PENI Cl LLI'N ¥ AM DOHYDROLASE GENE FROM FUSARI UM OXYSPORUM 5
The enzyge penicillin V am dohydrol ase is used for enzymati c
hydr ol ysifs' of* penicillin V (phenoxy- nethylpen|C|II|n) to

6-am nopenicillanic acid (6-APA). 6-APA is the active beta-lactam
nucl eus used in the manufacture of sem -synthetic penicillins. 10 VAT,
penicillin V am dohydrol ase (PVA) enzynes have been found in f 4@??>
streptonyces and bacterial sources (Lowe et al., 1986, Bi ot echnol .
Left. 8:151-156). PVA enzynme activity is described by Lowe et al. from
a strain of Fusarium oxysporum however, the enzyme was not isol ated
or purified. 15 The present invention concerns an isolated
nucl ei c acid

~ PENICILLIN V AMIDOHYDROLASE
GENE FROM FUSARIUM OXYSPORUM

The enzyme penicillin V amidohydrolase is used for
enzymatic hydrolysis of penicillin V (phe.noxy-methylpgnicillin) to
6-aminopenicillanic acid (6-APA). 6-APA is the active beta-lactam
nucleus used in the manufacture of semi-synthetic penicillins.

10 Various penicillin V amidohydrolase (PVA) enzymes have been
found in fungal, streptomyces and bacterial sources (Lowe et al.,
1986, Biotechnol. Lett. 8:151-156). PVA enzyme activity is
described by Lowe et al. from a strain of Fusarium oxysporum;
however, the enzyme was not isolated or purified.

15

_ The present invention concerns an isolated nucleic acid
molecule coding for all or part of the PVA from Fusarium '
oxysporum strain 435. The PVA gene has been cloned,

20 sequenced and expressed.

In another aspect, the present invention is directed to a
novel promoter from F. oxysporum strain 435, expression vectors
containing all or part of the PVA gene and/or the novel promoter;
and host cells containing the expression vectors. In yet another

25 aspect the present invention is directed to the production of PVA,
particularly in the presence of phenoxyacetate as an inducer.




nol ecul e ‘coding for all or part of the PVA from Fusarium OXySpor um
strain 435. The PVA gene has been cloned, 20 sequenced and expressed.

In anotﬂbr'aSpect, the present invention is directed to a novel
pronoter fromF. oxysporum strain 435, expression vectors cont ai ni ng
all or part of the PVA gene and/or the novel pronoter; and host cells
contai ning the expression vectors. In yet anéther 25 aspect the present
invention is directed to the production of PVA particularly in the
presence of phenoxyacetate as an i nducer.

- 2- _ Figure 1 - The am no acid sequences of six peptide
fragments of the intact PVA enzyne._The am no aci d sequence of t he

N-termnus is SEQ 1D, NO :figured -shhenaming acidsequaneesef sis peptidei de A is
TR 10 ot RSt e o s Wi s f 0. Mo
am no aci d sequence @%Uggﬁﬁ“g‘&s% Sgtgg% %*g%' the amia&%qu?éq bﬁrﬂfno acid
sequence of peptiSle peptideshds SEQ. INRONG:2; the aming acidhsequeace of peptideice of
peptide E i,s SEQ | DB1WSEQ. I NO.:3; the aminéabidf Sbqhiencélof paptidd Belis de
probe. A set of four SEQ. ID. NO. 4; the amino acid sequence of peptide C.is SEQ. ID.
~ NO.:5; the amino acid sequence of peptide D is SEQ. ID. NO.:6;
the amino acid sequence of peptide E is SEQ. ID. NO.:7.
10 Figure 2 - Oligonucleatide probe. A set of four
oligonucieotide probes was derived from the reverse transcription
of seven amino acids from peptide C (SEQ. ID. NO.:5). The seven
amino acid sequence is SEQ. ID. NO.:8; the DNA sequence
reversely transcribed from SEQ. ID. NO.:8 is SEQ. ID. NO.:9; the
15 DNA sequence complementary to SEQ. ID. NO.:9 is SEQ. ID.
NO.:10; the oligonucleotide probe is SEQ. ID. NO.:11.
Figure 3 - Various DNA and peptide fragments. The PVA
N-terminal amino acid sequence is SEQ. ID. NO.:12; the 2585
translate amino acid sequence is SEQ. ID. NO.:13; the 2585 DNA
20 sequence is SEQ. ID. NO.:14; the 2585-M DNA sequence is SEQ.
ID. NO.:15; the 2585-FL translate amino acid sequence is identical
to SEQ. ID. NO.:12; the 2585-FL DNA sequence of the coding
strand is SEQ. ID. NO.:16; the 2585-FL DNA sequence of the
tempiate strand (i.e., complementary to the coding strand) is SEQ.
25 ID. NO.:17. All nucleotide sequences (except SEQ. ID. NO.:17)
are shown left to right in the 5’ to 3’ direction.
- Figure 4 - Schematic representation of 2585-FL.
Figure 5§ - Schematic representation of cloning of the
genomic PVA gene. ' '
30 Figure 6 - PVA cDNA (SEQ. ID. NO.:18) and
corresponding amino acid sequence (SEQ. ID. NO.:19). The
underiined DNA sequence (base pairs 1348 to 1368 SEQ. ID
NO.:20) is complementary to a 20mer probe (SEQ. ID. NO.:11).
‘ The asterick indicates a termination codon.



seven am no acids fihom peptide C (SEQ ID. NO :5). The seven am no
acid secfuen'ce is SEQ ID. NO :8; the DNA sequence reversely
transcribed fromSEQ ID. NO:8 is SEQ ID. NO:9; the 1 5 DNA sequence
conplenmentary to SEQ ID. NO:9 is SEQ ID NO.:1 0; the

ol irgonucl eotide probe is SEQ ID. NO:1 1. -3- ' Figure 3 - Various
DNA and peptide fragnents. The PVA " N-termnal am no acid sequence is
SEQ ID. NO :12; the 2585 transl ate am no acid sequence is SEQ |ID.

NO :1 3; the2585DNA20 pgmqg dhn t {5)83'}, dV DNA
sequence i.s SEQ NO the %@gn@ Egﬁbm NO.:2 d sequence
i s identical t 0 €8 E@W’B""Q@m’&@a s@&i@t?ge BP t he

codi ng strand i gnﬁﬁ&teristbamiﬁosthm 2&‘.8(8@ NO 2B T fifst t he

tenplate strand (i.e t Q 25 1D
NO. :17. Al nucleoti sequences ?@%ﬁﬁ@ﬁﬁ%ﬂwgﬂb és?er%re shown
left to right in $he"!¢"at§s? tegnination gedon. Figure 4 - Schematic
representation of 2585 FL. Figure 8 - Schematid presentatidic bPeWistiuction of
representation of cl genom ¢ PVA gene. 30

Figure 6 - PVA cDNA %@é@fgﬁD NO. : 18) and correspondi ng am no acid
sequence (SEQ ID. NO. : 19) Figure 9 - Schematia rapresantationcgf.constructios ®f pai r s
1348 to 1368 SEQ | Dpgyce2NO.:20) is conplenmentary to a 20rrer probe (SEQ

ID. NO :11). Thg t Kk t t t
) 10 aster *-'-p I qg' gch%%gtlc reerpi'nesneantlatwn ofo oonstructlon of

ol i gonucleoti de V\i(e)s was derived fromthe reverse transcription of

pBMFXPVAS.
Figure 11 - Schematic representation of construction of
pBMFXPVA?.
Figure 12 - Schematic representation of construction of
15 pF020. - .
Figure 13 - Schematic representation of construction of
pF020-P. '
Figure 14 - Schematic representataon of construction of
pBMPVA-P.
20 Figure 15 - Schematic representatnon of construction of
pF020-M. . .
Figure 16 - Schematic representation of construction of
pBMPVA-M.
Figure 17 - Schematic representation of construction of
25 pBMPVA-P/DAAO2.
Figure 18 - Schematic representation of construction of
pBMPVA-M/DAAO4.

30 The present invention concerns an isolated nucleic acid
molecule comprising a nucleic acid sequence coding for all or part
of PVA from Fusarium oxysporum. Preferably, the nucleic acid
molecule is a DNA molecule and the nucleic acid sequence is a

'DNA sequence. All DNA sequences are represented herein by



3 - e Figure 7 - PVA genonic DNA (SEQ ID. NO:21) and

correqundi ng am no acid sequence (SEQ ID. NO :22). The pronoter is
base pair nos. 1 to 240 (SEQ ID. NO. :23). The first asterisk

i ndicates transcription start and the second asterisk 5 indicates a
term nati on codon. Figure 8 - Schematic representation of
construction of pVB19N. Fédgure 9 - Schematic
representation of construction of pSJC62. 10 Figure 10 -
Schematic representation of construction of pBVFXPVAG.

Figure 11 - Schemati ¢ _representati f. constructian, of BVFXPVAYT .
Figure 12 - Schemati i°¢"&@?%§’§ﬁ?ﬁi'?‘gp? @ghtc AR isdn t@? cﬁg"e'ﬁ%@%.

Figure 13 - Schenuti directioreat5ittatd’ (withothecsole exceptiomofSEQ. ID. NOGO2D-aB.
Figure 14 - Schemati s tgyO  d ~P. 20
Figure 15 - Schemati %"?‘ggr@?@'gtﬁ’bn?‘@{”°g§ﬁ°;’ﬁ'ﬂgﬁ gnrb,ng sequenﬂig{ggr_ﬁﬁﬂ

€ ) A
Figure 16 - Schemati 8llQ€ rii’-amt{?m@fﬂemmeﬁueﬂaaha"v as SEWP\'/A- M
Figure 17 - Schergti Figures 6smnd 2{particularig SEQ.MDC N 80dnd® SEQBOPVA- P/ DAAQ2.

NO.:21); or a DNA sequence complementary to one of these DNA
sequences; or a DNA sequence which hybridizes to a DNA
sequence complementary to one of these DNA sequences.
Preferably, the DNA sequence hybridizes under stringent

10 conditions. "Stringent conditions” means conditions no less
stringent than described in the "Detailed Examples of Preferred
Embodiments” section hereof. In the case of a nucleotide
sequence (e.g., a DNA sequence) coding for part of PVA, it is
preferred that the nucleotide sequence be at least about 20

15 nucleotides in length. '

' Preferred DNA fragments are the probe of
SEQ. ID. NO.:11 and the promoter of SEQ. ID. NO.:23.

The PVA molecules of the present invention do not
necessarily need to be catalytically active. For example,

20 catalytically inactive PVA or fragments thereof may be useful in
raising antibodies to the protein.

It is also contemplated that the present invention
encompasses modified sequences. As used in the present
application, the term "modified”, when referring to a nuclectide or

25 polypeptide sequence, means a nucleotide or polypeptide
sequence which differs from the wild-type sequence found in
nature. . _ : .

The DNA sequences of the present invention can be

obtained using various methods well-known to those of ordinary
30 skillin the art. At least three alternative principal methods may be
employed:

(i) the isolation of a double-stranded DNA sequence

from genomic DNA or complementary DNA
(cDNA) which contains the sequence;



Figure 18 - Schematic representation of construction of

'pBNPVA—NTDAA04 30 The present invention concerns an isol ated
nucl ei ¢ ‘acid* nol ecul e conprising a nucleic acid sequence coding for
all or part of PVA from Fusarium oxysporum Preferably, the nucleic
acid nol ecule is a DNA nol ecul e and the nucleic acid sequence is a
DNA sequence. All DNA sequences are represenBed herein by

-4- formul as whose left to right orientation is in the conventi onal
direction of 5° to 3 (with the sole exception of SEQ ID. NO :17 as

shown in Figure 3). Further ref | or
part of the nucl eotide sequ Sﬁégﬂghﬁﬁf%mggﬁaﬁgaﬁﬁwﬁ%gag?ﬁ?ﬁ @%6 and
7 (particularly SEQ |D. Nd3)18 4hel spathesismf the DNA sequence byr a DNA
sequence conpl ementary to one of ddiiherdsklthain reachiBAYPEHYS: Or a DNA

These DA sequences. oo &@P%?@Pmﬁﬁ@equence C%ﬁ Baty canbenger
stringent 10 corflit screenedtiniondanto identify ai DNA"saquance codimigtfooall onpaites s
' of PVA. For example, a F. oxysporum genomic DNA library can be
screened in order to identify the DNA sequence coding for all or
part of PVA. Various techniques can be used to screen the .
genomic DNA or cDNA libraries.
10 For example, labeled single stranded DNA probe
: sequences duplicating a sequence present in the target genomic
DNA or cDNA cading for all or part of PVA can be employed in
DNA/DNA hybridization procedures carried out on cloned copies
of the genomic DNA or cDONA which have been denatured to
15  single stranded form.
A genomic DNA or cDNA library can also be screened for
a genomic DNA or cDNA coding for all or part of PVA using
immunobiotting techniques.
in one typical screening method suitable for either
20 immunoblotting or hybridization techniques, the genomic DNA
library, which is usually contained in a vector, or cDNA library is
first spread out on agar plates, and then the clones are transferred
to filter membranes, for example, nitrocellulose membranes. A
DNA probe can then be hybridized or an antibody can then be
25 bound to the clones to identify those clones containing the
genomic DNA or cDNA coding for all or part of PVA.
in the second approach, the DNA sequences of the
present invention coding for all or part of PVA can be chemically
synthesized. For example, the DNA sequence coding for PVA can
30 Dbe synthesized as a series of 100 base oligonucleatides that can
be sequentially ligated (via appropriate terminal restriction sites or
complementary terminal sequences) so as to form the correct
linear sequence of nucleotides.



stringent- than described in the "Detailed Exanpl es of Preferred

Enbodi nent s"  section hereof. In the case of a nucleotide sequence
(e.g., d DNA*sequence) coding for part of PVA it is preferred that

t he nucl eoti de sequence be at |east about 20 15 nucleotides in |ength.
Preferred DNA fragnents are the probe of SEQ ID. NO:1 1 and the
pronmoter of SEQ |ID. NO :23. T~ PVA nol ecul es of the present
i nvention do not necessarily need to be catalytically active. For
exanple, 20 catalytically inactive PVA or fragnents thereof may be useful

in rai sing antibodies al so

o,th rotein S
contenpl ated that the preseﬁﬂ M ach, thg%ﬁgg%thg&esem
sequences. As used i iinventiopreasling for all orqant ocRVA®@an beéhsynthesizédusing ed”,

when referring to a mqgg
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present inventi on5cathdtarget DNA$equente arensedaoiemzymatitaiydamphiy thenown to

t hose of ordinary 30; nt%Ndnllnd Fbg,é)if ?Q@Agﬁ tﬁ??a?hef ?écﬁfe(@?t %%ét¥§ol ation

princi pal nmethods ma
of a doubl e-stranded Wsﬁthdeﬂamfamﬂ of the template, annealipghof @i ¢ DNA or

conpl enentary DNA  primers and extension of thé BMaImiii iof khe aRhealed prinfergeauence;

with a DNA polymerase results in amplification of the segment .

10 defined by the 5' ends of the PCR primers. See, White et al.,
Trends Genet. 5, 185-189 (1989).

The DNA sequences of the prasent invention can be

‘'used in a variety of ways in accordance with the present invention.
The most apparent use of the DNA sequencs is to prepare PVA to

15 be useful for conversion of penicillin V to 6-APA. However, they
also can be used as DNA probes to screen other cDNA and
genomic DNA libraries as to select by hybridization other DNA
sequences that code for proteins related to PVA. In addition, the
DNA sequences of the present invention coding for all or part of

20 PVA can be used as DNA probes to screen other cONAand

- genomic DNA libraries to select by hybridization DNA sequences
that code for PVA molecules from organisms other than Fusarium
oxysporum.

The DNA sequences of the present invention coding for

25 all or part of PVA can also be modified (i.e., mutated) to prepare
various mutations. Such mutations may be either degenerate, i.e.,
the mutation changes the amino acid sequence encoded by the
mutated codon, or non-degenerate, i.e., the mutation does not
change the amino acid sequence encoded by the mutated codon.

30 These modified DNA sequences may be prepared, for example,
by mutating the PVA DNA sequence so that the mutation resuilts in
the deletion, substitution, insertion, inversion or addition of one or
more amino acids in the encoded polypeptide using various
methods known in the art. For example, the methods of site-



(2) -the-chem cal synthesis of the DNA sequence; and (3) the

synt hesi.s of . the DNA sequence by - pol ynerase chain
reaction (PCR) : In the first approach a genom c or cDNA
library-can be 5 screened in order to identify a DNA sequence coding for
all or part of PVA. For exanple, a F. oxysporum genom c DNA library
can be screened in order to identify thé-DNA sequence coding for all
or part of PVA. Various technl gues can be used to screen the

genom ¢ DNA or cDNA libraries. - For exanple, |abeled single
stranded DNA probe s du t seguen £esent i he
target genom c W%ﬁ%‘gﬁﬁg ﬁ %@e‘{;ﬁlﬁBF"%P{:a’Wﬁqogé'
enpl oyed in DNAG3B4639 \(H984), i'ayloont gl oNuduAcisis3es. i 18 8749- a7i64cl oned

copi es of the gﬁ@esysnmr%lqwewﬁucw b@sn&hzﬂg gz

single stranded form or ,.c also
be screened for - mg Fe-employegin I&ad%&qg% Qrpitedirected g %ﬂ'{e PVA
usi ng I mmundi| omiay e purchasedifrom commercial vendors. nFonexampleg al kit

hod i
Cechnt ques. i he. gonclo PepRing"ste Brectid mulEHGHckiE dy o plrchileuiia’ | 11
vector, or cDNA [i brAmgrsham Corps (A’B@Q‘QBr"&lﬂh@u{ oin a8 QI’"O]BL disagptionad t hen
the clones are transdéietion and truricatibh method® abdeseribed it Sayeévsrétaal.,

ni trocel lul ose membrangs adae Res. 16 797 6% (1588) hiky i8S bdethpidyé8 ! edin 2"

anti body can then be
10 degenerate and non-degenerate mutations may be advantageous

in producing or using the polypeptides of the present invention.
For example, these mutations may permit higher levels of
production, easier purification, or provide additional restriction
endonuclease recognition sites. All such modified DNA and
15 polypeptide molecules are included within the scope of the
 present invention.

‘The present invention is also particularly directed to the
novel promoter for PVA which is shown in Figure 7 (SEQ. ID.
NO.:23). The novel promoter of the invention can be used with

20 -other known DNA sequence coding for other useful proteins or
polypeptides.

The present mventlon further concerns expression
vectors comprising a DNA sequence coding for all or part of PVA
‘and/or the promoter for PVA. The expression vectors preferably

25 contain all or part of one of the DNA sequences having the
nucleotide sequences substantially as shown in Figures 6 or 7.
Further preferred are expression vectors comprising one or more
regulatory DNA sequences operatively linked to the DNA
sequence coding for all or part of PVA. As used in this context, the

30 term "operatively linked" means that the regulatory DNA

' sequences are capable of directing the replication and/or the
expression of the DNA sequence coding for all or part of PVA.

