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Construction of a gene trap vector, pPTR-EGFP1,
for the filamentous fungus, Aspergillus oryzae
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Construction of a gene trap vector, pPTR-EGFP1, for the filamentous fungus,
Aspergillus oryzae

Satoshi SUZUKI, Ken-ichi KUuSUMOTO and Yutaka KASHIWAGI
National Food Research Institute

Abbreviation: egfp, enhanced green fluorescent protem gene; REMI, restriction enzyme mediated integration; ptrA, pyn-

thiamume resistant gene of Aspergillus oryzae; SA, splice acceptor sequence; sCtm, terminator sequence of A. nidulans sC

gene; Amp’, ampicillin resistance gene; RACE, Rapid Amplification of cDNA ends; DURS3, urea active itransporter gene of

Saccharomyces cerevisiae; PCR, polymerase chain reaction; PEG, Polyethylene Glycol; DIG, digoxigenin

Abstract

A gene trap vector for Aspergillus oryzae was constructed for use m comprehensive analysis of gene:-function. This vec-

tor, pPTR-EGFEP], has the egfp gene as a reporter gene preceded by a splice acceptor sequence, followed by A. mdulans

sC gene termunator and pyrnthiamine resistant gene (pfrA) as a selective marker in A.oryzae. This vector was mtegrated

into a host genome randomly to create tag-line transformants. Approxmately 300 pyrithiamine-resistant transformants

were thus obtained, one of which trapped the 5' end of the coding region of yeast DUR3 homologue. Our results showed

that pPTR-EGFP1 could be a useful tool in the gene function analysis of A.oryzae, namely, by 1solating unknown genes by

plasmd rescue and by trapping the endogenous promoter activity.

Filamentous fungus Aspergillus oryzae is one of the
most important microorganisms i the Japanese fermenta-
tion mdustry, where it 15 used in production of sake, miso,
and soy sauce, for example, In 2002, the consortium of the
genome project of A. oryzae announced that they had as-
sembled draft sequences of the entire genome.

In any post genome-sequence study, functional analysis
of unknown genes 1s essential. Because neither the sexual
reproduction cycle nor the genetic markers of A. oryzae
have been 1dentified or established, msertion mutagenesis
1s an effective tool in the gene function analysis of A. ory-
zae. Gene trapping 1s an effective method for simultaneous-
ly creating and tagging mutated genes. In gene trapping,
vectors that contain reporter genes or a selection marker are

mtegrated into the genome randomly, and the phenotype of

(Received Dec. 2, 2002 ; Accepted Feb. 5, 2003)

the mutants should reflect the alteration of the gene by mte-
gration of the vector,

In promoter trap and gene trap methods, the promoter-
less reporter gene or selection matker 15 connected directly
to the endogenous promoter or coding region by vector -
tegration 1nto the genomic DNA. Gene trapping has been
successfully applied to msertion mutagenesis of mice ES
cells.> %)

In this study, for comprehensive gene function analysis
of A. oryzae, we constructed a gene trap vector for A. ory-
zae that can be applied to establish the gene disruption mu-
tant library. A gene trap vector, pPTR-EGFP1 (accession
number AB076373), was constructed (Fig.1). To confirm 1f
the vector could tag unknown genes or trap endogenous

promoter activity, the vector was then integrated into the
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Construction of the gene trap vector, pPTR-EGFP1

SA and black box indicate splice acceptor sequence; egip and dotted box indicate reporier gene e gfp §

sCtm and striped box indicate terminator sequence of A. mdulans sC gene; pPTR I and checked box
ndicate pyrithiamne-resistant vector pPTR I (TAKARA).

genonmuc DNA of A. oryvzae NFRI 1599, To confirm the 1n-
tegration of the vector pPTR-EGFP], Southern blot analy-
sis was done. To determine the expression of the reporter
gene egfp, Northern blot analysis was done. Finally, to de-
termine the mode of vector mtegration in the genome, the
DNA fragment flanking the integrated vector was rescued
by using the plasmid rescue method.

The vector was constructed as follows. This vector con-
sisted of three parts: reporter gene egfp with a splice ac-
ceptor sequence, predicted terminator sequence of A. nidu-
lans sC gene, and pyrithiamine-resistant vector pPTR T
(TAKARA). Both the egfp gene with splice acceptor and
the sC terminator sequence were amplified by PCR. The
EGFP coding sequence that 18 preceded by the splice ac-
ceptor sequence was amplified by two rounds of PCR. The
first round involved three components: pEGFP-N1 (Clon-
tech) as a template, the sense primer EGF5’-2 (5"-ATGGT
GAGCAAGGGCGAGGA-3"), and the antisense primer
EGF3'-2 (5-GCGGCCGCTTTACTTGTACA-3"). The
second round involved usmg the first-PCR product as a
template, the sense primer EGF5°-4 (5’-CTAACGC
TATTCCAGATGGTGAGCA-3’, where the underlined

