{2) . S .
30 Partial amino acid sequence of polypepﬂde containing N-terminal end _ 30
A polypeptlde speclmen, prepared by the method in Example 3-(1), was fed to “Model
470A", a gasphase protein sequencer, a product of Applied Biosystems Inc., CA, USA, and
then analyzed with high-performance liquid chromatography to determine the parual amino acid
. 'sequence containing N-terminal end. )
35 The panial smino acid sequence was Ala-Gly-Asn-Leu-Asn—Lys-Val-Asn-Phe-Thr L 35

Example 4
Sequence of polypept:de gene derived from Bacillus stearothennophllus and amino acld sequence
(N of polypeptids
40 Example 4-(1) 40
. Preparation of plasmid pUC18
Plasmid pUC18 was prepared in accordance with the method of Example 1-{2) from Escheri-
chia coli JM83 {ATCC 35607) in which the plasmid has been introduced.

45 Example 4-(2) 45
Preparation of recombinant DNA carrying polypeptide gene
The recombinant DNA was prepared by the method in Example 1-—(3)
A fragment, obtained by digesting a fragment carrying polypeptide gene, prepared by the
method in Example 2—(3), with restriction enzymes, and a plasmid fragment, obtained by cleav-

50 ing a pUC18 specimen, prepared by the method in Example 4-{1), in the same manner, were 50
T subjected to T, DNA ligase to obtain a recombinant DNA.
Example 4-{3} '
Introduction of recombinant DNA into Escherichia coli :
55 In this example, Escherichia coli JMIB3 was used as the host. 55

The recombinant DNA was._ introduced into the mlcroorgemsm in accordance with the mathod
in Example 1-(4) to transform the microorganism. :
The recombinant microorganisms were inoculated to a culture medium containing 5-bromo-4-
- chloro-3-indoyl- p-galactosxde (Xgal), and the mlcroorganism forming colorless plaque was se- 6o
60 lected. . ]

Exemple 4—(4)
Preparatian of recombinant DNA from recombinant micraorganism
The recombinant microorganism was cultured on L-broth containing 50 ug/ml of ampicillin and
65 the obtained cell was then treated with the alkaline mini-preparation method to obtain a recombi- 65



vitam ns. Starch, partial starch hydrol sate, and saccharr des such as

gl ucose, fructose and sucrose are suitable as the carbon -source.’ Exanpl es
of suitable sources of nitrogen are inorganic nitrogen 40 sources such as
amoni a gas, ammonia water, amoniumsalts &and nitrates; and organic

40 nitrogen sources such as peptone, yeast extract, and defatted soy- bé N,
corn steep Irquor and neat extracts. The reconbi nat nt mcroorganismis-
culturedviith a'nutrient culture mediumfor about 1-4 dayngQqI@gQOZA

aear at i -er—ag-t-at-or—ecendi-t+ons—to—accumul ate the polypeptide while kEEQI ng
the culture % medi um for exanple, at pH 4-10 and [err]

' 45 A 54 gﬁ t he pol ypeptrde in the culture may ‘be used- intact,

gener al | y Exdniple £4@)t ure -i's separated into a polypeptide sol ution and -ceI | s
by conventsbmade gb revarekinaneBNAuUch -as filtration and centrifuga- tion, prior
toits use. Therrﬂﬁsmbwr DMaﬁpF%quemh\c@bldsieme:héin tegrtinatérrmambioad Wi t h ul t r asoni c

T T ST

to separa nmer (i wards the 3
50 The sorﬁumws-@aamwrm RmBf rymnt fﬁ‘sd for

exanpl e10 b§dea ag @xrgssiva-ambird vf GNTR; el tha imb@ire s reactbtaﬁm°c fwaoermuieal Ion usi ng
a menbr an "?‘1"?°'c 'é’raddﬁﬂl g BEW“LFS’IU!E' ofreive mixtire to sugpefidithe reactisodhaim sul f at e,

fractiona plectraphorased on, %&E 'detQ?' #btain a
hi ghl y- pu%.'i o Tl rsgél;'@ e Tt o ?? e
| ndust rigl The ldyh'vdl’éﬁd laélpﬁdsdﬁbnrmfo@ﬂ%blﬁhf and the polypeptide gene was determined by 15

a"3|v2'56ﬂ1¥cbasefh9n¢srmth¢ mmranhe qual i ty of ‘the polypeptide, prior .

toits use eptide nay be partiall
substi t ut g %\E &ﬁg’ nly f’psﬁﬁﬂ“ f tgﬂg ﬂ'ﬁgﬁgﬁ'dg’f Hﬁrﬂ?@P‘;’PE'FPaSeE‘F Mes ’

pol ypepzo da-hdeggatsrmre grawhti,sngﬁTaae activity. One unit of CGrlase acti Bity
I s defined as the anount of pol ypeptide that dimnishes com 60 plet 2I

t he i odi ngxﬁ"@g"(ﬂﬁéﬁh on of h sol uble starch at [ert] over a perr od of
10 m nute reaction ditions :- of 0.3
W W % Sgy wﬁﬁm?g 93;., s ‘Q‘g it %e“'q;'ﬁg;;ri* farpnce do B'ﬁfsf‘r‘é‘ra“"fﬁﬂ 5.5 and

2 X [err] Cab eminmacidnlsmerdeof ﬁe&(ﬂﬁkﬂédepﬁdgwaé ‘détérmined]inl té SbhetaMdBariGhdlt | ON,
and t he rrf%@'ﬁr‘%ef#ss‘f‘hwnlm'f@b 2. 40C for 10 mnutes. Thereafter, 0.5 nl of

the reacti,df Pegﬂ?ﬁe‘?f"wdtff?mlw—‘ms W@hmomllaqla&aous
sul furigy aci mooﬂcﬁrﬁe%uemie zrg]%‘”“ 'H?g 30
Example 5 ' '

Preparation of polypeptrde wrth recombmant mrcraorgamsm ' o
Polypeptides were prepared with recombinant mloroorgamsms "Escherichia coli TCH201 (FERM
P-7924) and Bacillus subtilis TCU211 (FERM P-7927) both in which recombinant DNA carrying
35 heat-resistant-polypeptide gene derived from Bacillus stearothermophilus had been introduced. 35
The polypeptlde productivities of these recombinant microorganisms were compared with
those of host microorganism and donor Bacillus stearothermophilus microorganism in relation to
their CGTase activity. IR \J



65 the enzymatic reaction. The reaction. mxture is then added Wth 0.2 m

of 0.1 NJerr] solution to 65 4

GB2169902A 4 effect coloration, and determ ned for the absorbance at

a wavel ength of 660 nm Depositioin of recomnbi nat m crcoor gani sns
Reconbl@nt m croor gani sns Eschei chia coil TCH201, Escherichia coil MAH2,
Bacillus subtilis 5 MAU210, and Bacillus subtills TCU21 | referred to in
this speC| f Bation were deposited as from 5 Novenber 2, 1984 ur‘m1mbezA 8
accession n

Ferment ati on Research Institute, Agenc of Industrial Science and Techno-
logy, 1-3, Higashi 1 chon\g*‘v/a%errﬁ:@ =2 I@@ raﬁ!_k@,_,\]apan

In the acconpanying draw ngig - 1§ """I:‘?I!i’guf° E" ¢ e estrgctPn map of
reconbi nant DNA pTCH201 | artgc theg 10 . fgagrrggt whi ch
carries the pol ypeptide gen der-nved ﬂ‘-rom aC| us- :-stear-ot h rmphnl us.
Figure 2 shows the restrict{son nilp ofgr ec@bi ngwt
particul ar, that of the DNN"fra nt" ®hi cl®car® es ‘Fhe Iypé‘Btldé‘gene
derived fromBacillus ste h&®op usS i E hofesgt es ctlon
map of reconbi nant DNA pMAF Hggaggc g £ B ESUDI\E$5§ goment
whi ch carries the pol ypepti geﬁe degi ve froﬁ Bacdl | usumacetansm

15 Figure 4 shows the rest@ctif@n ngg of Secofpi naﬁ DN pMER10E I
particul ar, that of the DNASfradgent $hicldcarl es ghe Bl yp@t i d€5 gene
deri ved from Bacillus nmacerms. @he prese®® inwentiton | sU| |1 tﬁratﬁ further

y the follow ng Exanpl esa@O npeel e«- 2V =t L
\*CI oning of Bacillus ste I u& olgy ph e %e 'IH'I’EO 3=
Escheri chiga coil Exanple 1g( 1) ep ati : DN@carr{’y I ng
heat -resi stent - pol ypapti de gene il 5 mdghi | .
25 The chronopsone carrygng h’gat-r si st;gnt gol ngpt i og gerg of fBaci | I us
st ear ot her nophi | us
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was prepared in accordance with the nethod described by Salto and M ura,

Bl ochi mi ca et Blophisica Acta, Vol. 72, pp. 619-629 (1963). A seed culture
of Bacillus stearothernophilus FERM P No. 2225 was cultured with brain
heart infusion nmediumat [err] overnight urder 30 vigorous shaking
conditions. The cell, centrifugally collected fromthe culture, was v
suspended 30 with TES buffer (pH 8.0) containing Tris-am nonet hane,
hydrocdd oric acid, EDTA and sodiumchloride, added with 2gag4édgo2h 9

| ysozyne - and incubated at [err] for 30 nminutes.. The incu--bated.nixture
was freezed, allowed to stand at [erg overn ht added with TSS buffer (pH

9.0) containing TrisBEnoBEhR& acﬁ(ﬁ KVBRuBRuryl sulfate

and sodi um chl ori de, 8§ h® dea’ tRH EguRBBf TES buffer
(pH 7.5) and phenol (14 ?})Evol @ge) . <3?§o | ﬁ‘ I n?ce %n |1 4 wat er, and
centrifuged to obtain & su rrataat -_ t he su matant vvas adeed two vqurres

of cold ethanol to recgver { crlﬁe c® mﬁome%NA ich $ &hen dissol ved
in SSC buffer (pH 7.1% corfai niffig s&jl unchl d7i de <nd tsvasoGTum citrate,
thereafter, the nixt@E \A@"‘su_m&ctgﬁt 'WEO RI\ES@ A=<a$3)onucl ease
comeri al i zed by Si gRB{:Ch cat~ 0 "=P nage=E", a
prctease commercial i zew by akemPhal-mac e =& Tokyo