Expression vectors of utility in the present invention are
often in the form of "plasmids", which refer to circular double



r o

25 bound to the clones to identify those clones containing the

- genomi c DNA or cDNA coding for all or part of PVA In the
second apprdach, the DNA sequences of the present invention coding for
all or part of. PVA can be chemcally synt hesi zed. For exanple, the DNA
sequence coding for PVA can 30 be synthesized as a series of 100 base
ol i gonucl eotides that can be sequenti a8y ligated (via appropriate
termnal restriction sites or conpl ementary term nal sequences) so as
to formthe correct | i near sequence of nucl eoti des..

| n 1 ;. . .
coding for al | or paaniss SRK a8 AR inthelr Y8gRl 5 are not alitate; O,
“pairs of synthetic Bh#chromesame.ediawayertheliaventiords intendgdde inglyde engt h
Lequehce ar s usr 1 St Ahellle CHUpgeaT gl i Sond mieeRrt o on o
B e Far et & bl Snebichaspebrs kebd i the st AuBSHRGR, L 0o of
the tenpl ate, angealhergtoof the prinmers and extension of the 3 -termni
of the gggeng'med primers ° exphbddioftvebiore GsstlFindng présentlifvertion™! | fication
typically contain an origin of replication, a promoter located in front
(i.e., upstream of) the DNA sequence (preferably the promoter of
SEQ. ID. NO.:23) and followed by the DNA sequence coding for all
10  or part of a structural protein such as PVA, D-amino acid oxidase,
monoclonal antibodies, insulin, interferon, epidermal growth
factor, growth hormone, and the like. The DNA sequence coding
for all or part of the structural protein is followed by transcription
termination sequences and the remaining vector. The expression '
15 vectors may also include other DNA sequences known the art, for
example, stability: leader sequenbes which provide for stability of
the expression product, secretory leader sequences which provide
for secretion of the expression product, sequences which allow
expression of the structural gene to modulated (e.g., by the
20 presence or absence of nutrients or other inducers in the growth
medium), marking sequences which are capable of providing
phenotypic selection in transformed host cells, stability elements -
such as centromeres which provide mitotic stability to the plasmid,
and sequences which provide sites for cleavage by restriction
25 endonucleasas. The characteristics of the actual expression
vector used must be compatible with the host cell which is to be
employed. For example, when cloning in a fungal cell system, the
expression vector should contains promoters isolated from the
genome of fungal cells (e.g., the trpC promoter from Aspergillus
30 nidulans and the PVA promoter from Fusarium oxysporum).
Certain expression vectors may contain a fungal autonomously
replicating sequence (ARS; e.g., ARS from Fusarium oxysporum
and Saccharomyces cerevisiae) which promotes in vivo
production of self-replicating plasmids in fungal hosts. Itis



10 "defined by the 5 ends of the PCR p'ri-rrers. See, V\hite et al.,

Trends Cenet. 5, 185-189 (1989). The DNA sequences of the
present’ i nvéntion can be used in a variety of ways in accordance with
the present invention. The nost apparent use of the DNA sequence is to
prepare PVA to 15 be useful for conversion of penicillin V to 6-APA
However, they al so can be used as DNA p?robes to screen ot her cDNA and
genom c DNA |ibraries as to select by hybridization other DNA

sequences that code for proteins related to PVA. In addition, the DNA

sequences of the - hehriﬁﬁi‘ﬂg n@%%&&ﬁe%ﬁén %&to%o%ﬁt%ﬁ&t@ dd 6t can be

used as DNA probes o screen braries to

sel ect by hybri di zat®¥R 3R fS-sequence armlspswlwﬂma eiMo At cul es from
organi sms ot her t hal@hFommmés upon phsmmnt of host cells. Such lﬂ'tbgréﬁ&h

f th
al S0 be nodi fi ed E’.r?ésmfﬁﬁ?éﬁ’%a% f?“ﬁ%?é‘%g‘%‘\?a%'?%ﬁ'@ Al Bxplaskion oo
nut ati ons may beSei VREtor @sgontemplated by the present inventien is ahleaahw@le he
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the it at ed codon. S0atal anspeiaaok e asdemiet Griod BYA BN ca. Tor
exanpl e, by. nmusequencasef Ihdﬂpmqem Smtablator@ns ortlte@lacation esults
in the del etiogy P%ﬂ\lhﬁﬁﬁé ﬁﬂstsclll‘?@ﬁa&'ﬁf'exé gg%e&af Ut ion of one

or nor e amno amds Int

us vari ou
met hods known i A0t hé‘ﬂ!@hoﬂaﬂmagﬂw et&@"ﬁ?’%dﬁg iuge, @r%gamp le, t
trpC promoter from Aspergillus nidulans, the PVA promoter from F.

oxysporum, and the neo-r gene promoter from E. coli. Suitable
termination sequences include, for example, the t7pC terminator
from A. nidulans, the PVA terminator for F. oxysporum, and the

15 neo-r gene terminator from E. coli. -1t is also preferred that the
‘expression vector include a sequence coding for a selectable
marker. The selectable marker is preferably antibiotic resistance.
As selectable markers, phleomycin resistarice (for fungal cells),
ampicillin resistance, and neomycin resistance (for bacterial cells)

20 can be conveniently employed. All of these materials are known
in the art and are commercially available.

Particularly preferred is the expression vector designated
pBMFXPVAB, described herein below and in Figure 10, which
contains the DNA sequence coding for PVA, or expression vectors

25  with the identifying characteristics of pBMFXPVAS. Also preferred
are the expression vectors designated pWB19N, pSJC62,
pBMFXPVA7, pBMPVA-P and pBMPVA-M, described herein
below and in Figures 8, 9, 11, 14-and 16, respectively, or -
expression vectors with the identifying characteristic of pWB19N,,

30 pSJCE2, pPBMFXPVA7, pBMPVA-P, and pBMPVA-M.

Host cell Escherichia coli DH5¢a strain containing
pBMFXPVA7, pBMPVA-P and pBMPVA-M were deposited with the
American Type Culture Collection, Rockville, Maryland on



-7- - '  :directed nmutagenesis described-in Mdrinaga et al., Bio/Technol.

2, 636- 639 (1984), Taylor et al., Nucl. Acids Res. 13, 8749-8764

(1985) and Kunkel ,

Proc. Natl. Acad. Sci. USA 82, 482-492 (1985)

be enpl oyed. In addition, kits for site-directed nutagenesis 5 may be

purchased from comerci al vendors. For exanple, a kit for performng
site-directed nutagenesis nmay be purchased F1@m Amer sham Cor p.
(Arlington Heights, IL). In addition, disruption, del eti on and
truncati on nethods as described in Sayers et al. Nucl Aci ds Res.
791-802 (1988) may abggemegq’gl qggﬂ unﬁai'thcflg gﬁqeglegenerate
nmut ati ons may be advanta ucl ng or us pepti des
of the present invenfl access'%f‘oé- 1e 69782 and 8872 dﬁ%P erm t

hi gher | evel s of

additional restricti
nodi fi ed DNA and 15
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t he present § nveammhinant DNA techniques kKnowprin ke art, manytdfovhick aseso
particularly directe r hown in
Figure 7 (SEQ 1D 99&611 f]lﬂi‘@btﬂ Mﬁﬂaﬁ(@bnr hA"LéH?)rét%

used with 20 ot her

pol ypept i des.

expressi on vectors congp 'g%ﬂ % Catiditicndi HonGehry g part of
PVA and/ or 1tcgie pronot er ?? tﬁ@x ressi o vec?ors pre?e(“rably

15

20

25

30

g@aneﬁeﬁdvgeaﬁqéimré&r by B0 PO ne. or

Harbor, NYT{t889).esent. i nvention further concerns

containing an expression vector which comprises a DNA

sequence coding for all or part of PVA, and/or the promoter of
SEQ. ID. NO.:23. The host cells preferably contain an expression
vector which comprises all or part of one of the DNA sequence
having the nucleotide sequences substantially as shown in
Figures 6 or 7. Further preferred are host cells containing an
expression vector comprising one or more regulatory DNA
sequences capable of directing the replication and/or the
expression of and operatively linked to a DNA sequence coding
for all or part of PVA. Additionally included are host cells
containing an exprassion vector which comprises a DNA
saquence which has been modified (e.g., disrupted, deleted or
truncated) so as to code for a PVA molecule which is not
catalytically active. Suitable host cells include both eukaryotic and
prokaryotic host cells, for example, Escherichia coli cells. Suitable
eukaryotic host celis include, for example, Cephalosporium
acremonium, Fusarium oxysporum and Penicillium chrysogenum
cells. :

Particularly preferred as host cells are Fusarium
oxysporum strains. -

Expression vectors may be introduced into host cells by
various methods known in the art. For example, transfection of
host cells with expression vectors can be carried out by the
polyethylene glycol mediated protoplast transformation method.
However, other methods for introducing expression vectors into



25 ceontain all or part of one of the DNA sequences having the :

nucl eoti de sequences substantially as shown in Figures 6 or 7. Furt her
preferréd ar'e expression vectors conprising one or nore regul at ory .DNA
sequences operatively linked to the DNA . sequence coding for all ér’ i
part of PVA. As used in this context, the 30 term"operatively |inked"
nmeans that the regulatory DNA sequencedlare capable of directing the
replication and/or the expressi on of the DNA sequence coding for al

or part of PVA Expression vectors of utility in the present

i nvention are ft ' he f " s : :
doubl e Host celis, for gxér(r)\;r:w, %‘ectr%b%?aq}o%? biqli‘é{u’é frﬁeélﬁ) ?rg{ﬁ gng;{jc Bll\lzr
| oops whi ch, in t heiprotoptasifusion,camatsorhe empiayed: o t he chronpsone.

onever e et on 1 LSSyl r s b i o
iC
known in the art sum%tﬁﬂm%ge*réﬁ@ﬁ\?a cell _may%e Wﬁ”“&!‘ﬁ‘%@gsi on \;ng)g?s

lrjzg}‘ iulcaj[ ino'ﬁlheapr rsgremmorirdtiaﬂstearmit_ting exprgssion bf lacge ariounts obihegdesired
sequence (p’r ef elroabl ﬁ@@@n@f%‘#‘ngm %E%a(‘?‘?ﬂep?\%m;@&%gﬁmﬂ Z)I Itg\i/ec?\lﬁy
the DNA sequence codtamprising glljor part of PVA.

Host cells containing an expression vector which
contains a DNA sequence coding for all or part of PVA may be

10 identified by one or more of the following six general approaches:
(a) DNA-DNA hybridization; (b) the presence or absence of marker
gene functions; (d) assessing the level of transcription as
measured by the production of PVA mRNA transcripts in the host
cell; (d) detection of the gene product immunologically; (e)

15 colorimetric detection; and (f) enzyme assay, enzyme assay being

' the preferred method of identification.

in the first approach, the presence of a DNA sequence
coding for all or part of PVA can be detected by DNA-DNA or RNA-
DNA hybridization using probes complementary to the DNA

20 sequence. :

In the second approach, the recombinant expression
vector host system can be identified and selected based upon the
presence or absence of certain marker gene functions (..,
acetamide utilization, resistance to antibiotics, resistance to

25 fungicide, uracil prototrophy, etc.). A marker gene can be placed
in the same plasmid as the DNA sequence coding for all or part of
PVA under the regulation of the same or a different promoter used
to regulate the PVA coding sequence. Expression of the marker
gene in response to induction or selection indicates the presence

30 of the entire recombinant expression vector which carries the DNA
sequence coding for all or part of PVA.

In the third approach, the production of PVA mRNA
transcripts can be assessed by hybridization assays. For
example, polyadenylated RNA can be isolated and analyzed by



10 .or part of a structural protein such as PVA, D-am no acid oxidase,

nonocl onal anti bodies, insulin, interferon, epidermal growth factor,
growt h'hornbne, and the |ike. The DNA sequence coding for all or part
of the structural protein is followed by transcription term nation
sequences and the remai ning vector. The expression 15 vectors may al so

I ncl ude ot her DNA sequences known the art,-{12¢F exanple, stability

| eader sequences which provide for stability of t he expression.
product, secretory |eader sequences which provide for secretion of the

expressi on product, sequences which allow expressi on of the structural
gene to nodul ated (Nagtherpplatling gonugpesemewomsgmasiag aprabeent s or

ot her i nducers i { bomlembitary to the RRIAelquerics < ARSiatie oZnMMI ch are

Ctabi 11ty el emnt s Ruckic apBR o el Bost B ik b pdrAckie i BbepipatBE ° '
stability to the pl hybridization to suchiprb@sences whi ch provide sites for
cl eavage by restgiction 25} m[]ﬁﬁlﬁmh e rsgghqﬂlaﬁtdrqﬁrpéf t he

t ual d t |1
Wi ch 1o 10 be | PUAGHbessh “Se%myne%m#ﬁa*aranm PRl Col

system the ebjotting.i on vector shoul'd contains pronoters |solated from

t he genone of fungal 4 %&o t '8 f rgillus,

30 nidul ans and the PVA prrgﬁn'ist err‘ aﬁt?greuénﬁﬁgﬁ E‘PVA ﬁrBfBui\é%? tain .
r@e&%q ore amplgppq

expr essi on vectors q ng
sequence (ARS; £00. knéﬁﬁ tbmmummleemmapexpressaonmmeaemrTyceS

gleggvmr leale)n }"ﬂ'nggl phgg‘b;ea?@&ey SiPthe enzynPhtit Wdrb§Bis s £6ibas&P! ' cating
substrate, phenoxyaoetnc-p-mtroamhde, to a yellow colored p-
nitroaniline on the media plate.-
' In the sixth approach, expression of PVA can be
15 measured by assaying for PVA enzyme activity using known
methods. For example, the assay described in the “Detailed
Examples of the Preferred Embodlments section hereof may be
employed.
- The DNA sequences of expression vectors, plasmids or
20 DNA molecules of the present invention may be determined by
various methods known in the art. For example, the dideoxy chain
termination method as described in Sanger et al., Proc. Natl. Acad.
Sci. USA 74, 5463-5467 (1977), or the Maxam-Gilbert method as
described in Proc. Natl. Acad. Sci. USA 74, 560-564 (1977) may
25 be employed. '
it should, of course, be understood that not all expression
vectors and DNA regulatory sequences will function equally well
to express the DNA sequences of the present invention. Neither
will all host cells function equally well with the same expression
30 system. However, one of ordinary skill in the art may make a
selection among expression vectors, DNA regulatory sequences,
and host cells using the guidance provided herein without undue
experimentation and without departing from the scope of the
present invention.



-9- -« » spreferred-that the fungal expression vectors of the invention do

not - have a fungal ARS sequence and thus wll integrate into host
chr onos'ones ‘upon plasnid entry of host cells. Such integration S

- preferred because of enhanced genetic stability. An expression 5 vector
as contenpl ated by the present invention is at |east capable of '
directing the replication in Escherichia col’B -and i nt egration in
fungal cells, and preferably the expression, of the PVA DNA sequences
of the present invention. Suitable origins of replication in E

colivarious hosts include, « ' ) cation
origin. Suitable pronoters ﬁﬁ?%g%g?n@ﬁ}p ef%ﬁée&hg al&te}rg)d:g){gdrrormt er
from Aspergil | us ni RIPEUENGtRVA comprisingeuturingA-hpst cell cOBARNGATM and t he
neo-r gene pronoter gxprddion vettor capathle f @xpressirigcPVAN Rriefgrablycthences

Lorminator for £ odERRi Ve MREGEXRYAS or gRRIEVAY. f 183 edh 7 V"

cofi. It is al so5prefurprisinglytfaund that the predystionnf VA is suhstanfiallyde a

sequence coding for ghiNcaaliR e presencB Wt iphenoxy aghioh lagts@s ear i s
preferably antibioti,c resistance: As ‘sel ectabl e markers, phleonycin
resi stance (for fundﬁf’uﬁ%ﬂ-l s),. anpicillin resistance, and neonycin

resistance (for bacterial CFid plesefit invention furtherccaneetms/pelypeptided. Al | of
these materials are o ' i avai | abl e.
Particularly preferrég%l%%%o%e%rﬁé@?"gq){rqtp\;‘ggg'o?vgég? tlgdéﬂt Mé BMFXPVAB,
descri bed her ei 10pelMelegHles prefargblychaving alhog part of °“%0&tt | ﬂ@p -

sequence coding for d@dbieness eubstantialiyias shdwnin Figures 6 or 7. In the case of
polypeptide molecules comprising part of PVA, it is preferred that
polypeptide molecules be at least about 10 amino acids in length.

Al amino acid residues identified herein are in the
15 natural L-configuration. in keeping with standard polypeptide

nomenclature, J. Biol. Chem. 243, 3557-3559 (1969),
abbreviations for amino acid residues are as shown in the
following Table of Correspondence:



25 "with the identifying characteristics of pBVFXPVAG6. Al so preferred

are the expression vectors designated pWB19N, pSJC62, pBMFXPVAY,
pBVPVA-'P and pBMPVA-M described herein ~below and in Figures 8, 9, 11,
14 and 16, respectively, or expression vectors with the identifying
characteristic of pWB19N,, 30 pSJC62, pBMFXPVA7, pBMPVA-P, and pBMPVA-M
Host cell Escherichia coli DH5[err] strai n-dént ai ni ng pBMFXPVAY,
pBMPVA- P and pBMPVA- M were deposited with the Anerican Type Culture
Col I ection, Rockville, Maryland on

-10- Decenber 14, 1994%@ gm Bﬁ"’ nd assi gned
ATCC accessi on nos. 69721, 697 ang ng , res%ggllqve ygé

Sui tabl e expression vectors containing the desired codi ng and control
sequences may be constructed usiwdard 5 recon‘chhni gues
known in the art, many of which: described in al .

Mol ecul ar Cl oni'ng: A Labqgr y Manugl d edition, Cold Spring

Har bor Laboratory, Cold Har bot™ (1989). The

present invention additionayly concerns hogfyecells 1Q__tyﬁ5§]ﬁgi ning an
expressi on vector which conprises a DNA Ty

G Gly L-glycine
F Phe L-phenylalanine
M Met L-maethionine
A Ala L-alanine
S Ser L-serine
l lie L-isoleucine
L Leu L-leucine
T Thr L-threonine
v Val L-valine
P Pro L-proline
K Lys L-lysine
H His L-histidine-
Q Gln L-glutamine
E Glu " L-glutamic acid
w Trp L-tryptophan
R Aig L-arginine
D Asp L-aspartic acid
N Asn . L-asparagine
C Cys L-cysteine

All amino acid sequences are represented herein by formulas
whose left to right orientation is in the conventional direction of
5 amino-terminus to carboxy-terminus.



sequence coding for all or part of PVA and/or the pronoter of | SEQ.

I D. NO :23. The host cells preferably contain an expression vect or
whi ch conprises all or part of one of the DNA sequence havi ng -t he
nucl eoti de sequences substantially as shown in 15 Figures 6 or 7. Further
preferred are host cells containinng an expressi on vector conprising
one or nore regul atory DNA sequences caﬂ i1 e of directing the
replication and/or the expression of and operatively |linked to a DNA
sequence codi ng for all or part of PVA Additionally included are host

cells 20 containing an exprﬁ@%&?%y%mmfgﬁ%ﬁ?%%\{ezﬁgaqg%

sequence whi ch has bﬁﬁ _m)al fle . . . o
truncated) so as to @ined by synieticoneans.d.e.ghemical synthesis of ther al ytical | y
ﬁCt ive. I ISui t?bl e hostpolypdptiderfrirmdts dmmﬁommk[mum 'aci_dsnanmetho« Rhowpadi c
ost cells, for exa : : elgs,. ryotic
host cells include, n?hgs%@%é&&@r{éﬁhés%@r it%e.xgmﬁlg’crgrﬁ%)’ﬁf’@(rﬁ]%_éusari um
oxyspor um and Penfci IRraaeduredasgabedin Houglten e al., Proc. Natl. Acad. Sci. 82,

Particularly prefer r@isqss-'ms(jm hfa)ﬁb@eﬁiméd.mlis preferped 8 thgn St rains.

\?;gri ous net h(l?c(lgr Eﬁzm%@agggﬁemw’a?éﬁ85@%?{3%?%# 5 by host
cel I's with expressi oreukaryaficshasi celis: expressing @ DNAsequence coding foraalhet ene
gl yﬁog ”]?di ated pr ot QREet PYALEEhY i Witro HanSRiiBA S the mRNRUREEHed By 2"
methods Tor intr ?8UCII5ﬁAesXe%Lgrsigé ggdiy,gt;},p él?oal' Bél? of PVA. For example, the

DNA sequence of Figure 6 or 7 may be synthesized using PCR as

described above and inserted into a suitable expression vector,

which in tum may be used to transform a suitable host cell. The

recombinant host ceill may then be cultured to produce PVA.

15 Techniques for the production of polypeptides by these means are

known in the art, and are described herein.

" The polypeptides produced in this manner may then be
isolated and purified to some degree using various protein
purification techniques.. For example, chromatographic

20 procedures such as ion exchange chromatography, gel filtration
chromatography and immunoaffinity chromatography may be
employed. ' '

In- addition to preparing 6-APA, the polypeptides of the
present invention may be used in a wide variety of other ways. For

25 example, the polypéptides may be used to prepare in a known

' manner polycional or monoclonal antibodies capable of binding
the polypeptides. These antibodies may in tum be used for the
detection of the polypeptides of the present invention in a sample,
for example, a cell sample, using immunoassay techniques, for

30 example, radicimmunoassay or enzyme immunoassay. The
antibodies may also be used in affinity chromatography for
purifying the polypeptides of the present invention and isolating
them from various sources.



host tel'ls, for exanple, electroporation, biolistic injection, or

protopl ast fusion, can also be enployed. Once an expression
vector has been introduced into an appropriate host cell, the host
cell may be cultured under 5 conditions permtting expression of |arge
anounts of the desired pol ypeptide, in the preferred case a

pol ypepti de nol ecul e conprising all ofi@art of PVA Host
cells contai ning an expression vector which contai ns a DNA sequence

coding for all or part of PVA may be 10 identified by one or nore of the
foll owi ng six general apprgaches: . DNA- hybr.i dizati,on: (b) the
presence or absence of mar Pmﬁm@&ﬁﬁ@@?&?ﬁgﬁw{‘%l‘é&ibﬁ'ght he | evel
of transcription as defined byzvearsiohdetensinadotNA: anchdedudsd amitdacidanscri pt s
in the host C?'sb'guéﬁ&in .eﬁﬁfetfoélﬂ engSré?:ﬁzm’at%%#%ﬁb ergtieebae) cal l y;
(e) 15 colorinetric t ect OF; aﬁp? ,en“z% assay, %Q’H ne assag bei ng
the preferred netho regults from.there, heing more than one codop fpr,mos} ptthe
apprgacg, t he gr%semﬁnofacw Rsidusscandstep signals ostheg DNA sadulu-_muespar}3 of PVA
can be detected by 2 : ; t probes
conpl enmentary to th%eé%%@gmlwgﬁﬁn@ #r)\a?ﬁg*és%gond
approach, the reconifiguras 6:a0¢d é4maybe used fardbe produadionfdhem can be

identified and se! epb @glopmhbgm_ inwmiﬁrﬁslﬁrﬁfdﬁiﬁﬁn,mrﬁé? of c_ertai n
mer ker gene funct] ojgat Radd that alghic vaRMiLns St théss DRIA ahd drihd ek * °

10 sequences naturally exist, or may be intentionally introduced
using methods known in the art. These variations may be
demonstrated by one or more amino acid differences in the overall
sequence, or by deletions, substitutions, insertions, inversions or
additions of one or more amino acids in said sequence. Such

15 amino acid substitutions may be made, for example, on the basis
of similarity in polarity, charge, solubility, hydrophobicity,
hydrophilicity and/or the amphiphatic nature of the residues
involved. - For example, negatively charged amino acids include
aspartic acid and glutamic acid; positively charged amino acids

20 include lysine and arginine; amino acids with uncharged polar
head groups or nonpolar head groups having similar
hydrophilicity values include the following: leucine, isoleucine,
valine, glycine, alanine, asparagine, glutamine, serine, threcnine,
phenylalanine, tyrosine. Other contemplated variations include

25 salts and esters of the aforementioned polypeptides, as well as
precursors of the aforementioned polypeptides, for example,
precursors having N-terminal substituents such as methionine, N-
formyimethionine used and leader sequences. All such variations
are included within the scope of the present invention. '

30 The following examples are further illustrative of the
present invention. These examples are not intended to limit the
scope of the present invention, and provide further understanding
of the invention.