nucleotides indicate the splice acceptor sequence), and the

antisense primer EGF3’-2. In the second round, the predic-

ted splice acceptor sequence of A. midulans was added to

the egfp coding region. The resulting second-PCR product
was then ligated to the pCR2.1 TOPO vector (Invitrogen).
The gene of EGFP with splice acceptor (SA-EGFP) was
then connected to the predicted termunator sequence of A.
nidulans sC gene. This predicted sC terminator (sCtm) was
then amplified by PCR, which nvolved pUSC3® as a
template and the sense primer sCT5 (5’-ATAA
GAATGCGGCCGCATAATATTGGGCGTTAGA
GATTTGCGATTT-3"), and the antisense primer
sCT3(5’-CCCAAGCTTAAGCTTCTCTTGGCAA
TAGCTGCCCGTATG-3"). The underlined nucleotides

n this sense primer indicate non-homologous sequences

added to create a restriction site Not I at the end of the
PCR fragments. Then, the resulting PCR product was li-
gated to pCR2.1 TOPO (Invitrogen). The sCtm fragment
was digested by the Kpn I and Pst I (restriction en-
zymes) sites of pCR2.1 and then ligated into the Kpn I
and Pst I sites of pGEM-3zf, yielding pGEM—@Szf—sCtm.
SA-EGFP fragment was digested by the Not I site of the
insert and by the Pst 1 site of pCR2.1 TOPO vector and
ligated into pGEM-3zf-sCtm by the Nor I and Pst T sites
of pGEM-3z1-sCtm. The result as the plasmud pGEM-SA-
EGFP-sCtm.

This plasmmd was then digested with Pst 1 and Kpn 1.
The resulting SA-EGFP-sCtm fragment was ligated the Pst



I and Kpn 1 sites of pPTR 1 to yield pPTR-EGFPI.
(Fig.1) The EGFP over-expression vector for positive-con-
trol strain was constructed by ligation of TEF] promoter”)
into the Pst 1 site of pPTR-EGFP1. The TEF! promoter
was 1solated from genomuc DNA of A.oryzae NEFRI 1599
{RIB40) by PCR.

To confirm if pPTR-EGFP1 could trap either the endo-
genous promoter activity or a 5' end of coding region, we
integrated pPTR-EGFP1 mto genomic DNA of A. oryzae
NFRI 1599 by REMI using Pst 1 . Transformations of A.
oryzae were done as described by Iimura et al.,® with
slight modification as follows. In REMI, before the trans-
formation, 20 ¢ g of the plasmud DNA was digested with
the restriction nuclease Pst 1 . Strain NFRI 1599 conidia
were cultured in 100ml of Czapek-Dox medium (CD me-
dium) for 48hr at 30 C. The resulting mycelium were mncu-
bated with YATALASE (TAKARA) to obtain protoplasts
according to the manufacturer's (TAKARA) wmstructions.
Then, the protoplasts were incubated with the linear plas-
mid DNA and 100umts of Pst I , and PEG solution was
added at a final concentration of 33%. Transformants were
selected on a CD medium agar plate containing 0.1 ¢« g/ml
of pyrithiamune. The integration yielded 300 pyrithiamine-

resistant transformants. Among the resulting 300 pyrithia-
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mine-resistant transformants, 19 were putative fluorescent
transformants (as revealed by fluorescence mucroscopy).
For these 19 transformants, a cnver—slip culture method
was used to discriminate between EGEP fluorescence and
autofluorescence of dead cells. The results suggested that
only one strain (strain 23) was a putative EGFP-expressing
transformant.

To confirm the integration of the vector pPTR-EGFPI,
Southern blot analysis was done for 5:of the 19 putative
fluorescent transformants (stramns 23, 31, 62, 64, and 85)
selected at random. General techmiques for nucleic acid
manipulation were done according to the standard methods
described by Sambrook et al.”? Southern analysis was done
on Apa I and Kpn 1 digested genomic DNA samples
from the five strains using the vector séquence as a probe.
The restriction enzyme Hpa [ has no recogmtion site and
Kpn | has one recognition site in the vector. In all five
stramns, the Hpa [ -digested genomic DNA samples dis-
played a single hybridization band of different sizes, sug-
gesting that the vector integration occurred at random
positions via illegitimate recombination at one site in the
genome. In strams 23 and 31, the Kpn 1 -digested genom-
ic DNA samples displayed several hybridization bands,

suggesting that the vector integration occurred by tandem

bt

FERR I & 6

e
]
55

E
&
:i%
ol

Fig.2 Southern blot analysis of putative fluorescent transformants
M, Dig-labeled DNA size marker (A.../Hind [l }(Roche); P, positive-control (Ing of linearized pPTR-EGFP1);
HH, Hpa I -digested genomuc DNA of the host stramn NFRI 1599; HK, KpndT-digested genomic DNA of strain
NFRI 1599: Lanes 1 and 2, stram 23; lanes 3 and 4, strain 31; lanes 5 and 6, strain 62; lanes 7 and 8, strain 64; lanes
9 and 10, strain 85. The odd- or even-numbered lanes represent the Hpa [ or Kpn 1 digested genomic DNAs of the

transformants, respectively. Each lane contained 2 x g of genonmc DNA.
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Fig.3 Northern blot analysis of strain 23,
a putative EGFP-expressing transformant
H, 5ug mRNA of strain NFRI 1599; 23, 5ug mRNA
of strain 23; P1, 0.5ug mRNA of egfp over-expressed
strain; P2, 5.8 mRNA of egfp over-expressed strain.

mtegration at a smgle site (Fig.2). In strains 62, 64, and 835,
the Kpn | -digested genomic DNA samples displayed a
single hybridization band, suggesting one-copy 1ntegration
(Fig.2).