Japan, added with a frgsh rﬁeparﬁtl of= of: S a ffer"'and hen& m xture,

cool ed, centri- fuged,@and gddedgwi t {5 t woggvol yfes . cS coll et Emnol to

recover a purlﬂ ed chrgnosd®e DA TR chiFonosSme -BNA wes di §soved in a
buffer (pH 7.5) cont%g ng&'ng@magre@@e gydﬂ}ghlggc g_:d and EDTA, v

and stored at Berr] D B S DU S«

45 Exanpl e 1- (2] Prepabatio@ of &bl asﬁd p?ZﬁPI ashi T EBRI2E (ATCC 37013)
was isol ated f#pm Eschgr chig col inHccogdanc§ wi-t§ théd net kdd descri bed

by J. Meyer etghl. in p_'ourrgl of"BacBerl oﬁogy i"'VoI UlZ?‘-’pp 32524-1537 50
(1976) . 8 s b

G

50 Exanple 1-(3) Pr pepwal wofan.ecomm na-.nt- Dwucab olzpepti de gene
The purified cff orms&w'é Dﬁ%caﬁgl B DeBF BBt aéte-pgwegme gene,

prepared in Ex'a!TpIe 551- (1% patllaIBy digdest r"ﬁ:‘,}rlctlon
enzyne l\/bol pu chased‘f rorﬁNl pp@n cEhe

o1
ol

Tabhl
740 .-
800
8650

TTCGGACAAA AGCTTCGTCA AGTATEGO
o0

500
GACAACCATG ATATGGATCG GTTTA'QQE

AGCTTAGAGG ATGGGATTTA TCGA
- 620
680
520
1040

. 730 =
GAGATTGATA ACTATCGTCC TGT

550
- Glo _

CCTGTTATTG ATAGGTATTT AAA

. a70 - _

GGTATCCGTA TGGATGCGGT GAA

780 =

GTGEACGCGA ACAATCATTA crri%
850

_ ol - -

CAAATGATTC AAGATACGGC ATcAGéb
070

1030
GCACTTGCTG TATTATTGAC ATCCC



Ltd:, Toyarna, .Japan. to give a DNA fragnment of 1-20 kbp. Separately, the
pBR322 speci nen, prepared in Exanple 1:(2), was conpletely cleaved wth
restriction enzyne BanH . purchased from Ni ppon CGCene Co., Ltd., and the
cl €aved product was subjected to Escherichia coil alkali phosphatse,
purchasvd from Takara Shuzo Co., Ltd., Kyoto, Japan; to prevent
self-ligation of 60 the pl asmd fragrrent as well as to dephosphorize the
5'-term nall¥end . of t he fragnent 60 Both fragnents Were t hen sagmmzay 10
subj ecti ng =t-fre H -

at [err] overnlght to.obt | a Leco a Ex o 1 ( 65-
| nt roducti on of reconbi na%%wéﬁtc?g %ﬂu\éﬁ 3? ee}_ %5 E:

65 GB2169902A &i £&)| = gB1BEE 22&94@5 a%Erain
i ncapabl e of producing ar nylﬁ s Bed & HE hoﬁ B m B oorani sm
Was cultured with L-broth ag[er fof 4 hgurs, and g he @II,‘-\:ent@fugally
goIGI ected fromthe culture, gwas gspegjed Wth 10 ac#t at e uff§r (pH

) containing 50 5 mM nanganese_chl ori de, centrifugally col|ect agai n,
resuspended with 10 M acB R e SE B sIFHES) _Sgtgé nE 53
manganese chloride, addd @& tB& r & FrbIBnt ZimA Bzp I & ﬁ]ﬁﬁﬁl e
1-(3), and allowed to standfrn aglceghll d gter Bpathg or m Gut es.
The mi xture was then warnedi@o 3 aﬁjed ith -br(gh reatf on gbroth
agar plate medi um cont ai ni ngg 50 r] wof a®pi Cidkl | m-and rrg/ . star ch, and
I ncubated at [err] &jr 24 hours f ofm 10®col dfi es = ©

10 The col ony which“flad dégidgY &8 a2l i BB cﬁ(ﬁo@@r&ﬂmaggel ect ed
by=t he i odi ne- col of4ti on: ®h(mgﬂﬁ 5y nﬁczooz niSE i B ghi &St he
reconbi nant DNA car r3fi ng polg/pepg de %ne ad tgen 5 tro ced‘.\/vasngel ected.
The reconbi nant m cryor gani sen wag=t he® pr oDi f ereat Ed,i- andy he #&econ®i nant
DNA was extracted frgm t he ﬁollt}eratﬁi m"é'roor anlﬁnbyﬁhe nSSd 15

C
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preparation nethod igf Exanmp® 1¥2), SubjScted®to FestMcti en ynes to
i i @- = S 0oL S S S o< DE ©
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}foo
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| 1280
TTTGGCAAAG ATGTTGTGTT AGTTCGGGT
1240
{400
{460
GGGGAAGTCG GTGTATGGGC ATACAGTGC
1520
1580

‘1160
AATACGGGCA CTGTGAAGTT CGGAACGACA o8

toso
TACATGACCG GTAACGGCGA TCCAAA

ti50
ACTCGCGCGT ATCAAGTGAT TCAAAAACT
{270
1390 ‘
GACGGAAATA CAATTCAAGT CGGTTCAAA
1450
1slo
GGACCGATGA TGGGGCAAGT CGG'I'CATCM gGPA
1570

1330 |
ACTGGCTTAT TTACAGCTTT ACCAGCAGG

1210 :
GCTTATGGTG ATACGGAACA GCGTTGGAT




tion cleavage sites, and conpletely digested with restrlctlon enzynme EcoRf .,
purchased from Ni ppon Gene Co., Ltd. The digested product was subjected to
T4 DNA ligase simlarly as In Exanple 1-(3) to obtain a reconbi nant DNA,
foll oned by sel ection of reconbinant m croorga- nismin accordance wth the -
met hod in Exanple 1-(4). The reconbi nant nicroorganisn1contained 20 a3
reconbi nant DNA of a relatively small-size that carries pol ypeptide gehe.

20 The feconbi nant DNA and pl asnmid pBR322 were then conpleégéynr gstqq
with-restriction enzynoe .Sall . purchased from elelela 0

treated simlarly as in the case of EcoR -to sel eot reconbl nant

mi croorgani sns containing B8e@Pi Bt Dlp 8% BS SR ler-size that

carries pol ypeptide gene. 8 __FE@ oﬁﬁpn and its
reconbi nant DNA were naned "E herl-chle%col g CH2&1 ( FERM P-7924)
and " pTCH201". The restri cg p. 00 I t a\IA peCH201, in

particul ar, that of the DNA{",’rag@nt ﬁerl\&d fr%) B&illgs

st ear ot hennoph| | us m croorgé-hl snfwas ¥s stdwn M FiF 1.¥Fig. 1 clearly
shows that this reconbina av by=ett r riction enzymne
Pvul | 30 purchased from Ts(%N'ﬁﬁ gF gd-,pnahg HE Iggurchased from

Ni ppon Gene Co., Ltd., or 0° pﬁrc'ﬁ' ed 13 om #ak&t @ Shuzo Co., Ltd,
but not by EcoR’, BarmH , Patz Xﬁ)l B 1120r- &cl Bl Burchased from

Ni ppon Gene Co., Ltd. Exanpl@ 2 & Clgnl ngEof Bl ypg)tl d€ gene of Bacillus
st ear ot her mophi us irggjo Bacil#us gubti¥is ©@ &5 Erkanple 2-11) - :
Preparation of recom nanteDInV;bpﬁI’CHQOl E% t.'-DNb TCHZOl was

i sol ated from Eschemsichi a Stﬁ ﬁ'ﬁ-ﬂﬁls( -4 gZ n:aa-.cordance wth the\/
met hod in Exanple 1-32). 40& =~

40 Exanple 2-(2) Prefarati org masnﬁd p@l ltgPI ag‘nd gUBl 10 (ATCC

37015) was i sol at ed #jrom Ba IIuSJ sub¥ii s &=n ag_:ord th the met hod
descri bed by Gryczarget al. wn Jeurna of %acte:lol ugy, | 134, pp.
318-329 (1978 _ : | %) <
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45 - CoL

45 Exanple 2-(3) Preparation of reconbi nant DNA carryi ng pol ypepti de gene
The reconbi nant DNA pTCH2OL carryi ng heat-resi stant - pol ypepti de gene,
prepared.in Exanple 2-(1), was conpletely digested by subjecting it

simul tagously to restriction enzymes EcoR and 50 Xbal .

50 Separately, the plasm d pUB110 speci nen, prepared in Exanple 2-(2), was

conpletely gdeaved by subjecting it to restriction enxynes Ecofgsvsdoode! 12
in the sane~amnnerThe resultant fragoents. vere subleocted to leorrl DNA

ligase simlarly as in Exanple 1-(3) to obtain a reconbi nanf, . 55
55 Exanple 2-(4) Introduction of: reconbinant DNA i nto Baci |« bties In
this Exanple, Bacillus subtile 715A,. a strain incapable of duci ng.

anyl ase, was used as the host. The m croorganismwas culturQdews th brain
heart infusion medium at [ergefor 5 hours, 60 and the cel‘r",;éntri fugal ly
collected fromthe culture, waksthen prepared into protoplast suspen- 60
sion in accordance with the matgod descri bed by Schaeffer et*gla in
Preceedi ng of the National AcacE_rry of Sciences of the USA, V&= 73, pp.
2151- 2155 (1976). To the susperfhi on was added the reconbi nant DNA, prepared
in Exanple 2-(3), and the nixtufe was then treated in accor @@ with the
met hod descri bed by Seki guchi ﬁ al. in 65 Agricultural and BR& ogi cal
Chem stry, Vol. 46, pp. 1617- ‘Sl (1982) to effect transfor%i’on, 65
216902A 6 spread on HCP &edi um contai ning 250 [err] of=k"dnarryci n and
10~fg/ M of starch, and incubatg@d at 28C.for 72 hours to fopmcol onies.
From t hese col oni es, reconbi narﬁ m croorgani sm | n which the-r‘gg)rrbi nant DNA
carrying heat -
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resi stant - pol ypepti de gene had been introduced were sel ect ed’ by the nethod
in Exanple 1-(4). 5 One of these mcroorganisns and its reconmbi nant DNA ’
were nanmed as "Bacillus subtilis TCU 5 211 (FERM P-7927)" and "pTCU211"
respectively. The restriction map of reconbi'rnant DNA pTCU21 1, In .
particular, that of the DNA fragment derived from Bacillus

st ear ot her nophi | us m croorgani sm was as shown in Fig. 2. Fig. 2 clearky
shows ttBat thls reconb|nant DNA is cl eaved by either restr§g?1d§ggﬁFzng
Pvul |, -Kﬁ71 o rrat-—3—btt—ret—by—~EcoRl_Banil __ Pst | 0 Accl
or Xbal . snasncwedbR gé,fgréﬂafm_ng_amd sequence
of Bacillus stearothe n al end 16

of Baci | us stea FoohEEE 200 20 8 Lk

15 Preparation of p@#peatade.aesdbtﬁgaseas A BRPRI L YsSFBM P No. 2225

was cultured with a TER&EHERIETES TR ugal Ijﬂgg_ﬁg?n@ﬁaarrpl e 5to

produce pol ypepti de. . The supernatant, centri Fromthe
cul ture, was sal t'ed coutsw ol Ha:omﬂam1 dymmude
fraction whi ch was t'ﬁsmgzpu%ﬁbeﬁg SR OB Dg E S TIsi ng " DEAE,
Toyopear| 650", an ani on exchanger comer - 20 cialized by Toyo Soda

