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Claim

A block for the expression of a mature amyloglucosidase from Aspargi]l'u’s

nger in a yeast, which block contains:

(a) the amyloglucos1dase gene devoid of all or part of its mtrons,
(b) the DNA sequence containing the signals which prov1de
~ for the transcription of the amyloglucosldase gene by
yeast; |
(c)  acoding sequence containing the signal required 'fér the
export of the mature amyloglucosidase into the
extracellular medmm, which codmg scquence contains
a secreuon signal chusen from the alpha pheromone, the -
killer protein secretion system or a syntheuc sectetxon 7
- sequence; and - _ v
(d. ',a yeast termmatxon sequence after the amyloglucomdase- e

gene and whexem smu Yeast termmanon sequence 1s a

o transcnpuon termmanon sequence. B

2

L T,




(1) AU-B-74435/87 g R
 (10) 6.12112 | 5 | e

1’17 _ A transformed yeast strain contammg an exprasslon block as clmmed in any ‘

one of claxms 1to 10

| 18  The stram of Saccharomzcc ‘as claimed in ar any one of cla1ms 11 to 13 whlchf .

is transformed s1multaneously by an exprcssmn block as c'almed in any one uf claims
1 to 10 and by an alpha-amylase expressxon blqck, and which simultaneously secretes
alpha-amylase and amyloglucosidase.

25. A block for the expression of an amyloéﬁ:&sﬁasém yeast and a transformed
yeast strain containing said block substantially as hereinbefore described with

reference to any one or more of the examples and/or drawings

26. A process for producing alpha-amyloglucosidase substantxally as hereinbefore

described thh reference 1o any one or more of the examples and/or drawmgs
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The present invention describes processes by means

Ba i R

At i S
PR TR

of which different strains of yeast of the genusvsaccharoﬁycés;

AR N

including the industrial 'strains which do not have the capa-

city to degrade complex carbon-containing substrates such as .
5 starch or dextrins, may be caused to secrete a glucoamylase. !

Starch, which is commonl) used.as a source of car-

ST

bon in alcoholic fermentation, has to be hydrolyzed before-

hand (either chemicaLLy or enzymaticaliy) in a separate pro-

cess in order to produce substrates which are usable for fer-

10 mentative yeasts.

It would hence be desirable to construct, by gene-

NPTt St S ST

tic recombination, industrial strains which were capable of

synthesizing one or more enzymes for degrading starch to sub-

strates which are directly assimilable by these strains.

15 More especially, the objective of the present inven- ;

o o " tion is to construct, by genetic recombination, a strain res- %
::i:t ponsible for brewery fermentation capable of degrading the fg
e S residual dextrins in the wort so as to produce beers having ;
..:?t a Low content of sugars. ﬁ
e 20 similarly, the enrichment of the wort with respect ﬁ
E‘ﬂ“ to fermentable $ugars also enables the production of beers ﬁ
having a high alcohol content to be envisaged. ﬁ

The use of a brewery strain thch produces an enzyme %

5'3.. responsible for the degradation of dextrins during alcoholic fé
+0+°25 fermentation may prove to be a means of simplifying the brew- : ég
ing processes and making them profitable. f

:.ﬂ:‘ , The preparation of beers having a Low content of resi- ;

dual sugars can, in particular, be achieved by adding, at
various stages of the brewing process, an Aspergillus niger

cee «'30 glucoamylase (amylo-1,6-glucosidase). This glycoamylase cata-

.?.ﬁ lyses the release of glucose residues from the non-reducing - éu
ends ofvstah;p,gr dextrins. ' l/ﬁ'_ § 
Thi}g?nzyme plays a big part in tﬁé production of ig
t ‘glucose syrups from starch and in the manufacture of other i @.
;s 35 alcoholic drinks. This Aspergillus niger glucoamylase is ’ By %
:; accepted as an additive fn the agri-foodstuffs industries. % .
. Hence, in the first place, the subject of the pres- i
g ent inventigh_is the expression of Aspe}gillus niger NC122343 ]
I\

,;v(v7 A o o . S s ; : . o

o B . ; f
00 . “ : W . " i SR
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aLpha amyLogLucos1dase in a brewery stra1n. _
SecondLy, one of the advantageous features of the

ginvention is that the transformed brewery stra1ns possess the_

foreign DNA 1ntegrated in a /east chromosome. When the for-

eign DNA 1s’1ntegrated in the chromosome according to the pro-
cess described lLater, the property of pruoducing atpha-amyLo-i
gLucosidase is stabLe and the strain differs from the start—

ing strain only in respect of this new character.

The stability of the information c¢an also be achxe—
ved'by‘constructing a DNA structure knoun‘as a minichromosome
consisting of three main elements: telomere, centromere and
origin of replication. ‘

‘Another subject of the present invention relates,
‘more especﬁalty, to a functional DNA block enabling amyLo-
glucosidase to be secreted fronm yeast, this block containing
the following features: | “ _

. the amyLogLucos1dase gene devoid of all or part of its in-
trons; |
a DNA sequence containing the signals which provide for the
transcription of the amyLogLucosidase gene by yeast;

a coding‘sequence containing the signal required for the
export of the mature 2avloglucosidase into the extracelluLar
medium; the choice was made of a secretion system spec1f1c
to yeast, that of the alpha pheromone (1), but other sys-
tems could be used Efor example, the k1LLer protein system
(2) or that of a synthet1c signal sequencel;

. finally, the expression block may possess, after the'amylo¢7
glucosiddse gene, a”yeast_termfnation sequence, for example

that of the phosphoglycerate kinase gene.
Preferabty; the‘amytogLUcosidasehgenefquL be de-
v01d of all of its.introns (cDNA). T s :
Among the etements of the sequence uh1ch prOV1de
for the transcr1ptlon of the amyLogLucos1dase gene, promoters
shouLd be mentioned, ‘in part1cular the PGK promoter. ‘
Th1s funct1onaL block can be 1ntegrated in an auto-

nomously repl1cat1ng pLasmld contawnlng, for example, an or1-‘5
g1n of repL1cat1on 1n yeast, for exampLenthe or1g1n of. repL1-f

catzon of the 2 u plasm1d
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' taining starch or dextr1ns is fermented R o : -
F1nally, the alpha amyloglucos1dase gene used is pre-'_'
B ferably that of Asperg1llus n1ger.1,'~1 ,v.~’_ftiﬁ.- ' f FF;'
3?' _ Lastly, the comb1ned actlon of anyloglucosxdase and
,“y ' a lwquefytng alpha amylase leads to a total synergy of degra-
'v_' dat1on of starch to glucose res1dues. ' o :

S A B R T I L aaibdie Sl eSO e Sl g arote e MESR ISR LA S
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grad1ng starch or dextr1ns, uhe-etn an industrial med1w

when such a, plasm1d is used it 1s advantageous that

}1t should be a shuttle plasmld capable of replwcat1ng ina

bacter1um, for this purpose, it may contain elements for'repf'

vlication in a bacter1um, for ‘example E. coli, and a'setection =
gene such ‘as that for resastance to an ant1b1ot1c, for example

Amp . _ .
-In general, the plasmid u1ll preferably contain an’

'effect1ve gene for select1on in yeasts,'for exanple_a gene

complement1ng,an auxotrophy, such as uraz+, or alternatively

a gene conferring a dominant phenotype, for example resis-

tance to G418. ,
When the expression block is integrated in the genome
of the yeast strain, the integration will be performed in a

site which is nonessent1al for the yeast, for example the

VMFalpha1 gene.

The constitution of -an integration vector is known
and will be described in detail in the examples. 7
The invention also relates to the strains_containing
an expression block according to the invention, inuolving
either a plasmid or a chromosomal integration.
._ Among the transformed strains, there should be men-

tioned, in particular, the strains of Saccharomyces, in parti4

cular‘s.rcerevisiae and S. uvarum, in particular the indus-
trial strains such as the brewery strains. . o
Finally, the invention relates to a process for pre-

paring amyloglucosidase, in particular alpha- amyloglucosidase,

wherein a strain according to the invention is fermented on

"a suitable culture medium and the enzyme 1s recovered in the

extracellular medium.
The invention relates, f1nally, to a process for de-

R TRy o WY S o RIS SETEERERILA
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;and aLso that for - an endo alpha amyLase (for example, of Bac1l-

somes, the product1on of ethanoL may be obtalned u51ng starch

‘as a source of carbon.  °

Thus, the present invention relates to the introduc -
t1on of the gene for B. Licheniformis alpha- amyLase and 1ts

- expression in a strain of Saccharomy es produC1ng aLpha amyLo—

glucosidase. A

The simultaneous expression of amyloglucosidase and
ofaLpha-amy(ase should Llead to a synergy of these two enzy-
matic activities.in the degradation of starch or dextrins to
glucose residues.

The present invention relates, more especially, to
the simultaneous expression of alpha-amylase and amylogluco-
sidase in a pulyploid strain of brewer's yeast, S.'uvarum;'
in particular the strain 2285 TG2 AMGC, as well as to the use
of these strains for preparing alpha-amylase. '

Moreover, a most especially preferred apbtication

‘according to the inverition relates to the transformation of
“particular strains of Saccharomyces, in particular the poly-

ploid and prototrophic strains used in the bread-making indus-

try; such a strain may be, for example, S. cerevisiae strain
TGF1. ’ T
These polyploid and prototrophic strains have to be
cotransformed with a vector as described above and a plasmid
which confers avdnminant phenotype. ,
One of the subjects of the present invention is,iin'f
effect, the use of aLpha-amylogLucosidase,_in particular of
Aspergillus niger, during panary fermentation, since alpha-
amytoglucosidase, uhich degrades starch directty to glucose,

~ has a benef1c1aL effect on panary fermentat1on slnce this

35

“sugar is d1rectLy as51m1lable by baker H yeast.

The add1t1on of th1s enzyme enables the bak1ng pro-l
cesses to be 1mproved by mak1ng the dough dr1er to the touch

the fermentatwve act1v1ty of the baker's yeast to be s1gn1f1—

}1n wh1*h the genetvc 1nformat1on for an atpha amyLogLucos1dase;.e

(IS

,lus L1chen1form1s) are 1ntegrated together in the yeast chromo-,,u

5and hence easier to process by machnne, and above all enablesif-

’cantLy enhanced and hence the fe»mentat1on t1mes ta be reduced'
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greatLy.

Furthermdre, this add1t1on should be the source of
1nnovat1on by enabling relatively sweet bread- -type products

to be developed which is virtually 1mp0551bte without add-’

ing &n eniyme in a short baking process.
" The present invention hence relates, in addition, to
processes by means of which a bakery strain of the Saccharo-

myces cerevisiae type is caused to secrete an amyloglucosidase.

In particular, the invention relates to a panary fer-
mentation process in which at Least one of the strains used
in the fermentation is a strain as described above.

The examples below are designed to illustrate other
characteristics and advantages of the present invention and
will be described with reference to the figures, wherein:

. Figure 1 shows:
a) the structure and the restriction map of the Aspergil-
Lus niger glucoamylase gene,
b) the structure of plasmid pTG1831,
c) the structure of plasmid pTG183Q0,

. Figure 2 shows the sequence of the Aspergillus niger amylo-

glucosidase gene, ,
. Figure 3 shows the structure of M137G1839,
. Figure shows the structure and construction of M137TG1843,
. Figure shows the structure and construction of M137G1837,

. Figure shows the structure and construction of M137G1846,

N~ o wn

. Figure shows the structure and construction of M13TG1848,
. Figure 8 shows:
- a) the structure of plasmid pTG1848,

b) the structure and construction of plasmid pTG1850,

. Figure 9 shows the structure and construction of M13TG1857,

. Figure 10 shows the structure of plasmid pTG1858,

. Figure 11 shows the detection of the production of amylo-.
glucosidase by the strain TGYZsp13 pTG1858 by means of the
I /KI test, ~ . :
. Figure 12 shous the structure and construct1on of plasm1d
pTG1867, ‘ : . I
. Figure 13 shows the hvbr1d1zat1on of the EcoRI restr1ct1on'
'fragments of the genom1c ONA-of. the stra1ns TGYZsp13b AMGB

W
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et

L : | ":- 6 -  ThY L
“’and TGY25p13b w1th the gl gonucleot1de TGSZ9 cof“rspond1ng

‘f.to the 3' port1on of the MFaLpha1 gene of S.‘cerev1s1ae, eg'\f*

' '. F1gure 14 shows the hybr1d1zat1on ‘of the restr1ct1on frag-\e;e

‘ ments of the genomic DNA of the stra1ns TGYZsp13b and

2285TGZ w1th e1ther the oL1gonucLeot1de TGSZ9 or the R f\”f"n

oL1gonucLeot1de TG170

. Figure 15 shows: the hybr1d1zat1on of the EcoRI d1gested

_genomic DNAs of stra1ns TGF1-AMG1 and TGF1 w1th an oL1go-‘
nucleotide 76529 spec1f1c for the MFaLpha1 gene of

Saccharomyces cerev1s1ae,‘

. Figure 16 shows the hybr1d1zat1on of the BamHI- d1gested

genomic DNAs of strains 2285 TG2 AMGC-AMY1 and 2285 TG2
AMGC with an oL1gonucLeot1de 76227 spec1f1c for the His3

gene of s. uvarum.

EXAMPLE 1

CLONING OF THE ASPERGILLUS NIGER ALPHA-AMYLOGLUCOSIDASE GENE

IN PLASMID pBR322

1 ug of Aspergillus niger NCI22343 genomic DNA and
0.5 ug of plasmid pBR322 DNA were completely digested with

EcoRI and Sall, and these DNAs were then covalently Llinked
using T, ONA Ligase. Escherichia coli strain 1106 was then

transformed with the Ligation products. The selection of‘ﬁhe

clones carrying an insert corresponding to the aLpha-amyLo-‘

‘gLucos1dase gene was carried out after transferring the re-

combinant clones to a nitrocellulose sheet according to the
ctassical method (3). The recombinant cLone= were hybr1d1zed
with a mixture of three oligonucleotides TG282, TG283, TG284,
defined on the basis of the sequences aLready published (4)

- TG282 5' ATAGTTAAAGGATGGGGATGAGGGC 3
- TG283 5' AGGACACGTACTACAACGGCAACCC 3

TGZBA 5¢ CTGGGTGACTGGGAAACCAGCGACG 3
~ Two pos1t1ve clones were’ 1soLated and conta1n a d1f-
ferent EcoRI-Sall fragment.' One of ‘the inserts (2 .4 kb),

‘which hybr1d1zes Wwith tuo of the three oL1gonucLeot1des
'(T6283 T6284),_corresponds to the 5' portion of the amyLo- ’
“glucos1dase gene. In contrast, the other 1nsert 1 kb),

uh1ch hybr1d1zes w1th onLy one’ of the three oL1gonucLeot1des'

"_(TGZBZ), corresponds to ¢he 3' reg1on of the Asperg)LLus n1g

TSRV L AR R e
e
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'»amyLogLuc051dase gene (F1gure 2)

These new plasmids are referred to aéupTG1830,and
pTG1831 (Figure 1). i

EXAMPLE 2

CLONING OF THE cDNA OF ASPERGILLUS NIGER ALPHA-AMYLOGLUCO-
SIDASE INTO BACTERIOPHAGE LAMBDA :

The sequence of the amyloglucosidase gene, as well as
that of the cONA of Aspergillus niger (BU-1) amyLogtucosidase,
has atready been published (4a, b). Comparison of these. two

sequences reveals the presence of 4 intron regions in the
Aspergillus niger (BU-1) amyloglucosidase G1 gene (Figure 2).