25 fungicide, uracil prototrophy, etc.). A marker gene can be placed

in the same plasm d as the DNA sequence coding for all or part of PVA
under the regul ation of the sanme or a different pronoter used to

regul ate the PVA codi ng sequence. Expression of the marker gene in
response to induction or selection indicates the presence 30 of the entire
reconbi nant expression vector which carries17ke DNA sequence codi ng
for all or part of PVA In the third approach, the
producti on of PVA nRNA transcri pts can be assessed by hybridi zation
assays. For exanpl e, pol yadenyl ated RNA can_be isgl ated and anal yzed

by alie X¢& jerre - N
bl otting or nucl ease prot egh it exarmples) microbkal sirains, plasmids)ibufferentary to

t he RNA sequence. Alter |V t | t he host
cell may be extract «Qfggﬂ'g}i?géégﬂ Qpﬁ}'ﬁ&r' ?'4'9‘1’%%? F%Pgéﬁr@r?%tcéosd E’t‘f@ﬁ' probes. 5
In the fourth approach, the expression of all or part of "PVA can be
?ﬁsteﬁze?ii‘rgugg:orgg;cmﬁmoe Xpr.ession o? E;% Stﬁr?ei El oteing. . sséd
by conpl enentation anal ysi ﬁq@@ﬁs@éﬁmﬁﬁﬁaﬁgﬁf@aﬁ sidfhs usea &6 7158

~ in Table 1.
JABLE 1
10 _ . _
Strains and Plamids | Relevant ' Reference
' Characteristics

Escherichia coli F- ¢80d/acZAM15 Life Technologies,_
DHSa A(lacZYA-argF)ui69 | S

deoR recA1 endA1 '

hsdR17 (ne my)

SUpE44 \-thi-1

gyrA96 relA1
Fusarium Penicillin V amidase | novel isolate
oxysporum strain producer
435 : .
Fusarium ATCC strain ATCC 16322
oxysporum {.sp.
lycopersici
pBM11/M5 ' N_eo“-, 5.6 kb ATCC 67436
pES200 AmpR, HygBR, 6.2kb | (1)
puC18 AmpR,2686bp  |(2)
pUT715 AmpR, 3337 bp (3)
pUT715/mpC . |AmpR,PhIR, 46kb |*, Fig.9
pWB19N NeoR, 2.9 kb *, Fig. 8
pSJCE2 NeoR, PhiR,53kb |*, Fig.9
pF020 - | AmpR, PVA+,6.3kb | *, Fig. 12




10 known to be deficient in this enzyme, expression of PVA activity

can. be detected on the enzymatic hydrolysis of a colorless substrat e,
phenoxyaceti‘c-p-nitroanilide, to a yellow col ored p- nitroanillne on
the nmedia plate. In the sixth_approach, expression of PVA
can be 15 neasured by assaying for PVA enzyme activity using known

met hods. For exanple, the assay described ii8t-he "Detail ed Exanpl es of
the Preferred Enbodi ments” section hereof may be enpl oyed.

The DNA sequences of expression vectors, plasmds or 20 DNA nol ecul es of
the present invention may be determ ned by various methods known in
the art. For exanpl '
descri bed in Sanger Rf0

S¢it TSk 74, 5463-B467

(1977), or the Maxgm G lbert nethod|as descrlbe( irg Prgc. Nat|. JAcad.
Sci. USA 74, 560-54PR02O'M nay 25 b@mﬁwﬁ ig. It shpul d,
of course, be understood that not afl expreSS|on vectors and
regul atory sequencdPRA3Y function ¢NeQRI BVAE 15kb  |{FigxBress the ONA
sequences of the prlesent invention. {Neither willl all. host cells .
function equal ly weJPFA@3 h t he sane|biepPeBVAS9.2kb s\siBh SHowever, ohe of
ordinary skill in tjhe art nay nmake & sel ection gqnong expression
vectors, DNA regul AtpBMFXEYASices, |NeoRaRhiRWBYA*cel I|S, T8i #8 t he gui dhnce
provi ded herein witlhout undue - T)‘(ﬁ@rkbrent ation and without depart]ng
fromthe scope of tjhe resent ilnventi on.

pBMFXPVA7 NeoR, PhIR, PVA*, *, Fig. 11

14.6 kb
pBMPVA-P . ‘AmpR, PVA+,6.3kb |*, Fig. 14
pBMPVA-M AmpR, PVA+,6.3kb |*, Fig. 16

pBMPVA-P/DAAO1 | AmpR, DAAO*, 6.8 kb |*, Fig. 17

pBMPVA-P/DAAO2 |NeoR, PhiR, DAAO+, |*, Fig. 17
o 8.7 kb

pBMPVA-M/DAAO3 | AmpR, DAAO*, 6.9 kb | *, Fig. 18
pBMPVA-M/DAAO4 | NeoR, PhiR, DAAO*, |*, Fig. 18

. 8.8 kb _
(1) Staben et al., 1989, Fungal Genet. Lett. 36:79-81.
(2) Yanisch-Perron et al., 1985, Gene 33:103-119.

(3) Jain et al., 1992, Mol. Gen. Genet. 234 :489-493.
'Descnbed hereinatfter.

Luria broth: 1% Difco Bacto tryptone, 0,5% Difco Bacto
yeast extract, 0.5% sodium chloride.
Luria agar: Luria broth supplemented with 1.5% Difco
10 Bacto agar.
SOC media: 2% Difco Bacto tryptone, 0.5% Difco Bacto
yeast extract, 10 mM NaCl, 2.5 mM KCI. After autoclaving, add



-13 - ¢+ - The present invention further concerns a nethod for
producing PVA conprising culturing a host cell containing an

expression vector capabl e of expressing PVA. Preferably the expressi on
vector is pBMFXPVAG -or pBMFXPVA7. |t has been 5 surprisingly found that
the production of PVA is substantially enhanced.in the preSence of
phenoxyacetate which acts as an i nducer19 - The present

i nvention further concerns pol ypeptide nol ecul es conprising all or

part of PVA, said polypeptide 10 nol-ecul es preferably having all or part

or 7In the case of 3“%"5@%%8%&“8%3%*!3@@ L A Moo s o0
is preferred that glucpse yp tha mediumi ecul es be at | east about 10 anino
acids in length. Fusaridih\vegét ﬂ@e%}ﬁtﬁﬁ&dmss‘%jﬁ'é}éﬁ 48 herein

e 18 Nt ot SR A Fronh, TG, T, h 80,
abbr evi ati ons f or5 anD/78% KHbPQsgi0I75% KgHPOg, ad;umdno nl-hes with 1D | owi ng
Tabl e of Corr espondep&@H
PVA production medium: Fusanum vegetative growth
- medium supplemented with 0.4% phenoxyacetate.
Tris-EDTA buffer (TE): 10 mM Tris-HCI (pH 7.4), 1 mM
10 EDTA. ' .
- Tris-acetate electrophoresis buffer (TAE): 40 mM Tris-
acetate (pH 8.0), 1 mM EDTA.
20X SSC: 3 M NaCl, 0.3 M sodium citrate, adjusted to
pH 7.0 with 10 N NaOH.
15 20X SSPE: 3M NaCl, 0.2 M NaHzPO4, 20 mM EDTA,
adjusted to pH 7.4 with 10 N NaOH.
50X Denhardt solution: 1% Ficoll, 1%
polyvinylpyrrolidone, 1% bovine serum albumin (BSA).
30X NET: 4.5 M NaCl, 0.45 M Tris-HCI (pH 7.5), 30 mM
20 EDTA.

Methods
General cloning techniques, DNA sequencing and
plasmid DNA extraction from E. coli were used as described in
25 Sambrook et al. 1989, "Molecular Cloning: A Laboratory Manual®,
2nd edition, Cold Spring Harbor Laboratory, CSH, New York. All
restriction enzymes and DNA modifying enzymes were obtained
from commercial supplies. They were used according to the
manufacture's instructions. Other frequently used methods were
30 carried out as follows.



TABLE OF CORRESPONDENCE SYMBOL

-14 - ¢

AM NO ACI D 1-Letter Y Tyr

L-tyrosine G Ay L- gl yci ne

F Phe L- phenyl al ani ne M

Met L- met hi oni ne A Al a

L- al ani ne S Ser 20 - L-serine’ I
lie L-i sol euci ne L Leu L- I euci ne
T Thr L-t hr eoni ne : Val
L-val i ne P oI I ne K
Ly L1 ysind” Electto-'[ransfof"ﬁﬁtlon of E. ?Jﬁ b st di
Q An (Electrgporation) E Gu

L-glutam c acid
R
L-aspartic acid

Fodt ml of a fresh overnight culture of E. coli- DHSm telidan

A'vhs inoculated irtb 406'hfof Luria broth and Grown py shaidng at . "°P

C 5 (OB7°C to an ODgyp 9t 06. nGells were harvested by chilling on ice

10

15

20

25

30

for 15 minutes and centrifuging in a cold rotor at 7,000 x g for 10
minutes. The.call peliet was washed twice in 200 ml of 0°C water
and once in 10 ml of 0°C 10% glycerol. The cell pellet was
resuspended to a final volume of 1 ml (1 to 3 x 1010 celis/ml) in _
0°C 10% glycerol. The cell suspension was frozen in 40 pl
aliquotes per 1.5 ml polypropylene tube on dry ice and stored at
-70°C.

The frozen cells were thawed at room temperature and
then immediately placed on ice. About 2-3 ul of DNA in TE or in
ligation mixture was added to the cells, gently mixed and set on
ice for 1 minute. The mixture was then transferred to a prechilled
0.2 cm electroporation cuvette (Bio-Rad catalog #165-2086, Bio-
Rad Laboratories, inc.). The Bio-Rad Gene Pulser apparatus (Bio-
Rad catalog #165-2075) was set at 25 uF for capacitance and 2.50
KV for voltage. The Pulse Controller (Bio-Rad catalog #165-2098)
was set to 200 ohms for resistance. The cuvette was pulsed once
at these settings. After é!ectroporation, 1 mi of SOC medium was
added to the cuvette. The cell suspension was transferred with a
Pasteur pipet to a 17 x 100 mm polypropylene tube and incubated
at 37°C for 1 hour. Cells were piated on a selective medium (Luria
agar with neomycin or ampicillin at a concentration of 40 ug/mi or

100 ug/mi, respectively).

2. Fusarium Protoplast Transformation

Fusarium oxysporum strains were cultured in 20 mi
potato dextrose broth (PDB; Difco Laboratories) at 24°C.
Microconidia were filtered through a layer of 30 um mesh nyion
filter (Spectra/Mesh Nylon N, Spectrum Medical Industries, Inc.).
The microconidia were pelleted by centrifugation at 1,500 x g for 8



Al am no acid sequences are represented hefein by fornulas
to right orientation is in the conventional

to carboxy-termn nus.

The pol ypeptides of the present invention may be obt ai ned by
, chem cal synthesis of the pol ypeptide fromits
conponent am no acids, by nethods known to -21- {hose of ordi nary skil

the solid phase 5 procedure described in Houghton
Acad. Sci . 5131-5135 (1985) may be enpl oyed.

W‘F’gs%ﬁmf@é&f?&a ' Wakitdd on in

synthetic neans, i.e.

the art. For exanpl e,

et al.

It is preferred that rhingite

, Proc. Natl.

pr okaryotic or
for all or par

encoded by a 10 Dl\lArﬁi%beaWb rininatéd in womﬂrdf RUBFB%haRﬂrg forai$pl e,

Touls pLa¥G ﬁs"éﬂh"i%%‘et’ﬁﬁ Sl Wepd ilpctia By 70,

t he

DNA sequen

descri bed above -and
in turn may be us8d teentrifugation at 1,504 x: g fars mte%et roonrn@nperature in

reconbi nant host cel Istmsdwmeawhbuée%bcmép%swd%%d%eWmafml ques

for the production o

art,

and are describ

10

15

20

-15-

eu aryo IC

ftwige in\sterilg distified water., Appraxiraately 4 1'% he mRNA

M@Xﬁiﬁ&ﬂg?04 ysﬂ mﬁe m%\n%tra{e pH 5.8). lﬂ‘]xgvm in the

germinated microconidia were treated with 20 mi of O buffer
containing 2% of Novozyme 234 (BiosPacific, Inc.) at 24°C for 1 to
2 hours. When greater than 90% of the protoplasts were formed,
the mixture were centrifuged in two 15 ml conical tubes at 900 x g
at 4°C for 30 minutes. The protoplasts were gently pipeted from
the top of the suspension and washed twice in T buffer (1.2 M
sorbitol, 50 mM CaClp, 10 mM Tris-HC|, pH 7.4) at 4°C. The
protoplasts were suspended at 1 x 102 per ml in T buffer
containing 6% polyethylene glycol-4000 and 1%
dimethylisulfoxide. The protoplasts were frozen in small aliquotes
per 1.5 ml polypropylene tube on dry ice and stored at -70°C.

" The protoplasts were transformed by thawing a frozen

- suspension at room temperature and adding a nuclease inhibitor,

aurintricarboxylate, to a final concentration of 2 mM. Ten to twenty
ug of plasmid DNA in 10 ul TE was added to 200 pl of the

protoplast suspension and incubated for 30 minutes on ice. A

" solution of 60% polyethylene glycol-4000/50 mM CaClz was

25

30

added in two 200 u! and one 800 u! volumes with gentle mixing
between each addition and was incubated for 30 minutes on ice.
Then 10 mi of 1.2 M sorbitol/0.5X PDB was added and gently
mixed. The protoplasis were pelleted by centrifugation at 800 x g
for 8 minutes at 4°C. The pellet was suspended in 0.5 miof 1.2 M
sorbitol/0.5X PDB. One tenth ml of the protoplast suspension was
spread on a 1.2 M sorbitol/0.1X PDB/1.5% agar plate which had
been freshly poured in two layers. The bottom layer contained
12.5 ml medium with phleomycin at a concentration of 75 ug per
mi, which slowly diffused into the 12.5 mi medium in the top layer.

whose | eft
direction of 5 am no-term nus

in

expressi n gSeduence coding



The pol ypepti des produced in this manner- may then be | sol ated and
purified to sone degree using various protein purification

techni ques. For exanpl e, chronmatographic 20 procedures such as ion
exchange chromat ography, gel filtration chr omat ogr aphy and

I mmunoaf finity chromatography may be enpl oyed. In
addition to preparing 6-APA the pol ypepti de22 of the pr esent

i nvention may be used in a wide variety of other ways. For 25 exanple, the
pol ypeptides may be used to prepare in a known manner pol ycl onal or

ant bodi o5 may i n-t uf RS BLAGS dere intuBaistat 24°Gor JCodB B FRASBIAET e
of the present invenwernverified bythe growth on a fla PBAampdium coataining anpl e,
usi ng i nmunoassay t e
i rmu%oassay. They eﬁh%?%dighnﬁ& n%ﬁé%%f%ﬂ%%ﬂ?l?ﬂ%ﬁﬁé&-ﬂ& SneyiE
chr omat ogr aphy for hyb"‘iﬂ@‘!%“’% t@%?ﬂ?&"g%@ﬂglmge'of the present invention
and isol ating 5 them from various sources.
The polypeptides of ghe preggfiactiBhcot ChrdinbSoRaF'DNA from Fusarium

Strains |

Fusarium protoplasts were prepared as described in the

Fusarium protoplast transformation section. After protoplasts were

10 collected from the top of the suspension and washed twice in T
buffer at 4°C, the protoplasts were resuspended in 4 ml of lysis
buffer [0.7 M NaCl, 10 mM Tris-HCI, pH 8.0, 10 mM EDTA and 1%
sodium dodecy! sulfate (SDS)], gently mixed and incubated at
37°C for 5 minutes. One tenth volume of 10%

15 hexadecyltrimethylammonium bromide (CTAB) in 0.7 M NaCl was
added to the protoplast lysate, gently mixed and incubated at 65°C
for 15 minutes. Chromosomal DNA was extracted by the addition
of an equal volume of chloroform:isoamyl alcohol mixture (24:1). -
The aqueous solution was collected and six tenths volume of

20 isopropanol was added to precipitate the chromosomal DNA. The
DNA was collected by centrifugation at 1,500 x g for 5 minutes at
room temperature. The DNA was washed once with 70% ethanol;
dried under vaccum. The DNA was resuspended in 1 ml of TE
with 200 ug-of ribonuclease A (EC 3.1.27.5, from Sigma Chemical

25 Co.) per mi and incdbated at 37°C for 20 minutes. A preparation
of proteinase K solution (EC 3.4.21.14, from Boehringer
Mannheim, GmbH) was added to a final concentration of 400
pg/mi and the DNA solution was incubated at 37°C for 20 minutes.
One tenth volume of 3 M NaCl was added and DNA solution was

30 extracted two times with an equal volume of
phenol:chloroform:isoamyl aicohol (25:24:1) mixture. The
adueous solution was collected and two voilumes of ethanol was
added to precipitate the chromosomal DNA. The DNA was then
collected by centrifugation at 1,500 xg for 5 minutes at room



defined by- neans of determ ned DNA and deduced am no acid sequenci ng.
Due to the degeneracy nature of the.genetic code, whch results from
there being nore than one codon for nobst of the 5 anino acid residues and
stop signals, other DNA sequences whi ch encode the sane am no acid
sequence as depicted in Figures 6 and 7 may be used for the
production of the pol ypepti des of theagresent invention. In addition,
it wll be understood that allelic variations of these DNA and ami no
acid 10 sequences naturally exist, or nay be |ntent|onally i nt roduced

usi ng nmet hods known inthe art,. These vari ati ons may demonstrat ed
by one or nore am ndeRwesatyre.r She RNA was washed enee W'th 70% etbapaindéed or by

del etions, substit utyrd vacosm'dridrssuspendadsinCn inl TE. additions of one
or nore am no acids in said sequence. Such 15 amino acid substitutions may

be made, for exanple, on the basis of simlarity in polarity, charge,
sol ubi lity, hydrophdbicity DNA le;eilnmhl lici ty and/ or . t he anphi phatic

et ds-incl ude 3 acnay 1 DNAHLES weft et figh ag""”"”“eb{a@wed am ne
ami no aci ds 20 i ncl ﬁ@%sﬁﬂg%mﬁﬁﬁ%ﬂm&% gci%sdtenﬂsh %HEW%P

Py ophi 1§ ci ty. vl Ueguey ’“"“"‘”“‘""“g‘,‘g“;f@,ﬁm"””””‘aﬁ°"fd}‘“"°gm“"§'°ﬁ‘°s' e

valine, glycine, al an| aspargﬁone gr pg'r%shﬁ sersidr‘ldgﬁ'p h?gme :
phenyl al ani ne, tyr odAmershamscomahusing T4 polynusleetide, kinase @ngymers  sal t s
and esters of the afBaforeeaclvnss o the/ labpladiprobes SDNA probes were ri&aﬁcursors

of the aforenentione ent.d in
N-term nal substit ue‘%@%’é@t& 150(6r7§tfﬂf W'ﬁéﬁ%ﬁd q“'“PoW%ﬁﬁ‘%Fﬁr}% used
and | eader sequencesmlnulas such var| ations are included wthin the
scope of the present _.invention. The foll ow ng exanples are

}clrjr[teggredl ![I()uls;[ ;naz | ;/Et;'bOf t heDNA D&r&s&nh br}\{&r}tah%rﬁ These exanpl es are not

15 . DNA samples were heat denatured in a total volume of
0.4 ml with 0.4 M NaOH, 10. mM EDTA at 100°C for 10 minutes
and loaded on a Bio-Rad Zeta-probe GT membrane (Bio-Rad
Laboratories, Inc.) or a nitrocellulose membrane (Minifold,
Schieicher & Schnell, Inc.) under vaccum in a dot-blot apparatus

20 (Minifold, Schleicher & Schnell, Inc.). Hybridization was carried
out in a hybridization oven (Laboratory Products Sales, Inc.). The
Zeta-probe GT membrane was placed in a bottle and
prehybridized with § ml of hybridization buffer (0.5 M NagHPOy,
pH 7.2, 7% SDS) at 65°C for 2 hours with rotation. Then the

25 soiution was replaced with 5 mi of freshly prepared hybridization
buffer. The labeled DNA probe was added and hybridization was
carried out for 16 to 24 hours at 65°C with rotation. The hybridized
membrane was washed twice at 65°C for 30 minutes each in
buffer consisting of 40 mM NazHPO4 (pH 7.2) and 5% SDS. The

30 membrane was subsequently washed twice at 65°C in buffer
consisting of 40 mM NazHPOg4 (pH 7.2) and 1% SDS. When
nitroceliulose membrane was used, the hybridization was carried
out in a similar condition, except that the composition of the

’ hybridization buffer was 6X SSC, 5X Denhardt solution, 10 mM



scope-of :the present invention, and provide further understanding of

the invention. -17-

Det ai | ed Exarrpl es of Preferred Enbodinents In the exanpl es,

m crobial strains, plasmds, buffer, gr owt h media and common net hods
are described as fol | ows. 5 Mcrobial Strains and Pl asm ds

The plasm ds, bacterial and fungal strains u8éd are |isted in Table 1.
TABLE 1 10 Strai ns and Pl am ds Rel evant Ref er ence
Characteristics Escherichia coli F- [err]80dl acZAML5 Life
Technol ogi es, DH5a H[ err](laczZYA-ar %U169 I nc.

deoR recAl end/ Al potassium phosphate (pH 7.2), 0.1% SDS angz 0 ug of

denatured salmon sperm DNA per ml. The hybridized membrane
was washed twice at 65°C for 30 minutes each with 2X SSC-0.1%
SDS, followed by two 30 minutes washes at 65°C with 0.1X SSC-

5 0.1% SDS. If oligonucleotide probe was used, the temperature of
hybridization and wash were maintained at 50°C. After washing,
the membrane was exposed to Kodak XAR-5 X-ray film (Eastman
Kodak Co.) for autoradiography.