Manuf act uri ng Co. R&s m@_ﬁ >.33§§f.‘ @g@ agt%;?%gaﬂgﬁ}s' ng "Nbno P,

a product of Phar MRCi & Fee -eR Wira g Supenaid e« obtain a

hi ghly- purified poI eptid |pen SDS— yacnylanlde el ctrophoresis
in accordance with E g’cﬁ' §' hﬁ&i RZ _&e‘B & mBE e xsbomin
Journal of Biol ogical "‘Gl%’r‘T\T‘s‘Pry RO Oy "phm?%ﬁ‘t‘lﬁ%‘%’" t he

pol ypeptide = 25 specip & --:aesﬂlawbﬁa--gm:ﬁ*ws@g- 10,00

-
daltons. The spemfr-c- g;yﬁ%gz‘gé-ggej %g_: 3 ?% 20030
units/ ng protein. e 3 ( ) artial- amno acr Tehde of
pol ypepti de cont ai nmg a[\b.taer.m Bob CBE = =2 02 0= o 2 SE Aoppbypepti de
speci men, prepared byE UG IR EETOHEBES EE =@IFAIZ Nodel 47047,
a gasphase protein sequencer, a product of plied Biosystens Inc., CA
USA, and t herfy'Rnal’ yaeg;/\gtjrl;l-g m%e_g@_g@g@jg@ﬁdcgﬁmtggr aphy to
det er m ne the“'part | alca_rmmaendzsaquemmmsmmg betm.&al end.
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35 * The partial . amno acid sequence was

Al a- d y- Asn- Leu- Asn- Lys- Val - Asn- Phe-Thr,. ... 35 Exanple 4 Sequence of

pol ypeptide gene derived from Bacillus stearothernophilus and ami no acid
sequence~of pol ypeptide 40 Exanple 4-(1)

40 Prepgration of plasm d pUC18 Plasm d pUCL8 was prepared in accordance
with the nethod of Exanple 1-(2) from Escheri- chia coil JMB3 .(ATCC 35607)
in which th&plasmi d has been introduced. 45 Exanple 4-(2) GB21689902A 14
45 Pr epar at om0 T O PPttt G S S e G RS  Brt-B.6-0 123
DNA was prepared by the nmethod i ngfEanglece B «= 8 & o t.®© @b ai ned by

di gesting a fragnent. carrying pol ﬁﬁtﬂgaﬁﬁmﬁﬁe met hod in
Example 2-(3), with restriction enzymes, ‘and a plasm d fragnent, obtained
by cleav- 50 ing a pUCl8 speci neng geggggﬁgﬁgg@gghjxam e 4-(1),
in the same manner, were 50 subj Bos S <bAbReeIWo«obtain a
reconbi nant DNA. Exanpl e 4-(3) IntrOQUéggggkéﬁq&aLnané_gN&A Into
Eacherichia coil .55 I:nn this examﬁEEg ' i SBE: used as the
host . - - . 55 TR® &SRR fas =Arf=dduced into

t he nicroorganish1ih accordance W t.hetdhe 0Rf NQdai g EX &y dd4) to )
transform the m croorgani sm _T.he\,\&:'teiv"sz_s't }%& a%%@LmFﬁ\ére I nocul at ed
to a cul ture nmedi um cont ai ni ng S‘Bt"b . A 5'r"6- -n %-‘T_%rr] - gal act osi de
(Xgal), and the microorganismforgidg @ 6 235 UL 8 a9 60 | ected.

60 Exanpl e 4-(4) Prparation of r@@ﬁi:&ﬁ%ﬁﬂﬁ%%ﬁ?hmt ]

m.cr.oor gani sm The reconbi nant m croorganj smwas culture
cont ai ni ng 50 [err] of anpicilli rg:aa%&ﬁ-@ao-b
treated with the alkaline mini-prB3R8 <EE®

8

—+

s then
reconbi - 65

o

i
Rsp
Bed

&

y 6l
P

n
Tyr

u

Gly.

Val
Arg
Sepr:
Met
Asn Val

Ite Thr Gly Leu Phe
As

Gly Gin ™
_ Leu GI
Leu Gly Asn Tr

Gin Val

Val
val
Val

Pro - Asn Val
Asn Asp Gin WV

Gly Asp
Leu
Asn

Ser
Pro Glu Gly lys %NE

l.eu Gly Gly Le
Tre Ala Tyr
Gly Pro Mel
Ala Ala
Ser Gln Gly Asn Val

Val

Ser Ser

Table 2-~1 continued
Val

9 Asn Asn Pro Ala

Ile Asn
Val
™y
Ala
Lew The

Gin
Ser Asn Gly Ser

Gly Val
val
"Ile Asp Gly Glu Gily Phe

P
Tyr Thr Thr Pro Thr Asn

rp
GIn Asn

Lys Asp
Tye

The Tyr Thre As
Ser Val

SKer
Gly Thr

Tyr Glu
Met Phe Asn

Val

Val
Gin
Val
Adn Asn Ala Thr Thr
Val

Asp Trp

Asp Val
l.ya Lys Asp
Val

Ga}> Asn Hls

676> Val

Gly
Val
Ile Gly MHis

Val
ly Glu
The
Phe
1le
Ile Thr Val
Ash Phe 6lu
Asn
Pro

aln
Val

436> Ser Asn

45

26> 1lie
61> Val
528> Lys
641> Gln
111}

B71)>

686>

601> Gly
86> Gly
631> 1Ile
646> 1lle

391> Ser Ser Leu Arg Ar
4

406> Gly GIn Arg T
421> Phe GQGly

466>
481> G
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GB2169902A 7 nant DNA. Exanpl e 4-(5) Sequence of reconbi nant DNA 5
The reconbi nant DNA was sequenced by the di deoxy chain term nator nethod.
5 The reconbi nant DNA, prepared in Exanple 4-(4), and a synthetic priper
conposed of 17 bases were m xed, annealed at [err] for 20 m nutes, addgd
with dNTP, ddNTP, (a-32P) dCTP and Kl enow fragnment, and reacted at 37C for
30 m mst-es' to extend the prr nmer towards the 3" site from nbmé'ggozhtemThus
the coiplienen 2\ . . ! o - SRV~

an excessrve rmunt dNTP g the mxture react d at err] for 30

m nut es, Wgé% Tt ,ﬂ WM? mxture to
suspend ﬁ;fg A .g@emgwogd ‘g;)in‘ut es, and

el ectr opllomm o Qitjui Eﬁlmlmaamnh rsu wel 5(Bﬁg/rabﬁfutnp ﬁm.r%d(tﬁ&)aidtooraa-OOO vol t s)
to sepdr bism wm@oahtmaua intole diyny. EBpherichjafcolé HB I rmpdsdnoctilatedh tgthe t he 6

el ectrop Hm ditho. au 4 '“PP &b'ﬁ‘?&f‘%ﬁt @(9"""35"‘3'“%%96? at ed gel
vas then r@‘@é‘ﬁ@‘,‘sz e o G ol RO, USSR

anal yzi ngy R nﬁrﬂint ﬂle QUbHAT 5 was Wocligied ﬁnarrar@c&aashom in

Tabl e 1o inediﬂ'rh evrmwg mdmophmrﬂmﬁg dmeach mﬁt Ridrocipaiigneaas aiwred et 28°¢c f@r7221 nalo end

of the pb eptrde gene was. sequenced.in the same nmanner. 20 The results
were as % ilu FERM-P No. 2225 was cultured with the liquid cuiture medium at 20
Qe

Exanpl e ﬁr‘a"itt‘: nﬁ’&@%’ﬂﬂ“ﬂéﬁ&%@“ﬁ ﬁé‘%ﬁmﬁ?ﬁsquence
of pol wpeﬂtw&a;mr mm, SRvifySsek BINGR. Me 25 shewn in
Tabl e 1- tesultsneeré hseshows lin Tablq/mre as shown |n TabI e 2-1.

i
e ) s;::%“rrgﬁ;rérrzoraww PRSI 1

20 The supernatants were salted out with ammonium sulfate at a saturation degree of 0.6 to 20
obtain crude polypeptide specimens, After studying these polypeptide specimens on their enzy-
matic properties: such as saccharide transfer from starch to sucrose, cyclodextrin production
from starch, ratio of a-, f- and p-cyclodextrins, optimum temperature, optimum pH, stable
temperature range and stable pH range, the properties of the polypeptide produced by the

25 recombinant microorgarism were in: |ood accordance with those of the polypeptide produced by 25
the donor Baciflus stearothermophilus mlcroorgamsm B



These evidences confirnmed that the pol ypeptide derived from Bacill us

st ear ot her nophi | us has the am no acid sequence as shown in Table 2-1. 30
30 Exanple 5 Preparation of polypeptide with reconbi nant m croorgani sm
Pol'ypeptides were prepared with reconbi nant m croorgani sns Escherichia coil
TCH201 3( FERM P-7924) and Bacillus subtilis TCU2 11 (FERM P-7927) both in
whi ch reconbi nant DNA carrying 35 heat-resi stant-pol ypepti de gene derived
from Baci | @s st ear ot her m)phl | us had been [ nt roduced 35 The mm&kde 16

producti vi : . -
of host m croorgam sm and donor BaC| | Jus ear ther PDphl I us [n croorgam sm
inrelation to their CGlase pctivity. g 2563902,& '[er_ ] ,
GB2169902A 9 [err]: - 10 } : '-_5 . :
GB2169902A. 10 [.err] - 8 | -g E :-g - -
8 ,5 a | £
AFELARAR
7|2 -
- Eg - s e e | . »
]
2
5
[ n 0 "
B Slajg|=}l=|=
- ]
] -
s | a5 |
& S| E|=21|x 0
i e 2 o = ©
g .

Microorganism

Bacillus stearothermophilus FERM-P No,2225

Escherichia coli HB101
Bacillus subtilis 715A .