With the exception of the intron D, which has a se-
quence comparable to the consensus sequence TATAAC, an essen-
tial element in the mechanism of excision of introns in yeast
(5), it appears that none of the other introns can be excised
by yeast in vivo. Cloning of the cDNA of amyloglucosidase
was hence undertaken.

Aspergillus niger NC122343 messenger RNAs were puri-

~fied from a culture of this fungus on rich medium containing

2% of starch as a carbon source, so as to produce a cDNA cor-
responding to amyloglucosidase by reverse transcription.

The extracted mRNAs were added to a reaction mixture
containing a dT oligonucleotide as a transcription primer.
The synthesis of the cDNA was carried out according to the
method deécribed by Chang et al. (6). A cDNA library was pre-
pared in bacteriophage Lambda according to Le Bouc et al.
(7). The bacteriophage Lambda DNA was packaged in vitro in
the phage particles, and the phages thereby formed were used
to transduce the Escherichia coli indicator strain POP101.

The Aspergillus niger NCI22343 cONA Llibrary was
screened for amyloglucosidase, using as a probe an oligonuc-
Leotide TG433 defined on the basis of the published sequences
(4a): | - | L
TG433 5'GGTFTAGCCATTGTCAAGCAGCCACTGCCC 3! o |
correspondlng to the sequence complementary to the sequence
coding ﬁor amwno acids 163 to 172 of the mature protexn
(F1gure 2). _ ‘ _

Five positive signals were detected. Two of the five
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"cLones were conf1rmed by cross- hybr1d1zat1on u1th another

oL1gonucLeot1de 16387 correspondxng to the sequence compLe-

: mentary to the sequence cod1ng for am1no aC1ds 226 to 236 of‘
the mature protein (Figure 2):. ‘ o ‘

TG387 5'CAGGA.CGAGCCGACGGCCGTCGCGA 3 N |
the size of the inserts -in theseetuo'candidages being approxi-

:mateLy 800 bp.

After analysis with restriction enzymes, one of the
two fragments was recloned in an M13 derivative (M13mp8) in
order to seguence it. Thie new vector is referred to as
M13TG1839‘(Figure‘3). The sequence of the cONA fragment of
M13TG1839 coding for amino acids 62 to 319 of the mature pro-
tein proved to be identical to that already published (Figure
2). ‘

EXAMPLE 3

CONSTRUCTION OF AN ALPHA- AMYLOGLUCOSIDASE EXPRESSION VECTOR

FOR YEAST S. CEREVISIAE

1) Reconstitution of the 3' portion of the Aspergillus

niger amylLoglucosidase gene

Plasmid pTG1830 DNA was digested with PstI and Sall
so as to liberate a 1.2-kb fragment. Similarly, plasmid
pTG1831 ONA was digested with EcoRl and Sall, liberating a
1-kb fragment. These two fragments were isolated and Ligated
with M13mpS ONA which has been digested with PstI and EcoRI.
A new vector, referred to as M13TG1843, is reconstituted
(Figure 4). This vector M13TG1843 possesses the 3' part of
the amyloglucosidase gene. | -
2) Reconstitution of the 5' portion of the region codihg

for the mature am&LogLucoSidaeebdf Aspergillus Niger

a) Removal of the intron A by in vitro mutageresis

In the fifst’ptace, the BamHI~EcoRI fragment (2 kb):
of_uTG1830 containing the 5' portion of the amyLoglucosidaSe
gene was transferred into M13Tg127 phage DNA betueen the BamHI
and EcoRl sites. This gave single- stranded M13TG1835 DNA,
from which the jr vitro mutagenes1s‘was.carr1ed out. An oL1go-
nucleotide T6403‘(30emer)5fthe'eeduenée-of-uhich‘is comple~-
mentary to those of the regions flanking Ehe intron A, was

used as a primer for the synthesis of the DNA, using the single
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’strahd-of'M13fG1835 DNA as a template (Figure'S)._ rﬁé_;é—
‘quence of the oligonucleotide TG403 is as follows:

TG&OB 5! ACGGATAACCCGGACTACTTCTACACCT 3 e v
: One p1comoLe of single-stranded M13TG1835 ODNA was
hybridized q1th_one picomolLe of oL1gonucLeo:1de TG403_Uhose
5' ends are phosphorylated in a reaction mixture'ehich con=
tains 10 mM Tris pH 7.5, 10 mM MgClp, 50 mM NaCl. The mix-
ture was heated to 100°C for 3'mjnutesuend incubated for

1 hour at room temperature. ' :

1.25 ut of each deoxynucLeot1de triphosphate at a con-
centration of 5 mM was added to the hybridization mixture 1in
order to obtain a final concentration of 500 WM. S units of.
DNA polymerase 1 Klenow fragment were then added to one unit
of T4 DNA Ligase; the elongation reaction was continued at
rcom temperature for two hours. After precipitation with
ethanol, the Ligation products obtained were digested with the
restriction enzyme Sacl. This enablLes the frequency of pro-
duction of recombinant clones containing the mutated form to
be increased. Competent cells of E. coli strain JM103 were
transformed with the digestion mixture. The plaques derived
from this transformation were analyzed by DNA/DNA hybridiza-
tion, using as a probe the oligonucleotide TG403 depicted
above, labelled with 32P by kinase treatment according to the

‘customary techniques (8). Several positive signals were ob-

served. The ONA sequence of one of the clones is identical
to that of M137TG1833 ONA without the intron A sequence. This
new phage is referred to as M13TG1837 (Figure 5).

b) Construction of the vector M137G1846

The vector M13TG1837 DNA was digested with BssHIIL and

Avall. The 380-bp BssHII AvaII fragment conta1n1ng the DNA
sequence coding for the NHZ terminal region of the mature

 amyloglucosidase of Aspergxtlus n1ger‘(am1no acids 21 to 151)

was isolated (Figure 2). Similartly, the 280-bp PstI-Avall
fragment of M13Té1839 was 1sotated This fregmeni'containe
the cDNA sequence coding for amino ac1ds 151 to 256. These
two' BssHII-Avall, AvaII Pstl fragments, u1th two synthet1c

”‘ol1gonucleot1def TG453, T6454 des1gned to reconst1tute the
'5' end of the mature amxloglucoe1dase‘and which permit the
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in- phase read1ng of the prepro sequence offthe,albha:pherdfﬁﬁ

mone followed by the mature sequence of am?LogtUCOSidasef

f(F1gure 6), are ngated in M13mp8 uhlch has beengdigesteggiz

with H1ndIII and Pstl. This new vector is referred'to as

M13TG1846 (Figure 6). -

3)  Construction of M13TG1848
In the first plate, the HlndIII Pstl fragment of

.M13TG1846 (670 bp) containing the sequence cod1ng for amino

acids 21 to 246 was isolated. M13TG1843 DNAhuas d1gested
with PstI and EcoRV and the 1736-kb PstI-EcoRV fragment
derived from this digestion was isolated and eluted from a
gel. This fragment contains the 3' portion of the amylo-
glucosidase gene (presence of the intron D) coding for amino
acids 246-640. The EcoRV site is situated downstream from
the TGA stop codon (approximately 140 bp). The polyadenyl-
ation site is situated at approximately 70 bp upstream from
the EcoRV site. These two fragments are Ligated in M13TG131
which has been digested with HindIIl and Hindll. This new
vector is referred to as M137G1848 (Figure 7). Thisrneu vec-
tor was used as a source of amyloglucosidase coding sequence
for the secretion vector described below, despite the

presence of the Llast intron D.

4) Construction of an amyLogLucosidase expressionrvector
for yeast S. cerevisiae ‘
The starting plasmid is pT6848 (identical to pT6849
described in French Patent Application No. 83/15 ,716, with
the exception of the ura3 gene whose orientat1on is 1nverse)q

it consists of the following fragments (Figure 8a): )

a) The approximately 3.3-kb EcoRI-HindIIl fragment or1gln-,_
ating from ptasm1d pJDB207 (9). The HindIll site corres-
ponds te coordinate_105 of the 2 u plasmid B8 form, the
EcoRI site to coordinate 2243. In this fragment, the 2 u
is in the B fofm 10). This fragment enables the plasmtd'
to repl1cate autonomousty in yeast. _ e : . .;

b) A HindIII fragment carry1ng the URA3 gene (1N wh1ch en-,'

ables the pLasmwd to be seLected -in. ura3 strawns on med1um '

i
4

devoid of a pyr1m1d1ne source.'

c) The Large EcoRlI (coord1nate 0) SalI (coord1nate 650) ' '_fn]s‘
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fragment of pBR322 (12). 1In the Pvull site of this frag-"

ment, there has been inserted the 510- bp EcoRI-HindIIl

Afragment correspondtng to the end of the PGK gene~ (13) -the'

endsrof thch fragment have been previously rendered_blunt'
by the action of Klenow in the presence of the 4 deoxyribo-
nucleotides. When joined to the Pvull end of pBR322, the
flush EcoRI end of the PGK gene regenerates an EcoRI site.
d) The HindIII-Sall fragment (2.15 kb) of the PGK gene (13).
The BgllI-HindIIl fragment of M13TG1848 was isolated
and eluted from gel. It was then Ligated with the HlndIII-
BamHI fragment of M137G889 containing the prepro seguence of
the alpha pheromone in the BglIl sites of plasmid pTG848. A
new plasmid, referred to as pTG1850, was obtained (Figure 8b).
In summary, plasmid pTG1850 possesses:
1) a fragment of the 2 u plasmid of S. cerevisiae which en-

ablea it to replicate in Saccharomyces;
2) the URA3™ of S. cerevisiae which enables the transformed

cells to be selected from a ura3 receptor strain on
medium devoid of a pyrimidine source;

3) the origin of repl1cat1on of pLasmld pBR322 and the gene
for resistance to amplc1LL1n, which enable the pLasm1d to
replicate and the transformants to be selected in E. coli;

4) the promoter and the terminator of the yeast PGK gene which
provide, respectively, for the initiation and the stopping
of transcription of the alpha- amylogluc051dase express1on
block- .

5) a gene coding for a precursor of this aLpha amyLoglucoszd-

ase, consisting of the prepro sequences of the alpha phero-
mone gene (MFalphaq) of S. cerevisiae fused to the sequence

coding for the mature port1on of alpha amylogLuc051dase
whlch still has its :dintron D.

'5) Transformat1on of a laboratory stra1n u1th pLasm1d

pTG1850 DNA i

- pTG1850 plaam1d DNA was ampl1f1ed in E. coll) pur1f1ed_.'
on a cesium chlor1de gradlent and used for transform1ng the

strain TGYdsp13b, wh1ch is ‘a haplold stra1n of S. erevws1ae

~having LeUC1ne and urac1l as auxotrophtc markers (Matalpha,
:’uraS 251 373 328, leuZ 3 12) s Follou1n9 the techn1ques

\)7,,_?'
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fdescr1bed by Ito et ay. (14), the ura transformants ue‘em,f"

‘tested for the expre551on of the Asoerg1llus n1ger amyLogLuco-ff"h'”
) s1dase gene. The techn1que is as. follous-m the ura cLones
\: uere subcuttured on soL1d medium c:nta1n1ng 2% of starch." :
-5 | After 48 hours' grouth 5 mi of aqueous 1od1ne m1xture ’IZ/KI)Zk:mm;Za
were added to each d1sh."Tne starch in contact With the 1o-':'
d1ne (12) takes on a blue. coLorat1on. Yeasts which produce‘“”
amyLogLucos1dase in the cuLture medium degrade the starch and
this gives rise to a haLo of decoLor1zat1on around the coLo-

o oy L e
N e S e ST

10 nies. 'None of: the transformants secretes- act1ve amyLogLucos-'

idase. , ‘
6) Excision of the intron D by in vitro mutagenesis
. - To carry out thisfﬁn vitro mutagenesis, an oLfgonu-.‘
Set ” cleotide TG496, the sequence of which is complLementary to
E‘s:ﬂS ‘that of the regions flanking the fntron D of phage M13TG1847
e DNA, depicted in Figure 9, was hybridized. This oligonucleo-
ttec . tide served as a primer for the fn vitro synthesis of the
;:1 " strand complementary to the phage M137TG1847 genome. The seF |
* '"*  quence of the oligonucleotide TG496 is as follows: | o L
20 TG496 5' TTCGTCTCTATTGTGGAAACTCACGCCGCA 3°'. R |
Eﬂ." ‘ The method used is identical to that used for the ex- ‘ -;fu
AT cfsion of the intron A. On the other hand, it was not pos- - 1
st sible to use any restriction enzyme to "sabotage the non- ;;f ho
'3.5:- mutated forms. Several pos1t1ve s1gnaLs were observed. The %
25 DNA of one of‘the positive clones was sequenced. The 1ntron :
o D was correctty deLeted. This new phage is referred to as
A M13TG1857 (F1gure 9). ' ' C

cossat 7) Construction of ptasm1d pTG1858
| ' ‘ In the first plLace, the 670- bp BamH1- SphI fragment
30 of'M13TG1857 was 1soLated and pur1f1ed on gel. It was Liga-
. ‘ ted with the Large BamHI Sphl fragment of pTG1850. A new -
H amyLogLucos1dase expresswon vector, referred to as pTG1858, |
J uas reconstrtuted._ Th1s vector possesses the reg1on cod1ng

-v‘v for the' ma -re amytogtucos1dase of Asperg1LLus n1ger (F1gure.p,
35 10). L gt e e R e o e
 EXAMPLE & ‘f-~ﬂ7 R 7’* e 3
i rTRANSFORMATION OF A LABORATORY STQAIN HITH pTG1858 DNA
ﬂm ;“7““3 o pTG1858 DNA uas used tgd}ransform a yeast TGYZsp13b
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: “'(rataLpha, ura3- 251 3?5 -328, Leu 2-3- 18) for ura® e follou1ng