10 6. Southern DNA Hybridization
Fusarium chromosomal DNA was digested to completion

with each of several different restriction enzymes and
electrophoresed through a 0.8% agarose gel in TAE buffer with
0.25 ug ethidium bromide per ml. The gel was treated by acid

15 depurination, alkaline denaturation and neutralization as
described in Sambrook et al. and transferred to a Bio-Rad Zeta-
probe GT membrane or a nitrocellulose membrane using Bio-Rad
Model 785 Vaccum Blotter (Bio-Rad catalog #165-5000). DNA
hybridization and autoradlography were carried out as described

20 above.

7. Penicillin V Aidohydrolase Enzyme Assay
Conidia from Fusarium oxsporum strains were isolated
for 1-week-old potato dextrose agar (PDA, Difco Laboratories)
25 plates by washing the surface with 5 mi of sterile distilled water.
One half mi of conidia solution was inoculated into 256 ml Fusarium
vegetative growth medium in a 125 mi flask. The vegetative
culture was grown for 72 hours on a rotary shaker (250.rpm) at
24°C and two tenth mi aliquote of the negetative culture was
30 inoculated into 25 ml PVA production medium in a 125 ml flask.
The culture was carried out on a rotary shaker at 24°C fore 144
hours. B '
Production cultures were first diluted in a 5§ mM
potassium phosphate buffer (pH 7.5). One mi of an appropriately



hsdR17 [ers] ' SUpE44 [err]-thi-1

gyr A96 ;eIA% . Fusari um Penicillin V am dase novel isolate
oxysporum strain pr oducer 435 Fusarium ATCC strain
ATCC 16322 oxysporum f . sp. | ycoper si ci pBML 1/ Vb
Neo[err] 5.6 kb ATCC 67436 pES2 Anp[err], HygBR
6.2 kb (1) pUC19 o Anp[ €r1Y°, 2686 bp (2)
pUT715 - Amp[err], 3337 bp " (3) pUT715n/trpC
Amplerr], Phliferr], 4.6 kb * Fig. 9 pVB19N ' Neo[err],
|2:i 3 kg Ebgb Sdiluted cuﬁmasAaddad to 1 mi of 3%operiicillin VPiblutionimade 3 kb

' P in 25 mM potassium Bhosphate bifier (9 7.8)° The rddction 12

mixture was shaken at 35°C for 15 minutes and stopped by adding
1 mi of 6% (w/v) trichloroacstic (TCA) solution. The mixture was -
5 centrifuged at 1,500 x g for 8 minutes. One ml of the cleared
supernatant was added to 3 mi p-dimethylaminobenzaldehyde (p-
DAB) working solution which was made by mixing 1 part of 1% p-
DAB in 100% methanol with 6 bans of glacial acetic acid: H20: 1 N
NaOH mixture (40:19:1 ratio). The mixture was incubated at room
10 temperature for 5 minutes and taken optical density measurement
at a wavelength of 415 nm. A control tube containing 1 ml of 6-
APA at 100 pg/ml and 3 mi of p-DAB working solution yielded a
0.27 optical density reading at 415 nm. The enzyme activity
(1U/mi) is calculated by using the optical density reading at 415 nm
15 multiplied by the dilution factor and multiblied by 0.34. PenicillinV
' amidohydrolase activity is expressed as international units (IU),
one unit equivalent to the conversion of 1 umole of peniciliin V per
minute under the above assay conditon.



pF020:P « - AR, PVA+ 6.3 kb, Fig. 13 pF020- M

AR, PVA+, 6.3 kb *, Fig. 15 pFF021 Neo[err], PVA+,
15 kb *,Fig. 5° pF023 - Neo[err], PVA+, 9.2 kb Fig. 5
pBMFXPVAG6 Neo[err], PhlR, PVA+, * Fig 10

10. 3 kb pBMFXPVA7? Neo[err], PhlR PVA+, , Fig. 11

14.6 kb PBWPVA-P . AR, PVA+-283 kb Fig. 14

pBVPVA- M ATpR, PVA+, 6.3 kb *, Fig. 16 pBVPVA- P/ DAAO1L
AmpR, DAAO+, 6.8 kb *, Fig. 17 .
Example 1

Penicillin V_Amidase Amino Acid Sequence

The secreted form of the PVA enzyme was isolated,

purified and characterized. It is a glycoprotein with a molecuiar

5 weight of 65 kilodaltons. Purified enzyme was digested with
cyanogen bromide. Gel filtration chromatography of cyanogen
bromide-digested PVA on sephadex G-100 allowed the purifiation
of six major fragments, A, B1, B2, C, D, and E. The N-terminal
amino acid sequence of six petpide fragments as well as the intact

10 PVA molecule was determined by automated Edman degradation

method (Hunkapiller and Hood, 1983, Science 219:650-659). The
peptide sequence information obtained is as shown in Figure 1.

' . Example 2
15 Peniciilin V Amidase cDNA Cloning
1. Extraction of mRNA from Fuarium oxysporum
strain 435

Fusarium oxysporum strain 435 cells were grown in PVA
20 production medium, washed with resuspended guanidine
isothiocyanate buffer, and sonicated to break open the cells. Total
RNA was isolated by centrifugation through a CsCl cushion
(Glisin et al, 1974, Biochem. 13:2633-2637). mRNA was
prepared by oligo(dT) chromatography (Sambrook et al., 1989,
25 Molecular Cloning - A Laboratory Manual, 2nd edition) followed by
sucrose gradient fractionation. mRNA in each fraction was
determined by in vitro translation and immunoprecipitation.

2. Synthesis of cDNA and Preparation of cDNA
30 Library
Complementary DNA (CDNA) was prepared from mRNA
foliowing the Gubler-Hoffman procedure (Gubler and Hoffman,
1983, Gene 25:263-269). The first strand was synthesized in a 50
ul reaction mixture containing 3 ug mRNA, 50 mM Tris-HCI (pH



PBVRVA- B DAAC2  Nea[err], Phl[err], DNMOY * Fig. 17

8.7 kb pBVPVA- M DAAC3 Anp[err], DAAO+ 6.9 kb Fi g. 18

pBVPVA-'M DAAO4 Neo[err], Phl[err], DAAO+, Fig. 18 .

8.8 kb (1) Staben et al., 1989, Fungal Cenet. Lett. 36:79-81. (2)
Yani sch-Perron et al., 1985, Gene 33:103-119, (3) Jain et al., 1992,
Mol . Gen. Genet. 234:489-493. *De?(?r’l bed hereinafter. 5

Buf fers and Media : Lurla broth: 1% D fco Bacto tryptone, 0,5%.
D fco Bacto yeast extract, 0.5% sodi um chl ori de. Luria

. 0
SO medi - 25% i Pci“ﬁsi,%?%‘@%pi“ré%n@ﬁ@ 1M 08 ua BRRIan 35 act
mM NaCl, 2.5 nM KO . pgh\ictinomyéin@,avmM eaehidf 4 dNTP's and 2 units of Murine
Leukemia Virus (MLV) reverse transcriptase. The reaction was
incubated at 0°C for 3 minutes, then 20°C for § minutes and 37°C
5 for 1 hour. Two ul 0.5 M EDTA and 5 pl 3 M NaCl was added at
the end of reaction. The mixture was extracted with
phenol/chioroform and precibitated with 2 volumes of ethnaol.
The second strand was prepared by a repair synthesis reaction
using RNase H, DNA polymerase, and DNA ligase. The DNA -
10 obtained from first strand synthesis was dissolved in 100 ! repair
buffer containing 20 mM Tris-HCI (pH 7.5), 5 mM MgClz, 10 mM
ammonium sulfate, 100 mM KCI, 150 uM B-NAD, 40 uM each of 4
dNTP's, 5 ug BSA, 1 unit E. coli RNase H, 20 units DNA
polymerase |, and 1 unit E. coli DNA ligase. The mixture was
15 incubated at 12°C for 1 hour and then 1 hour at 20°C. At the end
of the reaction, 10 pl of 3 M NaCt was added and the mixture was
extracted with phenol/chloroform. The DNA was precipitated by
adding 2 volumes of ethanol. The cDNA was C-tailed using
terminal deoxynucleotidyl transferase (TdT) and dCTP. One ng of
20 C-tailed cDNA was annealed and ligated to 25 ng of G-tailed
' plasmid pUC19. The ligated DNA was used to transform and
prepare a cDNA library in E.coli.

3. Preparation of Oligonucleotide Probes

25 A set of four oligonucleotide probes (Figure 2, SEQ. ID.
NO.:11) was derived from the reverse translation of seven amino
acids (SEQ. ID. NO.:8) from the peptide C (Figure 1, SEQ. ID
NO.:5), which is near the carboxyl end of the PVA enzyme.

30 4. Identification of the PVA cDNA Clone and
Generation of A Full Length cDNA
The colonies of cDNA library were screened with a
degenerate oligonucleotide probe (Figure 2, SEQ. ID. NO.:11).
Colony blots were screened by hybridization to 32P end-labeled



one hundredth volume of 1 MMC [err], 1 MMWSH, and 20% gl ucose to
the nmedi um Fusarium vegetative growmh nedium 6% starch, 4%
Phar manedi a’ (Trader Protein, Menphis, TN), 0.3% (NH err])[err], 5 0. 75%
[err], O0.75%[err], adjustedto pH 6.8 with 1 0 N Na OH.

PVA product I on rredi um Fusarium vegetative growth medi um suppl enent ed
wi th 0. 4% phenoxyacet at e. TrR8-EDTA buffer (TE): 10 nM
Tris-HCl (pH 7.4), 1 nM 1°0 EDTA Tris-acetate

el ect r ophoresi s buffer (TAE): 40 nM Tri s- acetate (pH 8.0), 1 mvl

EﬁT? O with10N Ng%%ﬁ%mh”za%%?&e@gﬁéywweﬁ atg%f(l'%g%éé £ 50

EDTA, adj ust e§0fG. pH 7.4 with 1 0 N NaCH, 50X Denhar dt

solution: 1 %Ficoll, 1%

al buni n ( BSA) . The H gD NEW%; %W?ﬁ%g
7.5), 30 nM 20 EDigMmperature for """Utes BQQHM 0% SDhital DNA
sequencing and 5 byftwes30 mlﬂﬁswashethGO%MMCESXdﬂET-MDsed\as

Qﬁlﬁﬁgi peatn 252n§’a§§5ﬁ9'§ Whe?f oré Bk @%%%%%Poﬁg@'@gh%%ﬂdm
restricti "@fﬁdlg M
from comrerci al suppe Mhﬂysmhd m(m; domﬁeu ah¢7 kb insert and

hybridized strongly to the probe. Comparison of the N-terminal
10 amino acid sequence of the PVA to the translation of the 5’ end of
the insert indicated that the entire coding region of the mature
enzyme except for five amino acids had been cloned (Figure 3). A
Pstl restriction site was created at the 5' end by site specific
mutagenesis to generate #2585-M. A synthetic linker was added
15 to convert #2585-M clone to a full-length cDNA clone, 2585-FL

(Figures 3 and 4).
5. DNA Sequence Analysis of 2585-FL cDNA
Clone
20 - Both strands of the cDNA insert 2585-FL were

sequenced by the Maxam-Gilbert method (Maxam and Gilbert,
1977, Proc. Natl. Acad. Sci. USA 74.560-564). The insert contains
a 1521 base pair (bp) open reading frame which can code for a
‘55,000 dalton protein (Figure 6). All of the amino acid sequence

25 data from the N-terminus of the intact PVA molecule and cyanogen
bromide digested peptide fragments are found in this sequence.
The region (base pairs 1348 to 1368, SEQ. ID. NO.:20)
corresponding to the 20mer oligonucieotide probe (SEQ. ID.
NO.:11) is underiined in Figure 6.

30 :



manuf acture's instructions. Other frequently used nmethods were 30 carried

out as follows. -20 -

1. El ectro-Transformation of E. coli (El ectroporati on)
Four mM of a fresh overnight culture of E. coli DH5[err] cells was

i nocul ated into 400 ml of "Luria broth and grown by shaking at 5 37Cto an
O err] of 0.6. Cells were harvested by chi4129ng on ice for 15 m nutes
and centrifuging in a cold rotor at 7,000 x g for 10 m nutes. The cell
pell et was washed twice in 200 mi of O[err]C water and once in 10 m
of O[err]C 10% gl ycerol. The cell 'pellet_was resuspended to a final

volume of 1 mM (1 to 3 x 10[err] ceIIs/n‘E;‘amﬂm-?e-3 O[err]C 10% gl ycerol . The
cel |l suspension was Pe€ A :

pol ypropyl ene tube on dry ice and stor ed at ‘ 70[err]C '
The frozen cells were thawed at te rature hen I medi ately
pl aced on i ce. About$2 3 [M'{!‘% ‘ﬂp&Ec# ?P‘T% PYA,G€N8, i xture was
added to the cel I8, gently Fragmenmtd set on ice for 1 minute. The

m xture was then transferr %@%gg@ﬁ%ﬁ;wléﬁ%mmoso&a?ﬁ ﬁ’bﬁﬂ’r opor ati on

cuvette (Bio-Rad catal og #
oxysporum strain 435 was digested with several restriction

enzymes, electrophoresed through a 0.6% agarose gel in TAE
buffer, and transferred to nitrocellulose. A probe prepared from

10 2585 insert DNA was hybridized to the Southem blot to determine
the size of the fragments containing the PVA gene. The gene was
found on a ~12 kb EcoRlI fragment.

2. Construction of Plasmid pWB19N

15 pBM11/M5 (ATCC 67436) is derived from pBM11 (ATCC
673686) in which a Ncol site presant in the neomycin-resistance
gene has been removed by site-specific mutagenesis. Plasmid
pBM11/M5 DNA was digested with Hindlll and Smal. The §'
protruding ends of the Hindlll cut were converted to blunt ends

20 using the Klenow fragment of E. coli DNA polymerase |. The DNA
mixture was subjected to electrophoresis on a 0.8% preparative
agarose gel. The 1.3 kb fragment containing the neomycin-
resistance gene was excised from the gel and subjected to
electroelution at 100 V for 1 hour at room temperature. The

25 resulting eluate was collected and extracted 3 times with an equal
volume of TE-saturated phenol. DNA was recovered from the
aqueous phase by ethanol precipitation in the presence of 0.3 M
NaCl. The recovery of the DNA fragment was analyzed by
agarose gel electrophoresis.

30 The pUC19 plasmid DNA (Yanisch-Perron et al., 1985,
Gene, 33:103-119) was cleaved with BspHI and the §' protruding
ends were converted to blunt ends with Klenow fragment. The 1.6
kb fragment (base pair No. 2639 to No. 2686 and No. 1 to No.
1526) containing the polylinker sites and the origin of replication



Red Laboratories, Inc.). The Bi o-Rad Gene Pul ser apparatus (Bio- Rad
catal og #165- 2075) was set at 25 [err]F for capacitance and 2.50 20 KV for

vol t age. The Pul se Controller (Bi o- Rad cat al og #165-2098) was set to
200 ohns for resistance. The cuvette was pul sed once at these

settings. After electroporation, 1 m of SOC medi um was added to the
cuvette. The cell suspension was transferred@with a Past eur pipet to
a 17 x 100 mm pol ypropyl ene tube and incubated 25 at 37[err]C for 1 hour.
Cells were plated on a selective nedi um (Luria agar with neonycin or

icilli t ' / [,
e pectivel y) - <"k fsBiatédafy g ig/hg 13 K8 nepmycin-FEKIseRE unl
Fusari um oxyspor um $ftagmen 'W@?%P@&PUQQ @tjhgatlombuﬁer (50 mMplrissHE tdext r ose
broth (PDB: DI fco_ LubPY, 90ifR MOCIZ AL MM AT, 1 mM DVTCERE00ihpiones ©

filtered through a e nyl on : I'ter (Spectral Mesh
Nyl on N, Spectrum Mgﬁ%ép%ﬂgggér l e WAI fialgf The- m croconidia were
pel l eted by cent®ifugati onThe mssm\tplgpmd designated pWB1SN, was

-21- m nut e%ué&waa%aeﬁaesawmns&f&um w m@sssﬁhﬁ washed
twice in sterile dISt |1, ed wat er.. 8r0| z d
_ nies were screened for the pres nce of p 19 plasmid

whnch has one restored BspHI site at the junction point of the
Klenow filled-in Hindlil and BspHI sites. The colonies were also

10 screened for ampicillin sensitivity and a-complementation of -
galactosidase activity on X-gal plates. The construction of
PWB19N is depicted in Figure 8.

3. Cloning of the Genomic PVA Gene Fragment

15 One hundred pg of high molecular weight chromosomal
DNA from F. oxysporum strain 435 was cleaved with EcoRl. The
DNA was electrophoresed through a 0.6%.agarose gel in TAE
buffer. DNA in the size range of 11.5 kb to 12 kb was excised from
the gel and subjected to electroelution at 100V for 1 hour at room

20 temperature. The resulting eluate was collected and extracted 3
times with an equal volume of TE-saturated phenol. DNA was
recovered from the aqueous phase by ethanol precipitation in the
presence of 0.3 M NaCl. The ~12 kb DNA fragment was then
cloned into the pWB18N vector to form pF021 (Figure 5).

25 Restriction analysis of pF021 DNA revealed that the cloned
fragment contains the entire PVA gene, with an additional 3.7 kb
upstream and 6.8 kb downstream of the PVA coding sequences.

4. DNA Sequence Analysis
30 The coding region of the genomic clone was also
sequenced by the Maxam-Gilbert method (Figure 7). The cDNA
and genomic sequences were identical except for the codon
usage at the 5' end where a synthetic linker had been inserted in
' the cDNA clone. In the genomic clone, an additional 315 bp of



m croconi‘dira were germnated in 100 M of PDB by shaking for 15 hour s
at 24[egr]C., The germ nated m croconidia were collected by 5
centrifugation at 1,500 x g for 8 mnutes at roomtenperature in

sterile 50 m conical tubes. The pellet was vvashed twice with O

buffer (1.4 MMSH, 50 mMM sodiumcitrate, pH 5.8). The germ nat ed
m croconidia were treated with 20 mM of OB Ater cont ai ni ng 2% of
Novozyme 234 (BiosPacfic, Inc.) at 24[err]C for 1 to 10 2 hours. Wen
greater than 90% of the protoplasts vvere f or med, the m xture were
i Ut s, The. pr ot opl Sene8 Mfbnaliofs Ws T gv Btthe 5 ond’ Thedd ~ | 1. 30
suspensi on and washeHagRststh Pﬁ%\ﬁ%ﬁ'&fﬁp H}‘IA@Q‘W pbpaé)e\; ‘hﬂ?