To determuine the expression of the reporter gene egfp,
Northern blot analysis was done for stramn 23 (F1g.3).

The transcript size of the egfp gene 1n strain 23 was sim-

ilar to that 1n the positive-control strain, namely, over-ex-
pression of the egfp by TEFI promoter constitutively.
This suggests that this transcript 1n stram 23 was not a fu-
sion transcript of egfp with an endogenous gene. If vector
integration had occurred in the wmtron sequence of an endo-
genous gene, then the transcript size would have increased.
An endogenous exon and egfp gene are fused in an in-
frame manner during the RNA-splicing via the splice ac-
ceptor sequence in the vector. The egfp expression level of
strain 23 was found comparable to that of the control
strain.

Finally, to determine the mode of vector integration in
the genome, the 9kb genomic DNA fragment flanking. the
mtegrated vector from stram 23 was recovered by using
the plasmud rescue method. In this rescue, 4 ¢ g of strain
23 genomic DNA were digested by Hpa 1 , and then the
resulting genomic fragments were self-ligated by using a
DNA Ligation Kit Ver.1 (TAKARA). The ligated and cir-
cularized DNA were transformed into E. coli DHI10B by
electroporation, and the resulting transformants of E. coli

were spread on a LB/ampicillin selection agar plate. Fach

5’ Laagtatatcagactgctgaagatcattgttagtggatcatcacacc

gaagctagcctttgectgttatacttgaactacaattagataccccecatatt

* ok koK
aaggagtacgtgcattcaggttgaccatccaagggcectcgtecgacaaag
* &

tPSH N BSRGE LU
dezacagata - egfp - | sC terminator
- ssamasasasd 111NN IARNNRNRNNN
—
PPTR-EGFP1

CcATGTCGGAGACAGCCAACTTTGTTGCTCCCTTGTCCCAAGGGTTTGGCT

M § E T A N F

v A P L 5 Q G F G

ATGGCATCATCGTTGGGTTAGGGTTCGCGTTTGCTTTGGETGATGGTTTTC

¥ G I I Vv & L G

A F A L Vv M V I

ATT&CCTGGGCCCTTAA&&ggtaagtgctacctcactttaccatggcm3’

I T w A L Kk

Fig.4 Nucleotide and deduced amino acid sequences of the flanking regions of the
vector integration site in the genomic DNA of strain 23
The 5' and 3' flanking genome sequences adjacent to the plasmud integration site are indicated by non-bold letters
and the plasmd sequence is indicated by bold letters. The upper-case letters indicate the coding region and the

lower-case letters mdicate non-coding region and putative mtron sequences. + indicates the cut-off point of genomic
DNA by Pst I during REMI. Underlined “"ctgeag" indicates recogmition sequence of Pst 1. * indicates putative
TATA. sequences. The square box indicates the structure of the vector (pPTR-EGFP1). The 3' flanking genome
region encodes the homologue of Saccharomyces cerevisiae DUR3, and deduced amino acid sequence is indicated

below the nucleotide sequence of the 5' end of the coding region of DUR3 homologue.



1kb sequences of the 5" and 3' flanking regions of the inte-
orated plasmid vector was determined, and the results are
shown 1n Fig. 4. Homology search of the 3' flanking se-
quence using BLAST on the NCBI website (http://www.
nchbi.nlm.nih.gov/) revealed that plasmid integration occur-
red near the 5" end of a gene homologous to yeast
DUR3'® which 1s the urea active transporter gene. The de-
duced amino acid sequences from nucleotide sequences of
the homologue of DIU/R3 are indicated in Fig.4. One hy-
pothesis for the plasmud integration 1s that the genomic
DNA of strain 23 is cut at the Psz 1 site existing between
the 5' regulatory sequence and coding region of the homo-
logue of DUR3, and then pPTR-EGFPI 15 integrated into
this Pst I site during REMI event (Fig.4)

In this study, we constructed a gene trap vector, pPTR-
EGFP1, and showed its usefulness not only for tagging un-
known genes but also for trapping endogenous promoter

activity. This achievement 1s the first step n constructing
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the gene disruption mutant library of A, oryzae. Although
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promoter activity than the "promoter probe" strategy de-
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RACE.

Based on our results, the gene trap vector, pPTR-
EGFP1, offers an effective tool for 1solating an unknown
gene by plasmmd rescue and by trapping the endogenous

promoter activity.
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