5

“the techn1ques descr1bed (14); the presence: of atpha gLuco-;
amyLase was tested around the coLon1es as descr1bed above
(Figure, 11) ~As expected, it was found that all the ceLLs
transfor med with'pLasmid pTG1858 secrete act1ve amylogLuco-‘
sidase.  In addition, the~grouth of the yeast strains tramg—,‘
formed with plasmid pTG1858 was compared with that of the’e
same strain transformed w*th pLasm1d pr848.' The yeasts
transformed with both plasmids grow on minimal medium contain-
ing 2% of starch as a source of carbon. However, the st{ain‘
transformed with plasmid pTG1858 always shows better grouth
than the strain transformed with plasmid pTG848 on this
“medium.
EXAMPLE 5
CHARACTERLZATION OF AN AMYLOGLUCOSIDASE ACTIVITY IN THE YEAST
CULTURE SUPERNATANTS

The amount of amyloglucosidase secreted by yeast

strain TGY2sp13b containing plasmid pTG1858 was assayed.
After two days' incubation in YNBG medium + 0.5% casamino
acids at 30°C with stirring at 250 rpm, the culture of |
TGY2sp13b containing pTG1858 consume& all the glucose andfwas
in stationary phase; the culture was arrested at an approxi-
mate cell density of 2.6 «x 108 cells/mL. Measurement of the
amount of amyloglucosidase present in the unconcentrated o
supernatant shows that 360 units of active amyLogLucos{dase
per Liter of supernatant were produced (one unit of amylo-
glucosidase activity corresponds to theureLease of one umol
of glucose/min from 2% of Zulkowsky starch in 50 mM sodium
acetate buffer, pH 4.3 at 55%). | |
EXAMPLE 6
‘CONSTRUCTION OF AN INTEGRATION PLASMID FOR SACCHARONYCES
CEREVISIAE o R _
~For this purpose, an EcoRI fragment (1.7 kb) corres- _
pond1ng to the chromosomal regton carry1ng the MFaLpha1 gene '
of S. cerev1s1ae (1) was cloned into the EcoRI svte of a &‘
der1vat1ve of puUCS8 (pTG1864). This new vector is referred
to as pTG1865 (Flgure 12). E" S T o R R
pTG1865 DNA was d1gested uvth thdII, L1berat1ng a

R A

S R T TR

S )
S st o ; = do S o T , .
s . : : P - ; Ry : >
J— - - S - Ll o — - Puov— D i e \ St




14 -fﬂ

,‘smati approx1mately G 5- kb fragment 1nternaL to the MFaLpha1

. 'gené; At the H1ndII s1tes of pTG1865 there were 1nserted o

‘f__by bLunt -end l1gat1on the SmaI BgLII fragment of p|G1858 uh1ch ;dfﬁ
p1ncLudes the amyLogLucos1dase prepro precursor sequence under ‘nf‘
: the controL of the phosphoglycerate kvnase gene promoter and '

“‘,the BglII H1ndIII fragment of pTGSSO which .ncLudes ‘the PGK

10

35

'gene term1nator sequence, after the action of KLenou poLymer-7

ase on ‘the HindIll site. This new vector is referred to as -
pTG18 (F1gure 12). Digestion of pTG186? u1th EcoRI L1ber--;”
ates a yeast DNA fragment (4 kb) in which the‘amyLogLucos1df“
ase expression block has been integrated. - o

EXAMPLE 7 . -
COTRANSFORMATION OF TGY2sp13b FOR THE PURPOSE OF OBTAINING

YEASTS SACCHAROMYCES WHICH HAVE INTEGRATED THE AMYLOGLUCO-

SIDASE EXPRESSION BLOCK

The presence, at the ends of a linear ONA fragment, .
of regions homologous with a region of the yeast genome favors
recombination events between the chromosomal region and the
Linear fragment. This enables us to substitute the sequence
of the linear‘fragment, which can contain foreign_sequences,

for the chromosomal sequence. It is hence also possible to

obtain the integration of foreign seguences in the yeast E
chromosome. - ' ‘ ” o
The strain TGY2sp13b (Matalpha ura3-251-3?3-328 Leu

2-3. 12) wvas hence cotransformed by the customary technique (14)‘

with 2 ug of pFL1 DNA (15), conferrtng the ura® phenotype,

and at the same time with 10 ug of pUC1867 ONA which had pre-
viously been cut with EcoRI. Of the 300 ura’ clones obtained,
those which had become MFalphaq were tested. In effect, the
substitution at the MFalphay Locus by the Linear DNA frag-
ment Leads to an inactivation of the MFaLpha1 gene, that is

to say a Loss in product1on of the alpha factor of at Least
751‘(16) ~ The MFalpha1 phenotype is tested in the foLLou1ng

‘manner' " a Lawn of FL100 Hata ceLLs (S X 104 ceLLs) is ptated
‘on a 'dish conta1n1ng YNBG + 0. S% casam1no acxds. A clump of

ceLls orvg1nat1ng from the ura clones was depos1ted on

h_thvs Lawn. After 48 hours at room temperature, the presence
‘of'a halo of 1nh1b1t1on of grouth of the)Mata strafn was‘u\
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,observed around the straxns hav1ng the MFalpha1 phenotype.‘p
This reflects the fact that the MFaLpha1 strain secretes ’
hsuff1c1ent aLpha pheromone to 1nh1b1t ‘the gnowth of the Mata
strains. No haLo of 1nh1b1t1on of grouth was observed ‘

around the mfaLpha1 stra1n 0f the 300 ura® clones, one'
mf- aLpha1 transformant, referred to as TGYZsp13bﬂ AIIGB, was
obta1ned This clone produces a halo of decotor1zat1on in
the 12/KI test after S5 days' growth at 30%. Th1s clone
TGY2sp13b O AMCB hence produces active amylogluc051dase.

This clone expresses alpha- amyLogLucoswdase in stable
fashion during severaL‘generations. Analysis of the genomitc
DNA of the strain TGY2sp13b @ AMGB according to Southern’
reveals that the amyltoglucosidase expression block 1is ‘integ-
rated in the genome at the MFalpha4q locus (Figure 13) and
that the integration of this foreign fragment has been car-
ried out by an exchange process without integration of the
vector pTG1864 sequence. |

The amount of amyloglucosidase secreted by the yeast .
strain TGY2sp13b & AMGB and the strain TGY2sp13b containing
plasmid pTG1858 was assayed.

After 2 hours' incubation at 30°C with stirring at
250 rpm, the strain TGY2sp13b & AMGB produces approximately
6- to 8-fold Less active amyloglucosidase than the strain
TGY2sp13b conta1n1ng plasm1d pTG1858.

EXAMPLE 8

INTEGRATION IN A POLYPLOID BREWERY STRAIN SACCHAROMYCES
UVARUM (2285TG2)

The point at which the amyloglucosidase expressjon
blLock is integrated in the genome of the brewery strain must
be chosen in such a way as not to modify either the physioé

Logy or the characteristics of the strain 2285T762. The choice

was made, for the integration site,‘of the MFalpha1 gene

which is responsible for the synthesis of the alpha factor.v

A strain of sex type Mata shows no detectable 1nh1b1tion of
growth when placed in contact u1th a polyplo1d'breuery strain;

- The alpha factor plays a part 1n the con]ugatvon betueen two.
. yeasts of oppoS1te sex type.‘ In stravn 2285TGZ 1nact1vat1on

of the MFaLpha1 gene should ‘not mod1fy the phys1ology of

e

7

LRI
N A

o e i S




ix‘determ1ned by anatyzwng the genom1c DNA of th1s stra1n accord- :
Ve1ngvto Southern (Figure 14). ‘The MFaLpha1 gene present in .
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the strain.. The presence of this gene in sffaih‘2285TGZ‘was-'*

the Strain-ZZSSTGZ‘appeahs to be.broadty homologous ‘with that
ofvtheys; cerevisiae strain. A single differehce'ues detected

in the region coding for the alpha factor situated'betueen
the two,HindII'sites (Figure 12). This region contains, de-
pending on the strafn, a variable number of copies of this
alpha factor (17). The difference observed is probably due
to the presence of at Least one edditionat copy in‘the
Saccharomyces uvarum strain. In consequence, the amylogluco-

sidase expression block was inserted into the HindII sites of
the MFalphaqy gene of S. cerevisiae bounding the region codingv

for the alpha factor.

Sinee the strain 2285TG2 is polyploid and hence has
no auxotrophic marker, the cotransformation with pTG1867 is
accompiished using a plasmid which confers a dominant pheno-
type. Resistance to G418 was used. This plasmid which was
used is a derivative of plasmid PTG1861 described in French
Patent No. 84/04,453. Plasmid pTG1825 differs from pTG1861
only in respect of the absence of an outfdf—phase ATG which
has been deleted by in vitro iutagenesis in order to permit
better expression of the gene for resistance to G418.

Strain 2285T7G2 was transformed with 1 ug of pTG1825
DNA and 10 ug of pTG1867 which has previously been digested
with EcoRI, by the technique derived from Dickson (18). The
following modification was carried out: approximately 15
hours after the transformation, an overlayer of complete
medium (10 ml) containing geneticin, G418 (Difco), was added
so that the final concentration of ant1b1ot1c was 300 upg/mL
in the dish. :

' of 300 G418- resrstant cLones, one clone, 2285TG2 AMGC,
produces amyLogLucos1dase. Thls clone expresses alpha amylo-
glucos1dase in stable fashion during several generatwons.

,Analys1s of the genom1c DNA of the stra1n 2285TGZ AMGC accord-
. ing to Southern reveals that the amyloglucos1dase express1onv‘

bLock is 1ntegrated in the- genome at the MFaLpha1 locus. The
amount of;amyLogLUQQSJdase‘seeretedkbywthekbreuery strain was
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"”assayed After 3 days' 1ncdbeti6n 1n compLete YPG med1um at
L 30%C with stvrr1ng at 250 rpm, the 2285TGZ AMGC cuLture at an
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-dustry.

"approx1mate cell density of 4 x 107 ceLLs/mL produces 100 U
‘of act1ve aLpha amyLogLucos1dase per L1ter of supernatant..
-.EXAMPLE 9 | | _ e
The same experiment as descr1bed in Example 8 fé-eabffﬁ o
ried out start1ng w1th a strain used in the bread-making‘in; e

Since this strain TGF1 is polyploid and broto;roehie,‘

"a cotransformation has to be performed with pTG1867 and a

plaemid conferring a dominant phenotype, plasmid pTG1825.

The strein‘TGF1 is transformed with the DNA of plasmids

pTG1825 and pTG1867 which hes previously been digested with

EcoRI. Among the 500 clones resistant to G418 (300 ug/mL)

obtained,‘one exbresses amyloglucosidase in stable fashion
during at least 50 generations; this clone is referred to as
TGF1-AMG1. |

Hybridization of the EcoRI-digested genomic DNAs of
the strains TGF1-AMG1 and TGF1 with an oligonucleotide TG529

‘specific for the MFalphaq gene of Saccharomyces cerpvisiae

by Southern's techhique reveals that the amyloglucosidase
expression block is integrated in the genome:at the MFalphaq
locus (Figure 15) of TGF1-AMG1. '

The amount of amyloglucosidase secreted by the strain
TFG1-AMG1 was assayed. After three days' incubation in‘com-%
plete YPG medium at 30°C with stirring at 250 rpm, the TGFi-"
AMG1 culture produces 100 U of active aLpha-amyLogLucosidase
per Liter of supernatant of a culture at a cell density of

5 x 107 cells/mL.
EXAMPLE 10

INTEGRATION OF THE B. LICHENIFORHIS ALPHA-AMYLASE EXPRESSION‘

BLOCK IN THE POLYPLOID STRAIN SACCHA?OHYCES UVARUH 2285 TG2

AMGC
The strain 2285 TGZ AMGC was transformed with 1 ug

of pTG1825 ONA and 10 ug of M13TG1817 which had prev1obsty

heen d1gested u1th BamHI, by the techn1que der1ved from web-"

‘=ter and Dickson (18).L

By d1gest1on u1th BamHI, the vector M13TG1817
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:/frl1berates a DNA fragment conta1n1ng the H1sS gene of Saccharo-ﬁf”

. myces uvarum

10

18 o

in which the cassette for express1on of alpha-?3sﬁ4;jfaf

7 "amyLase"has:been
- M13TG1817 has been described

fproduce alpha- amyLase.,

" the BamHI-digested genomic DNAs of the stra1ns 2285 TGZ AMGC—=

Collection of Microorganism Cultures) of the Institut
‘Pasteur,
« Saccharomyces uvarum 2285 TG2 AMGC

. Saccharomyces cerevisiae TGF1 AMG1

The constructlon of the vector"r s

in French Patent No. 86/06 703. S
- of 400 clones res1stant to 6418 (300 ug/mt)
These clones express alpha amylase'{

1nserted
4 clones'.h-—*

in stabLe fashion dur1ng 50 generat1ons. Hybr1d1zat10n of

'R . .
it s SRRSOl R ! . Bk

AMY1 and 2285 TG2 AMGC with an oligonucleotide TG6227 spec1f1c
for the His3 gene of S. uvarum by Southern's technique re-

veals that the alpha-amylase expression block is integrated
in the genome at the His3 Locus (Figure 16) of the strain
2285 TG2 AMGC-AMY1. | -

The following strains were deposited at the Collec-
tion Nationale de_CuLtures de Microorganismes.(National

28 rue du Docteur-Roux - 75724 PARIS, Cedex 15:

on 6th June 1986 under No. 1-568,

on 27th January 1987 under No. I-650,
. Saccharomyces uvarum 2285 TG2 AMGC-AMY1
on 27th January 1987 under No. 1-649.




WEE o8 T Bl s WD s anel e SO SR Ay VT VR B feeeeB v Ty

i | . 'REFERENCES P
1.0 eraké; A.J.;‘Mehryueather,'J.P.,‘Céit,vo;t;,'Hebeh4'

_Lein;.U,A.)‘Mariérz, F.R., Mullenbach, G.T., Urdea, M.S.,
Valenzuela, P. and Barr, P.J. (1984) Proc. Natl. Acad. Sci.

USA 81, 4642-4646.

2. -Bussey, H., Saville, D., Greene, D. et al. (1983) Mol.

Cell. Biol. 3, 1362-1970.

3. Grunstein M. and Hogness, D.S. (1975) Colony hybrids

ization: A method for the isolation of cloned DNAs that con-
tain a specific gene. Proc. Natl. Acad. Sci. USA 72, “0,
4961-3965.