Escherichia coli TCH201 (FERM P-7924)
" Bacillus subtilis TCU211 (FERM P-7927)



[err] 12 .. GB2169902A
r- NwWU N [err] 13 Gh2 169902A 13 [err]

14 GB2169902A 14 [err] 15

GB2169902A 15 Aliquid culture nmediumconsisting of 1.0 wv % corn step
liquor, 0.1 w v% ammoni umsulfate, 1.0 wv % cal ci um carbonate, 1 w v’
starch and water was adjusted to pH 7.2, sterilized by heating at [err for
20 ‘m mrtes, -and. cooled. In the case of Escherichia coil GB2169902Aa 17

Example 6 ' ' '
Cloning of Bacillus macerans polypeptlde gene into Escherichia coli Example 6~( 1}
Preparation of chromosome DNA carrymg ‘Bacillux macerans polypeptfde gene

5 The polypeptide gone was prepared in accordance with the method in Example 1—(1}, except 5
that Bacillus macerans 17A was cultured at 28°C.

Example 6—-(2)
Preparation of recombinant DNA carrying polypeptrde gene _
10  The chromosome DNA carrying polypeptide gene derived from Bacillus macerans, prepared in 10
Example 6-(1), was partially digested- similarly as in Example 1—(3) with restriction enzyme
Hindif}, purchased from Nippon Gene Co., Ltd.
Separately, a plasmid pBR322 specimen, prepared by the method in Example 1—(2), was
completely cleaved with restriction enzyme Hindlli, and the 5-terminal end of the cleaved
15 product was dephosphrized by the method in Example 1-{3). The fragments thus obtained were 15
ligated in accordanoe with the method in Example 1-(3) to obtain a recombinant DNA. -7

Example 6—(3) ' B
Introduction of recombinant DNA Into Escherichia colf -
20 The recombinant microorganism in which recombinant DNA had been introduced was cloned in 20
accordance with cloned in accordance with the method in Example 1-{4} using Escherichia coli
HB101 (ATCC 33694}, a strain incapable of producing amylase, as the host. Thereafter, the
recombinant DNA was isolated from the microorganism, subjected to restriction enzymes to
determine the restriction cleavage sites, and partially digested with restriction enzyme Sau3A/
25 commercialized by Nippon Gene Co., Ltd. - 25
Separately, a plasmid pBR322 specimen, obtained by the method in Example 1-(2), was
completely cleaved with restriction enzyme BamHI, and the 5-terminal end of the resultant
product was dephosphorized similarly-as in Example 1—{3). The obtained fragments were ligated
with T, DNA ligase to obtain a recombinant DNA, foliowed by selecting recombinant microorga-
30 nisms in accordance with the method- in Exampie 1-{4). The recombinant microorganisms con- 30
tained a recombinant DNA _of a relatively small-size that carmries polypeptide gene.
One of these recombinant microorganisms and its recombinant DNA were named as “Escheri-
chia coli MAH2 (FERM P-7925}" and *'pMAH2" respectlvely o
The restriction map of recombinant DNA pMAH2, in particular, that of the DNA fragment that
35 carries the polypeptide gene derived from Bacillus macerans; was as shown in Fig. 3. 35
Fig. 3 shows that this recombinant DNA is cleaved by either restriction enzyme Pvull, Sall,
Aval commercialized by Nippon Gene Co., Ltd., or Pstl commercialized by Nippon Gene Co.,
Ltd., but not by EcoRI Hindlil, Kpnl BamHl Xbal Xhol, or Smal.

40 Example 7 ' S ' - 40
Cloning of Bacillus macerans polypeptide gene into Bacillus subtilis :
Example 7—{1)
Preparation of recombinant DNA pMAH2
The recombinant DNA pMAH2 was isolated from Escherichia coli MAH2 (FERM P—7925) in
45 accordance with the method in Example 1-{2). 45

Exarnple 7—(2) '
Preparation of recombinant DNA carrying polypept:de gene
The recombinant DNA pMAH2 specimen carrying polypeptide gene, prepared in Example
50 7-(1), was completely dlgested by subjectmg it simultaneously to restriction enzymes EcoRl and 50
" BamHil.
Separately, a plasmid pUB110 speclmen, prepared by the method in Example 2—({2), was
completely cleaved by subjecting it simultaneously to restriction enzymes EcoRl and BamHi.
The fragments thus obtained were subjected to T‘ DNA ligase similarly as in Example 1—{3) to
55 obtain a recombmant DNA. ' . 119

Example 7—{3) :
Introduction of recomblnant DNA Into Bacillus subtilis
Recombinant microorganisms in. which recombinant DNA carrying the polypeptide gene derived
60 from Baclllus macerans had been introduced were cloned in accordance with the method in 60
Example 2—{4) using Bacillus subtilis 716A, a strain incapable of producing amylase.
One of the recombinant mlcroorgamsms and its recombinant DNA were named as “'Bacillus
subtilis MAU210 (FERM P-7926) and “pMAU210" respectively. The restriction map of recom-
binant DNA pMAU210, in particular, that of the DNA fragment that carries the polypeptide gene
66 derived from Bacillus macerans, was as shown in Flg 4, Fig. 4 shows that the recombinant . 65



TCH201, the liquid culture nmediumwas added with 50 [err] of anpicillin,
and the mcroorga- 5 nismwas inoculated to the liquid culture medium
Escherichia coil HB101 was inocul ated to the 5 1liquid culture medium

wi thout addition of antibiotic.. In the case, mcroorgani smwas cultured at
[err] fgy 48 hours under vigorous shaking conditions. Separately, Bacillus
subtilis TCU21 1 was inoculated to the liquid culture medium additionally

containing 9 [err] of kananycin, while Bacillus subtilis 715A GB2169902A 18
‘I nocul ated%%ﬁmﬂmwﬂd-“mnf antl-biotic

I n each case, [ ulturedja r fo

Baci | | us st ea%%?rﬁ%% Ii% ?;‘ Wﬁ?ﬁ@ éﬁg I‘%’ﬂ?’téﬁ'@é"‘m ?cﬁé; F”"ﬁ'i’!l d
cul ture medium at [err for 48 ours wi t hout addition-of antibiotic. After
separati on of Ewawla &ul ture |nto superna-. tent and cell- by centrfuigation,

t he supemat EnmigeLcid $equprag of relereptide sleried frm-Basiiys racergns setainisg Mtemigl g | 5

was ul trasoni ok a2 ken, prior to determ nation of its CGlase activity
per cul ture. 1? PéHsptite€r € as shown in Table 3. These evi dences

cl early show t ITaé péijpeptide aasipraiaced umeumog ga:m:smbﬂmmrwm:ioqumgemm witkiaabl e
I n industri¥ h@@aﬁ"@léﬂ@dmtﬁnﬁﬂw %ﬂﬂ&@ ndcthéncmeifieddn a¢eordencaiwithdle gani snio

de s ﬁi@e

possess an i PP e

salted out W {, %ﬁ%{j Eﬁ % @alf%xar %{;m
obtai n crude po ypepti de specrnens ter stu y1 ng t ese o ypeptlde

speci mens ot Ekpiple &42y- natic propertles such as saccharide transfer froms

starch to sucf@!ﬂ@am F@SSWP tarcg}x.lr%i o.of [err and

St ed
o R T Lt e

the 25 recaubi nan mcroorganr smwere in goo accordance wrth t hose of thao

pol ypepti de pEowhwlesll by 25 the donor Bacillus stearothernophilus -
m cr oor gani smSe9 ,ypen?ff polypeptide gene derived from Bacrllus macerans and amino acid saq@gs_]_g‘ggoz A
: polypeptide
16 [err] Example 9—{1) o
25 Preparation of recombinant DNA carrying polypeptide gene ' . 25
The recombinant DNA was prepared in accordance with the method in Example 4-(3).
More particularly, a DNA fragment. obtained by digesting a DNA fragment carrying polypeptide
gene, prepared by the method in Example 7—(2), with restriction enzymes, and a plasmid
fragment, obtained by cleaving a plasmid pUC18 specimen, prepared by the method in Example
30 4-{2), in the same manner, were ligated with T, DNA ligase to obtain a recombinant DNA. 30

Example 9-(2)
Introduction of recombinant DNA into Escherichia coli
The recombinant DNA was introduced in accordance with the method in Example 4-(3) into

35 Escherichia coﬁ JMB3 as the host microorgamsm to obtain a recombinant mlcroorgamsm 35
Example 9-(3) '
| Preparation of recombinant DNA from recombinant microorganlsm _
N The recombinant DNA was prepared in accordance with the method in Example 4—-(4)
40 40
Example 9-{4} : _ : : :

Saquence of recombinant DNA
The polypeptide gene was sequenced in accordance with the method in Example 4—(5).
The resuits were as shown in Table 4-1.

45 The signa! peptide located upstream at the 5%-site of the polypeptide gene was saquenced In 45
the same manner.
The results were as shown in Table 4-2,

Example 9-(5)
80 Amino acid sequence of polypeptide 50
The amino &cid sequence of polypeptide was determined with reference to the sequence of
polypeptide gene. The results were as shown in Table 5~1.
The amino acid sequence of the signal peptide was.determined in the same manner. The
results were as shown in Table 5-2.
55 These evidences confirmed that the polypeptide derived from Bacillus macerans has the amino 565
acid sequence as shown in Table 5-1.
The evidence as shown in Tables 2-1 and 5-2 show that each polypeptlde commonly has the
amino acid sequence of _ _
{(a) Asn-Lys-lle-Asn-Asp-Gly-Tyr-Leu-Thr, : '
60 (b} Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu, : ) 60
(c} Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-Arg-Phe,
{d) lle-Tyr-Tyr-Gly-Thr-Glu-Gln-Tyr-Met—Thr-Gly—Asn-GIy Asp—Pro-Asn-Asn-Arg, and
{e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly, :
- as well as that these partial amino acid sequences {a), (b), {c), (d) and (e) are Incated in _
86 sequance of nearness to the N-terminal end of polypeptide. . : 85
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GB2169902A 17 Exanple 6 d oning of Baci I | us macer ans poI ypepti de gene
into Escherichia coli Exanple 6-(1) Preparation of chronpsone DNA carryi ng
Baci | | ux macerans pol ypeptide gene 5 The "pol ypepti de gene was prepared in
accordance wth the nmethod in Exanple 1-(1), except 5 that Bacill us’
macerans 17A was cultured at [err]. Exanple 6-(2) Preparation of :

r econbijgant -DNA carryi ng pol ypepti de gene 10 The chrondsoggs 1gdlosRr I Yo NQ

pol ypeptide gene derived from Racillus. rmrpr ans_prenared in ‘lD Exanpl e
6-(1), was partially d| Si 3)

restriction enzyne Hi- ] é;n éé ]éa-: ﬁ

Separately, a plasmd p pecﬁ’re ,wpr r’rt—fahoﬁ?pn Exanpl e
1-(2), was conpletely c re r|c y Bil, @nd the

5 -ternminal end of the Qeavgj 15 ct - @s dg hr| z_‘gd b)':'t he met hod
in Exanple 1-(3). The fi-agmegs t s t ai @d e 015 I gatg I n
accordance with the rretﬁ'(')d |[1 g{) (3)° to obtai T a_recambi nant DNA.