Cad | egr ]OI 101rr1\/l Lr)l[sngbﬁ 7 and thatia pta-RVAf' chbftainihg alZb aming audatgnam/er e
suspended at X
pol Set hyl ene gl ycol %r@s %}/"mas'zeagnmpﬁ?/Ic'saﬁvfgglagaﬁﬂ% pro opl asts

were frozen in s®al IfOHF‘l‘ﬁ&WEQ"ZYm per 1.5 nl pol ypropyl ene tube on dry
ice and stored at -70[err] (CThe transcription start sité wag dstemhined by 81 e

f db haw d
adding & nucl ease i #?B?‘P@r(%ﬁ? ahd Sfpr fo77. Pl 1772 Wﬁ@iﬁﬁ% of"
concentration of 2 ral, 1888, Mplewiam(}lomng A lahoratosy Mammanmuomo 10
[err]l TE was added Ii%@%ah%rdrneﬁbhgf162 No other eﬁﬁhl R‘FSpe”S' on and

ol yool - 40001 50 1| CAERRAIGN R sighals aen foing benySan g e e AR oo

[err]] volumes with WZ& .m Xi ng bet ween each additi on and was

i ncubated for 30 m nutes on ice. Then 10 m of 1.2 Msorbitol/0.5X
PDB was added and gently m xed. Tt]g Ero!t] oplasts were pelleted by
centrifugation at 900 x g for 8 m 4[err]C The pellet was
suspended in 0.5 nM PYALGbnd EX B e Blasts

pr ot opl ast suqu%& on was spread on a 1 2 M sorbltollo 1X PDB/ 1. 5%
agar plate which had been freshly poured in two Iayers The bottom
| ayer cont ai ned 1. Construction Of plasmid pSJC62

Plasmid pES200 (Staben et al., 1989, Fungal Genet.
Lett. 36:79-81) has the trpC promoter sequence from Aspergillus
nidulans to direct the transcription of the bacterial hygromycin B-
20 resistance gene. The pES200 DNA was cleaved with EcoRl and
Clal enzymes; the 5' protruding ends were converted to blunt ends
with Klenow fragment. The 1250 bp trpC promoter fragment was
isolated by agarose gel electrophoresis and recovered by
slectroelution. Plasmid pUT715 (Jain et al., 1992, Mol. Ge. Genet.
25 234:489-493) is a promoter probe vector carrying a promoter-less
phleomycin-resistance gene from Streptoalloteichus hindustanus.
The pUT715 DNA was digested with EcoRV and ligated to the
1250 bp trpC promoter fragment. The ligation mixture was
transformed into E. coli DH5a and the resultant plasmid was
30 designated as pUT715/trpC. .
The pUT715/trpc DNA was digested with BamHi and
Bglll enzymes. The 2.4 kb fragment consisting of the trpC
promoter and the phleomycin-resistance gene was isolated after
agarose gel electrophoresis. The pWB19N DNA was cleaved with

=



12.5:m nmediumw th phl eonycin at a concentration of 75 [err]g per

m, - which slowy diffused into the 12.5 nl nediumin the top layer.

-22 - The plates were incubated at 24[err]C for 7 days. The
transfornants were verified by the growth on a 1 X PDA nmedi um

cont ai ni ng phl eonycin at a concentration of 20 [err]g/m and by DNA
dot - bl ot hybri di zati on with the plasnr@2BNA probe. 5 .
Extraction of Chronpsonal DNA from Fusarium Strai ns
Fusarium protopl asts were prepared as described in the Fusarium

prot opl ast transformati section., Afte ot,opl e cted
fromthe top of the%&@ﬁgwml H’%&%@ kﬁﬁ}a%nxgﬂt %&?&ﬁ‘%

4[err] C, the protoplplasmidwas designatacpSICBR (Figure®). | ysi s buffer [0.7
MNaCl, 10 mM Tris-HO, pH 8.0, 10 nM EDTA and 1% sodi um dodecyl

sulfate (SDS)], gently m X and i cuba 37[err]C for 5 m nutes.
One tenth vol une of 40% 15éj 'JHG on: & r&ﬁ?ﬁammm um brom de (CTAB) in

0.7 MNaCl was § added tThe plasmicdpBORadtas ansimsert of art12/kvEcoBl and
I ncubat ed at |65[ er rlgaoment fréth g FToRybgonum QriTa38 GahoRE DN FrbT act ed by
' pFO21 DNA was cleaved by Sall enzyme and recirculized with T4
DNA ligase. The resultant plasmid pFO23 has a 5.8 kb deletion of
the non-coding Fusarium DNA from pFO21 (Figure 5).
10
3. Construction of pBMFXPVAG
The pSJC62 DNA was cleaved with EcoRl and Xbal
enzymes. The resulting 2.4 kb fragment consisting of the
Aspergillus trpC promoter plus the phieomycin-resistance gene
15 was isolated. The pFO23 DNA was digested with EcoRl and Xbal
' enzymes. The DNA mixture was separated on agarose gel. A 7.9
kb fragment containing the PVA gene was isolated and ligated to
the 2.4 kb fragment consisting the Aspergillus trpC promoter and
the phleomycin-resistance gene. The resultant plasmid was
20 designated pBMFXPVAS (Figure 10).

4. Construction of pBMFXPVA?7
The pBMFXPVAG DNA was cleaved with Ncol and Xbal
enzymes. The cohesive ends were converted to blunt ends with
25 Klenow fragment. The DNA mixture was separated on an agarose
gel and 4.3 kb fragment containing the PVA gene was isolated.
The pBMFXPVAS DNA was cleaved with Xbal and treated with
Klenow fragment. The linearized pBMFXPVAS DNA was ligated to
the 4.3 kb PVA gene fragment to form pBMFXPVA?7 (Figure 11).
30
5. PVA Gene Expression in Heterologous Host
Recombinant plasmid pBMFXPVAG was derived from
pFOZ_3 (Figure 5) with the addition of a phleomycin-resistance
gene which is regulated by the trpC promoter of Aspergillus



of am‘equal volume of chloroformisoanyl alcohol mxture (24:1). The
aqueous; sol yti on was coll ected and six-tenths volune of 20 isopropanol was
added to precipitate the chronosomal DNA. The DNA was col | ected by
centrifugation at 1,500 x g for 5 m nutes at roomtenperature. The DNA
was washed once with 70% et hanol ; dried under vaccum The DNA was
resuspended in 1 m of TE with 200 [erBBg of ribonuclease A (EC
3.1.27.5, fromSigma Chemcal 25 Co.) per mM and incubated at 37[err]C for
20 m nutes. A preparation of proteinase K solution (EC 3.4.21.14, from

Boehri nger Mannhei dded.t o final i on of 400
[err]g/?ﬂ and t he Dﬂ&gﬂﬁm E‘@ﬁBﬁ'PM grﬁ@g@v@) WaSnut es.
One tenth vol une of derivedid@m pBMRXRNAG awith Mdmbumfarsemsdmpy@(thmct ed
two tinmes with an eqigi %L{ u?éﬁ hggg%nﬁ‘hgﬁpﬁ‘gg B al cohol (25

cthanol wes T“Sda@aoq@%‘ém @f& 162 strale E%Deﬁf%b%nmx SBrhe DNA wes ¢ hen
col l ected by cenbri fiugopersioi)whith398 hejefologdusrhost (ics, atdifferent
23 - tenper atdibenadids oPH okfispotim) of tH'PIAYere, (I P& ERIRIne dri ed
glycol mediated protoplast transformation (Powell and Kistler,
1990, J. Bacteriol. 172:3163-3171). DNA analysis of the
phleomycin-resistant transformants confirmed that the
10 transforming DNAs were integrated into the host chromosomes. At
: this time, Fusarium oxysporum strain 435 could not be transformed
using this polyathylene glycel-mediated protoplast transformation
protocol.- -
The transformants were then fermented in shake flasks
15 and assayed for PVA activity. The F. oxysporum strain 435
produced 20 IU/ml.” The untransformed ATCC 16322 strain
produced 1.0 IU/ml, the transformants with the pBMFXPVA6
plasmid (one PVA gene) produced 10 IU/mi and the transformants
with the pBMFXPVA? plasmid (two PVA genes) produced
20 130 1U/mi (Table 2). Overall, the PVA activity expressed in a
heterologous host was increased 5 foid over the original F. .

oxysporum strain 435.
TABLE 2
25 Peniclilin ¥_Amidohydrolase Enzyme Activity
STRAINS SHAKE FLASK TITER
' (1U/ml) -
Fusarium oxysporum stfain 435 20
ATCC16322 . 1
ATCC16322(pBMFXPVA6)+ 10
(one PVA gene)
ATCC16322(pBMFXPVA7)+ 130
(two PVA genes)




under.-vaccum and resuspended in 1 m TE. 4. DNA Labeling 5

DNA praobes were made from plasm d DNA or agarose purified DNA
fragnents and | abel ed with [err]-[err] P-dCTP ( Aner sham Corp.) using
the Nick translation.System (Life Technol ogies, Inc.). A i gonucl eot i de
probes were phosphorylated with [err] P-ATP (Amer.sham Corp.) using T4
pol ynucl eoti de ki nase enzynme. 10 . Before ea@4-use of the |abel ed probes,
DNA probes were heat denatured at 100[err]C for 5 m nutes and quickly
cooled on ice for 2 m nut es. 5. DNA Dot - Bl ot Hybridi zation

15 DNA sanpl es heat denat ur ed L val 0 4
7T with 0.4 M NaOH 10 mv Hiemmo 05y RXProssion Bt&f&ﬁgﬂ@f@?m’:%ﬂm oade

on a Bi o-Rad Zet a-prlndaed;l’o thensame extahit as Ha dxysporumstoaiatddSiiathe | nc. ) or a
nitrocel | ul ose marrbr mf% er & Schnell, Inc.) under
vaccumin a dot-Dbl ot agpar at uéﬂérgoxyz' ﬂ ?S gZ'hl ei cher & Schnel |, Inc.).
Hybri di zation was carried out in a hybridization oven (Laboratory
Products Sal es, IBcC. ) The Zet a- pr olFABILEN@nbr ane was placed in a

Corr1® ™" pn 7.5 S8 @fi&*@%&“ﬂ?dﬁ}'ﬂi‘ S g hemeiih ¥ T L0 e s
sol uti on was repl aceﬂmm ydralase GeneEXpressioncd hybri di zation

buffer. The | abel ed DNA probe was added and hybridi zati on was carried

out for 16 to 24 ho
t 65|heeoxyr 3

menbr ane was washed
consi sting of 40 [err] (pH 7]jacetat® 5% S

fer
VEl was

subsequent |y washedf twi ce at 65iej¥ER | n buf isting of 4¢ m\/l
[err] (pH 7.2) and 1% SDS. When -
S {1U/mli) (1U/ml)
F. oxysporum 0.49 21.13 43X
strain 435 _
ATCC16322 273 - 135.32 50X
(pBMEXPVA7}*
10 Example 5

Construction of Fungal Expression Vectors _
Expression of the PVA gene-is inducible by the addition

of phenoxyacetate. It appears that expression vectors can be
developed from the PVA transcriptional and translational

15 regulatory region, referred as a promoter, to use for foreign gene
expression in Fusarium oxysporum. The following constructions
were used to generate plasmid pBMPVA-P for expression of
intracellular proteins and plasmid pBMPVA-M for expression of
secretable proteins.

. 20
1. Construction of pF020
The pF023 DNA was cleaved with BamHI| and Xhol

enzymes. The DNA mixture was separated on agarose gel. A 2.1
kb fragment containing the transcriptional and translational

25 regulatory sequences upstream of the 5' end of the PVA gene was
isolated. The pF023 was also cleaved with Xhol and Hindili



ni trocel l:ul-ose nenbrane was used, the hybridization was carried out in

a simlar condition, except that the conposition of the hybri di zati on
buf fer was 6X SSC, 5X.Denhardt solution, 10 niV

-24 - pot assi um phosphate (pH 7.2), 0.1% SDS and 250 [err] g of
denatured sal non sperm DNA per m .. The hybri di zed nmenbrane was washed
twice at 65[err]C for 30 minutes each with-88S8SC-0. 1 % SDS, fol |l owed
by two 30 m nutes washes at 65[err]C with 0.1X SSC 5 0.1% SDS. If

ol i gonucl eoti de probe was used, the tenperature of hybri di zati on and

wash were maintained_at 50[egr] f was hi - he nbr gne .was
exposed to Kodak XARQ@ZW?%yAFﬂMQﬁémm“Q%bRMW&f %6?3 O?the
aut or adi ography.  10thedPVA geneSsas gel-puriiied. HBothi fragraentsiwere llgated to
Fusarium chr ormsorral pUA9VR HifdMCaridE A@ggl qthb%sulte% h of
several different trictl S oresed t hrough a
0. 8% agarose gel- in éﬁlgwr*am@h %%0[‘&‘#{92& ?ér\ NMe per
m . The gel was t5 eaFiguréyt2aci d 15 -depurination, alkaline denaturation and
neutralization as described in Sanbrook et al. and transferred to a
Bi 0- Rad Zet a-
. 2. Construction of pF020-P
Site-specific mutagenesis protocols derived from
Morinaga et al. (1984, Bio/Technol. 2:636-639) was used to
10 generate a Miul site at the translation start site of the PVA gene
(base pair no. 241 of SEQ. ID. NO.:21).
' ATGCGCGTC (SEQ. ID. NO.:24)

site-specific mutagenesis

ATACGCGTC (SEQ. ID. NO.:25)
15 Muui site o
- The generation of the Miul site allows the removal of the
coding region of the PVA gene by Miul and BamHI cleavage and
the replacement with a coding sequence of a gene to be
expressed under the PVA promoter control. A 15mer mutagenic
20 .oligonucleotide (GGCACTATACGCGTC SEQ. ID. NO.:26) was
synthesized.
The construction of pF020-P was diagrammed in Figure
13. Two pug of pF020 was digested with Xmal, followed by
treatment with bacterial alkaline phosphatase (BAP) to prevent
25 saelf-ligation of the resulting fragment I. Two ug of pF020 was
cleaved with EcoRl and Sphl to remove the mutation target region
. (e.g., the upstream region of the PVA gene). The resulting 5 kb
fragment (fragment il) was gel-purified. Equal molar amounts of
fragments | and Il were mixed with a 200 fold molar excess of the
30 15mer mutagenic oligonucleotide. The mixture was incubated at
100°C for 3 minutes in order to completely denature the DNA



probe GI.nmenbrane or a nitrocellul ose menbrane using Bi o- Rad Model 785

Vaccum Bl otter (Bio-Rad catal og #165-5000). DNA hybri di zati on and
aut or adi ogr aphy were carried out as described 20 above. 7. .
Penicillin V A.dohydrol ase Enzynme Assay Conidia from
Fusarium oxsporum strai ns were isol ated _ for 1-week-old potato dextrose
agar (PDA, Difco Laboratories) 25 plates by3dgvashing the surface with 5 i
of sterile distilled water. One half m of conidia solution was

i noculated into 25 m Fusarium vegetative growmh nediumin a 125 nm
flask. The vegetative culture was .grown for 72 hours on a rotary

shaker (250 rpm) at fragmentsindhe mixturg; r the denaturation  mixture,was e
neget ative cul ture wgradédlly cooled intestep-wise shannerity/aliowothecdératureddi um in a

125 m_flask. BREA frhirdhf 10 oarfiBB. | BArRY i toBnheliioprobakie, 2!

24[err]C fore 144 tures were

first diluted in a stwanew specias ofJaNAs, BNA-a aad DNAtD were fasmedsin. one i
of an appropriatey addition to the original fragments | and ll. As shown in Figure2f8,

dituted culture vas pAdE b minifedit oigomidbdide hybnbizsd WithBhiyBAS of

the two species of circular DNAs to form the heteroduplex, since
the oligonucleotide was complementary to only one of the two
strans of the target region. The DNAs were incubated with the

10 Kilenow fragment, T4 DNA ligase and four dNTP's. This treatment
converted the open circular DNAs to closed circular DNAs. After
the reaction, the mixture was used for transformation of £.coli
DH5a. Plasmids DNAs of transformants were screened by Miul
clavage analysis. Plasmid pF020-P was identified for the creation '

15 ofaMiulsite.

3. Construction of pBMPVA-P :
. Since the pF020-P has two BamH| sites which prevent
the use of this exprassion vector, the BamHl| site from the region of
20 the pUC19 vector needs to be removed. pF020-P was treated with
a limited amount of BamH| enzyme to generate a partial cleavage
condition and then cleaved with EcoRl. The §' protruding ends
were filled in with the Klenow fragment. A 6.3 kb fragment was
gel-purified, ligated with T4 DNA ligase and transformed into
25 DH5a. The resulting plasmid pBMPVA-P (Figure 14) can be used
as an éxpression vector to insert a coding sequence of the desired
gene at the Miul/BamHI sites under the PVA promoter control.

4. Construction of pF020-M

30 " A Smal site was generated at the junction of the PVA
secretion signal sequence and mature PVA protein (amino acid
No. 24-25, SEQ. ID. NO.:22).



i n 25 ‘mM-pet assi um phosphate buffer (pH 7.5). The reaction m xt ure was

shaken at 35[err]C for 15 m nutes and stopped by adding 1 mM of 6%
(wv) trichioroacetic (TCA) solution. The m xture was 5 centrifuged at
1,500 x g for 8 mnutes. One mM of the cleared super nat ant was added
to 3 m [err]-dinmethyl am nobenzal dehyde ([err]- DAB) wor ki ng sol ution
whi ch was made by mixing 1 part of 1 %[err}37- DAB in 100% et hanol
with 6 parts of glacial acetic acid: Herr]O 1 N NaOH m xture

(40:19:1 ratio). The m xture was incubated at room 10 tenperature for 5

m nutes and taken optical d | r Al wavel engt h of 415
nm A control tube contai ni %W%A%EQAPA@% O [err]g/m and 3 ni
of p-DAB working solution yiNeld&d &G N O(SEQoID.INQ@J:28)ensity reading at

415 nm The enzyme activity (T'Wm) is calculated by using the optical
density reading at 415 nm15 nultiplied by the dilution factor and
multiplied by 0.34. PenicillinV - am dohydrol ase activity is expressed
as international units (IU), one sitaispecificimutagenesi® t he conversi on of
1 [err]nole.of penicillin V per m nut e under the above assay conditon.
- 26- _ Example 1 Penicillin V Am dase
Am no Acid Sequence AACCCC/GGGAAC (SEQ. ID. NO.:29)

5 Smal site

The creation of the Smal sites allows the insertion of a
coding sequence after the PVA secretion signal sequence and
thus will aliow secretion of the expressed protein. A 28mer
mutagenic oligonucleotide _ _

10 (GCAGCTCCCAACCCCGGGAACGATGATT, SEQ. ID. NO.:30)
was synthesized. ' _

The construction of pF020-M was shown in Figure 15.
The process was similar to the construction of pF020-P. Plasmid
pF020 was cleaved with Xmal, followed by BAP treatment to

15 generate fragment I. pF020 was then digested with Sphl and
Hindlll to remove the target region and generate a 6 kb fragment Ii.
The conditions of heteroduplex formation and DNA extension was
similar to the pF020-P construction. Plamids DNAs of
transformants were screened for the creation of an additional

20 Smal site. '

5. Construction of pBMPVA-M
 Plasmid pF020-M has two BamHI and two Smal sites
which prevent the use of this vector. The extra BamHI and Smal
25 sites from the region of pUC19.need to be removed. pF020-M was
partially cleaved with BamHi and then cleaved with EcoRI. The
cohesive ends were filled with the Klenow fragment. A 6.3 kb
fragment was gel-purified, ligated and transformed into E. coli
DH5a. The resulting plasmid pBMPVA-M (Figure 16) can be used
‘ 30 as a secretable expression vector to insert a coding sequence of