4. a) Boel, E., Hansen, M.T., Hjort, J., Hoegh, I. and Fiil,

N.P. (1984) Embo Journal vol. 3, 7, 1581-1585,
b) Boel, E., Hjort, I., Svensson, B., Norris; F., Norris,
K.E. and Fiil, N.P. (1984) Embo Journal vol. 3, 5, 1097-1102.

5. Langford, C.M. and Gallwitz, D. (1983) Cell 33, 519-
527.
6. Chang, A.C.Y., Nunberg, J.H., Kaufman, R.M.J., Erlich,

M.A., Schimke, R.T. and Cohen, S.N. (1978) Nature 275, 617-
624,

7. Le Bouc, Y., Dreyer, D., Jaeger, F., Binoux, M. and
Sondermeyer, P. (1986) FEBS vol. 196, 1, 108-112.

8. Zollet, M.J. and Smith, M.H. (1983) Meth. in Enzym.
100, 469. ‘

9. Beggs, J. (1981) Genetic Engineering 2, 175-203.

10. Broach, J.R. (1981) in the Molecular Biology of the
Yeast Saccharomyces. Life cycle and Inheritance CHS press,
New York.

1. Bach, M.L., Lacroute, F. and Botstein, D. (1979) Proc.
Natl. Acad. Sci. (USA) 76, 386-390.

12. Sutcliffe, J.G. (1978) Proc. Natl. Acad. Sci. USA 75
3737-3741. :

13. Hitzeman, R.A., Hagie, E.F., Mayfflick, J.S. et al.
(1982) Nucleic Acids Res. 10, 7791-7808. ,
1%, Ito, HS Fukuda, Y., Murata, K: and Kimura, A. (1983)
J. Bacteriol. 153, 163-168.

15. chevallier, M.R., Block, J.C. and Lacroute, F. (1980)

Gene 11, 11-19.

e S BB e

s ey S S e




1516: :f Kur]an,
#,787 796.

. 20 ;"ﬁl
(1985) MOLecuLar and Celtutar B1ology 5

17 Brake, A S., JuL1us,,D S. and Thorner,r_.5(ﬁ9835ff

;,Molecutar and ceLLuLar B1ology 3, 1440 1450. B :
A18.__: Webster, T.D. and bickson, R.C. (1983) 26, 243-252.

AR




The clalms defimng the mventlon are as follows.

3 b _r.; e
SRR - 1. A block for the expressxon of a mature amyloglucos1dase fromf;spugﬂbs

nger in a yeast, which block contains:

L (a) ~ the amyloglucos1dase gene dev01d of all or part of its mtronS' f '_ ] ol o
(b) ' _ the DNA sequence containing the s1gnals Wthh provxde ' _ l .
’ - for the transcription of . the amyloglucomdase gene by RN | _:; iy ' f _
~yeast; E

€ a codmg sequence contammg the signal requlred for the

export of the mature amyloglucosidase into “the

e ' + extracellular medium, which coding sequence contains
: ;.: . . . a secretion signal chosen from'the alpha pheromone, the
' ,.:, ' : killer protein secretion system or a synthetic secretion -
"::“ sequence; and S | ;
o o (d)  ayeast termination sequence after the amyloglucosidase
¢ e gene and wherein said yeast termination sequence is a
transcription termination cequence.' :
2. “The expression block as claimed in claim 1, wherein the DNA sequence which
ceec c‘g ~ provides for the. transcription of the gene contains the PGK gene promoter.
it 3. The expression block as claimed in claim 1 or claim 2, which is integrated in
ceee a plasmid containing an origin of replication in yeasts.
veet 4. The expression block as claimed in claim 3, wherein the origin of replication
' in yeasts is the origin of replication of the 2 | plasmid.
AR 5. The expression block as claimed in claim 3 or claim 1.1, wherein the plasmid
A contains, in addmon, a selection gene. '

6. 'The expression block as claimed in claim 5 wherem the selectlon gene is a

gene complementing an auxotrophy

P SN LN

,' - 7.  The expressxon block as clalmed in claim 5, wherem the selecnon gene isa
gene conferring a dominant phenotype.
8.  The express1on block as clalmed 1n clalm 7 wherem the dommant phenotype .
is res1stant to G418 __ PR B
9, The expresslon block as clalmed in any one of clalms 1 to 3 whlch is

| ~ integrated in the genome of the yeast strain.

-

~10.  The expression block as clalmed in claim 9 wherem the mtegrauon is
: erformed in the MFalphal gene. R o '
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11. A transformed yeast strain containing an expression block as claimed in any

one of claims 1 to 10 : . o : |
12. - The strain as claimed in claim 11, which is a strain of _Slcws_

13. . The strain as claimed in claim 12, which 1 is a strain chosen from S. cerevisiae
and S. uvarum. ' | |

14,  The transformed strain as claimed in any one of claims le to 13, which is a
polyploid and protrophic strain of Saccharomyces.v

15.  The strain as claimed in claim 14, which is a strain of Saccharomyces used in
the bread-making industry. |

16. The strain as claimed in claim 15, which is Saccharomyces cerevisiae strain
TGF 1.

17. The strain as claimed in any one of claims 14 to 16, wherein the
amyloglucosidase expression block is derived from plasmid pTG1867.

18.  The strain of Saccharomyces as claimed in any one of claims 11 to 13, which
is transformed simultaneously by an expression block as claimed in any one of claims
1 to 10 and by an alpha-amylase expression block, and which simultaneously secretes
alpha-amylase and amyloglucosidase.

19.  The strain as claimed in claim 18, which is a brewery strain of the
Saccharomyces uvarum type.

20.  The strain as claimed in claim 19, which is S. uvarum strain 2285 TG2
AMGC.

21.  The strain as claimed in any one of claims 18 to 20, wherein the alpha-amylase
expression block is derived from the vector M13TG1817. .

22. A process for producing alpha-amyloglucosidase, wherein a strain as claimed
in any one of claims 11 to 21 is fermented on a suitable culture medium and wherein
the enzyme is recovered in the extracellular medium. :

23. A process for panary fermentation, wherein at least one of the strains used in
the fermentation is a strain as claimed in any one of claims 14 to 17.

24, A fermentation process, wherein at least one of the strains used in the
fermentation is a strain as claimed in any one of claims 18 to 21.

25. A block for the expression of an amyloglucomdase in yeast and a tramformed
yeav.t stram contammg said block substanually as~hereinbefore described w1th

reference to any one or more of the examples and/or drawings.

2. A process for producing alpha-amylogluco&dase substantially as herembefore"

()
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~described 'Wit’h'reference‘to-any one or more of the examples and/or drawxhgs '

27, A process for panary fermentatlon substantlally as herembefore descnbed w1th o

- reference to any one or more of the examples and/or drawmgs

DATED this 22nd day of April, 1991
TRANSGENE S.A.
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FIG.2

TTCGTCGCC?AQXTGTCTCGTC.CGTTCACAAACTG

AAGAGCTTGAAGTGGCGAGATGTCTCTGCAGGAAT‘I’C
"EcoRl

AAGCTAGATGCTAAGCGATATTGCAT [GGCAATAT] GTGTT

+90 60 v
GATGCATGTGCTTCTTCCTTCAGCTTCCCCTCGTGCGAGTGA
..30
GGTTTGGC [TATAAAT] TGAAGTGGTTGGTCGGGGTTC

CGTGAGGGGCTGXAGTGCTTCCTCCCTTTTA-GGCGCAAC

TGAGAGCCTGAGCTTCATCCCCAGCATCATTACACCTCAGCA

10
ATG TCG TTC CGA TCT CTA CTC GCC CTG AGC
Met Ser Phe Arg Ser Leu Leu Ala Leu Ser

20
GGC CTC GTC TGC ACA GGG TTG GCA AAT GTG
Gly Leu Val Cys Thr Gly Leu Ala Asn Val

ATT TCC AAG CGC GCG ACC TTG GAT TCA TGG
| lle Ser Lys Arg Ala Thr Leu Asp. Ser Tip

TTG AGC AAC GAA GCG ACC GTG GCT CGT ACT

Leu Ser Asn Glu Ala Thr Val Ala Arg Thr

“GCC ATC CTG AAT AAC ATC-GGG GCG GAC GGT

Na lle Leu Asn Asn Ul Gl A Asp Gly

7

N

1
:
!




22 /16 . 8
| | FIG.2 ?
. GCT TGG GTG TCG GGC GCG GAC TCT GGC ATT |
-~ Ala Trp Val Ser Gly Ala Asp Ser Gly llev o /’f
GTC GTT GCT AGT CCC AGC ACG GAT AAC CCG b
Val Val Ala Ser Pro Ser Thr Asp Asn Pro |
GAC T GTATGTTTCGAGCTCAGATTTAGTATGAGTGTGTC
Asp _ . ~ VS %
ATTGATTGATTGATGCTGACTGGCGTGTCGTTTGTTGTAG
A B |

. .
AC TTC TAC ACC TGG ACT CGC GAC TCT G@T.
Tyr Phe Tyr Thr Trp Thr Arg Asp Ser Gly

90
CTC GTC CTC AAG ACC CTC GTC GAT CTC T7C |
Leu Val Leu Lys Thr Leu Val Asp Leu Phe o

. _ 100
CGA AAT GGA GAT ACC AGT CTC CTC TCC ACC
Arg Asn Gly Asp Thr Ser Leu L2u Ser Thr

10

ATT GAG AAC TAC ATC TCC GCC CAG GCA .
le Glu Asn Tyr lle Ser Ala Gin Ala

c
ccengc
L c

120

ATT GTC CAG GGT ATC AGT AAC CCC TCT GGT
e Val Gln Gly lle Ser Asn Pro Ser Gly

130

GAT CTG TCC AGC GGC GCT GGT C1C GGT GAA S
Asp Leu Ser Ser Gly “Ala Gly Leu _}(a‘lyr Glu s

S
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140

~ ccC AAG TTC AAT GTC GAT GAG ACT GCC TAC
'Pro Lys Phe Asn Val Asp Glu Thr Ala  Tyr

ACT GGT TCT TGG GGA CGG CCG CAG CGA ‘GAT
Thr Gly Ser Trp Gly Arg Pro Gin Arg Asp

GGT CCG GCT CTG AGA GCA ACT GCT ATG ATC
Gly Pro Ala Leu Arg Ala Thr Ala Met e

ggc TTC GGG CAG TGG CTG CTT GTATGTTCTCCAC
gly Phe Gly GIn Tp Leu Leu

*** CCCCTTGCGTCTGATCTGTGACATATGTAGCTGACTGGTCAG

......

IVS B

170

GAC AAT GGC TAC ACC AGC ACC GCA ACG GAC
Asp Asn Gly Tyr Thr Ser Thr Ala Thr Asp

ATT GTT TGG CCC CTC GTT AGG AAC GAC CTG
lle Val Trp Pro Leu Val Arg Asn Asp Leu

190 |
TCG TAT GTG GCT CAA TAC TGG AAC CAG ACA
Ser Tyr Val Ala Gin Tyr Trp Asn Gin  Thr

GGA TAT G GTGTGTTTGTTTTATTTTAAATTTCCAAAGA
Gy Tyr SRR . IVSC

TGCGCCAGCAGAGCTAACCCG(‘GATCGCAG AT CTC
//\\ L o Asp Leu
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210
TGG GAA GAA GTC AAT GGC TCG TCT TTC TIT
Trp Glu Glu Val Asn Gly Ser Ser Phe Phe

220

ACG ATT GCT GTG CAA CAC CGC GCC CTT GTC
Thr lle Ala Val GIin His Arg Ala Leu Val

230

GAA GGT AGT GCC TTC GCG ACG GCC GTC GGC

Gilu Gly Ser Ala Phe Ala Thr Ala Val QGly

240

TCG TCC TGC TCC TGG TGT GAT TCT CAG GCA
Ser Ser Cys Ser Trp Cys Asp Ser GIin Ala
—_—TG38

250

CCC GAA ATT CTC TGC TAC CTG CAG TCC TTC
Pro Glu lle Leu Cys Tyr Leu GIn Ser Phe

. 260
TGG ACC GGC AGC TTC ATT CTG GCC AAC TTC
Trp Thr Gly Ser Phe lle Leu Ala Asn Phe

270

GAT AGC AGC CGT TCC GGC AAG GAC GCA AAC
Asp Ser Ser Arg Ser Gly Lys Asp Ala Asn

280

ACC CTC CTG GGA AGC ATC CAC ACC TTT GAT
Thr Leu Leu Gly Ser lle His Thr Phe Asp

| 2
CCT GAG GCC GCA TGC GAC GAC TCC ACQC0 TTC

Pro Glu Ala Ala Cys Asp Asp Ser Thr Phe .

CAG CCC TGC TCC CCG CGC GCG CTC GGG AAC
| Gln Pro Cys Ser Pro Arg Ala Leu Ala Asn

310

CAC AAc-. GAG GTT: GTA GAC TCT TTC CGC TCA

His Lys Glu Val val Asp Ser Phe Arg Ser

ST .