Exanpl e 6-(3) " Introdu@ ntgmﬁﬁoﬁ BSch®Scoli 20
The reconbi nant ni croor |’H%1t"'QNA'FT b¥&g i ntroduced

was cloned in 20 accor nce darfze vmuh t@ met hod i n
Exanpl e 1-(4) using Esc ric
s

&j
c&&

_|___
=

336%4) , g st ®ai n incapabl e

%@eif?’c m
T

S'-termnal- end ®f the igsul

L)
C
150

140 »
" AGCGATCATT CCAACCTGAA GCTGTATTTC Gsrsa@
200

of produci ng anyl ase, the to eaf Eer e rBcontBnant DNA was
I solated fromthe mcro gan m E’ubj tedto stri¥Cti oncenzynes to
determine the restri ci2¢h EHvBE sBYs DHI DT 1 BFE yRBEoeRBd with
restriction enzyne Sau3f@ 25Formig cRgi Z¥ED gp'mg ." Lt d. \—’
25 Separately, a plasm ¢« pBR822 sheci n&n, tai p_’ed b th d i n Exanpl e
1-(2), was conplgtely ckeavegwit@re rictgon gnzyng Ba . ndthe
nt 8
43
®

330
510

270
GGAACGCTGC TCGGCAAGTA TAGTAACGAT ACCG

GAGAACATCA CCGCCGTCAT CAATTATTCG GG
450

ACCAACCCGE CTTCGAGTAC GEACCCCTCG TTCE

- Table
10
210

ATCAACGACG GCTATCTGAC CGGAATGGGC ATC
ano

8o
* TTGATCGCCG CAGCGCATTC ACACAATATC AA

S . I
TCCCCGGATA CGAGCGTGAA'ancAAGcrc~Aﬁr
260
o 3le 420
TGGCCTCECE ACTTTAAGAA GACCAAT
LU
~44o
500

lo
. aTAACCaAe GGMGTGGA__‘chCAAn ¢ GeL

I30

190
250
34

470

430

4v9



product was dephosphorized simlarly as in Exanple 1-(3). The obtai ned
fragnments were ligated with [err] DNA |jgase to obtain a reconbi nant DNA,
fol l,owed by sel ecting reconbi nant m croorga- 30 nisnms in accordance with
the nmethod in Exanple 1-(4). The reconbi nant m croorgani sms con- 30

t ai ned §.reconbinant DNA of a relatively small-size that carries

pol ypepti de gene. One of these reconbi nant m croorganisns and its

r econbi nant 2ONA wer e narred as 'Escheri - chia coli I\/AHZ ( FERM P-gi2fghsosd 20

n pI\/AHZH r est l L DAIA nI\MI—D i n.

particul ar, that -of the DNA ra%E gttya é? %aérlgittgtpog%epté gene

derived from Baci |l us macees shows
that this recombinant DNA F5<cl BSed™E TBeP 8 esgrj ctTeHh & nﬁaul |,

Sal |, Aval conmercialized bygN pdgn Gfe CE, Ugd., §r PRI c réfali zed
by Ni ppon Gene Co., Ltd. bLg notgby goRl EH r@ I L9Kpn§-_{ Ba@-ll §3al
Xhol , or Smal. 40 Exarrpl e 79 t- E u tv'

: 2 =
40 C oning of Bacill us macer &ns- poI ype t| de gene into BacClllus sub@ lis
Exanpl e 7- (1) Preparation BoreBdabi S EThEScET n&E DA
pMAH2 was i sol ated from Estgri ®ga ‘t& WZ‘T%EFW&D R IF 4B
accordance with the nethod if§ ExddpleH- (25 S = 2 134
45 Exanple 7-(2) Preparati oneof rﬁeconﬁ nantd carlgll ng=pol ygept [ % gene
The reconbi nant DNA pMAH2 spEm y| n pold%pepu de’ %ne,%r epgred in
Example 50 7-(1), wagjconpl éTer‘d i ge&T ecfTng Si Itaf'rbously
tq restriction enzynedy Eco@Ban@is @-$a %arﬁ@l B BEmlPHuBLio
sp‘eél men, prepared byit he maghoﬁ’g Bty 2582) = Ppietel #H eaved
by subjecting it si rrﬁtaneogly D re riction gnzygs EgoRI gmd | . The
fragments thus obtai #Bd wer e€subj<€ct e to%rr]cDNA I ga siglar, as in
Exanple 1-(3) to 55 @fitain dgrec@@binght OBA B = &
55 Exanple 7-(3) Int rﬁduct i dn of Pecofinaft DM infb Ba®i |1 u¥ subBlis
s ot =20 o o= =] = = e
t~ = 21 BT — ~ ) = oy L2

-;l T, ] ] o t~ - = o =

iy . _ _

o

~

Q

[ ]

B

: 560
ACCGATTTCT CGACGACTGA AAGCGGTAT
620
640
o 740 : |
AGCTACGTCT CGTCBATCTA CAGCAGCEC
#00
860
920
580
ATGGTTACST TCATCGACAA CCATGACATG
{040

- 6lo
ATGACCGACC TGAACTCGET GATCTCCAGC ACCH
970 '

739
' 700
CTCGGCCCCG ACGAAATGAC CCAGGACAAC
' 850 [ .
CTGCTGGACT TTGCGTTTGC GCAGGAAATC TGT

650
Glo
AATCAGAACA ACAACACCAT CGACTCGTA

870
CTCGGAGTCG ACGGCATCCG CTTCGACG

(030
CGCCCEACCE AGCAGGCTCT TGCGGTAA




Reconbi nant m croorgani sns in which reconbi nant DNA carrylng t he

pol ypepti de gene derived 60 from Bacillus macerans had been i nt'roduced were
cloned in accordance with the nethod in 60 Exanple 2-(4) using Bacillus
subtilis 715A, a strain incapable of produc¢ing anylase. One of the ‘
reconbi nant m croorgani sns and its reconbi nant DNA were naned as "BacjTJ us
subtilis MAU210 (FERM P-7926)" and "pMAU210" respectively. The restrlkflon
map: ofzvecon} b|nant DNA pNAUZlO in particular that of Gbﬂ1ﬁNmmkragnent

t hat c=8 : MaS as

agg\i\g9l982,§l J 4 FI g g Sg{fxeéﬁt é§h£ﬁog§t u-onélgym%vull Sall,

Aval or Pstl, but no:: &‘QQI._ BE, b 2B or Smal .
Exanple 6 5 Am no aci d?equgt gf P ypeg | déder |§/ed 8 Iglm I 1 us

macer ans containing N-%ermnm#al : egd 92 Exa _ (13Pre@rati n of

pol ypepti de The polyp i de rodgged c {pg BQ;iII subtilis
MAU210 ( FERM P-7926) .. ghg&toﬁlng c%al;r%s gﬁtn Iﬁglrrgél as In
Exanpl e 10, and thenE cfﬁﬂd h- ©d | n Exanpl e
4-(1) to obtain a hi ao Mypﬁ@ i B pEReRZ oE®SHE yacryl ani de

el ectrophoresis, the p ype spqunen hovw&d a quylar I ght of

70, 000 10000 dal tons ahb eC| e aetlvéfy-- 204830 ug;tslqg protein. 15
Exanpl e 8-(2) E 8 § 88 o

15 Partial aningl acid Séqueﬁhe dBntaﬁﬁlng<N-té?ntn end” The-partial anino
aci d sequence 1t ai @ r al° d ﬁger- e tl‘g e pol ypep- -
ti de specinen, epaﬁ-e ﬁ°§a 1Y nZgcardnee i th £Lhe net hod |r‘|~..J
Exanpl e 3-(2). ghe par mﬂmnm s n AS

A1)

et
;

CTCGGCGGCC TGCTTAATGG CAATTCAATT ACC

Ser - Pr o- Asp- Thr.
20

Ser Va AanAsn

Gcfgrgmﬁ

1410 -

T
005“
| ,__1
@Test

GTATATGAAC GCAAGTTCGG AAGCAACGTA GCT
1630

1l

fi70

219

1200

- | 250

. 1590
GGCTTCGGTA CTACGAAGAA CAAAGTTACT TTCGGTACGACA

. Tahle 4-1 conti

1o
1150
1220
. 200
ACTGCCTATC ceATATL ot AGCGCTTACT
ldoo
1460
i520
1580

TACEGTACAG AGCAATATAT-GACCGGCAAG:GGCGA

1090
| 1210 o
TCCAACCCGG CTCTCECCTA CBGCTCGACG A
1390

o H4s0 - | 5

ACACTTGCAG CGGGCGGTAC GGCAGTCTGG CAGTACALGACG
1510

ATCGECAACG TCGECCCEAC TATGGEGCAAG CCCGGCAAGAT
1570

1150 70 -
GGCTTCGATA CGAACAAGAC AGCGTACAAA GTG

1270
1390



Exanpl e 9 Sequence of pol ypeptide gene derived from Bacillus nmacerans and
am no aci d sequence of polypeptide Exanple 9-(1) 25 Preparatlon of

reconbi nant DNA carrying pol ypeptide gene 25 The
reconbi nant DNA was prepared in accordance with the’ nethod i n Exanpl e

4-(3). Wre particularly, a DNA fragnent, obtained by digesting a DNA
fragnent carrying polypeptide gene, prepared by the method In Exanple

7-(2), withxestriction enzymes, and a plasnid frag-rrent obt ai 1eBd 189902A 22
cleaving a Ape—30

4-(2), in the same manner, {gga-s&to obtain a
reconmbi nant DNA. 30 Exarrpl odﬁcgl Efgnant DNA into
Esacherichia coli The recombd arﬂ'(—DNA- ce-cl<| n cordance with the
met hod in Exanple 4-(3) intot her chr coI mJ he host

m croorganismto obtain are rga anple 9-(3)
Preparati on of reconbi nant fr§m r o i ant & org I sm The

reconmbi nant DNA was prepar n t t i n Exanpl e
eeomi ¥y "geeog Peaist e

40 Exanple 9-(4) Sequence (ﬁ SoRD & p& ptgde gene was

).©The results were
ultream at the
h

D

GCGT

sequenced in accordance with
as shown in Table 4-1. 45
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The results were as shown in Table 5-1. Theé am no acid
peptide was determ ned in the same manner: "The
results were as shown in Table 5-2. 55 These evi dences confirned that the
pol ypepti de derived fromBacillus macerans has the amno 55 acid sequence
as shown in Table 5-1. The evidence as shown in Tables 2-1 and 5-2 show-,
that e pol ypeptide comonly has the am no acid sequence of (a) St
Asn- Lys-11 e- Asn- Asp-Qd y- Tyr-Leu Thr 60 (b) '
Pr o- Val - Phe- Thr - PRe- q Y- G U Trp—Phe—tet GB21699024 23