The secret-ed formof the PVA enzyme was i sol at ed, purified and
characterized. It is a glycoprotein with a nolecular 5 weight of 65

ki | odaitons. Purified enzyme was digested with cyanogen brom de. Gel
filtration chromatography of cyanogen brom de-di gest ed PVA on sephadex
G 100 al l owed the purifiation of six mpjor fragnents, A Bl,. B2, C, D
and E. The N-term nal am no acid sequed8e of six petpide fragments as
well as the intact 10 PVA nol ecul e was deterni ned by autonated Ednman
degradati on met hod (Hunkapi I'ter and Hood, 1983, Science 219:650-659).
The pepti de se e, information _obtained is a gure 1.
Exanpl e 2 15 Peni cfw‘ ‘f?s\?aaﬂe&&ﬁﬂ(‘, ﬂbsfes “"éqcmn IJ\;k?{"g'%‘ﬁron of
MRNA from Fuari um oxgosal.um strain 435 Fusarium
oxysporum strain 435 cells were growmn in PVA 20 production nedium washed
wi th resuspended guani di ne | sot hi ocyanate buffer, and sonicated to
break open the cells. - Total RNA vvasélxw by centrl fugatlon t hr ough
a CsC cushion s Exhression he 119 b AedOxidasd é theRNA was
prepared by oligo(dTg : Wﬁ' . 1989 25 Mol ecul ar

Cloning - A Labor at or By Easy §5E8n) fol | owed by sucrose
gradi ent fractionati on. mmn-mwﬂmmwmch was clonedfeamby i n

vitro translation an%,,% ff%ﬂ?ﬁéﬁhb%edasan eXmaple oﬁymra@ﬂ d CDNA

dP f
DA (DR s pr epdPL® STRIRSSAARY the FURGRIREVA Xprassion BT Fran

procedure (Gubl 40 and- Hof f man,
1. Expression of the D-Amino Acid Oxidase Gene
By pBMPVA-P
The D-Amino acid oxidase (DAAQ) gene of Trigonopsis
variabilis was cloned by Bristol-Myers Squibb scientists. The DNA
15 sequence analysis indicated that a 38 bp intron exists near the 5'
end of the coding sequence. Ollgonucleotlde directed site-specific
mutagenesis method was used to remove the intron and create a
Ncol site at the translation start site of the DAAO gene. Therefore,
the DAAO coding sequence plus a 700 bp 3' non-transcriptionai
20 region can be purified as a 2.1 kb Ncol/BamHI fragment.
Plasmid pBMPVA-P DNA was treated with Miul cleavage
and the cohesive ends were filled in with the Klenow fragment.
The DNA was then cleaved with BamHI. A 4.7 kb fragment
containing the PVA promoter region was gel-purified. The DDAO
25 gene fragment was ligated with the 2.1 kb Ncoi-Klenow/BamHi
fragment of DAAO ene to generate plasmid pBMPVA-P/DAAQ1. A
3.4 kb PVA promoter/DAAQ gene fusion fragmnt was prepared by
Ndel cleavage and Kienow filled-in of plasmid pBMPVA-P/DAAO1
and gel-purified. The fragment was inserted into pSJC62 DNA
30 and the Klenow filled-in Xbal site. The resulting plasmid was
designated as pBMPVA-P/DAAoa The entire constructxon
scheme is depicted in Figure 17.
The pBMPVA-P/DAAO2 DNA was introduced into ATCC
16322 strain by polyethylene glycol mediated protoplast



1983, ‘Gene-25263-269). The first strand was synthesized in a 50 [err]l
reaction m xture containing 3 [err] g nRNA, 50 nM Tris-HO (pH

-27 - 7.5), 65 mMKC, 3 mMMwmd [err], 10 MM DTT, 0.5 [err]g
oligo(dT), 2.5 [err]g Actlnorrycm D, 1 nMeach of 4 dNTP's and 2 units
of Mui ne Leukem a Virus (MV) reverse transcriptase. The reaction was

I ncubated at O[err]C for 3 mnutes, then 20{8g«]C for 5 m nutes and
37[err]C 5 for 1 hour. Tvvo[err]_l 0.5 MEDTA and 5 [err] 3 M Nad was
added at the end of reaction. The m'xture was extracted with
phenol / chl or of or m and tated with 2 vol unes of et hnaol The

r eci
second strand was prgﬂg$ fegmation, me"@nﬁmyﬁsmm its VQSisl?f?‘WQmRNase
H, DNA pol yner ase, apmeamcin gswerartranauﬁniﬁtsw rowh in' PVAfproductign and

U e L Rl fi o o o e ) 1
150 [err]M[err]- NAD’GS!NIS[IMIf:? dhatither D-amino acithoxidase gepewas; BSA, 1 unit

E coli RNase H uak;srés%u\m ATCO 9632 transformantstat b Vel offo.2a8i DNA
| i gase. The m xture Y@SH}Q- i ncubated at 12[err]C for 1 hour and then 1
end

hour at 20[err]C. At of the reaction, 10 [err]l of 3 M NaC
was added and the m xture was . extracted with phenol/chl oroform The

DNA was precipitatedgby  Expression of the D-Amino Acid Oxidase Gene
by pBMPVA-M .

- 10 Plasmid pBMPVA-M DNA was cleaved with Smal and
BamH! enzymes. A 4.8 kb fragment containing the PVA promoter
region as well as the PVA secretable signal sequence was gel-
purified. The DAAO gene fragment was prepared by Ncol
cleavage plus mung bean nuclease treatment to remove the &'

15 cohesive ends and maintain a proper reading frame of the DAAO

' gene, and then BamHiI digestion to generate a 2.1 kb fragment.
The 4.8 kb PVA promoter/signal sequence fragment was ligated to
the 2.1 kb DAAO gene fragment to generate plasmid pBMPVA-
M/DAAQ3. The pBMPVA-M/DAAO3 DNA was cleaved with Ndel

20 and the 5' cohesive ends were filled in with the Klenow fragment.
The 3.5 kb PVA promoter-signal sequence/DAAQO gene fusion
fragment was purified and inserted into pSJC62 DNA at Kienow
filled-in Xbal site. The resutlting plasmid was designated as
pBMPVA-M/DAAO4 (Figure 18). :

25 The pBMPVA-M/DAA04 DNA was transformed into ATCC
16322 strain. Several phleomycin-resistan transformants were
assayed for D-amino acid oxidase activity.- Unfonunately none of
the transformants showed D-amino acid oxldase activity. The
failure of the expression of the D-amino acid oxidase gene by

30 pBMPVA-M vector may be due to the intraceliular nature of the D-
amino acid oxidase enzyme. It is widely recognized that genes
encoding intracellular protein can not be expressed and
translocated extracellularly by a secretable expression system
(Model and Russel, 1990, Cell 61:739-741). Even if the gene is



addi ng 2 vel unes of ethanol. The cDNA was C-tail ed using t er m nal
deoxynucl eot;i dyl transferase (TdT) and dCTP. One ng of 20 C-tailed cDNA
was anneal ed and ligated to 25 ng of Gtailed pl asm d pUCL19. The
ligated DNA was used to transform and prepare a cDNA library in

E. coli. 3. Preparation of O igonucleotide Probes 25 . A
set of four oligonucleotide probes (Figure ZQO-SEQ | D. NO. : 11) was
derived fromthe reverse transl ati on of seven am no acids (SEQ |ID.
NO. :8) fromthe peptide C (Figure 1, SEQ ID NO. :5), which is nearthe

Gone and 0 " exbleSey Wirmepliflany’ the attachBRL bt el ghar' e VA €OV

The col oni es of cDNfsaquenseymay inactivatedtheD-amino acid oxidasecgetivityat e

ol i gonucl eot i de pr obphdretere! th BﬁﬁQA-mea&shbmd still be uséfel Rty bl ots were
screened by hybridization.to

nd-1
- 28- pr obes |%m95§'98|°%§h% = @ R"@%‘N@?f‘?ﬁx Denhar dt s/ 1% S0S) at
50[err] C.



The hybri:dized nenbrane was washed tw ce at’ room tenperature for 30
m nut es. each with 2X NET-0.1% SDS, followed 5 by two 30 m nutes washes at

50[err]C with 0.5X NET-0.1% SDS. A strongly hybridizing col ony (#362)
was sel ected for further study. It contai ned a 500 bp insert which was
used as a probe to rescreen the library. A second clone (#2585)
contained a 1.7 kb insert and hybri di ze#l strongly to the probe.
Conparison of the NNtermnal 10 am no acid sequence of the PVA to the
translation of the 5 end of the insert indicated that the entire

codi ng regi on of they, . enzynme except for five am no acids had
been cl oned (Figure W@&I restriction site was created at the 5'
end by site specific nmut agenesi s to generate #2585-M A synthetic

| i nker was added 15 to conyert apdssiatdd aLEER mq,amémel.@w%cm cl one,

2585- FL (Figures_3 and en
2585-FL CDNA seq“e""ecﬁ‘iﬂirég%t“am'ma"' $aAue ?@Pr"jﬁﬁgx) @St

i nsert 2585-FL were 19 or22equenced by the Maxam G | bert. net hod (Maxam and
G| bert, 1977, Proc. Natl. Acad. Sci. USA 74:560-564). The insert

cont ai ns a 1521 base p ir bp) opep readin I ch can code for- a
55, 000 dalton protein (Figu % AP'PPQS? ﬁ'ﬂ@i%ﬁ?ﬂ @ew!e e 25 data
Lrom t hg I\Hergi n]chs séquérce mmbf nﬁmmbea:nudemmmqoqm c%dmgliopm de .
| gest ed peptide ra%ge The region
(base pairs 1348 to 6%%&92@" Is%ﬂﬂ%gﬁgﬁl ?6 80%:? Ng to the 20mer
ol i gonucl eoti de probe (SEQ 1D NO. :1 1) |s underl ined in Figure 6. 30
3. An isolated nucleic acid molecule having a

sequence capable of hybridizing to a nucleic acid having a

sequence complementary to a nucleic acid sequence coding for

the amino acid sequence of SEQ. ID. NOS.:19 or 22.

4. The nucleic acid molecule of Claim 1 which is a
DNA molecule.

_ 5. The nucleic acid molecule of Claim 2 which is a
DNA molecule. '

6. The nucleic acid molecule of Claim 3 which is a
DNA molecule

7.  Anisolated DNA molecule having a sequence
coding for the amino acid sequence of SEQ. ID. NO.:19.

8. Anisolated DNA molecule having a sequence
capable of hybridizing to a nucleic acid having a sequence
complementary to a nucleic acid sequence coding for the amino
acid sequence of SEQ. ID. NO.:19.

9. An isolat:ed DNA molecule having a sequence
coding for the amino acid sequence of SEQ. ID. NO.:22.
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- 29-- . -Exanple 3 Penicillin V

Am dase. Genomi ¢ DNA C oni ng 1. | dentification of the Genom c PVA
Gene 5 Fr agnent Hi gh nol ecul ar wei ght chronpbsonal
DNA from F. oxysporum strain 435 was digested with several restriction
enzynes, el ectrophoresed through a 0.6% agarose-gel in TAE buffer, and
transferred to nitrocellul ose. A probe prepagzd from 10 2585 insert DNA
was hybridized to the Southern blot to determ ne the size of the
fragnments containing the PVA gene. The gene was found on a ~12 kb
EcoR fragnent. 2. Construction of Plasm d pWB19N 15

pBML1/ M6 (ATCC 67436) is derived frompBML1 (ATCC 67366) tn which a

Ncol site present in the nepgyciaf- nsﬁétdﬂammoleculélﬁaﬁnb@s dqehcecoved by

f d h
B ndi 1] oand Sl orgeastie of ngiflding 1o 5 RERRIC a8 nAling 8 3pRLR 1oyt
converted to blunt ecommplemenialyig a hucleic-acid sequenes coding Hor '(t'DI ambgA

pol ymerase 1. The D“@adsequﬁhééﬁfSEW?DSN@ ooted to el ectrophoresis on a
0. 8% preparative

11. An isolated DNA molecule having the nucleoctide
sequence of SEQ. ID. NO.:18.

12. An isolated DNA molecule having the nucleotide
sequence of SEQ. ID. NO.:21.

. 13. Anisolated DNA molecule having the nucleotide
sequence of SEQ. ID. NO.: 11.

14. An isolated DNA molecule having the nucleotide
sequence of SEQ. ID. NO.: 23.

15. An‘isolated DNA molecule having the nucleotide
"sequence of SEQ. ID. NOS.: 14, 15, 16, or 17.

16. An isolated DNA molecule having the nucleotide
~sequence of SEQ. ID. NOS.:9 or 10.

17. An isolated DNA molecule having the nucleotide
sequence of SEQ. ID. NOS.:26 or 30.

18. An isolated polypeptixde having the amino acid
sequence of SEQ. ID. NOS.:1,2,3,4,5,6, 8, or 12.

19. The polypeptide of Claim 18 having the amino acid
sequence of SEQ. ID. NOS.:1 or 12.
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agarese gel. The 1.3 kb fragnent containing the neonycin- resi stance
gene was excised fromthe gel and subjected to el ectroelution at 100 V
for .1 hour at roomtenperature. The 25 resulting eluate was collected and
extracted 3 tines with an equal vol une of TE-saturated phenol. DNA was
recovered fromthe aqueous phase by ethanol precipitation in the
presence of 0.3 M NaCl . The recovery of43he DNA fragnent was anal yzed
by agarose gel el ectrophoresis. 30 The pUC19 pl asm d DNA
(Yani sch-Perron et al., 1985, Gene, 33:103-119) was cleaved with BspH
and the 5 protruding nds were converted to blupt ends, with Kl enow
fragment. The 1.6 kb f%ggnﬁﬂ‘te’fﬂfaﬁo'bgpf’mﬂl&?%@gc% NNGleIGRdE and No.
1 t?) No. 1526) sequence codihd forpery of teeaming asidseduehee of SE 1Df
replication . ' - 30- was

I sol ated and |i gat edh{%s't'kgeoﬁ%' kb neomyci n-resi stance gene f ragnment
in the presence of ligation buffer (50 nM Tris-HC1, pH 7.6, 10 nmM

MiCl[err], 1 nMATP, 1 nM D27, JHerexpression eector of Claiiny20odphiSingand T4 DNA

L: ggf r66por5at ed into %g€1§99ﬁ&%a%ﬁ‘£i&%ﬁkm%?@;ww%omﬁf

22. The expression vector of Claim 20 comprising a
DNA sequence coding for the amino acid sequence of SEQ. ID.
NO.:22.

23. The expression vector of Claim 20 further
comprising an origin of replication, a promoter, and a transcription
termination sequence.

24. The expression vector of Claim 23 further
comprising a selectable marker sequence.

25. The expresion vector of Claim 24 wherein the
selectable marker is phleomycin resistance.

26. The expression vector of Claim 23 which is capable
of integrating into fungal chromosomes.

27. The expression vector of Claim 20 having the DNA
sequence of SEQ. ID. NOS.:18 or 21.

28. The expression vector of Claim 20 which is a
plasmid.

29. An expression vector comprising a promoter having
the DNA sequence of SEQ. ID. NO.:23.

L



col oni es, were screened for the presence of pWB19N plasm d whi ch has
one restored BspH site at the junction point of the Kl enow filled-in
Hindl 1| and BspH sites. The colonies were also 10 screened for anpicillin
sensitivity and [err]-conplementation of [err]- gal act osi dase activity
on X-gal plates. The construction of pWB19N is depicted in Figure 8.

3. Cl oni ng of the Genom c PVA CGene Fragggnt 15 One hundred
[err]g of high nol ecul ar wei ght chronosonal DNA from F. oxysporum
strain 435 was cleaved with EcoRI. The DNA was el ectrophoresed t hrough
a 0.6% agarose gel in TAE buffer. DNA in the si.ze range of 11.5 kb to
12 kb was excised from 30 hengﬁeOXMﬂaﬂQUMGMéﬁQ@"b?-%@! | ution at 100V

for 1 hour at room ?&mﬁ ﬁiof-rf&bllééﬁdﬂ 'DNA coding for westnetbrabct ed and
extracted 3 ti nes Wlth voI me.of. T ted phenol. DNA was
recovered fromthe &8 sa'li:ﬁéé@ %W@@Eﬁﬂ@gﬁcgh in the

presence of 0.3 M NaCl. The ~12 kb DNA fragnment was then cloned into

the pWBION vector to form pRO2ly Roie bimh 8biveerdintdngs s of
pF021 DNA reveal ed t hat thgﬁcl onr(eécj %s?h ve%e@r{td?% 3*( s the entire PVA
8

gene, with'an addltlQNélcoﬁngaStm downst r eam of the

PVA codi ng sequences. DNA Sequence Anal yS| s 30 The
codi ng region of the geno ﬁﬂi Rer t he

Maxam G bert nmethod (Figur g*@raﬁgioﬁ%ectoroé enom C sequences wer e

i dentical except forcqmmsmanselectabbs@g&%sqmeﬂee end where a synthetic
| i nker had been inserted in the cDNA clone. In the genom c clone, an

additional 315 bp of 33. The expression vector of Claim 32 wherein the

selectable marker is phleomycin resistance

34. The expression vector of Claim 30 wjhich is capable
of integrating into fungal chromosomes.

35. An expression vector having the designation
pBMFXPVAS. '

36. An expression vector having the designation
pBMFXPVA?.

37. An expression vector-having the designation
pBMPVA-P.

38. An expression vector having the designation
pBMPVA-M.

39. A host cell containing the expression vector of
Claim 20.

40. A host cell containing the expression vector of
Claim 23. -
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-31 -+ -+ sequence information was obtained at the 5 end. This data

suggests that the translation of PVA nRNA begi ns at base 241 of Fi gure
7 and that a pre-PVA containing a 25 am no acid signal sequence i s
synt hesi zed and then cleaved to formthe secreted 5 formof PVA enzyne.
The transcription start site was determ ned by S1 . mappi ng (Berk and
Sharp, 1977, Cell- 12:721-732,; Sanbrook et -45- al., 1989, Ml ecul ar
Cloning - A Laboratory Manual, 2nd edition). It is |ocated at or near

base 162. No ot her potential ATG 10 translation start signals are found

between this site and the ATG at ase 241. .

Exampl e 4 PVA Gene Expﬁéssi%ﬂoﬁrpqlﬁéi"é\tﬂf‘@gdng ipressionsvector of
Construction of pl asrGlaith 25J)C62 Pl asm d pES200 (Staben et

al ., 1989, Fungal Genet. Lett. 36:79-81) has the trpC pronoter
sequence from Aspergillus nidulens to direct the transcription of the
bacterial hygromycin B- 20 4ResiAbhesiceslipantainingthgexpressigpvedtar ef caved

wi th EcoRl and Qlaim @gzynes; the 5 protruding ends were converted-to

bl unt ends
~ 43. A host cell containing the expression vector of
Claim 27.

44. A host cell containing the expression vector of
Claim 28. '

45. A host cell containing the expression vector of
Claim 29.

46. A'host cell oontainirig the expression vector of
Claim 30.

47. A host cell containing the expression vector of
Claim 31.

48. A host cell containing the expression vector of
Claim 32.

49. A host cell containing the expression vector of
Claim 33. - :

50. A host cell containing the expression vector of
Claim 34. '

51. A host cell containing the expression vector of
Claim 35. '
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with Kl enow fragnent. The 1250 bp trpC pronoter fragnment was I sol at ed
by agarose gel el etrophoresis and recovered by el ectroelution. Plasmd
pUT715 (Jain et al., 1992, Mol. Ge. Genet. 25 234:489-493) is a pronoter
probe vector carrying a pronoter-|ess phl eonyci n-resi stance gene from
Streptoal | ot ei chus hi ndust anus. The pUT715 DNA was digested with EcoRV
and ligated to the 1250 bp trpC pronotefdfragnent. The |igation

m xture was transforned into E. coli DH5[err] and the resultant

pl asm d was 30 designated as pUT715/trpC. : The pUT715/trpc

DNA was di gested wi th BanHl 5§_r1dA If'%?t %ﬂﬁ%@”@ﬁm'@%%"%@* pAgment

consisting of the trpC . pr oo I'eonyCl n-resi stanCe gene was
i sol ated after £daim36. gel el ectrophoresis. The pWBL 9N DNA was
cleaved with - 32 - BanH

enzynme and ligated to the 24 k : r . m d was
desi gnated pSJC62 (Figure 9 é l)‘“&%%m%aﬁgttﬁécﬂxbg#s&n Y)?—%gégg _

The plasnid pFO21 ha€&laim Bhsert of a ~12 kb EcoRl fragnment fromthe F.
oxysporum strain 435 genonmic DNA. The :

54. A host cell containing the expression vector of
Claim 38.

55. The host cell of Claim 39 which is eukaryotic.
56. . The host cell of Claim 45 which is eukaryotic.

57. The host cell-of Claim 39 which is a Fusarium
species. '

58. The host cell of Claim 45 which is a Fusarium
specigs.

) 59. The host cell of Claim 39 which is Fusarium
oysporum.