Y AP AN OB .
L TESTR ALY o
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ccccccc

| ATC TAT
e  Tyr
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320

ACC CTC AAC GAT GGT CTC AGT GAC
Thr Leu Asn Asn Gly Leu Ser Asp

330

AGC GAG .GCT GTT GCG GTG GGT CGG TAC CCT

Ser Glu

Ala Val Ala Vval Gly Arg Tyr Pro

340

GAG GAC ACG TAC TAC AAC GGC AAC CCG T1GG

Giu Asp Thr Tyr- Tyr Asn Gly Asn Pro TTrp
r - - ]

TTC CTG
Phe Leu

TTG TAC
Leu Tyr

CAG GGG

Gin Gly

CTG GAC
Leu Asp

GCT GCT
Ala Ala

TCG ACT

Ser Thr

'AAG ACT
Lvs Thr

G283

TGC ACC TTG GCT GCC GCA GAG CAG
Cys Thr Leu Ala. Ala ‘Ala Glu Gin

360
GAT GCT CTA TAC CAG TGG GAC AAG
Asp Ala Leu Tyr Gin Trp Asp Lys

370

TCG TTG GAG GTC ACA GAT GTG TCG
Ser Leu Glu Val Thr Asp Val Ser

380
TTC TTC AAG GCA CTG TAC AGC GAT
Phe Phe Lys Ala Leu Tyr Ser Asp

390 '
ACT GGC ACC TAC TCT TCG TCC AGT
Thr Gly Thr Tyr Ser Ser Ser Ser

. : 400
TAT AGT AGC ATT GTA GAT GCC GTG
Tyr Ser Ser lle Val Asp Ala Val

410

TTC GG GAT GGC TTC GTC TCT ATT

Phe Ala Asp Gly ‘Phe vVal Ser |lle

GTG GTAAGTCTACGCTAGACAAGCGCTCATGTTGACAG

Val

d
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AGGGTGCGTACTAACA(‘AAGTAG GAA ACT CAC GCC
Glu Thr His Ala

420

GCA AGC AAC GGC ch ATG TCC GAG CAA AC

Ala_Ser Asn Gly Ser Met Ser Giu Gin Tyr
G496

' 430 ’ '
~ GAC AAG TCT GAT GGC GAG CAG CTT TCC GCT
Asp Lys Ser Asp Gly Glu GIn Leu Ser Ala

440

CGC GAC CTG ACC TGG TCT TAT GCT GCT CTG

Arg Asp Leu Thr Trp Ser Tyr Ala Ala Leu

450

- CTG ACC GCC AAC AAC CGT CGT AAC TCC GTC

Leu Thr Ala Asn Asn Arg Arg Asn Ser Val

. 460
GTG CCT GCT TCT TGG GGC GAG ACC TCT GCC
Val Pro Ala Ser Trp Gly Glu Thr Ser Ala

470

AGC AGC GTG CCC GGC ACC TGT GCG GCC ACA
Ser Ser Val Pro Gly Thr Cys Ala Ala Thr

480 | - o
TCT GCC ATT GGT ACC TAC AGC AGT GTG ACT
| Ser Ala lle Gly Thr_?;Tyr Ser Ser Val Thr

GTC ACC TCG TGG CCG AGT ATC GTG GCT ACT
- Val Thr Sgr‘l Trp Pro Ser lle-- .,Val-_ “Ala Thr

GGC. GGC ACC ACT ACG ACG GCT ACC CcCC ACT

Gly Gly Thr Thr - Thr Thr Ala Thr Pro Thr

SR
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8510 '

Gly Ser Gly Ser Val Thr Ser Thr. Ser Lys

520 | |

ACC ACC GCG ACT GCT AGC AAG ACC AGC ACC

Thr Thr Ala Thr Ala Ser Lys Thr Ser Thr

530 | o
AlGT ACG TCA,TCA ACC TCC TGT ACC ACT CCC
Ser Thr Ser Ser Thr Ser Cys Thr Thr Pro

540

ACC GCC GTG GCT GTG ACT TTC‘ GAT CTG ACA

Thr Ala Val Ala Val Thr Phe Asp Leu Thr

550

GCT ACC ACC ACC TAC GGC GAG AAC ATC TAC
Ala Thr Thr Thr Tyr Gly Glu Asn lle Tyr

560
CTG GTC GGA TCG ATC TCT CAG CTG GGT_GAC

Leu Val Gly Ser lle Ser Gin Leu Gly Asp

S§70

TJGG GAA ACC AGC GAC GGC ATA GCT CTG AGT
ITrp Glu Thr Ser Asp Gly 'lle. Ala Leu Ser

580
GCT GAC AAG TAC EACT TCC AGJC GAC CCG CTC
Ala Asp Lys Tyr "Thr Ser Ser Asp Pro Leu

, . 590 :
TGG TAT GTC ACT GTG ACT CTG CCG GCT GGT
Trp Tyr Val Thr Val Thr teu Pro Ala Gly

: 600 |
GAG TCG TTT GAG TAC ‘AAG TTT ATC CGC
Glu Ser Phe Glu Tyr Lys Phe lle Arg

Her
' GGA TCC GGC AGC GTG ACC TCG ACC AGC AAG

R adr Co. 0. RTO T  SENL =




ATT GAG AGC GAT GAC TCC GTG GAG TGG GAG
lle Glu Ser Asp Asp Ser Val Glu Trp Glu

. : )
620 , S
AGT GAT CCC AAC CGA GAA TAC ACC GTT CCT |
Ser Asp Pro Asn Arg Glu Tyr Thr Val Pro
|
630 ’ i
CAG GCG TGC GGA ACG TCG ACC GCG ACG GTG |
Gin Ala Cys Gly Thr Ser Thr Ala Thr Val .j
640
ACT GAC ACC TGG CGG TGA CAATCAATCCATTTCGCT
Thr Asp Thr Trp Arg Stop i
.. ATAGTTAAAGGATGGGGATGAGGGCAATTGGTTATATGATCATG |
I
TATGTAGTGGGTGTGCATAATAGTAGTGAAATGGAAGCCA
| .AGTCATGTGATTGTAATCGP*CCGACGGAATTGAG_GATATC |
s | | EcoRV i
' CGGAAATACAGACACCGGG
/
;/‘//f’/
!
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ATT GAG AGC GAT GAC TCC GTG GAG TGG GAG
lle Glu Ser Asp Asp Ser Val Glu Trp Glu

620
AGT GAT CCC AAC CGA GAA TAC ACC GTT CCT

Ser Asp Pro Asn Arg Glu Tyr Thr Val Pro

630
CAG GCG TGC GGA ACG TCG ACC GCG ACG GTG
Gin Ala Cys Gly Thr Ser Thr Ala Thr Val

TSNS ISR TR TR AT
L i e I S s

640
ACT GAC ACC TGG CGG TGA CAATCAATCCATTTCGCT
Thr Asp Thr Trp Arg Stop

_ o
R I ORI AN I R S N S R
p e R

.. ATAGTTAAAGGATGGGGATGAGGGCAATTGGTTATATGATCATG
— . 1G282

TATGTAGTGGGTGTGCATAATAGTAGTGAAATGGAAGCCA

L]
OOOOOO

g
AGTCATGTGATTGTAATCGACCGACGGAATTGAGGATATC |
EcoRV | |
CGGAAATACAGACACCGGG
T SRR s o AT b Sl ;‘4,_ ;;“*“““]in




PstI Iwav

Ava II

EcoRI

coe @22

.....

| EcoRI

s

L7777

n

M13tg 1839

FIG. 3

2 .

v

w4 M_1f§inp8'
L] cona

CIIIII I

a6




M13Tg 1843 :

EcorI

EcorY
Sall

s00 o L heo ‘o0 e
e o L e o
° ® e o @ L e
> 40%e vo9e L] L]
- L] ®© © ¢ o o
- ° © L] L]

. EcoRIet Sall

BssH2
D, _PstI

O o (r—— — ——

7

FIG.4

AW LA i s T

—— e m— e— o

Yoo o777




) BamH I PstI EcoRI
Sacl
M13Tg1835: |
T T/ X IIE 777777777777~ T
C C B A
5' - ACGGATAACCCGGACTACTTCTACACCT- 3’
3'..... : 6GGTCGTGCCTATTGGGCCTGAIGAAGATGTGGACCTGAG. . . .. . 5’
‘ AT
T A
v L
SacI/ | Q
=3
o
‘M13Tg1837: BamHI v ~ EcoRI
PstI ~ Avall BssHII l o SRR
LT T 7T T a7 777
| o o D ~Cc B . ST
- 7773
| FIG.5 —




M13Tg 1846 :

P
2

L] a0 ce L] ©ceo0 eed o L] eeo 000
ee e s e o e .o o ° 2 3 i
L2 co e LJ . L e o 3 L] a0 B
[ 3 [ ¢ o ° e © eoes d03 o -

< L3 e e e o o L * ® © 2 o s ]‘
LE N * o e - . ° o °® |'..

M13Tg 1837

Pst I Hind 11

M13Tg 1839 | B

d

Ala Ser Leu Asp Lysy
.Tg453: A GCT TCT TTG GAT AAG

Tg 454 1AGA AAC CTA TTC GCG

BssHII

HindII1

oL/9

Hind III et Pst I

BssHII
Avall \

N

 LLLLLLLL LS

FIG.6

_ (7
2805p 380bp -~ —— -

RO TN e T L L e s e . A S
i R G W L R i ; SR




4
pos)

o Qg B P oA EPSTTIPR A
By et S Ui AN e R B
& ecV L X ] L 3 2o e “ge & L cre eas
ce (2 . . & - €« € e &
v K2 Cw - L d C & 0o o o »e
? [ °o e * e = - cae soo0 * L
. s ¢ . ° e * - - « ¢ @ & »
s *» @ & L) - - - - .

M13Tg 1846 Hind IIT et Pst1

M13Tg 1848 :

EcoRVY/ Hind I1°
- PstlI ’
BglII

M13Tg 1843

246 a 640 ‘

‘/////”

1indIIT et Hind II

oL

HindIII
Pst I

TTITIT7

TITTIIIIII777:

P 670bp

P IR G e DRy e
TR RS Ly B AT PRI




R

N [

- 8/16
. préisas ke
| "i‘[‘dm : Urea HingIl

4, 415kb

EcoRI/PWI

0,75kb ~~_ Pvul’

T~ PstI

FIG.8 "~ 4,5kb

Hind ITI

HindII1

Bgl I’/ BamHI®
e

PTG 1858

BamHI
EcoRI :
BqIII

P G N A s <

W me e

et s

e 7 e g A e o




916

R N

Hingrrz SelI

~+ M13Tg 889 BamHI

Ll
" (26/bp )

LLLLL

Hina II1

Hind I11

PTG 1850

EcoRl

Pst I.

FIG.8b

i

BglII7/ BamHI®

Hind 11X

____PstI
_ Sphl

intron

SamHI

BalI1

D PR Gy ]




- P = My A L BRI
w 5 T H T s
g 3 53 R o £
B InhonD £ MR 2 .
- 1 i
LA 1 B , _ ] | A
- Mi3lg1843 »<—M13Ig 1846 —><Mi3lg889> o b
M13tg 1847
5 TTCGTCTCTATTGTGG AAACTCACGCCGCA 3,
CCG AAGCAGAGATAACAggTTTGAGTGCGGCGT TCGTTG
AT
Tk |
\ r‘honDl o
\‘--‘I o
o -~
—
° »
>
S
J -
| J
~ T _ = g
n 5 z = T &
{ Ky & & T o L
; L /////l T i
| | | . e
o ' : M13tq 1857
§ | ° ez
| FIG.9
| o ———— =
R A S G T T s




L3 L]
Sad¢ ©
LI X ]
M .
"snes
veas
LN N
L ]
2w

® 9

» 0es

FIG.

1

TR

6 Ll e s e




Hind I
‘ ‘Hin‘d_m" _ |
Hind I

EcoRI
EcoRT

SIS '

vz

Sile Hind I

Hind I/ Hind I~

I
Hind I~ Smal’®
EcoRI

Bgl I

g

—————————
—_—
_—————————

[

ptG 1867

.:...‘E | . FlG_12 |

TUHEY

R

VR

A e

B ot Mo A i i i RR LR S




B e

R RSy gty At R

A A e g

I4093 498}
o4d

14093 Q€ldsg Aal;

g OWvY .
14023 g €4952)91

FIG.13

Z

\




i s T e i ey 4

T PulH -I14093
geldse Aol

T PUH Q
I¥093 916822 | | M
IPputy g . =
T40o3 £49g} 94d
©
./
S
14023 498} 91d
14093 gids g A9l o
14023 2915822 m
TPuiH £98) 94¢ -
TPUH 8 €1ds 2aaL 2
TPUH 201 §82Y -° ¢
e

R ey

FIG.14

b




T R e

FIG_15

A TGF1

B TGF1-AMG1 Eco RI
C pTG 1867 Eco _RI

P



R T s s ey T

B 2285 TG2 AMGC-AMY1

A 2285 TG2 AMGC
C M13TG1817

[ ° * ° o o ] - - s
e 3 o & & (S < v u e e e v @ -
~ L] ¢ca 230 < v & o - = - -
[ X4 Ed 2 € 9 e 3y 2 - na R -
e o < + o e o o ® ~ e
“to O3 - e o¢u eec L] . e ¢S w 3 .




' FEE STAMP T0 VALUE OF . Q*\ 1 0
. ¢ ) Y an
) S T 3'{’]\\ ATIACHED : RElai
MAIL OFEICER. Ui : .

......

ABN COMMONWEALTH OF AUSTRALIA e
\\\\\\\\\\\S Patents Act 1952 \ ¥ i
FricE At ;

\__LUYN APPLICATION FOR A STANDARD PATENT
'Q/;‘"» \\\‘\ %4/77‘;;:&7”1““‘\\\\& ombi orm — Conventi n—Convention)
m ;‘?fﬂi\\\\“‘§§‘} i}\\\§§ 6{{’/%«%%@&}%\%% (Combined For Convention and Non—Convention

ONE HUNDRED OOLLA

R nniil
w ﬂl AMWe .TRANSGENE S.A.,.a Erench .body.corporate,.of. 16 xrue ......
(@) .
fr [0)) Henri Regnault, 92400 Courbevoie, France,

otie 00 I q ........................................................................

g o
e A

e 3 -

) Feo .5_-_"-?) o) hereby apply for the grant of a Standard Patent for an invention entitled BLOCK, EQR. . ..
+i \» | THE EXPRESSION OF AN AMINOGLUCOSIDASE. IN A YEAST, . . . . . . . ..
& S| TRANSFORMED YEAST, ENZYME PREPARATION PROCESS AND

L R S R e e i A e o NP
s FERMENTATION PROCESS. .  BroXiXigbal R
d Hee which is described in the accompanying Complete Specification.
.o, 2, This application is a convention application and is based on the application(s) for a

o strike our para,2. Patent or similar protection made —
* . * S’ non-convention

in L ERAN CE
Selte on ..June 10, 1986 | , numbered ....86,08387 . . ... , and
on .. Aprll 1 3’ 1987 ............ , numbered ... 87 05207 ......... , and
April 13, 1987 87 05208
Lo o T ,numbered ......... .. . . . e,
.:...5 3

My/Our address for service is: Care of COWIE, THOMSON & CARTER, Patent
Attorneys, of 71 Queens Road, Melbourne, Victoria 3004, Australia.

DATED this .. 28R .. ... ... ... dayof ..... June oL 19 87
To The Commissioner of Patents COWIE, THOMSON & CARTER.
COMMONWEALTH OF AUSTRALIA by: ‘ '

! ° By
Patent Attorneys for
TRANSGENE S.A.

COWIE, THOMSON & CARTER

Patent Attorneys
71 Queens Road, Melboutrne,
Victoria, 3004, Australia




"FORM 7 & 8

Insert name of
applicant.

Insert title of
invention.

Insert full name(s)
and address(es) of
person(s) making
declaration. If
applicant a company,
person must be
authorised to make
declaration,

* Delete alternatives
which do not apply

Insert 'name(s) and
adrqss(bg) of actual
inverstons).

o6 co
e e e
Ld L]

eSose

®

L Il
eCee

3

LR 23

Insert details of
entitlement to apply,
eg, Applicant is
amigeee of inventor(s)
L] ohe
¢ o9
L ] . L ]
‘ ee

. LR J
e @
[LE LN ]

Delete 3 and 4 if
application non«
conveption.
Otherwise insart
d¥falls 8f basic
applicatien(s).