60 (c) Val - Thr-Phe-I1e-Asp- Asn-H s- Asp- Met - Asp- Arg Ph%_(d)

Il e-Tyr-Tyr-Q3y- Thr-Qu-d n- Tyr-Met-Thr-dy-Asn-Q y- As-p;Pro Asn- Asn- Arg,

and (e) Asn-Pro-Al a-Leu-Al a- Tyr-Gy, as well as that theése partial amino
(d) and (a) are. |locat ed-d-a. 65 sequence of

pol ypepti de gene.
sequence of the signal

aci d sequences (a), (b), (c),
nearness to the N-term n%Uend of poI ypepti de L T 65
19 w GB2169902A
19 [err] 20 - - me
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24

GB2 169902A

24

2

23 [err]

25

26

23 GB2169902A,
26 Exanple 10 Preparation of polypepti.de w th reconbi nant
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Pol ypepti des were prepared with Escherichia coil MAH2 (FERIVI'P-792_5) and
Bacillus subtilis 5 MAU210 ( FERM P-7926) both in which reconbi nant DNA

carrying the polypeptide gene derived 5 fromBaci |l | us nacerans had been
i ntroduced. The pol ypeptide productivities of these reconbi nant
m croorgani sms, host mcroorganism and donor Bacillus macerans R

m cr oor gani smwere com pared in relation to their CGlase activity. THE

used Izmw d culture rredl um vas prepared by the nethod in gEahgdsd2a. 158
Escher4 teodtuo .t he Li mud cul ture nedim

addi tionally contai ni ng 5%"10"[§Hi' -. émé-'tcuLuE V\tﬁgl | e Escherichia coli

HB101 was inoculated in t 3 ®o Wwismout addition of
antibiotic. In each case, O‘fﬁéﬁ MEY EMtTRES G [err] for 24 hours
under vi gor ous shaki ng coryiu..u QI’E: .Bapg_ld HS SlJbLLth;. AAU210 was inocul ated

to the liquid culture nedgda ‘gtr}j SHEQEIR TS 15 [err] of
kananycin, while Bacillus subtil-is 715A was |nocul ate to the liquid

culture rredl um 15 wit houts addctse.r:.ef:.am-ld)s.a:r(: glmmecach case,

m croorgani smwas cul turef SEEZHEEG o2 DTS o BHE] | us macer ans 17A was

cultured with the liquid culture medi umat-.28C for 72 hours without

addi tion of antibiotic. Eﬁ:@%hl’tg ggég@gt;a %rﬁ-garl y as in Exanple 5.

and its CGrlase act|V|t|esqmaszwlcem hewr esults were as shown

in Tabl e 6. . 20 _These evi dences clearly
show t hat the reconbi nant bﬁ&ﬁﬁﬁﬁll’@ﬁ“@“ﬁ@ﬁ@@ﬁﬁ y usable in
i ndustrial -scal e producti B S e e c%r&é'e“’mtw‘have i nproved ,
pol ypeptide productiv- i t¥' -02-7>.aa.mom-=:-«--e = @
GB2169902A 27 [err N W v s Sy S e Dy DB U] NS A B LD e
[err] e Set Tl i OB T T
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28 ~ GB2 169902A 28 The supernatants were
salted out with ammoniumsulfate at a saturation degree of 0.6 to obtain
crude pol ypeptide speci mens. On studylng t hese crude pol ypepti de speci nens
on their enzymatic properties simlarly as in Exanple 5, the enzymatic
propertyes of the pol ypeptide produced by the reconbi nant mcroorga- 5

ni sns re in-good accordance with those of the polypeptide produced by the
donor Bacil%us 5 macerans nicroorganism The pri nci pal uses ofi82AE9802A 26
pol ypept i de~of 15

pol ypeptide effects intra- or i nt er nol.ecul ar sacharl de transfer between
sacchari de dog@mpleadd sacchari de acceptors. According to one aspect of
t he present mvmmmntpmtmmmmndm orgagisrer r ed products can 10 be

produced by ('iﬁ“ %?Fi pep i gé&'::r’i"f;%r 6
exarrpl e, @ﬂg@ these recomblnant
Cerr]-cycl ode Fdofgsmsrﬁs naarm Mol onar G o S

t he subst r at eparedin nel@idn $d mblchT st qubﬁy Tile siearnqdad ulﬁnh medﬁ)mxwmapaﬁqlw\tbd ent

(DE) of bel ov\mmt’dlf)E o t he -action_ of ° the oI ype ti de to i nduce an
15 Intraml'@céﬁi” t@*t" ﬂ“’c’}"‘i‘l"’b "%ﬂ nipigieg Bed 19
from the part ﬁ@i"ﬁﬁ %«ﬁi raﬁﬁ‘sﬁﬁﬁé’ééﬁuur %%@Lat ed

m ({Vi1)]
sacchari de swaRleEgtréus sh mnge;uﬁum e, err Pucosyl -, a-naltosyl - and
a-mal totrio- syBaeiluscufily MAU210 wmn alaehdnda mmwmmu adgtienaln oonainbg &f a
sacchari de H‘o pl fﬂ‘ anye l§ 53 %13 !'a%ﬂ%la&ﬁé 16
| i quefied staM ?1 fm g?r& Ve
accept or (for o g %f cc ari de such as xyl ose, ose or

fructose, or aegach eﬂ&rdbﬁﬁﬂ‘é’d‘nﬂfﬁrﬂﬂrlﬁh&fﬂ ER@mieI6. and s csaiabubtaans @as then
| somal t ul 0s29) determinied, The trésgits m‘-retahehqwhyp'elm 6de to induce an internolecul ar20

Sovant aggous | RETMIR USR] RS R ECeAE I T T YRR AP

sacchari de svveetener is niuch mlder in taste, nore soluble in water,

| ess crystallizable In conparison with the 25 unnodified saccharl de

sweet ener. These woul d expand extrenely the use of saccharide sweeten- 25
ers. In the Internol ecul ar saccharide transfer reaction, the use of a

gl ycosi de, for exanple, steviol




gl ycosi de such as stevioside or rebaudi oside, glycyrrh|2|n soyasaponi n,

t easaponin, rutin or esculin, as the saccharide acceptor |eads to the
formati on of a-glycosyl ated egCOS|des such as 30 a-glucosyl-, a-maltosyl-
and a-maltotriosyl-glycosides. The a-glycosylated glycoside is free of the |,
30 unpl easant tastes such as bitter- and astringent-tastes which are  ~

i nherent in the unnodified glycoside, and nore readily soluble I n wat ew
than thz unnodi fi ed gl ycoside. These woul d expand extrenely the use of

gl ycosideswSpecifically,. a-alycosyl ated stevi-ol glycosideGﬁﬁd69902A 27

a- glycosylated glycyrrhizin can be advantageousTy used tmfoods—beverages,
and phranmaceuticals for p*roral 35]adm pi bedausejthe taste

i mprovenent in these a-glycosylate -g refar kaply: 35 hi gh,
and because their sweetneg$s i s conmpatal ' ééucrnse,-The follow ng

Exanmpl es further illustrafje the prépdrati ed sacchari de
sweeten- ers. 40 Exanple l1 5 '
40 Corn syrup containing gyclodextfigg A ¥ W . g% pbn of -potato
starch was added with 2 upits/g st fr@h jof I'Ypept f d& speci men prepar ed
w th Bacillus subtilis TQR211 in-atc8rdare| wi “the met hpd i n Exanpl e 5,
|l i quefied by heating to [prr] at pH G. "[¢rr] fFurther added with
t he same anount of 45 the} pol ypept|de eactfed for 40 hours.
The reaction m xture was purifli ed py - usijng acti vat ed
carbon and dei oni zati-on upinglan ipn e chan and-ft hen concentrat ed
to obtain a corn syrup coptaining gycl Qde in i yield of 92% based on .
the dry solid. The corn slyrup caﬁ béza vght sl.y | n®orfporated into \J
flavorings and cosnetics er¢i & fragran © 1 ] s™orje of the inportant
factors because the corn jsysup has| excg¢llenf flqvor-|50 ljocki ng properties.
50 The [err] and [err]-cycl®déxtrips i Hp cgn be separated by
treating the corn syrup Sedns of a j an jorganic
preci pitant, such as tol yen® ¢r trfchl conyjenti anal col um
chromat ogr aphy. 55 Exanplje “12 o - _
55 a-dycosylucrose A 35w w o@u%pens og gf Lol ngt aTCE was added with 0.2
w w % oxal i ¢ aci d, autoclag@d tg | -
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[err] to give a DE of 20, neutralized with cal cium carbonate, and filtered
to obtain a dextrin solution. The dextrin solution was then added with a
hal f amount of sucrose based on the dry 60 soiid, and the resultant m xture
was added with 15 units/g starch of a pol ypeptlde speci ren 60 prepared
with Bagj!llus subtilis MAU210 in accordance wth the nmethod I n Exanple 10,
and reacted at pH 6.0 and [err] for 40 hours. The reaction m xture was

purified bypgdecol oration usi ng ‘acti vat ed carbon and de| oni zat i Q;gzqggg‘gm ONog
exchange re

corn syrup in y| el d of 94% based 'on the dr SO|I d. The corn 65 srup

containing a | %’Eﬁ%‘:”g s&'mxﬁd@pI’S‘HEF'E!E@“'@W‘B@‘EW%M@@G&QW”USed

e spel
IGr?]) zcgggggtzkon E l eegyi;g crude polypepﬁde ’;ﬁ ﬂnens on their enzymatic ropgrtlas similerly as in o 13

a- d ycosyl <t eleme sietbdn Good a‘EdenmdMedwgp ﬁfﬁﬁbﬂmpﬁcﬂ@@lﬂﬂd b G @naf Batifost rin s
(DE B) were dlnlﬁsﬁtﬁ"#@'dcwaﬁsmiters of . wat er and the resultant

sol ution was c%&%ﬁ!“&%%us supgﬁp'f% g@m@g{g}f\fﬂi is seg 32?%%%?%% de

speci men prepgahfehe N accor dance st

met hod i n ExmnAceorbing &16helspuet Ckhd prefuit fvdmtict) darfobs sdceliaridtaranstoried. prdditts can 10
reaction m xt lbeeromdlbhmkmhod&aedgaﬁ m rshcchapide fransfer reattiens. puri fi ed b&/b
Y

filtration, co a'PerPa"éﬂ'lgﬁ’E’b te‘nim) mgrr" %’P’e’ﬁ?’%ﬂe
on
is&m ﬁ&:%fw %@:g?u Ao &

sweet ener .confdRIIl
the dry sol 131Iim,a
i nherent in tlhodrolvemdifhe@*anarent steV| o- si de was conparable to sucrose In
taste quality rfooanatnhle m%ne-lmaltm'- atrbermaltotrio-