60. The host cell of Claim 45 which is Fusarium
oysporum.

61. The host cell of Claim 51 which is Fusarium
oysporum.

62. The host cell of Claim 52 which is Fusarium
oysporum.

63. The host cell of Claim 53 which is Fusarium
oysporum.

R



pFO21 :-DNA was cl eaved by Sall enzynme and recirculized with T4 DNA

| i gase.. The,resultant plasmd pFO23 has a 5.8 kb del eti on of t he

non- COdI ng Fusarium DNA from pFQ21 (Figure 5). 10 3. Construction
of pBMFXPVAG The pSJC62 DNA was cleaved with EcoRl and Xbal
enzynmes. The resulting 2.4 kb fragnent consisting of the Aspergillus
trpC pronoter plus the-phleonycin-resistancg7gene 15 was isolated. The
pFO23 DNA was digested with EcoRl and Xbal enzynes. The DNA m xture
was separated on agarose gel. A 7.9 kb fragnent containing the PVA
gene was isolated and ligated to he 4 kb fragnment_ consisting the
Aspergillus trpC pronoter &4 The h@#é’ﬂ!‘kﬂ%?]ﬁ%ﬁﬂ-‘ﬂ@%ﬁ EHs&iyBne. The
resul tant plasm d wegyspdrumesi gnated pBMEXPVAG6 (Figure 10). 4.
Construction of pBMFXPVAY The pBMFXPVA6 DNA was cl eaved with
Ncol and Xbal enzynmes. The cohesive ends were converted to blunt ends
with 25 Kl enow fragment. & DA/kiclogicallpurescuiusa chiEseherichia caffar ose

gel and 4.3 kb fragngnpEcceeanzy.ni ng the PVA gene was isol at ed. The
pBVFXPVA6 DNA was cleaved with Xbal and treated with Kl enow fragnent.
The linearized pBMFXPVA6 DNA was |ligated to the 4.3 kb PVA gene
fragment to form pBMFXPVA7 6&:i gArbiolagipallBpure cultuse of Escherickiaraolicx pr essi on
i n Heterol ogous Host Reconbi nant plasm d pBVMFXPVA6 was
derived from Iﬁg (it—glgure 5) with the addition of a :
phl eonyci n-resi stance gene which is regulated by the trpC pronoter of

Aspergillus 67. A biologically pure culture of Escherichia coli
' ATCC 69772.

'68. A method for producing a polypeptide having the
amino acid sequence of SEQ. ID. NOS.:19 or 22 comprising
culturing the host cell of Claim 39 under conditions resulting in
expression of the polypeptide.

69. The.method of Claim 68 wherein expression is
induced by culturing in the presence of phenoxyacetate.

70. A method for producing a polypeptide comprising
culturing the host cell of Claim 45 under conditions resulting in

expression of the polypeptide.

71. The method of Claim 70 wherein expression is
induced by culturing in the presence of phenoxyacetate.
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-33-** * « nidulans (Figure 10). Reconbi nant plasm d pBMFXPVA7 was
derived from pBMFXPVA6 with an addition of a second copy

gene (Figure 11). -These reconbi nant plasm ds were [ tT%@metnmq
16322 strain (F. oxysporumf. sp. 5 choEersm) whi chilis a ’fﬂse!eu@:@g N
host (i.e., a different subspeci es of 4& .~ oxysporun) of THePVA= !
vi a pol yet hyl ene gl ycol nedi ated protopl ast transformation (Powell and
Kistler, 1990, J. Bacteriol. 172: &1%3-3&71). DNA anal ysis of the

phl eonyci n-resi stant transfornmants co that the 10 transform ng DNAs
were integrated into the ho s I i Fusarium
oxysporum strain 435 could oﬁmgm?gr EMWOH%QFﬁ L‘ﬂgg ol yet hyl ene
gl ycel - nedi at ed pr ot opl asGENEsFROM iEHSABluMQIQﬂgPQRQ& The
transformants were then fernented in shake flasks 15 and assayed for PVA
activity. The F. oxysporum strain 435 produced 20 U m . The
untransfornmed ATCC 16322 strain produced 1.0 U m, the transformants
wi th the pBMFXPVAG6 pl asm d (one PVA gene) produced 10 11U mM and the

transfornmants with th uced 20

130 1Un (Table 2). Over aﬁﬂaayﬁﬁ*ﬁ@i&@?&%? y@%‘#@ﬁ%ﬁ*ﬁéﬂw

het er ol ogous host waPVANemRUsadumOXYSPREIM; iASQ @xgression-vectors, host
celis and a method for productlon of PVA.

This Sheet Has Been RT
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oxysporum strain 435. TABLE 2 25

Perii ci I'l i n V Anmi dohydrol ase Enzynme Activity STRAI NS

SHAKE FLASK TI TER (rum) Fusari um
oxysporum strain 435 20 ATCCl16322

1 ATCC16322( pBMFXPVAG) + - 10 (one PVA gene)

ATCCl 6322( pBMFXPVAT) + 130 (two PVA genes)

- 34- Furt hernore, expression of the reconbi nant PVA can be

i ndued to the same extent as F. oxysporumstrain 435 in the " presence
of phenoxyacetate (Table 3). 5 TABLE 3
Phenoxyacetate I nduction of the Penicillin V

N-Terminus: Gly-Asn-Asp—Asp-Phe-Ala-[AIaILys]-Lys-[ 1
Ala-Ser-Leu-Lys-Lys-Ser-Leu-Lys-Leu-Pro-Gly-
Thr-[Thr/Val]-Val-Tyr-Phe-Thr-Gln-His-Val

Peptide A: Gly-Leu-Asn-{Ser/Pro}-Ser-Glin-[Ala/Leu}-
[Asp/Gluj-Gln-Phe-Tyr-[TyrArg]

Peptide B1: Leu-Val-Lys-Thr-Gly-Pro-Ala-[Ser/Lysj-{ |-
Val-Ser-lle

" Peptide B2: Gly-Asn-Asp-Asp-Phe-Ala-Ala-[SerfLys]-[ |-

Ala

Peptide C: Gly-[ |-{Asw/Lys}-Thr-Ala-Asp-Thr-Asn-Val-
Leu-Leu-Ala-{lle/Arg]-Val-Lys-Trp-Val-Glu-
Glu-Gly -

Peptide D: Hle-His-Tip-Ser-Gly-Leu-Glu-Asp-Gly-Leu-1le-

Ser-Ala-Glu-Asn-[Asn/Ser]-Asp-Tyr-Tyr-Asn-
[Asn/His]-Val-[Val/Ser}-Ser-[Thr/Arg]

Peptide E: Pro-Tyr-Asn-Asp

FIGURE 1



Aniddhydyoléée'CEhe Expreszon ~ STRAIN - phenoxy- +phenoxy-

| NDUCTT ON ’ acetate acetate LEVEL

TI TER : TI TER (rum) (rtum) F.
oxXysporum 0.49 - 21. 13 -43X strain 435 ATCC16322
2.73 135. 32 50X (pBVFXPVA7) + 10

Exanple 5 Construction of Fungal Expression Vectors

Expression of the PVA gene is inducible by the addition of
phenoxyacetate. It appears that expression vectors can be = devel oped
fromthe PVA transcriptional and translational 15 regulatory region,
referred as a pronoter, to use for foreign gene expression in Fusarium
oxysporum The follow ng constructions were used to generate plasmd
pBMPVA- P for expression of intracellular proteins and plasm d pBMPVA- M
for expression of secretabl e proteins. 20 1. Construction of
pF020 The pF023 DNA was cl eaved with BanH and Xho

enzynmes. The DNA m xture was separated on agarose gel. A 2.1 kb
fragnment containing the transcriptional and translational 25 regul atory
sequences upstream of the 5 end of the PVA gene was i sol ated. The

pF023 was al so cl eaved with Xhol and Hi ndl|

~Amino Acid:  Val-Lys-Trp-Val-Glu-Glu-Gly
Rev.Trans.: GTN-AAR-TGG-GTN-GAR-GAR-GG
Complement: CC-YTC-_YTC-NAC-CCA-YTI—NAC

_ A
Probest CC-YTC-YTC-CTC-GGA-YTT-NAC

G

T

(NisA,G, T, o_rC; RisAorG; YisCorT)

FIGURE 2



-35 -+ .o enzymes. An 1.5 kb DNA fragnent containing the latter part of

the . the PVA gene was gel-purified. Both fragnents were ligated to
pUCL9 at Hindlll and BanH sites. The resulted plasnid was desi gnat ed
pF020. The construction of pF020 is diagrammed in 5 Figure 12. 2.

Construction of pFO20P

Site-specific nutagenesis protocols

derived from Morinaga et al. (1984, Bio/ Technol. 2:636-639) was used to
10 generate a Mul site at the translation start site of the PVA gene

(base pair no. 241 of SEQ ID. NO:21). ATGCGCGTIC (SEQ | D.
NO. : 24) : ' site-specific nutagenesis

ATACGCTC (SEQ ID. NO:25) 15 Mul site The
generation of the Mul site allows the renoval of the codi ng region of

t he PVA gene by Mul and BanmH cl eavage and

PVA:
2585 TRANSLATE :

2585 DNA:

2585-M:

2585-FL:
TRANSLATE:

CODING STRAND:
TEMPLATE STRAND:

NTERM G N D D F A A K C A

V A K C A

TITITTTTGTAGCGAAATGCGCC

PST i

TTTTITCTGCAGCGAAATGCGCC

G N D D F A A K C ‘A

CCCGGGAACGACGACTTTGCA-GCGAAATGCGCC
GGGCCCIT GCTGCTGAA-ACGT CGCTTTACGCGG

SMAI

FIGURE 3
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Fthe- neplacement with a codi ng sequence of a gene to be expressed under
the PVA pronoter control. A 15mer nutagenic 20 oligonucleotide
( GGCACTATACGCGTIC SEQ ID. NO :26) was synt hesi zed The
construction of pF020-P was di agranmed in-Rjgure 13. Two [err]g of
pF020 was digested with Xmal, followed by treatment with bacteri al
al kal i ne phosphatase (BAP) to prevent 25 self-ligation of the resulting
fragnent I. Two [err]g of pF020 was cl eaved with EcoRl and Sphl to
renmove the nutation target region (e.g., the upstreamregion of the
PVA gene). The resulting 5 kb fragment (fragnment |11) was gel -purifi-ed.
Equal nol ar anmobunts of fragnents | and Il were mxed with a 200 fold
nol ar excess of the 30 15nmer mutageni c ol igonucl eotide. The m xture was
i ncubat ed at 100[err]C for 3 mnutes in order to conpletely denature
t he DNA - 36- fragments in
the m xture. After the denaturation, m xture was gradual ly cooled in a
step-wi se manner to all ow the denatured DNA fragnment to reanneal.
During this reannealing procedure, two new speci es of DNAs, DNA-a and
DNA-b were formed in 5 addition to the original fragnents | and Il. As
shown in Figyre 13, Pt Dl ' ' EcoRl

I L " R I ] . l 1 I

9
VA puCl

2585-FL (4490 bps)

FIGURE 4



t he 15ner «nut ageni ¢ ol i gonucl eoti de hybridized with only one of t he
two species- of circular DNAs to formthe heterodupl ex, since t he

ol i gonucl eoti de was conpl enmentary to only one of the two strans of the
target region. The DNAs were incubated w tHh S%he 10 Kl enow fragnent, T4 DNA
| i gase and four dNTP's. This treatnent converted the open circul ar
DNAs to closed circular DNAs. After the reaction, the m xture was used
for transformati on of E.coli DH5[ err]. Plasm ds DNAs of transfornmants
were screened by M ul cl avage anal ysis. Plasm d pF020-P was identified
for the creation 15 of a Mul site. 3. Construction of pBWPVA-P
Si nce the pF020-P has two BanH sites which prevent the use of this
expression vector, tgggganH site fromthe region of 20 the pUCL9 vector
needs to be renoved: HR{IAO- P was treated with alimted anount of

BanHl enzyne to ' e a partial cleavage condition and then cl eaved
with EcCoRI. T di ng ends were filled in with the Kl enow

fragnent. A @ 3 kb fragnment was gel -purified, |igaretwrirF4—DiA—
| i gase and t arpWBﬂaQ ¥ntlo 25 DH5[err]. The resulting Q a%p buvvwrP—
"L FAYSPe

(Figure 1 as an expression vec
sequenc® %ﬁi g@ﬁ’% gene at the Mul /B sites THE SERRd3S
pronoter cont pF020- M 30 A Smal

s Construction
site was genera e junction of the secretion signal
No. 24-25, SEQ ID.

sequence and mature PVA protein (am no d

NO. 22) . ‘ EcoRI cleavage
T4 DNA Ligase

EcoRI :

‘ Sail cleavage

‘ T4 DNA Ligase recirculization




237 - e AACAAA/ GGCAAC (SEQ I D. NO.27) N K G

N - (SEQ :ID. NO 28) site-specific nutagenesis
AACCCC/ GGGAAC (SEQ ID. NO.29) 5 Smal site .

The creation of the Smal sites allows the +rsertion of a codi ng
sequence after the PVA secretion signal sequence and thus will allow
secretion of the expressed protein. A 28ner mut ageni ¢ ol i gonucl eot i de
10 ( GCAGCTCCCAACCCOGGGCGATGATT, SEQ 1D, NO : 30) was synt hesi zed.

The construction of pF020-M was shown in Figure 15. The process was
simlar to the construction of pF020-P. Pl asm d pF020 was cl eaved with
Xnal | fol?MﬁibiiBAP MGPHﬂ!wiQ'!SG‘QQn@Fa!eF f rezgmnerqm was then

di gested WI%QQS L @ FGCGAAATQH enopve tggﬁta re og and &0

gener at e aﬂFFgHFGF Eé ETth g&ﬁgﬁgg? ‘Fgf?rat i

and DNA e te“sﬁan §| nFI aF t - cgns ti ge d

DNAS Of A ceACCGTATACTTCACCCAGCATGTCTCGGCTGGTACCAACATCACTTTCCCCGATAAT = 120
T T Vv ¥ F T Q B V. 8 A G T NI T F P DN

CACCCGACCTGCGG'i'CCTAACTATCAGGTTACGGACGTTGAGGTCTGCCGCGTGGCCATG 180
H P T CG PNUY Q V TDV E VYV CRV A M

TTAGTCAAGACGGGACCCRCCTCAAACGTTAGCATCGMAGCTTGGCTTCCCTTGALTTGE 240
L T K T ¢ P A S NV S I E A VW L P L NW

ACAGGTCGGTTCTTAGGAACTGGCAATGGTGGATTAGCTGGCTGTATGCCCTACAACGAT 300
T GR F L G T G NGGULAGTGCMUP YN D

ATGGCGTACGGCAACAGTTTCGGCTTCGCCAGCGTTGGCACGAACAACGGACATAACGGA 360
M A Y G N S FGF A SV GTNNGHNG '

ACCTCAGGCCTACCCATGTACCGCAACCCAGGCCTGGTTCAGGACTTTGCCTATCETGCS 420
T 5 G L P MY RNTGP?GVVTETDTFEA AZYTRA

GTGCACGCTGGTGCTGTTATCGGAAAGAAGATCACCCAGGGCTTTTACGGCAAGAAGTTC 480
VHAGAVY IGKI KTITAQGT FTYGKTIKTF

AAGTCCTACTTTCTCGGCTGCTCGACAGGAGGACGTCAAGCAATGAAGTTGGCACAGAGC 540
K 8 ¥ F L 66 C S TGGURQAMIKTELAZ QS

TTCCCCGAGGATTACGATGGCTATGTGGCAGGTGCTCCGGCTATGCGCTGGAACGGTCTT 600
FP P E D Y DG Y V A GAPAMUZPRUW.NGTL

CAGGCACGCTCTGGAAGTTTCTGGGGCATCACCGGCCCCCCTGGAGCTCCTGGCCATGTG 660
Q A R 8 G 8 F WG I TGU?PUPGAUPGMHY

ACTCCAGACGAGTGGGAAATGGTGCACAAGAGCGTCCTGACTCAGTGCGACGAGCCCATT 720
T P D E W EMVHEIK S VL TQCDETZPTI

GATGGCGTC@ATGACGGCGTGCTTGAGGACCCCACCCTCTGT_CAGTACCGCCCTGAGGCT 780
D G VvV D DG VL EDPTULTCUOQ. Y R P E A

CTCATCTGCGGTAAGGGCCAGACCGAGAATTGCCTGACCAAGGCCAAGATTGAGACGGTC 840
L I ¢ 6 K 6 Q T ENCULTIKAIKTIETV

CGCAAAGTCTTTTCTCCCCTATACACCACGAATGAGACATACGTCTACCCTCGAGCGGTT 900
R K VvV F s PL Y TTNUET YV Y P RAV

CCTGGTGCTAACGCTCTCTTTAACTTTGTTGTCGCCGAGACACCATTCGTTTACTCCACA 960
P G A NALF NPV V A ETUPUFV Y S T

GAATGGTACCAGTATGTCATCTGGGAAGACCCTGAGTGGAATCCTGACACTATTGGGCCC 1020
E W Y QY VI W EDPEWNUPUDTTIG?P

FIGURE 6



transformants were screened for the creation of an additional 20 Smal
site. . . 5. Construction of pBMPVA-M Plasm d pF020-M
has two BanmH and two Smal sites whi ch prevent the use of this vector.
The extra BanmH and Smal 25 sites fromtheyregi on of pUCL9 need to be
renoved. pF020- M was partially cleaved with BanH and then cl eaved
with EcoRI. The cohesive ends were filled with the Kl enow fragnent. A
6.3 kb fragnent was gel -purified, ligated and transfornmed into E. col
DH5[ err]. The resulting plasm d pBMPVA-M (Figure 16) can be used 30 as a
secretabl e expression vector to insert a coding sequence of

-38 - the desired gene at the Snmal/BanH sites under the PVA
pr onot er control . ' Exanple 6 5 Expression of the
D- Amino Acid Oxi dase Gene by the PVA Expression Vectors

A D-am no acid oxi dase gene which was cloned from

AAGGACTATGATAGAGGTGCCGAGATGAACCCCTATGACATTGAGACTTGGGAGGGAGAC 1080
K DY DRGAEMNUPYD I ETWEGD

CTGTCTAAGTTCCGCAAGCGTGGCAACAAGATGATTCACTGGCACGGCCTTCAGGACGGA i140'
L 8§ K F R KRGNIKMTIHWHGTELUGQDG '

CTCATCAGCGCCGAGAACTCAGACGATTATTATAATCACGTGTCTCGAACAATGGGCCTC 1200
L I 8 A E N S DD Y Y NH VYV S RT MG L

AATAGTAGCCAGCTGGACCAGTTTTATAGGTTCTTCCGCGTCAGTGGGTGTGGCCATTGC 1260
N 8 S Q L DQ F Y RPFF RV S G C G H C

AGUGCCGGAGACGGGGCTTCTCGCATTACAAACAACGCCGGAAACATGGGCGGCAAGACG 1320
S A G D G A S RI GNNAGNMMGGTI KT

GCAGATACTAATGTGCTTCTGGCTATTgQQAALIQQQQQQQQQLLQQCGTTGCGCCAGAA 1380
A DTNV L L A I V KWV EETGV A P E
[complement to 20mer probe])

CGATIGGCGGCTACAAGAACGTCGGCGGAACTGCAGATGGCGCTTTTGACTATGAGUGT 1440
I GG Y K NV GG G T A DG A VF D Y E R

s kS

GGCATTGCCGATACCCACACCGCAATGTCTGGGACGGCAAGGGGAATGTGAAGGATCCC 1500
H CRUYPHUZRUNVYVTWDGX KGNUVTZETD P '

x

GATAGCTGGAACTGTAAGATCTGAGGTGTGGCCCTAGGCTTTTGTGGCTGTCGTTAGGTG 1560
D S W N C K I =

GCATACGTATATAAGAGGATCACTGTGAACATGCTTTATGTTGTGCAAGAATTGATTGAG 1620
AATCAGATTGAGCTTGCAGAGCCAAGGCAAATAGACCCAACTGTTGACGAGATCTTGGCC 1680
GAAGGTAGAGGCAACGGGGAGAGAGACCATGGAAGACAAGGCGTAGAAAATGGCCGGGGA.1740
AGACGGAAAAAAAAAACCCCCCCCCCC 1767

FIGURE 6 (CONTINUED)



Trigonopsks variabilis was used as an exmaple of a foreign gene to be

expressed by the Fusarium PVA expression vectors. 10 1. Expression
of the D-Ami no Acid Oxi dase Cene By pBMPVA- P

The D-Am no acid oxi dase (DAAO) gene of Tr-i genopsis vari abilis was
cloned by Bristol-Mers Squibb scientists. The DNA 15 sequence anal ysis