(A XN XN ]

° L]

Place and date of
Signature.

AUSTRALIA

PATENTS ACT 1952

PATENT DECLARATION FORM
(CONVENTION OR NON-CONVENTION)

. ee s

DECLARATION IN SUPPORT OF APPLICATION FOR A PATENT

. TRANSGENE S.A. ;
In support of the application made by _ ES.A
16 rue Hepnri Regnault, 92400 COURBEVQIE _FRANCE

for a patent for an invention entitled:BLOCK FOR THE. EXPRESSTON OF AN AMINQGLUCQSIDASE IN

A YEAST,.TRANSFORMED YEAST, ENZYME PREPARATION- PROCESS ANDEW

I/We Etienne EISE
c/o TRANSGENE S.A. 16 rue Henri Regnault, 92400 COURBEVOIE
FRANCE

do solemnly and sincerely declare as follows:

F am/We are-the-apphieant{s)-for-the-patent:—

| am authorized by tiie abovementioned applicant to make this declaration on its
behalf.

|l-amAle-are-the—actual-inventors)-of-the-invention.

¢ 1. (a)
¢ OR (b)

is/are the actual inventor(s) of the invention and the facts upon which the applicant(s) is/ase entitled

to make the application_are as fqllows:-—
The Applicant is the Assignee of the said actual inventars

3. The basic appiication(s) as defined by Section 141 of the Act was/were made in the follow-

ing country or countries on the following date(s) by the following applicant(s) ;
i JUNE 10 1986 I

in FRANCE on

by TRANSGENE S.A. under number 86 08387 :
in FRANCE on APRIL 13 1987

by TRANSGENE S.A. under number 87 (05207

in ERANCE on ADPRIL 13 1987

by TRANSGENE-S—a —under numher 87 Q5208 |
in on 19 '
by

4.  The basic application(s) referred to in paragraph 3 of this Declaration was/were the first ;
application(s) made in a Convention country in respsct of the invention the subject of the
application.

Declared at PARTS this _29 aay of MAY 1937

Etienne EISENMANN

M’ )
A e

Wo¢ fo Sianaurely ol
Y ature(s) ofrdecharant(s).
‘D Cf?u. \Qje\‘ N z

NO ATTESTATION
OR SEAL

(MANAGER)

To: Tha Coramissioner of Patents,
Australie




(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-74435/87
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 612112

(54)

(51)*

(21)
(30)
(31)

(43)
(44)
(71)

(72)
(74)

(56)

(67)

L.

Title
EXPRESSION OF AMINOGLUCOSIDASE IN YEAST

International Patent Classification(s)

CO7H 021/04 A21D 008/04 C12N 001/16 C12N 001/18
Ci12N 001/19 C12N 009/34 C12N 015700 C12N 015/56
Application No. : 74435/87 (22) Application Date : 15.06.87
Priority Data

Number (32) Date (33) Country

86 083837 10.06.86 FR FRANCE

87 05207 13.04.87 FR FRANCE

87 05208 13.04.87 FR FRANCE

Publication Date : 04.02.88
Publication Date of Accepted Application : 04.07.91

Applicant(s)
TRANSGENE S.A.

Inventor(s)
NATHALIE LASAT; GERARD LOISON; MARTINE NGUYEN-JUILLERET; YVES LEMOINE

Attorney or Agent
COWIE CARTER & HENDY , 71 Queens Road, MELBOURNE VIC 3004

Prior Art Documents

EP 163491

AU 59544/86 C12N 15/00
EP 126206

Claim

A block for the expression of a mature amyloglucosidase from Aspargillus

Niger in a yeast, which block contains:

(a) the amyloglucosidase gene devoid of all or part of its introns;

(b) the DNA sequence containing the signals which provide
for the transcription of the amyloglucosidase gene by
yeast;

© a coding sequence containing the signal required for the
export of the mature amyloglucosidase into the
extracellular medium, which coding sequence contains
a secretion signal chosen from the alpha pheromone, the
killer protein secretion system or a synthetic secretion
sequence; and

(d) a yeast termination sequence after the amyloglucosidase
gene and wherein said yeast termination sequence is a

transcription termination sequence.

.J/2
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(10) 612112

11. A transformed yeast strain containing an expression block as claimed in any

ore of claims 1 to 10.

*8.  The strain of Saccharomyces as claimed in any one of claims 11 to 13, which

is transformed simultaneously by an expression block as claimed in any one of claims
1 to 10 and by an alpha-amylase expression block, and which simultaneously secretes

alpha-amylase and amyloglucosidase.

25. A block for the expression of an amyloglucosidase in yeast and a transformed
yeast strain containing said block substantially as hereinbefore described with

reference to any one or more of the examples and/or drawings.

26. A process for prcducing alpha-amyloglacosidase substantially as hereinbefore
described with reference to any one or more of the examples and/or drawings.
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The present invention describes processes by means

of which different strains of yeast of the genus Saccharomyces,

including the industrial strains which do not have the capa-
city to degrade complex carbon-containing substrates such as
starch or dextrins, may be caused to secrete a glucoamylase.

Starch, which is commonly used as a source of car-
bon in alcoholic fermentation, has to be hydrolyzed before-
hand (either chemically or enzymatically) in a separate pro-
cess in order to produce substrates which are usable for fer-
mentative yeasts.

It would hence be desirable to construct, by gene-
tic recombination, industrial strains which were capable of
synthesizing one or more enzymes for degrading starch to subk-
strates which are directly assimilable by these strains. '

More especially, the objective of the present inven-
tion is to construct, by genetic recombination, a strain res-
ponsible for brewery fermentation capable of degrading the
residual dextrins in the wort so as to produce beers having
a lLow content of sugars.

Similarly, the enrichment of the wort with respect
to fermentable sugars also enables the production of beers
having a high alcohol content to be envisaged.

The use of a brewery strain which produces an enzyme
responsible for the degradation of dextrins during alcoholic
fermentation may prove to be a means of simplifying the brew-
ing processes and making them profitable.

The preparation of beers having a lLow content of resi-
dual sugars can, in particular, be achieved by adding, at

various stages of the brewing process, an Aspergillus niger

glucoamylase (amylo-1,6-glucosidase). This glycoamylase cata-
lyses the release of glucose residues from the non-reducing
ends of starch or dextrins.

This enzyme plays a big part in the production of
glucose syrups from starch and in the manufacture of other
alcoholic drinks. This Aspergillus niger glucoamylase is

accepted as an additive in the agri-foodstuffs industries.
Hence, in the first place, the subject of the pres-

ent invention is the expression of Aspergillus niger NCI122343
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alpha-amyloglucosidase in a brewery strain.

Secondly, one of the advantageous features of the
invention is that the transformed brewery strains possess the
foreign DNA integrated in a yeast chromosome. When the for-
eign DNA is integrated in the chromosome according to the pro-
cess described Later, the property of producing alpha-amylo-
glucosidase is stable and the strain differs from the start-
ing strain only in respect of this new character.

The stability of the information can also be achie-
ved by constructing a DNA structure known as a minichromosome
consisting of three main elements: telomere, centromere and
origin of replication.

Another subject of the present invention relates,
more especially, to a functional ONA block enabling amylo-
glucosidase to be secreted from yseast, this block containing
the following features:

. the amyloglucosidase gene devoid of all or part of its in-
trons;

. a DNA sequence containing the signals which provide for the
transcription of the amyloglucosidase gene by yeast;

. a ccding sequence containing the signal required for the
export of the mature amyloglucosidase into the extracellular
medium; the choice was made of a sec‘etion system specific
to yeast, that of the alpha pheromone (1), but other sys-
tems could be used (for example, the killer protein system
(2) or that of a synthetic signal sequencel;

. finally, the expression block may possess, after the amylo-
glucosidase gene, a yeast termination sequence, for example
that of the phosphoglycerate kinase gene.

Preferably, the amyloglucosidase gene will be de-
void of all of its introns (cDNA). -

Among the elements of the sequence which provide
for the transcription of the amyloglucosidase gene, promoters
should be mentioned, in particular the PGK promoter.

This functional block can be integrated in an auto-
nomously replicating plasmid containing, for example, an ori- '
gin of replication in yeast, for example the origin of repli-

cation of the 2 u plasmid.




10

35

- 3 -

When such a ptasmid is used, it is advantageous that

it should be a shuttle pfasmid capable of replicating in a
bacterium; for this purpose, it may contain elements for rep-
lLication in a bacterium, for example E. coli, and a selection
gene such as that for resistance to an antibiotic, for example
Ampr.

In general, the plasmid will preferably contain an
effective gene for selection in yeasts, for example a gene
complementing 2n auxotrophy, such as uraz+, or alternatively
a gene conferring a dominant phenotype, for example resis-
tance to G418.

When the expression block is integrated in the genome
of the yeast strain, the integration will be performed in a
site which is nonessential for the yeast, for example the
MFalphaq gene.

The constitution of an integration vector is known
and will be described in detail in the examples.

The invention also relates to the strains containing
an expression block according to the invention, involving
either a plasmid or a chromosomal integration.

Among the transformed strains, there should be men-

tioned, in particular, the strains of Saccharomyces, in parti-

cular S. cerevisiae and $. uvarum, in particular the indus-

trial strains such as the brewery strains.

Finally, the invention relates to a process for pre-
paring amyloglucosidase, in particular alpha-amyloglucosidase,
wherein a strain according to the invention is fermented on
a suitable culture medium and the enzyme is recovered in the
extracellular medium.

The invention relates, finally, to a process for de-
grading starch or dextrins, wherein an industr-ial medium con-
taining starch or dextrins is fermented.

Finally, the atpha-amyloglucosidase gene used is pre-
ferably that of Aspergillus niger.

Lastly, the combined action of amyloglucosidase and

a liquefying alpha-amylase leads to a total synergy of degra-
dation of starch tc glucose residues.

Starting with industrial strains such as Saccharomyces,
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in which the genetic information for an alpha-amyloglucosidase
and also that for an endo-alpha-amylase (for example, of Bacil-

th Licheniformis) are integrated together in the Yyeast chromo-

somes, the production of ethanol may be obtained using starch
as a source of carbon.
Thus, the present invention relates to the introduc-

tion of the gene for B. Licheniformis alpha-amylase and its

expression in a strain of Saccharomyces producing alpha-amylo-

glucosidase.

The simultaneous expression of amyloglucosidase and
of alpha—-amylase should lead to a synergy of these two enzy-
matic activities in the degradation of starch or dextrins to
glucose residues.

The present invention relates, more especially, to
the simultaneous expression of alpha-amylase and amylogluco-
sidase in a polyploid strain of brewer's yeast, S. uvarum,
in particular the strain 2285 TG2 AMGC, as well as to the use
of these strains for preparinag aLpha—amylase.

Moreover, a most especially preferred application
according to the invention relates to the transformation of

particular strains of Saccharomyces, in particular the poly-

ploid and prototrophic strains used in the bread-making indus-
try; such a strain may be, for example, S. cerevisiae strain

TGF1.

These polyploid and prototrophic strains have to be
cotransformed with a vector as described above and a plasmid
which confers a dominant phenotype.

One of the subjects of the present invention is, in
effect, the use of alpha-amyloglucosidase, in particular of

Aspergillus niger, during panary fermentation, since alpha-

amyloglucosidase, which degrades starch direétLy to glucose,
has a beneficial effect on panary fermentation since this
sugar is directly assimilable by baker's yeast. .

The addition of this enzyme enables the baking pro-
cessés to be improved by making the dough drier to the touch
and hence easier to process by machine, and above all enables
the fermentative activity of the baker's yeast to be signifi-

cantly enhanced and hence the fermentation times to be reduced
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greatly.

Furthermore, this addition should be the source of
innovation by enabling relatively sweet bread-type products
to be developed, which is virtually impossible without add-
ing an enzyme in a short baking process.

The present invention hence relates, in addition, to
processes by means of which a bakery strain of the Saccharo-

myces cerevisiae type is caused to secrete an amyloglucosidase.

In particular, the invention relates to a panary fer-
mentation process in which at lLeast one of the strains used
in the fermentation is a strain as described above.

The examples below are designed to illustrate other
characteristics and advantages of the present invention and
will be described with reference to the figures, wherein:

. Figure 1 shows:
a) the structure and the restriction map of the Aspergil-

Lus niger glucoamylase gene,

b) the structure of plasmid pT7G1831,
c) the structure of plasmid pTG1830,

. Figure 2 shows the sequence of the Aspergillus niger amylo-

glucosidase gene,
. Figure 3 shows the structure of M137G1839,
. Figure 4 shows the structure and construction of M13T7G1843,
. Figure 5 shows the structure and construction of M137TG1837, |
« Figure 6 shows the structure and construction of M13TG1846, !
. Figure 7 shows the structure and construction of M13TG1848,
. Figure 8 shows:
a) the structure of plasmid pTG1848,
b) the structure and construction of plasmid pTG1850,
. Figure 9 shows the structure and construction of M13T7G1857,
. Figure 10 shows the structure of plasmid pTG1858, -
. Figure 11 shows the detection of the production of amylo-
glucosidase by the strain TGY2sp13 pTG1858 by means of the
I2/KI test,
. Figure 12 shows the structure and construction of plasmid
pTG1867,
. Figure 13 shows the hybridization of the EcoRIl restriction

fragments of the genomic DNA of the strains TGY2sp13b AMGB

: (4[/'
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and TGY2sp13b with the oligonucleotide TG529 corresponding

to the 3' portion of the MFalphaq gene of S. cerevisiae,

. Figure 14 shows the hybridization of the restriction frag-
ments of the genomic DNA of the strains TGY2sp13b and
2285TG2 with either the oligonucleotide TG529 or the
oligonucleotide TG170,

. Figure 15 shows the hybridization of the EcoRI-digested
genomic DONAs of strains TGF1-AMG1 and TGF1 with an oligo-
nucleotide TG529 specific for the MFalphaq gene of

Saccharomyces cerevisiae,

. Figure 16 shows the hybridization of the BamHI-digested
genomic DNAs of strains 2285 TG2 AMGC-AMY1 and 2285 TG2
AMGC with an oligonucleotide TG227 specific for the His3

gene of S. uvarum.