100- ti mes hi gH@T‘a ﬁ%&b reps i‘*%ﬁ%@&%@ oﬁ %ggoﬁ%l y
S c
used as a dipEo XA sii % i o %‘d&“‘é@iﬁ'&é’
i ts | ow carl OgRsdchariad lokd 6r iEontaiAlbda) RSthe action of the polypeptide to
15 Exanpl e 14 irjdederdn- trmstie The a-glycosylated saccharide sweetener can be
advantageously used in foods and beverages because the a-glycosylated saccharide sweetener is
wiuch milder in taste, more soluble in water, but less crystallizable in comparison with the
25 unmodified saccharide sweatener. These would expand extremely the use of saccharide sweetsn- 25
ers. :
In the intermolecular saccharide transfer reaction, the use of a glycoside, for example, steviol
. glycoside such as stevioside or rebaudioside, glycyrrhizin, soyasaponin, teasaponin, rutin or
esculin, 48 the saccharide acceptor leads to the formation of a-glycosylated glycosides such as
30 a-glucosyl-, a-maltosyl- and a-maltotriosyl-glycosides. The a-glycosylated glycoside is free of the 30
unpleasant tastes such as bitter- and astringent-fastes which are inherent in the unmodified
glycoside, and more readily soluble in water than the unmodified glycoside. These would expand
extremely the use of glycosides. Specifically, a-glycosylated steviol glycoside and a-glycosylated
glycyrshizin can be advantageously used in foods, beverages, and phramaceuticals for peroral
36 administration because the taste improvement in these ¢-glycosylated glycosides is remarkably 35
high, and because their sweetness is comparable to that of sucrose.
Lv The following Examples further illustrate the preparation of such modified saccharide sweeten-
ers. - :
' 40 Example 11 - 40
Com sytup containing cyclodextrin
A 10 w/w % suspension of potato starch was added with 2 units/g starch of a polypeptide
specimen prepared with Bacillus subtilis TCU211 in accordance with the method in Example 5,
liquefied by heating to 85°C at pH 6.5, cooled 1o 70°C, further added with the same amount of
45 the polypeptlde specimen, and reacted for 40 hours. The reaction mixture was purified by 45
decoloration using activated carbon and deionization using an ion exchange resin, and then
concentrated to obtain a corn syrup containing cyclodextrin in a yield of 92% based on the dry
solid. The corn syrup can be advantageously incorporated into flavorings and cosmetics wherein
fragrance or aroma is one of the 1mponant factors because the corn syrup has excellent flavor-
50 locking properties. 50
The a-, §- and y—cyclodextnns in the comn syrup can be separated by treating the com syrup

by means of a procedure using an organic preclpltant, such as toluene or tnchloromethane, or
conventional column chromatography.

55 Example 12 S 55
a-Glycosylisucrose '
A 35 w/w % suspension of cornstarch was added wmh 0.2 w/w % oxalic acld, autoclaved to
120°C 1o give a DE of 20, neutralized with calcium carbonate, and filtered to obtain a dextrin
solution. Tha dextrin solution was then added with a half amount of sucrose based on the dry
60 solid, and the resultant mixture was added with 15 units/g starch of a polypeptide specimen 60
prepared with Bacillus subtilis MAU210 in accordance with the method in Example 10, and
reacted at pH 6.0 and 55°C for 40 hours. The reaction mixture was purified by decoloration
using activated carbon and delonization using ion exchange resin, and then concentrated to
obtain a colorless, transparent carn syrup in a vield of 94% based on the dry solid. The corn
65 syrup containing a large amount of g-glycosylsucrose can be advantageously used in confection- 65




Sixty g of a ginseng extract and 180 g of [err]-cyclodextrin were 5
dissolved in 500 mM of water 20 by heating, and the resultant m xture was
cooled to [err] adjusted to pH 6.0, added with 3 20 units/g

[err]-cycl odextrin of a pol ypeptide speci nén prepared wth Escherichia *
coli TCH201 in accordance with the method in Exanple 5, cooled to 65C yand
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prepari ng" ?&gg’ ot 13'{80% & go Liouaﬁtﬁ.?h“%‘ Qledih 560 i S itedONOT
T oF oo gL AT S st 605 B R 96 A 10 bl 6, shaﬂ.hersrmre 20ne
have premg&swpwmduntpdwma@waa réuwfurdan@vgﬁ APaniant DNA i s
i Nt r oduc eckordacewsthl themethothhi Exampiy 5. doaled the56°¢.cand: m@mm pHrﬁ@rfqo@ngrss ns
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Asn- Lys- |qb@m,t@§ odppprthat contains a-glycosyl ginsenoside. Since the
45 (b) hgﬁ.ﬁbl ent Dld harsh-tastes which are
35) Fér?nl in the un are sid E J; orally administered intact, 30
Val - Thr- ri 6 its use. In addition, the product
tar be advantageously used in health foods and medlcmes-for internal administration because
tha product possesses Invigorating, peptic; intestine-regulating, haematic, anti-inflammatory and
expectorant effects similar to the parent ginsenoside. -
35  As desctibed above, we have determined the amino acid sequences of the polypeptlde gene 35
and its sngnal peptlde, as well as prepanng ‘recombinant DNA having a Puull restriction site from
a donor microorganism by in vitro genetic engineering techmque ‘Furthermore, we have prepared .
recombinant mlcroorganisms in which the recombinant DNA is introduced, as well as confirming
that the recombinant microorganisms autonommally and consisteritly proliferate in a nutrient \/
40 cutture medium. 40 -

CLAIMS
1. A polypeptide possessmg cyclomaltodextnn glucanotransferase {CGTase) actlvnty, compris-
ing one or more partial amino acid sequences selected from the group consisting of
45 (a) Asn-Lys-lle-Asn-Asp-Gly-Tyr-Leu-Thr, _ _ L . . 45
(b} Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu, o . o D
“{c]. Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-Arg-Phe, .
(d} II&Tyr-Tyr-Gly-Thr-GIu-Gln-Tyr-Met-Thr-le-Asn—GIv-Asp-Pro-Asn—Asn-Arg, and
(e} Asn-Pro-Ala-Leu—Ala-Tyr-Gly
B0 2. The polypeptide in accordance with claim 1, wherein partlal amino acid sequences of 50
(a) Asn-Lys-lle-Asn-Asp-Gly-Tyr-Leu-Thr, . _ '
(b} Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu, .
{c} Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-Arg-Phe; - :
{d) lle-Tyr-Tyr-GIy-Thr—Glu-GIn-Tyr-Met-Thr-GIy-Asn-GIy-Asp-Pro-Asn-Asn-Arg, and
55 (e) Asn-Prc-AIa—Leu—AIa-Tyr-Gly . 333
are located in sequence of nearness to the N-terminal end of said polypeptide.
3.' The polypeptide In accordance with claim 1, which shows a molecular weight of
70,000+ 10,000 daltons on SDS-polyacrylamide electrophoresis,
4. The polypeptide in accordance with claim 1, whose partial amino acld sequence containing
60 N-terminal end is Ala-Gly—Asn-Leu-Asn—Lys-VaI-Asn-Phe-Thr 60
.8, The pclypaptlde in accordance wnth claim 4, which has the following amino acid sequence:




(d) . .
|l e-Tyr-Tyr-dy-Thr-d u-A n-Tyr- Met - Thr- d y- Asn- G y- Asp- Pr o- Asn- Asn- Ar g,

and (e) Asn-Pro-Al a-Leu-Al a- Ty : e pol ypeptide in accordance
with claim1, wherein partial H"lﬁ“" "Im““l:ceg :O]}/p EO (a) *
Asn-Lys-11e-Asn-Asp- QA y-Tyr-Leut Thr, (b} s * "= .
Pr F- Val - Phe- Thr - Phe- d y- @ u- Tr p- Phe- Leu, (c¢) “
Val - ThrpgPhe- | | e- Asp- Asn- Hi s- Asp- Met - Asp- Ar g- Phe, (d
lle-TyreTyr-GQy-Thr-Gu-Gn-Tyr-Met-Thr-d \g/- Asn- GI( y2 Asp: Pr nG-BAzgg-e,sAgzrﬁAr ?1?
and 55 (e) Asn-Pro-Al a-Leu-Ala-Tyr-dy "
55 are | ot%PewuIat B pldy fwestond 4waiPh¥es to the N-terninal end of said
pol ypepti gde.»g3-13The pol ypeptide in accordance with claim1, which shows a
nmol ecul ar a)@'gpc‘glpﬁsmos,ﬁg, 00010, 000 dal tons on SDS- pol yacryl am de
el ect r opshomesihendretl g diheevivaidy pep60tlg of dexarindDE Bhweare dissdiveddd Ailiterslef wiwse 5
partial ahy hesting:jad the gesuitpotsclutinn wes o dg?e 7&3 éi'#_‘??ﬁ ryéth Boyips/gcdextrin of a
Ala-dy- A%ﬂy eptide Rﬁﬁ"‘; é;:t_ fed %tﬂ_ g_s tilis TCUZ11 in accordance with the method in 60 5
The bol pig 5, and re d at pH 6.0 and 65 Cl . 36 murs. The reaction mu%urefva?Jhen heated™ - -

e polyp for| 18 mifnitéd by \hittrition| ébnEBnthated\tahd BulvbABad(td Dbtal o SliVeRi@n@am NO
aci d semuewestsner containing syl stéviositle 3Pa yield of about 92% based on the dry solid. 10
GB2169902A The s@éstamen/frdpadf ahesimpleasantstaste Miicly issiohseant inrtbe unmmdifibdhpatent Blediapl e 13

a- G ycosy Fide wag, posanapsble to suctds int9stg ity add the swestening powanof the) BWesteder qoxt ri n
o b e SR e T M B e S e ol o
sol uti ofb Yyscs _J,ﬁs,?) , added w t units/ g dextrin of a polypeptisle
speci nen prepared with Bacillus subtilis TCU2 11 in accordance wth the

method i n%@m&#ﬂpggqé %ﬂd reacted at pH 6.0 and 65C for 35 hours. The
][ IG?tC }t, Iafn i f ﬁ f%%%ﬂgﬁ%@@%&%e%og%%xggxﬂﬂl 53 Hlé&l%ﬁ?vs& I'o@ W;%bby
5P By hoToRs, SE tha e tant RictuPs WIE boofdd tro 76°CO Bujdadd 18 HPLS.U SdddbcOlith 20
. Sweet ener ymifsfd peyiodektir fl aygAYPEPtide EEadinRa ipthParkd) with ¥sabbrithia icoltDEH201 2% based on
the dry sebtdorianceMdth the method in Example 5, cooled to 66°C, and reacted at pH 6.0 for 40 hours.
The reaction mixture was heated for 15 minutes to inactivate the polypeptide, followed by
filtration. The filtrate was admitted to a column packed with 3 liters of “Amberlite XAD-7", a
28 synthetiv adsorbant commercialized by Rohm & Haas Co., Philadelphia. PA, USA. Thereafter, the 25
column was sufficiently washed with water to remove free saccharides. The column was then
‘admitted with 10 liters of 50 v/v % sathanol, and the eluate was concentrated and dehydrated to
obtain about 21 g of a pulverulent product that contains a-glycosyl ginsenoside. Since the
praduct is free of the unpleasant tastes such as bitter-, astringent- and harsh-tastes which are
30 manifest in the unmodified parent ginsenoside, the product can be perorally administered intact, 30
or, if necessary, seasoned with any sweetener or sour, prior to its use. In addition, the product
can be advantageously used in health foods and medicines for internal administration because
the product possesses invigorating, peptic, intestine-regulating, haematic, anti-inflammatory and
expectorant effects similar to the parent ginsenoside. :
36 As described above, we have determined the amino acid sequences of the polypeptide gene 35
and its signal peptide, as well as preparing recombinant DNA having a Pvull restriction site from
a donor microorganism by in vitro genetic engineering technique. Furthermore, we have prepared
tecombinant microorganisms in which the recombinant DNA is introduced, as well as confirming L
'\/ .that the recombinant microorganisms autonomically and consistently proliferate in a nutrient
40 culture medium. . 40