I ndi cated that a 38 bp intron exists near the 5 end of the coding
sequence. A igonucleotide directed site-specific mut agenesi s et hod
was used to renove the intron and create a Ncol site at the-

transl at ipeRigialins vt amdohyardiacel Gane EReRcHOr Sxysporunhegéiéaispdi ng
sequence plus a 700 bp 3" non-transcriptional 20 region can be purified as

a 2.1 kb WGMMWGAGGTATCACCTCCMGGWWM 60
treated with Mul cleavage and the cohesive ends were filled in with

t he KIenEwﬂﬁﬁé§ﬁéﬁFATCCGTT¢h§qgQﬁGk§§A@ﬁ6HG§G6§A@@TAWGGCEhﬁ$ﬁTT$AﬂCQ k120

f ragnent cont ai ni ng _the PVA ronDter regi on_was urified. The DDAO
25 gene COAGGEATCTATATAATARBGCH SEnPseACTTEREAGERAGECT | 180
fragnent of DAAO ene to generate plasn1d pBMDW%Fﬁfﬂﬂeﬂs°¢}9t1°"35§aﬁ% PVA

;%r Z%ef f%é??&?‘*%ﬁ%?‘a@%Gﬁ%?%&%%ﬂﬂéﬁasw&%ﬂé%&%ﬁe%
G T M R 00

entire construction schene is depicted in Flgure 17. The

pBVPVA- PCRASTA COSAACAAAGGCAADCATE ATTITCECCCCAAATCEEECRGECTEARGRAGTCG 360
pol yet hylAen@ glPpyc¥ ®edGatdd @otoplfasA A K € A 8 L K K S

CTCAAACTCCCCGGCACCACCGTATACTTCACCCAGCATGTCTCGGCTGGTACCAACATC 420
L KL PGTTV Y FTQHV S A G TN I '

ACTTTCCCCGATAATCACCCGACCTGCGGTCCTAACTATCAGGTTACGGACGTTGAGGTC 480
©* T P DNHUPTCGU®PNYQV TDVEYV

TGCCGCGTGGCCATGTTAGTCAAGACGGGACCCGCCTCAAACGTTAGCATCGAAGCTTGG 540
C RV A MLV KT G PASNUV.S IEA AW

CTTCCCTTGAACTGGACAGGTCGGTTCTTAGGAACTGGCAATGGTGGATTAGCTGGCTGT 600
L P L NWUT G RVPFLGTGNGSGULASGSC

ATGCCCTACAACGATATGGCGTACGGCAACAGTTTCGGCTTCGCCAGCGTTGGCACGAAC 660
M P YN D M A Y G NS P GPF A S V G TN '

AACGGACATAACGGAACCTCAGGCCTACCCATGTACCGCAACCCAGGCGTGGTTGAGGAC 720
N GHNGT S GL P MY RNUPGV V ED

TTTGCCTATCGTGCGGTGCACGCTGGTGCTGTTATCGGAAAGAAGATCACCCAGGGCTTT 780
F A Y R AV H A G A VI GIKI KITOQGF

‘I'ACGGCAAGAAGTTCAAGTCCTACTTTCTCGGCTGCTCGACAGGAGGACGTCAAGCAATG 840
Y 6 K K FP K 8 ¥ FL GC S TG G R QAWM

AAGTTGGCACAGAGCTTCCCCGAGGATTACGATGGCTATGTGGCAGGTGCTCCGGCTATG 900
K L A Q S F P ED Y DG Y V A G A UPAM

CGCTGGAACGGTCTTCAGGCACGCTCTGGAAGTTTCTGGGGCATCACCGGCCCCCCTGGA 960
R W NG L Q A R S G S F WGI T G P P G

GCTCCTGGCCATGTGACTCCAGACGAGTGGGAAATGGTGCACAAGAGCGTCCTGACTCAG 1020
A P GH UV TP DEUWEMMV YVHIKSUVLTQ

TGCGACGAGCCCATTGATGGCGTCGATGACGGCGTGCTTGAGGACCCCACCCTCTGTCAG 1080
c D EPIDG VDDGVY LEDUPTTULCAQ '

FIGURE 7



-39,- ., transformati on. Transfornants were selected fromits

resi stance to phl eonycin. Several transformants were grown in PVA
producti on medi um and assayed for D-am no acid oxidase activity. The
results indicated that the D-am no acid oxPdase gene was 5 expressed in
ATCC 16322 transformants at a level of 0.2-0.8 U m; 2.
Expression of the D-Am no Acid Oxi dase Gene by pBMPVA-M 10
Pllasm d pBMPVA-M DNA was cl eaved with Smal and BanH enzynmes. A 4.8 kb
fragnent containing the PVA pronoter region as well as the PVA

secr et ab‘rﬁcéc&éé‘mﬁé@é@&@eamcé@@ruccccmaémmﬂmmmcogmlo
was prepgreg bp Ngola L gl eevage Rl us ngngrbeBn RucCeabe TreRtnknt to
renove the 5° 15 cohesive ends and maintain a proper reading frame of the
DAAO AAGATTGAGACGGICCGRBAANGTATYTTCTOOCCTATACACCACGAATGAGACATA n1200
The 4.8 Kb PVAEpr @noVer Rsi §naV sEquSnce fBagkenT whs ¥ight el t$ t he

2.1 kb DAAO f d h
SBVPVA- mm%ggmrcaggghe%a@ﬁﬁ%‘éﬁm 358 %ﬁgﬁ‘%’m%%%%@g heTaspe
filled i 8 wPt hRt hd& KVen8w £r afnelt. A L ro i gnal

nggcgﬁM&%ﬁ&%&#& mra&&i&%ﬁ%r&ﬁ&c%&b&&ﬂcé&?ct&fé&iﬂc&t £320

E W Y Q ¥ V I W EUDUPEWNUP

2ACACTATTGGGCCCAAGGACTATGATAGAGGTGCCGAGATGAACCCCTATGACATTGAC 12830
D T I GP X D VY DRGAEMNU®PYDTIE

ACTTGGGAGGGAGACCTGTCTAAGTTCCGCAAGCGTGGCAACAAGATGATTCACTGGCAC 1440
T W E G DL S KF RI KZRG NI KMMTIMHRWH

GGCCTTCAGGACGGACTCATCAGCGCCGAGAACTCAGACGATTATTATAATCACGTGTCT 1500
G L Q D GGL I S A ENSDUDY Y NUHV S

CGAACAATGGGCCTCAATAGTAGCCAGCTGGACCAGTTTTATAGGTTCTTCCSCGTCAGT 1560
RTHGLNSSQ_LDQFYRFFRVS

GGGTGTGGCCATTGCAGCGCCGGAGACGGGGCTTCTCGCATTGGAAACAACGCCGGAAAC 1620
G C G HC S A GDGA A S RTIGNNAGN

ATGGGCGGCAAGACGGCAGATACTAATGTGCTTCTGGCTATTGTGAAATGGGTCGAGGAA 1680
M 6 G K.T A DTN.VLLATIUVI KU WVEE

[complement to 20mer probe]
GGCGTTGCGCCAGAAACGATTGGGGGCTACAAGAACGTCGGCGGAACTGCAGATGGCGCT 1740
G VA PETTIGG Y KNV GGGTADG A

TTTGACTATGAGCGTAGGCATTGCCGATACCCACACCGCAATGTCTGGGACGGGAAGGGG 1800
F DY ERRHCRYUPHURNVYVYWDG K G

AATGTGAAGGATCCCGATAGCTGGAACTGTAAGATCTGAGGTGTGGCCCTAGGCTTTTGT 1860
N V X D P D S WNCIKTTI *

GGCTGTCG‘I'I‘AGGTGGCATACG‘I‘ATATAAGAGGATCACTGTGMCATGCTTTATGTTGTG 1920
‘ CAAGAATTGATTGAGAATCAGATTGAGCTTGCAGAGCCAAGGCAAATAGACCCAACTGTT 1980
GACGAGATCTTGGCCGAAGGTAGAGGCAACGGGGAGAGAGACCATGGAAGACAAGGCGTA 2040
GAAAATGGCCGGGGAAGACGGGCTGTCGGCGATGGAGTAGCAACAGCTGTCACTGGTGGT 2100
CAATGAC':PACACTTCTGAGCGGCGAGAGATI‘ATAGGGACCGCACACAGGCCATCATTI‘CC 2160
CGATAACTAATGGAGACGCAATGGAGCGATGTI‘TAAATGCGACAAGACTGCCATCATCTA. 2220
GG'_I‘ACTTCATGCGTCGCTMACGCACCAATGCTGCGCTGCTCATGATTGTAAACTTAGTT 2280
TATA ' 2284

FIGURE 7 (CONTINUED)



filled-in Xbal site. The resulting plasm d was designated as
pBVPVA- M DAAO4 (Figure 18). 25 The pBWMPVA- M DAAO4 DNA was
transforned into ATCC 16322 strain. Several phleonycin-resistan
‘transformants were assayed for D-am-np-aci d oxi dase activity.
Unfortunately, none of - t he transformants showed D-am no acid oxi dase
activity. The failure of the expression of the D-am no acid oxi dase
gene by 30 pBWMPVA-M vector may be due to the intracellular nature of the
D am no aci d oxi dase enzyne. It is widely recogni zed that genes
encoding intracellular protein can not be expressed and transl ocat ed
extracel | ul ag a s%cr t abl e expressi on system (Model and Russel,
1990, Cell 6% 741): en if the gene is

-40 - expre Intr lularly, the attachmsnﬁs t he PVA signal
seqguence ?&ﬂi vat e D-am no acid oxi d@ livity. Therefore, the
pBVMPVA- M véct Or Bhoul d st™\J \be useful for express) therEseﬁret abl e

protein
neo-t

pBM11/M5 -HindIl

puC19
5600 bps AD-C 2686 bys
cI857
BspHI
'Smal -

‘ HindIII/Smal cleavage ‘ BspHI cleavage
neo-r * Klenow ' ' ‘ Klenow
—

isolation of the 1.3kb fragment isolation ofthe 1.6kb fragment

—

‘& T4 DNA Ligase

JEcoRI
; HindIII

Bglll,

FIGURE 8



-41 -+ \What W Caimls: 1. An isolated nucleic acid nolecule
havi ng- a sequence coding for the amno acid sequence of SEQ ID. NOS.: 19

or 22. 2. An isol ated nucl eic acid nol ecul e having a sequence
conpl enentary to a nucleic acid sequence codi-ng for the am no aci d sequence
of SEQ ID. NCS.:19 or 22. 3. An isolated nucleic acid nol ecul e

havi ng a sequence capable of hybridizing to a nucleic acid having a
sequence conpl enentary to a nucleic acid sequence coding for the am no acid

sequence of SEQ ID. NCS.:19 or 22. 4. The nucleic acid nolecule
of daiml which is a DNA nol ecul e. 5. The nucleic acid nol ecul e
of Cdaim2 which is a DNA nol ecul e. 6. The nucleic acid nol ecul e

of Claim3 which is &ecoRI

Clal

EcoRI/Clal cleavage
Klenow

—bC

L e—— T4 DNA li
isolation of the 1.25kb fragment Ba .

EcoRl

‘BamHI /\
‘HindIII -

/m"@c
© pUT715/tpC

4600 bps phl-r

.Ncol

PWBISN
neo-r 2900 bps
y
hl-
PupC _phlr
BamHI1 cluvage BamH1 B glll

isolation ofthe 2.4kb fragment

T4 DNA ligase




DNA, nol egul e 7. An isolated DNA nol ecul e having a sequence codi ng
for the ami no acid sequence of SEQ |ID. NO 19. 8. An isolated DNA
nol ecul e havi ng a sequence capabl e of hybridizing to a nucleic acid having
a sequence conplenentary to a nucl eic aci-tt2sequence coding for the am no

acid sequence of SEQ ID. NO :109. 9. An isolated DNA nol ecul e
havi ng a sequence coding for the amno acid sequence of SEQ ID. NO :22.
-42 - 10. An isol ated DNA nol ecul e havi ng a sequence capabl e of

hybridi zing to a nucl eic acid having a sequence conpl enentary to a nucleic
aci d sequence coding for the am no acid sequence of SEQ ID. NO :22.

11. An isol ated DNA nol ecul e havi ng the nucl eoti de .EcoRI
' HindIll

HindIll

‘ EcoRI/Xbal cleavage * EcoRI/Xbal cleavage

T80l YA PupC _ phir
D —————
EcoRI Xbal " EcoRI Xbal
isolation of the 7.9kbfragment - isolation ofthe 2.4kb fragment

T4 DNA ligase

BamHI, Hind[I

FIGURE 10



sequence,of 'SEQ ID. NO :18.
the nucl eqti de sequence of SEQ ID. NO 21.

nol ecul e havi ng the nucl eoti de sequence of SEQ
An isol ated DNA nol ecul e having the nucleof
23.
SEQ ID. NOS.: 14, 15,16, or 17
havi ng the nucl eoti de sequence of SEQ

30.

SEQ ID NOCSs.:1, 2, 3, 4, 5, 6, 8, or 12

i<de sequence of SEQ

15. Ani sol ated DNA nol ecul e hébing t he nucl eoti de sequence of
16. An isol ated DNA nol ecul e

ID. NOS.:9 or

i sol ated DNA nol ecul e having the nucl eoti de sequence of SEQ

12. An isol ated DNA nol ecul e having

13. An isol ated DNA
ID. NO : 11. 14.
I D. NO.:

10. 17. An

I D. NCS.:26 or

18. An isol ated pol ypeptixde having the am no acid sequence of

19. The pol ypepti de of

Claim 18 having the am no aci d segBemMIe of SEQ. iy NOS. : 1 or 12.

HindIII.
Xbal.

Neoi
Sall’

BamHI;
EcoRI

aNcol/Xbal cicavage

W Kenow

PVA
—

isolation of the 4.3kb PVA gene

T4 DNA ligase

PBMFXPVA7 pw\ ,
14600 bps -




-43 -+ - 20. An expression vector conprising a nucleic acid
sequenee ceding for part of the am no acid sequence of SEQ ID. NOCS.:19 or
22. 21. The expression vector of Claim20 conprising a DNA
sequence coding for the am no acid sequenegi4ef SEQ [D. NO :19.

22. The expression vector of Claim 20 conprising a DNA sequence coding for

the am no acid sequence of SEQ ID. NO :22. 23. The expression
vector of Claim 20 further conprising an origin of replication, a pronoter,
and a transcription term nati on sequence. 24. The expression

vector of Claim 23 further conprising a sel ectable marker sequence.

25. The expresion vector of Claim24 wherein the selectable marker is

phl eonyci n resi stance. 26. The expression vector of Caim23 which
is capable of integrating into fungal chronpsones.

EcoRI
:BamHI
BamHI. ' . :HindIl

HindIIL

pUC19
2686 s
Y
o BamHI{Xhol cleavage WOHHW cleavage HindlIl/BamHI
. . * cleavage
—_ Xhol '
. Xhol" HindII
Baiartl — — _
isolation of the 2.1kb fragment PVA

isolation of the 1.5kb fragment

,], T4 DNA ligase

_EcoRl
:BamHI

FIGURE 12



27. The.expression vector of Caim20 having the DNA sequence of SEQ |ID.

NCS. : 18 or, 21. 28. The expression vector of Caim20 which is a
pl asm d. 29. An expression vector conprising a pronoter having
the DNA sequence of SEQ ID. NO 23. “15° 30. The expression

vector of Claim?29 further conprising an origin of replication, DNA coding
for a structural protein, and a tranSdription term nati on sequence.

31. The expression vector of d ai frwberein the DNA coding for a
structural protein codes for ¥, 32. The expression vector of
Claim 30 further conprising a selegFadol e)jmar ker sequence.

p EcoRI + Sphl digestion
{ cleavage \ isolation of the 5.0 kb fragment

add phosphorylated .15mer (SEQ. ID. No.:26)
W denatmration at 100°C for 3 minites

Sphl BAP treatment
EcoRI
- It 1§
- _ |
l [ Xmai

\l/ renaturation by step-wise cooling .

UG o)

Sphl
Xmal

. mpl:mon in_E.coli generating a mixture of two plasmids
screening for Mlul site

|, sewansformation to separate pFO20-P and pFO20

pFO20-P

FIGURE 13



33._.The expression vector of Caim32 wherein the selectable nmarker is

phl eonycin resistance 34. The expression vector of Caim 30 which
i s capable of integrating into fungal chronpsones. 35. An
expression vector having the designhati on-pBNVFXPVAG. , 36. An
expressi on vector having the designati on pBVFXPVAY. 37. An
expressi on vector having the designati on pBMPVA-P. 38. An
expressi on vector having the designati on pBVPVA-M 39. A host
cell containing the expression vector of C aim 20. 40. A host -
cell containing the expression vector of C aim23.

Miul, HindI

PVA

P F020-P
6300 bps

.BamHI

BamHI;
EcoRI

amp-r
> 'HindIIl

J, Partial BamHIcleavage

4; EcoRI cleavage

,|, Klenow
a PVA
L - -—
isolation of the 6.3kb fragment

J  T4DNAligase

FIGURE 14



-45 =

25.

43. A host cell
A host cell

host
host
host
host

. T

cel l
cel |
cel l
cel l

-

41. A host cell containing the expression vector of Claim

. 42. A host cel

cont ai ni ng the expression vector of Caim27.
cont ai ning the expression vectopyof O aim 28, 45. A
contai ning the expression v
contai ni ng the expression
cont ai ni ng the expression

contai ning the expression vector of C aim 26.

cth"of Cl ai m 29. 46. A
eet,or of C ai m 30. 47. A
of C aim 31. 48. A
6&f C ai m 32.

Sphl + Hind[1I cleavage
spal Hisdll " xmnf cleavage isolation of the 6.0 kb fragment

=5

_ ] Xmnd

Iwmuu 28mer (SEQ. ID. No.:30)
denanration at 100°C for 3 minites

L rensturation by steg-wise cooling

mal
s / FVA N
" srozena )) =f o020
mpty K A
Xmal .

DNA polymerase | + 4dNTP's
T4 DNA ligase .

replication in £.coli generating a mixture of two plasmids
screening for Smal site
Sphl, | Hindl Sphl Hindy

Xmnl
retransformation to separate pFO20-M and pFO20
pFO20-M

FIGURE 15

44,



49. -A host cell containing the expression vector of C aim 33. ' 50.
A host. €el,l containing the expression vector of Caim 34. 51. A
host cell containing the expression vector of C aim 35. :

-46 - 52. A host cell containi'ngt he expression vector of Caim
36. 53. A host cell containing the expression vector of C aim37.
54. A host cell containing the expression vector of C aim 38. 55.
The host cell of C.aim 39 which is eukaryotic.

Smal., HindIlI

isolation ofthe 6.3 kb fragment

' Jv T4 DNA Ligase

Smal. HindIII

FIGURE 16



56. . The. host cell of Caim45 which is eukaryotic. 57. The host

cell QfaClaim 39 which is a Fusarium speci es. 58. The host cell
of Claim45 which is a Fusarium speci es. 59. The host cell of
Claim 39 which is Fusarum oysporum -, 4~ 60. The host cell of C aim 45
whi ch is Fusai um oysporum 61. ‘f‘ﬁe host- cell of Caim51 which is
Fusari um oysporum 62. The host cell of Claim52 which is Fusarium
oyspor um 63. The host cell of Caim53 which is Fusarium
oysporum
Mlul HindIll
DAAO
=
.BamHI i
Ncol/Klenow BamHI

isolation ofthe 2.1kb fragment

Hingdinl
‘ Miul cleavage
Ng Klenow
\ BamHI cleavage

isolation of the 4.7kb fragment
T4 DNA ligase

DAAO
Ppva

Ndel

,l, Ndel cleavage
* Klenow
isolation of the 3.4kb fragment

T4 DNA ligase

pBMPVA-P/DAAO2
8700 bps



“47-~ .y 64. The host cell of Caim54 which is Fusarium oysporum
65. A,bicofogically pure culture of Escherichia coli ATCC 69720.

66. A biologically pure culture of Escherichia coli ATCC 69721.

67. A biologically pure culture of Escher@bia coli ATCC 69772.

68. A nethod for producing a pol ypeptide having the am no acid sequence of
SEQ ID NGCS.:19 or 22 conprising culturing the host cell of Caim 39 under

conditions resulting in expression of the polypeptide. 69. The
met hod of Cl aim 68 wherein expression is induced by culturing in the
presence of phenoxyacet ate. 70. A nethod for producing a

pol ypeptide conprising culturing the host cell of O aim45 under conditions

indlHi on of the pol ypepti de. : 71. The met hod of
ression is induced by culturing in the presence of

phenoxyac . DAAO

resul ting i Smakx

.BamHI

pBMPVA-M
6300 bps

Ncol/Klenow . BamHI
isolation ofthe 2.1kb fragment

N

HindUWI

N Smal cleavage

N BamHI cleavage

isolation of the 4.8kb fragment 1 4DNAL
2 gase

‘ Ndel cleavage
‘ Klenow
d Kienow : isolation of the 3.5kb fragment

T4 DNA ligase

pBMPVA-M/DAAO4
8800 bps

FIGURE 18
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Abstract

PENICILLIN V AMIDOHYDROLASE
GENE FROM FUSARIUM OXYSPORUM

Nucleic acids coding for penicillin V amidohydrolase

(PVA) from Fusarium oxysporum. Also, expression vectors, host
cells and a method for production of PVA.

FIGURE 10