EXAMPLE 1

CLONING OF THE ASPERGILLUS NIGER ALPHA-AMYLOGLUCOSIDASE GENE

IN FLASMID pBR322

1 ug of Aspergillus niger NCI22343 genomic DNA and

0.5 ug of plasmid pBR322 DNA were completely digested with
EcoRI and Sall, and these DNAs were then covalently Linked
using T4 DNA Lligase. Escherichia coli strain 1106 was then

transformed with the Ligation products. The selection of the
clones carrying an insert corresponding to the alpha~-amylo-
glucosidase gene was carried out after transferring the re-
combinant clones to a nitrocellulose sheet according to the
classical method (3). The recombinant clones were hybridized
with a mixture of three oligonucleotides TG282, T7G283, TG284,
defined on the basis of the sequences already published (4).
TG282 5' ATAGTTAAAGGATGGGGATGAGGGC 3!
TG283 5' AGGACACGTACTACAACGGCAACCC 3
TG284 5' CTGGGTGACTGGGAAACCAGCGACG 3

Two positive clones were isolated and contain a dif-
ferent EcoRI-Sall fragment. One of the inserts (2.4 kb),
which hybridizes with two of the three oligonucleotides
(TG283, TG284), corresponds to the 5' portion of the amylo-
glucosidase gene. In contrast, the other insert (1 kb),
which hybridizes with only one of the three oligonucleotides
(T6G282), corresponds to the 3' region of the Aspergillus niger
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amyloglucosidase gene (Figure 2).
These new plasmids are referred to as pTG1830 and
pTG1831 (Figure 1).

EXAMPLE 2

CLONING OF THE cDNA OF ASPERGILLUS NIGER ALPHA-AMYLOGLUCO-

SIDASE INTO BACTERIOPHAGE LAMBDA

The sequence of the amyloglucosidase gene, as well as

that of the cDNA of Aspergillus niger (BU-1) amyloglucosidase,

has already been published (4a, b). Comparison of these two
sequences reveals the presence of 4 intron regions in the

Aspergitlus niger (BU-1) amyloglucosidase G1 gene (Figure 2).

With the exception of the intron D, which has a se-
gquence comparable to the consensus sequence TATAAC, an essen-
tial element in the mechanism of excision of introns in yeast
(5), it appears that none of the other introns can be excised
by yeast in vivo. <Cloning of the cDNA of amyloglucosidase
was hence undertaken.

Aspergillus niger NCI22343 messenger RNAs were puri-

fied from a culture of this fungus on rich medium containing
2% of starch as a carbon source, so as to produce a cDNA cor-
responding to amyloglucosidase by reverse transcription.

The extracted mRNAs were added to a reaction mixture
containing a dT oligonucleotide as a transcription primer.
The synthesis of the cDCNA was carried out according to the
method deécrihed by Chang et al. (6). A cDNA Llibrary was pre-
pared in bacteriophage lLambda according to Le Bouc et al.
(7). The bacteriophage Lambda DNA was packaged in vitro in
the phage particles, and the phages thereby formed were used
to transduce the Escherichia coli indicator strain POP101.

The Aspergillus niger NCI22343 cDNA Llibrary was

screened for amyloglucosidase, using as a probe an oligonuc-
Leotide TG433 defined on the basis of the published sequences
(4a):

TG433 S'GGTGTAGCCATTGTCAAGCAGCCACTGCCC 3!

corresponding to the sequence complementary to the sequence
coding for amino acids 163 to 172 of the mature protein
(Figure 2).

Five positive signals were detected. Two of the five
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clones were confirmed by cross-hybridization with another
oligonucleotide TG387 corresponding to the sequence comple-
mentary to the sequence coding for amino acids 226 to 236 of
the mature protein (Figure 2):
TG387 S'CAGGACGAGCCGACGGCCGTCGCGA 3!
the size of the inserts -in these two candidates being approxi-
mately 800 bp.

After analysis with restriction enzymes, one of the
two fragments was iecloned in an M13 derivative (M13mp8) in
order to sequence it. This new vector is referred to as
M13TG1839 (Figure 3). The sequence of the cDNA fragment of
M13TG1839 coding for amino acids 62 to 319 of the mature pro-
tein proved to be ijidentical to that already published (Figure
2).

EXAMPLE I

CONSTRUCTION OF AN ALPHA-AMYLOGLUCOSIDASE EXPRESSION VECTOR

FOR YEAST S. CEREVISIAE

1) Reconstitution of the 3' portion of the Aspergillus

niger amyloglucosidase gene

Plasmid pTG1830 DNA was digested with PstI and Sall
so as to liberate a 1.2-kb fragment. Similarly, plasmid
pTG1831 DNA was digested with EcoRI and Sall, liberating a
1-kb fragment. These two fragments were isolated and ligated
with M13mp8 ONA which has been digested with Pstl and EcoRI.
A new vector, referred to as M13T7G1843, is reconstit:ted

(Figure 4). This vector M13TG1843 possesses the 3' part of
the amyloglucosidase gene.
2) Reconstitution of the 5' portion of the region coding

for the mature amyloglucosidase of Aspergillus Niger

a) Removal of the intron A by in vitro mutagenesis
In the first place, the BamHI-EcoRI fragment (2 kb)

of pTG1830 containing the 5' portion of the amyloglucosidase
gene was transferred into M13T7g127 phage DNA between the BamHI
and EcoRI sites. This gave single-stranded M13T7TG1835 DNA,

from which the in vitro mutagenesis was carried out. An oligo-

nucleotide TG403 (30-mer), the sequence of which is comple-
mentary to those of the regions flanking the intron A, was

used as a primer for the synthesis of the DNA, using the single
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strand of M137G1835 ONA as a template (Figure 5). The se-
quence of the oligonucleotide TG403 is as follows:
TG403 S' ACGGATAACCCGGACTACTTCTACACCT 3!

One picomole of single-stranded M137G1835 DNA was
hybridized with one picomole of oligonucleotide TG403 whose
S' ends are phosphorylated in a reaction mixture which con-
tains 10 mM Tris pH 7.5, 10 mM MgClp, 50 mM NaCl. The mix-
ture was heated to 100°C for 3 minutes and incubated for
1 hogr at room temperature.

1.25 pl of each deoxynucleotide triphosphate at a con-
centration of 5 mM was added to the hybridization mixture 1in
order to obtain a final concentration of 500 puM. 5 units of
DNA polymerase I Klenow fragment were then added to one unit
of T4 DNA Ligase; the elongation reaction was continued at
room temperature for two hours. After precipitation with
ethanol, the Ligation products obtained were digested with the
restriction enzyme Sacl. This enables the frequency of pro-
duction of recombinant clones containing the mutated form to
be increased. Competent cells of E. coli strain JM103 were
transformed with the digestion mixture. The plaques derived
from this transformation were analyzed by DNA/DNA hybridiza-
tion, using as a probe the oligonucleotide TG403 depicted
above, labelled with 32P by kinase treatment according to the
customary techniques (8). Several positive signals were ob-
served. The DNA sequence of one of the clones is identical
to that of M137G1833 DNA without the intron A sequence. This
new phage is referred to as M137G1837 (Figure 5).

b) Construction of the vector M137G1846

The vector M13TG1837 DNA was digested with BssHII and
Avall. The 380-bp BssHII-Avall fragment containing the DNA
sequence coding for the NHz-terminal reagion 6f the mature

- amyloglucosidase of Aspergillus niger (amino acids 21 to 151)

was isolated (Figure 2). Similarly, the 280-bp PstI-Avall
fragment of M13TG1839 was isolated. This fragment contains
the ¢cDNA sequence coding for amino acids 151 to 256. These
two BssHII-Avall, Avall-Pstl fragments, with two synthetic
oligonucleotides TG453, TG454 designed to reconstitute the

5' end of the mature amyloglucosidase and which permit the
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in-phase reading of the prepro sequence of the alpha phero-
mone followed by the mature sequence of amyloglucosidase
(Figure 6), are Ligated in M13mp8 which has been digested
with HindIIl and PstI. This new vector is referred to as
M13TG1846 (Figure 6).
3) Construction of M13T7G1848

In the first place, the HindIII-Pstl fragment of

M13T7TG1846 (670 bp) containing the sequence coding for amino
acids 21 to 246 was isolated. M137TG1843 DNA was digested
with Pstl and EcoRV and the 1736-kb PstlI-EcoRV fragment
derived from this digestion was isolated and eluted from a
gel. This fragment contains the 3' portion of the amylo-
glucosidase gene (presence of the intron D) coding for amino
acids 246-640. The EcoRV site is situated downstream from
the TGA stop codon (approximately 140 bp). The polyadenyl-
ation site is situated at approximately 70 bp upstream from
the EcoRV site. These two fragments are Ligated in M13TG131
which has been digested with HindIII and HindII. This new
vector is referred to as M13T7G1848 (Figure 7). This new vec-
tor was used as a source of amylcglucosidase coding sequence
for the secretion vector described below, despite the
presence of the last intron D.

4) Construction of an amyloglucosidase expression vector

for yeast S. cerevisiae
The starting plasmid is pTG848 (identical to pTG849

described in French Patent Application No. 83/15,716, with

the exception of the ural gene whose orientation is inverse);

it consists of the following fragments (Figure 8a):

a) The approximately 3.3-kb EcoRI-HindIII fragment origin-
ating from plasmid pJDB207 (9). The HindIII site corres-
ponds to coordinate 105 of the 2 u plasmid B form, the
EcoRI site to coordinate 2243. In this fragment, the 2 u
is in the B form (10). This fragment enables the plasmid
to replicate autonomously in yeast.

b) A HindIIIl fragment carrying the URA3 gene (11) which en-
ables the plasmid to be selected in ura3 strains on medium
devoid of a pyrimidine source. ~

¢) The Large EcoRI (coordinate 0)-Sall (coordinate 650)

. . . 3 RN o :
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fragment of pBR322 (12). In the Pvull site of this frag-
ment, there has been inserted the 510-bp EcoRI-HindIIl
fragment corresponding to the end of the PGK gene (13), the
ends of which fragment have been previously rendered blunt
by the action of Klenow in the presence of the 4 deoxyribo-
nucleotides. When joined to the Pvull end of pBR322, the
flush EcoRI end of the PGK gene regenerates an EcoRI site.
d) The HindIII-Sall fragment (2.15 kb) of the PGK gene (13).
The BglII-HindIII fragment of M137G1848 was isolated
and eluted from gel. It was then ligated with the HindIII-
BamHI fragment of M13TG889 containing the prepro sequence of
the alpha pheromone in the BglII sites of plasmid pTG848. A
new plasmid, referred to as pTG1850, was obtained (Figure 8b).
In summary, plasmid pTG1850 possesses:
1) a fragment of the 2 u plasmid of S. cerevisiae which en-

ables it to replicate in Saccharomyces;
2) the URA3™ of S. cerevisiae which enables the transformed

cells to be selected from a ura3  receptor strain on
medium devoid of a pyrimidine source;

3) the origin of replication of plasmid pBR322 and the gene
for resistance to ampicillin, which enable the plasmid to
replicate and the'transformants to be selected in E. coli;

4) the promoter and the terminator of the yeast PGK gene which
provide, respectively, for the initiation and the stopping
of transcription of the alpha-amyloglucosidase expression
bLock;

5) a gene coding for a precursor of this alpha-amyloglucosid-
ase, consisting of the prepro sequences of the alpha phero-
mone gene (MFalphaq) of S. cerevisiae fused to the sequence

coding for the mature portion of alpha-amyloglucosidase
which still has its intron D.
5) Transformation of a Laboratory strain with plasmid
pTG1850 DNA '
pTG1850 plasmid DNA was amplified in E. coli, purified
on a cesium chloride gradient and used for transforming the

strain TGY2sp13b, which is a haploid strain of S. cerevisiae

having leucine and uracil as auxotrophic markers (Matalpha,
ura3-251-373-328, leu2 3-12). Following the techniques
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described by Ito et al. (14), the ura’ transformants were

tested for the expression of the Aspergillus niger amylogluco-

sidase gene. The technique is as follows: <the ura® clones
were subcultured on solid medium containing 2% of starch.
After 48 hours' growth, 5 mlL of aqueous iodine wixture (Ip/KI)
were added to each dish. Tne starch in contact with the io-
dine (I,) takes on a blue coloration. Yeasts which produce
amyloglucosidase in the culture medium degrade the starch and
this gives rise to a halo of decolorization around the colo-
nies. None of the transformants secretes active amyloglucos-
idase.

6) Excision of the intron D by in vitro mutagenesis

To carry out this in vitro mutagenesis, an oligonu-
cleotide TG496, the sequence of which is complementary to
that of the regions flanking the intron D of phage M13TG1847
DNA, depicted in Figure 9, was hybridized. Thiz oligonucleo-
tide served as a primer for the in vitro synthesis of the
strand complementary to the phage M137G1847 genome. The se-
guence of the oligonucleotide TG496 is as follows:

TG496 5' TTCGTCTCTATTGTGGAAACTCACGCCGCA 3'.

The method used is identical to that used for the ex-
cision of the intron A. On the other hand, it was not pos-
sible to use any restriction enzyme to "szbotage" the -on-
mutated forms. Several positive signals were obser' a. The
DNA of one of the positive clones was sequenced. f(he intron
D was correctly deleted. This new phage is referred to as
M137G1857 (Figure 9).

7) Construction of plasmid pT7G1858
In the first place, the 670-bp BamHI-SphI fragment

of M13TG1857 was isolated and purified on gel. It was liga-
ted with the Large BamHI-Sphl fragment of pTG1850. A new -
amyloglucosidase expression vector, referred to as pT7G1858,
was reconstituted. This vector possesses the region coding
for the mature amyloglucosidase of Aspergillus niger (Figure
10).
EXAMPLE 4
TRANSFORMATION OF A LABORATORY STRAIN WITH pTG1858 DNA
pTG1858 DNA was used to transform a yeast TGY2sp13b
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(Matalpha, ura3-251-373-328, lLeu 2-3-18) for ura+, following
the techniques described (14); the presence of alpha-gluco-
amylase was tested around the colonies as described above
(Figure 11). As expected, it was found that all the cells
transformed with plasmid pTG1858 secrete active amylogluco-
sidase. In addition, the growth of the yeast strains trans-
formed with plasmid pTG1858 was compared with that of the
same strain transformed with plasmid pTG848. The yeasts
transformed with both plasmids grow on minimal medium contain-
ing 2% of starch as a source of carbon. However, the strain
transformed with plasmid pT7G1858 always shows better growth
than the strain transformed with plasmid pTG848 on this

medium.