CLAIMS
1. A polypeptide possessing cyclomaltodextrin glucanotransferase (CGTase) activity, compris-
ing one or more partial amino acid sequences selected from the group consisting of
45 (a) Asn-Lys-lle-Asn-Asp-Gly-Tyr-Leu-Thr, 45
(b} Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu, )
{c) Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-Arg-Phe,
(d} lle-Tyr-Tyr-Gly-Thr-Glu-Gin-Tyr-Met-Thr-Gly-Asn-Gly-Asp-Pro-Asn-Asn-Arg, and
(e} Asn-Pro-Ala-Leu-Ala-Tyr-Gly.
50 2. The polypeptide in accordance with claim 1, wherein partial amino acid sequences of 50
{a) Asn-Lys-Hle-Asn-Asp-Gly-Tyr-Leu-Thr,
{b} Pro-Val-Phe-Thr-Phe-Gly-Glu-Trp-Phe-Leu,
(¢} Val-Thr-Phe-lle-Asp-Asn-His-Asp-Met-Asp-Arg-Phe,
(d) tle-Tyr-Tyr-Gly-Thr-Glu-Gin-Tyr-Met-Thr-Gly-Asn-Gly-Asp-Pro-Asn-Asn-Arg, and
55 (e) Asn-Pro-Ala-Leu-Ala-Tyr-Gly ' 55
are located in sequence of nearness to the N-terminal end of said polypeptide.
3. The polypeptide in accordance with claim 1, which shows a molecular weight of
70,000+ 10,000 daltons on SDS-polyacrylamide electrophoresis.
4. The polypeptide in accordance with claim 1, whose partial amino acid sequence containing
60 N-terminal end is Ala-Gly-Asn-Leu-Asn-Lys-Val-Asn-Phe-Thr. 60
5. The polypeptide in accordance with claim 4, which has the following amino acid sequence:
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GB2169902A 31 [err] 32 '
GB2169902A 32 6. The polypeptide in accordance with claima4, wherein a

si gnal peptide having an am no ac IIH“L
Met - Ar g=Ar g- Tr p- Leu- Ser - Leu- Val - H “am“ﬁu“ Vat Phe- Ser- Al a- I | e- Phe-
| | e-Val \\"Ser Asp- Thr-d n- Lys- Val - Thr-%al- G"u- Al s* | s | ocated upstream at the

upstream at 3zhe N-ter i naI si.-de of said pol ypept ide. 5 7. Theepahgqmpm des2
I N accor danece—w - :

5 N-term nal e [ [- i I- | |
pol ypepti de I ng ﬁ“’ it '%: %ﬁaﬁ nﬁiﬁiﬁ‘ﬂ Bﬁﬁi‘ﬁ‘?ﬁ&&"é"
sequence: kﬁm%-l. u-Alaﬂa at 3tk Jpetidain at theXdterminal

GB2169902A $de & . saiflipolypsplidgoept i de in accor dance with claim8, wherein a

i i i cqg%pe with claim 4, whose partlal amino acid saquence containing 5
signal pepti §e ?r\r/l.:l.rmgogl er- rﬁ-Asp- -Ser-Val-Asn-Asn-Lys-Leu

8 The polypeptide in accorc_lance with claim 1, which has the fol_lowing amino acid sequence:




sequence of N A .
Met - Lys- Lys-d n-Val - Lys- Trp- Leu- Thr-Ser -Val - Ser- Met-Ser-Val -A@ y-11e-Al a-Leu

-dy-Aa- Ala-Leu-Pro-Val- Trp mu“pstream at the N-term nal
side of said pol ypeptide. \mm“ awr in accordance with claim1l, -
whi ch orginates froma m croorganlcsn1-5 tapabl*e of produci ng CGTase.
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15 a vector fragmnT,mﬁﬁﬁ&kﬁgﬂ&ﬂﬁﬁga.fe@tﬂ)gﬁEﬁZ&Gr estriction

enzynme, these fragments being ligated. 15. The reconbi nant DNA in
accordance with cl afif iSr=cka b DX sﬁrs of genus
Bacillus. 20 16. Tlneﬁeq(%bq 3;%@ 5 ?EI&- gl m 14, wherein
sai d donor m croor gaé Ssmis nber - sel ected, from t he Jgroup consi sting

f Bacill t o .2"" dﬂnﬁﬁ&% RNESIERT SRERES N nbi nant
DA T Lt Ghnae vt A B e BE RO AR £ B rdne & Loe ho .

shown in Fig. 1, 2, %er £ 0 8% o U OESIFSI Wby £ e Lure of 2
reconbi nant mcr oor-g § ving a Pvull
restriction cl eavage™si te and ?hyl n?%ggge gene ref)
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anyl aceous substance to mwr&%pept i de possessi ng CGTase
activity; said polypep- tide being a polypeptide as clained in any one of
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17. The recombinant DNA in accordance with claim 14 which has restriction cleavage sites
asshowninFig. 1, 2,3 0r 4,

256 18. A blologlcallv-pure culture of a recomibiiant_ mlcroorgamsm in which a recombinant DNA 25
having a Pvulf restriction cleavage site ahd carrying CGTase gene, prepared by ligation of a DNA
fragment, obtained by digesting the DNA of a donor microorganism capable of producing
CGTase with a restriction enzyme /n vitro, and a vector fragment, obtained by cleaving a vector
with the restriction enzyme, has been introduced.

30 19. The culture in accordance with claim 18, wherein sald recomhinant DNA has restriction 30
cleavage sites as shown in Fig. 1, 2, 3 or 4. .

20. The culture in accordance with claim 19 wherem sald recombmant microorganism is of
Escherichia or Bacillus.
21. The culture in accordance with claim 19, wherein said recombiant microorganism is a

35 member selected from the group consisting of Eschenchla coll TCH201 {FERM P-7924) or 35
Escherichia coli MAH2 (FERM P-7925). .

22. The culture in accordance with claim 18, wherein said recombinant microorganism is a
member selected from the group cons:sting of Baclllus subtilis MAU210 (FERM P-7926) and
Bacillus subtilis TCU211 (FERM P-7927)..

40 23. A process for producing CGTase, comprising: o 40 \/J

culturing with a nutrient culture medium a recombinant microorganism, in which a recombinant
DNA having a Pvull restriction cleavage site and carrying CGTase gene, prepared by ligation of a
DNA fragment, obtained by digesting the:DNA of a donor microorganism capable of producing a
CGTase with a restriction enzyme in vitro, end a vector fragment, obtained by cleaving a vector
45 with the restriction enzyme, has been introduced; and 45
recovering the accumuated CGTase. ' :
24. The process in accordance with claim 23, wherein said recombinant DNA has restriction
cleavage sites as shown in Fig. 1, 2, 3 or 4.
25. The process in aceordance W|th claim 23, wherem sald recombinant microorganism is of
650 genus Escherichia or Bacillus. 50
26. The process in accordance with claim 23, wherein said recombinant microorganism is a
member selected from the. group consisting of Escherichia coli TCH201 (FERM P-7924) or
Escherichia coli MAH2 (FERM P-7925). :
27. The process in accordance with claim 23, wherem sald recombinant microorganism is a
65 member selected from the group consisting of Bacillus subtilis MAU210 (FERM P-7926) and 55
Bacillus subtilis TCU211 (FERM P-7927).
28. The process for producing a saccharide-transferred product, compnsmg subjecting an
amylaceous substance to the action of a polypeptide possessing CGTase activity; said polypep-
tide being a polypeptide as claimed in any one of claims 1 to 13 and 35.
60 29. The process in accordance with claim 28, wherein said saccharide-transferred product is 60
: cyclodextrin.
30. The process in acco:dance with claim 28, wherein said amylaceous substance is sub-
jected to the action of sald polypeptide in the presence of & saccharide acceptor.
31. The process in accordance with claim 28, wherein said amylaceous substance is selected
656 from the group consisting of starch, amylose, cyclodextrin, dextrin, and mixtures thereof. 65

vl



39. A saccharide transferred product whenever obtained by a process as
described in any one of clains 28 to 34 and 37: Printed in the United
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32. The process in accordance with claim 30, wherein saidsaccharide acceptor is a member
selected from the group consisting of saccharide swestener, glycoside, and mixtures theraof.
33. The process in accordance with claim 30, wherein the saccharide-transferred product is a
member selected from the group consisting of a-glycosylsucrose, a-glycosyl stevioside, and a-
5 glycosyl ginsenoside. 6
34. The process in accordance with claim 30, wherein seid saccharide-transferred product is
used as a sweetener.
35. A polypeptide according to claim 1, substantially as hereinbefore described with refer-
ence to any one of the foregoing Examples 1 to 10.
10 36. A process according to claim 23, substantially as hereinbefore descrlbed wuth reference 10
to any ong of the foregoing Exdmples 1 to 10.
37. A process according to claim 28, substantially as hereinbefore described with reference
to any. ohd of the foregoing Exmples 11 to 14.
: 38. Cyclomaltodextrin Glucdnotransferase whenever obtained by a process as claimed in any
16 one of cldimé 23 to 27 and 36. 18
38. A saccharide transferred product whenever obtalned by a process as described in any
one of ¢laims 28 to 34 and 37.
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