EXAMPLE 5

CHARACTERIZATION OF AN AMYLOGLUCOSIDASE ACTIVITY IN THE YEAST

CULTURE SUPERNATANTS
The amount of amyloglucosidase secreted by yeast

strain TGY2sp13b containing plasmid pTG1858 was assayed.
After two days' incubation in YNBG medium + 0.5% casamino
acids at 30°C with stirring at 250 rpm, the culture of
TGY2sp13b containing pTG1858 consumed all the glucose and was
in stationary phase; the culture was arrested at an approxi-
mate cell density of 2.6 x 108 cells/mlL. Measurement of the
amount of amyloglucosidase present in the unconcentrated
supernatant shows that 360 units of active amyloglucosidase
per Liter of supernatant were produced (one unit of amylo-
glucosidase activity corresponds to the release of one umol
of glucose/min from 2% of Zulkowsky starch in 50 mM sodium
acetate buffer, pH 4.3 at 559%).
EXAMPLE 6
CONSTRUCTION OF AN INTEGRATION PLASMID FOR SACCHAROMYCES
CEREVISIAE

For this purpose, an EcoRl fragment (1.7 kb) corres-

ponding to the chromosomal region carrying the MFalpha4 gene
of S. cerevisiae (1) was cloned into the EcoRI site of a

derivative of pUC8 (pTG1864). This new vector is referred
to as pTG1865 (Figure 12).
pTG1865 DNA was digested with HindII, liberating a
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small, approximately 0.5-kb fragment internal to the MFalphay

gene. At the HindIl sites of pTG1865, there were inserted
by blunt-end Ligation the Smal-BglII fragment of pTG1858 which

includes the amyloglucosidase prepro precursor sequence under

the control of the phosphoglycerate kinase gene promoter and
the BglII-HindIII fragment of pTG830 which includes the PGK

gene terminator sequence, after the action of Klenow polymer-

ase on the HindlIIll site. This new vector is referred to as
pTG18&47 (Figure 12). Digestion of pTG1867 with EcoRI Lliber-

ates a yeast DNA fragment (4 kb)

in which the amyloglucosid-

ase expression block has been integrated.

EXAMPLE 7

COTRANSFORMATION OF TGYZ2sp13b FOR

THE PURPOSE OF OBTAINING

YEASTS SACCHAROMYCES WHICH HAVE INTEGRATED THE AMYLOGLUCO-

SIDASE EXPRESSION BLOCK

The presence, at the ends of a Linear DNA fragment,

of regions homologous with a region of the yeast genome favors

recombination events between the chromosomal region and the

Linear fragment. This enables us
of the Linear fragment, which can
for the chromosomal sequence. It
obtain the integration of foreign

chromosome.

to substitute the sequence
contain foreign sequences,
is hence also possible to

sequences in the yeast

The strain TGY2sp13b (Matalpha ura3-251-373-328, Lleu

2-3«12) was hence cotransformed by the customary technique (14)

with 2 ug of pFL1 DNA (15), conferring the urat phenotype,
and at the same time with 10 ug of pUC1867 DNA which had pre-

viously been cut with EcoRI. Of the 300 ura’ clones obtained,

those which had become MFalpha4q were tested. In effect, the

substitution at the MFalphaq locus by the Linear DNA frag-

ment Leads to an inactivation of the MFalphaq gene, that is

to say a Loss in production of the alpha factor of at Lleast
75% (16). The MFalphaq phenotype is tested in the following
manner: a Lawn of FL100 Mata cells (5 x 104 cells) is plated

on a dish containing YNBG + 0.5% casamino acids. A clump of

cells originating from the ura® clones was deposited on

this Lawn. After 48 hours at room temperature, the presence

of a halo of inhibition of growth of the Mata strain was

N
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observed around the strains having the MFalpha4 phenotype.
This reflects the fact that the MFalphaq strain secretes
sufficient alpha pheromone to inhibit the growth of the Mata
strains. No halo of inhibition of growth was observed
around the mfalphaq strains. O0f the 300 ura’ clones, one
mf-alphaq transformant, referred to as TGY2sp13b& AilGB, was
obtained. This clone produces a halo of decolorization in
the I2/KI test after 5 days' growth at 30°C. This clone
TGY2sp13b 0 AMCB hence produces active amyloglucosidase.

This clone expresses alpha-amyloglucosidase in stable
fashion during several generations. Analysis of the genomic
ONA of the strain TGY2sp13b @& AMGB according to Southern
reveals that the amyloglucosidase expression block is integ-
rated in the genome at the MFalphaq locus (Figure 13) and
that the integration of this foreign fragment has been car-
ried out by an exchange process without integration of the
vector pTG1864 sequence.

The amount of amyloglucosidase secreted by the yeast
strain TGY2sp13b & AMGB and the strain TGY2sp13b containing
plasmid pTG1858 was assayed.

After 2 hours' incubation at 30°C with stirring at
250 rpm, the strain TGY2sp13b & AMGB produces approximately
6- to 8-fold lLess active amyloglucosidase than the strain
TGY2sp13b containing plasmid pTG1858.

EXAMPLE 8
INTEGRATION IN A POLYPLOID BREWERY STRAIN SACCHAROMYCES
UVARUM (2285T7G2)

The point at which the amyloglucosidase expression

block is integrated in the genome of the brewery strain must

be chosen in such a way as not to modify either the physio-

Logy or the characteristics of the strain 2285T7G2. The choice -
was made, for the integration site, of the MFalphaq gene

which is responsible for the synthesis of the alpha factor.

A strain of sex type Mata shows no detectable inhibition of

growth when placed in contact with a polyploid brewery strain.

The alpha factor plays a part in the conjugation between two
yeasts of opposite sex type. In strain 2285T7G2, inactivation

of the MFalphaq gene should not modify the physiology of
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the strain. The presence of this gene in strain 22857G2 was
determined by analyzing the genomic DNA of this strain accord-
ing to Southern (Figure 14). The MFalphaq gene present in
the strain 2285T7G2 appears to be broadly homologous with that

of the S. cerevisiae strain. A single difference was detected

in the region coding for the alpha factor situated between
the two HindIl sites (Figure 12). This region contains, de-
pending on the strain, a variable number of copies of this
alpha factor (17). The difference observed is probably due
to the presence of at least one additional copy in the

Saccharomyces uvarum strain. In consequence, the amylogluco-

sidase expression block was inserted into the HindIl sites of

the MFalphaq gene of S. cerevisiae bounding the region coding

for the alpha factor.

Since the strain 2285TG2 is polyploid and hence has
no auxotrophic marker, the cotransformation with pTG1867 is
accomplished using a plasmid which confers a dominant pheno-
type. Resistance to G418 was used. This plasmid which was
used is a derivative of plasmid PTG1861 described in French
Patent No. 84/04,453. Plasmid pTG1825 differs from pT7G1861
only in respect of the absence of an out-of-phase ATG which
has been deleted by in vitro mutagenesis in order to permit
better expression of the gene for resistanze to G418.

Strain 2285TG2 was transformed with 1 ug of pTG1825
DNA and 10 ug of pTG1867 which has previously been digested
with EcoRI, by the technique derived from Dickson (18). The
following modification was carried out: approximately 15
hours after the transformation, an overlayer of complete
medium (10 ml) containing geneticin, G418 (Difco), was added
so that the final concentration of antibiotic was 300 ug/mtl
in the dish.

0f 300 G418-resistant clones, one clone, 2285TG2 AMGC,
produces amyloglucosidase. This clone expresses alpha-amylo-
glucosidase in stable fashion during several generations.
Analysis of the genomic DNA of the straiﬁ 2285T7G2 AMGC accord-
ing to Southern reveals that the amyloglucosidase expression
block is integrated in the genome at the MFalphaq locus. The
amount of amyloglucosidase secreted by the brewery strain was
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assayed. After 3 days' incubation in complete YPG medium at
30%C with stirring at 250 rpm, the 2285TG2 AMGC culture at an
approximate cell density of 4 x 107 cells/ml produces 100 U

of actijve alpha-amyloglucosidase per Liter of supernatant.

The same experiment as described in Example 8 is car-
ried out starting with a strain used in the bread-making in-
dustry.

Since this strain TGF?1 is polyploid and prototrophic,
a cotransformation has to be performed with pTG1867 and a
plasmid conferring a dominant phenotype, plasmid pTG1825.

The strain TGF1 is transformed with the DNA of plasmids
pTG1825 and pTG1867 which has previously been digested with
EcoRI. Among the 500 clones resistant to G418 (300 pg/ml)
obtained, one expresses amylcglucosidase in stable fashion
during at least 50 generations; this clone is referred to as
TGF1-AMG1.

Hybridization of the EcoRI-digested genomic DNAs of
the strains TGF1-AMG1 and TGF1 with an oligonucleotide TG529

specific for the MFalphaq gene of Saccharomyces cerevisiae

by Southern's technique reveals that the amyloglucosidase
expression block ié integrated in the genome at the MFalphajq
Locus (Figure 15) of TGF1i-AMG1.

The amount of amyloglucosidase secreted by the strain
TFG1-AMG1 was assayed. After three days' incubation in com-
plete YPG medium at 30°C with stirring at 250 rpm, the TGF1-
AMG1 culture produces 100 U of active alpha-amyloglucosidase
per Liter of supernatant of a culture at a cell density of
5 x 107 cells/ml.

EXAMPLE 10
INTEGRATION OF THE B. LICHENIFORMIS ALPHA-AMYLASE EXPRESSION

BLOCK IN THE POLYPLOID STRAIN SACCHAROMYCES UVARUM 2285 TG2
AMGC

The strain 2285 TG2 AMGC was transformed with 1 ug
of pTG1825 DNA and 10 ug of M137G1817 which had previously
been digested with BamHI, by the technique derived from Web-
ster and Dickson (18).

By digestion with BamHI, the vector M137TG1817
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Liberates a DNA fragment containing the His3 gene of Saccharo-

myces uvarum in which the cassette for expression of alpha-

amylase has been inserted. The construction of the vector
M13TG1817 has been described in French Patent No. 86/06,703.
0f 400 clones resistant to G418 (300 ug/ml), 4 clones
produce alpha-amylase. These clones express alpha-amylase
in stable fashion during 50 generations. Hybridization of :
the BamHI-digested genomic DNAs of the strains 2285 TG2 AMGC-
AMY1 and 2285 TG2 AMGC with an oligonucleotide TG227 specific
for the His3 gene of S. uvarum by Southern's technique re-
veals that the alpha-amylase expression block is integrated
in the genome at the His3 locus (Figure 16) of the strain
2285 TG2 AMGC-AMY1.

The following strains were deposited at the Collec-
tion Nationale de Cultures de Microorganismes (National
Collection of Microorganism Cultures) of the Institut
Pasteur, 28 rue du Docteur-Roux - 75724 PARIS, Cedex 15:
Saccharomyces uvarum 2285 TG2 AMGC
on 6th June 1986 under No. I-568,

. Saccharomyces cerevisiae TGF1 AMGI

on 27th January 1987 under No. I-65",
Saccharomyces uvarum 2285 TG2 AMGC-AMY1
on 27th January 1987 under No. I1-649.
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The claims defining the invention are as follows:- .
_ -Aspergx\\u.s
1. A block for the expression of a mature amyloglucosidase fromx%empaﬁgﬂius
Niger in a yeast, which block contains:
(a) the amyloglucosidase gene devoid of all or part of its introns;
(b)  the DNA sequence containing the signals which provide
for the transcription of the amyloglucosidase gene by
yeast;
© a coding sequence containing the signal required for the
export of the mature amyloglucosidase into the
extracellular medium, which coding sequence contains
a secretion signal chosen from the alpha pheromone, the
killer protein secretion system or a synthetic secretion
sequence; and
(d) a yeast termination sequence after the amyloglucosidase
gene and wherein said yeast termination sequence is a
transcription termination sequence.
2. The expression block as claimed in claim 1, wherein the DNA sequence which
provides for the transcription of the gene contains the PGK gene promoter.
3. The expression block as claimed in claim 1 or claim 2, which is integrated in
a plasmid containing an origin of replication in yeasts.
4. The expression block as claimed in claim 3, wherein the origin of replication
in yeasts is the origin of replication of the 2 | plasmid.
5. The expression block as claimed in claim 3 or claim 4, wherein the plasmid
contains, in addition, a selection gene.
6. The expression block as claimed in claim 5, wherein the selection gene is a
gene complementing an auxotrophy.
7. The expression block as claimed in claim 5, wherein the selection gene is a
gene conferring a dominant phenotype.
8. The expression block as claimed in claim 7, wherein the dominant phenotype
is resistant to G418.
9. The expression block as claimed in any one of claims 1 to 3, which is
integrated in the genome of the yeast strain.
10.  The expression block as claimed in claim 9, wherein the integration is

performed in the MFalpha, gene.
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11. A transformed yeast strain containing an expression block as claimed in any
one of claims 1 to 10.

12.  The strain as claimed in claim 11, which is a strain of Saccharomyces.

13,  The strain as claimed in claim 12, which is a strain chosen from S. cerevisiae

and S. uvarum. A

14, The transformed strain as claimed in any one of claims 11 to 13, which is a
polyploid and protrophic strain of Saccharomyces.

15.  The strain as claimed in claim 14, which is a strain of Saccharomyces used in
the bread-making industry.

16.  The strain as claimed in claim 15, which is Saccharomyces cerevisiae strain
TGF 1.

17. The strain as claimed in any one of claims 14 to 16, wherein the
amyloglucosidase expression block is derived from plasmid pTG1i867.

18.  The strain of Saccharomyces as claimed in any one of claims 11 to 13, which
is transformed simultaneously by an expression block as claimed in any one of claims
1 to 10 and by an alpha-amylase expression block, and which simultaneously secretes
alpha-amylase and amyloglucosidase.

19. The strain as claimed in claim 18, which is a brewery strain of the

Saccharomyces uvarum type.

20. The strain as claimed in claim 19, which is S. uvarum strain 2285 TG2
AMGC.

21.  The strain as claimed in any one of claims 18 to 20, wherein the alpha-amylase
expression block is derived from the vector M13TG1817.

22. A process for producing alpha-amyloglucosidase, wherein a strain as claimed
in any one of claims 11 to 21 is fermented on a suitable culture medium and wherein
the enzyme is recovered in the extracellular medium.

23. A process for panary fermentation, wherein at least one of the strains used in
she fermentation is a strain as claimed in any one of claims 14 to 17,

24. A fermentation process, wherein at least one of the strains used in the
fermentation is a strain as claimed in any one of claims 18 to 21.

25. A block for the expression of an amyloglucosidase in yeast and a transformed
yeast strain containing said block substantially as hereinbefore described with
reference to any one or more of the examples and/or drawings.

26. A process for producing alpha-amyloglucosidase substantially as hereinbefore
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described with reference to any one or more of the examples and/or drawings.
27. A process for panary fermentation substantially as hereinbefore described with

reference to any one or more of the examples and/or drawings.
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