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Transformation of Brassica napus with Acid
Phosphatase Gene

Hyo Shin Lee, Dae Young Son* and Jin Ki Jo

Acid Phosphatase 7% Xt =Q[0f 2|3t FaH(hZe)e] ST

olzdl - £04F* - =T

13 kS

Gull(Nicotiana tabacum L. cv. Samsun)Z -] acid phosphatase - 2}g ¥l slo] A grobacterium
tumefacienss W& 3t - a(Brassica napus L. cv. Chungpoong)2 2] &3 Ao B3k A8E 3ty ot
3 2 234E AU

& 2.9 repressible acid phosphatase % x-¢1 pho5 DNAE- probe 2 Al-&-3}o] @ujj 2] genomic DNAZ H-Ej
Southern blot analysisE A A| &t A 3}, 9ol 9] genomeritol A Apase A x9] ZE <1319t} Apase
AAE Fastr] Aate], darAg Aeld 2o e 255 mRNAS &8 A S th, cDNA library &
FEeGoH, o library?] A8 452 A A3t 258 x 10° pfwme S LheF o] BuelA] Bas e
EE mRNAE I 3a= sloz #wug ot Z4H cDNA library2 28] phoS DNAE probez A} 3}of
screeningS Al Al &) 471 9] positive clonesS Ml om, A F4 AE9 24 W Southern blot
analysisE %3&}o] o]52 FU3 clonel &, 3.6kbe] cDNAE T dhal= Ro 2 vebyth 2aldh gl g
Apase 425 fFAE FA WEBE7] Hstel YHHEY plasmid pGA69S-1cAP1E FH3H31 0T,
Agrobacterium EHAlOlo] £1% %, Fa9 Ada Tujekate] €2 AE-S £ 5319t} Kanamycino]
#7hE A WA A2sE 4SAE L b Souther blot analysisE Faho] T} Apase 17
7h §309] genometell QEE A 02 £IE9 S S SIS

1. NTRODUCTION

It is well knwon that plants have evolved starvation
rescue systems composed of psi gene systems which

effectively act to increase the concentration of

exogenous Pi(Reid and Bieleski, 1970 ; Goldstein et al.,

1987). These coordinately expressed operons,

collectively called a psi regulon, have been studied

extensively in both bacteria and yeast(Torriant and
Ludtke, 1985: Yoshida et al, 1987). In plants, as a
component of psi system, acid phosphatase
(orthophosphoric-monoester phosphohydrolyase ; EC3.1.
3.2;Apase) catalyzes the hydrolysis of organic
phosphates of the acidic soil conditions(Boutin and
Roux, 1974). The enzyme has been purified and

characterized from a variety of plant species and the
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properties such as molecular subcellular

weight,
localization. different isozymes and optimum pH have
1965 ;
1970 ; Reid and Bieleski. 1970 : Zink and Veliky, 1979
1984 : 1986

Kevin et al.. 1994). it has also been demonstrated

been reported(Sommer and Blum, Laemmli.

McCain and Davies. Kummerrova,
about the enhanced activity in response to Pi starvation.
Ukei and Sato(1971) showed that synthesis of the
enzyme was induced by Pi-depletion and Reid and
Bieleski(1970) reported that Pi-depletion caused an
increase in the intracellular level of acid phosphatase.
Moreover, Goldstein et al.(1988) reported that the
enhancement of Apase activity occurred primarily in
root tissues during the early stages of Pi starvation in
the whole plant study, and the induction of the psi
response occurs within 24 h of transfer to the Pi-
depleted medium. There may be a wide spectrum of
plants to respond to Pi depletion. Some plants can
survive without Pi by induction of Apase to use
organic phosphates under acidic soil conditions while
other plants will die off because they have not
developed the Apase system genetically. If the plants
with poorly developed Apase gene are transformed
with Apase gene they can survive under Pi depleted
conditions.

We have cloned Apase gene from the tobacco plant
and have made some transgenic canolas(Brassica
napus) by the binary vector system of A grobacrerium

tumefaciens.

II. MATERIALS AND METHODS

1. Plant materials, DNA probe preparation,
and standard DNA techniques

Nicotiana tabacum L. cv. Samsun and Brassica

napus L. cv. Chungpoong were cultivated in a

greenhouse under a regime of 16 h light(28°C) and 8 h
dark(20C).
Plasmid pVC727G containing a repressible acid

phosphatase genc of yeast, pho3. was from professor
Yongil Hwang of Kyungnam University. It was used as
a probe for screening of Apase ¢cDNA from a tobacco
c¢DNA library.

DNA probes for hybridizations were labeled with
[@ -7P] dCTP(Amersham) by means of the random
primer labeling procedure of Feinberg and Vogelstein
(1984) using a kiAmersham), and purified using a
Sephadex G-50 Quick Spin  Column(Boehringer
Mannheim). Preparation of phage and plasmid DNA,
restriction enzyme

digestion, agarose gel

electrophoresis and bacterial transformation were
carried out with standard procedures(Sambrook et al.,

1989).
2. Southern blot analysis

Genomic DNA was isolated from leaves of tobacco
according to the method described by Murray and
Thompson(1980). Genomic DNA was digested with
restriction enzymes and 10 g g/lane was separated on
0.8% agarose gel, then transferred to Hybond-N" nylon
membrane(Amersham).

The membrane was prehybridized for 3 h at 42C
in a buffer containing 50% formamide, 5 x SSC, 5§ x
Denhardt’s solution, 50mM Na-Pi(pH 6.5), 0.1% SDS
and 100mg/m¢ denatured salmon sperm DNA.
Hybridization was performed for 18 h at 42C in the
same solution supplemented with ¢ -*’P labeled probe
DNA. The membrane was washed twice in 2 X SSC-
0.1%(w/v) SDS for 30 min and once in 0.1 X SSC-
0.1% SDS for 30 min at 42°C, and exposed to an X-

ray film with an intensifying screen at —70°C for 3

days.
3. cDNA library construction and screening

In order to induce the expression of psi Apase gene,
4-week old tobacco plants were water-cultured in Pi-
free MS medium(pH 5.2) for 3 days.

RNA was isolated from

Total tobacco roots,
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extracted with 4 M guanidine isothiocyanate and
ultracentrifuged in a 5.7 M CsCl solution. Poly(A)"
RNA was purified from the total RNA by oligo(dT)-
cellulose column chromatography.

Double stranded c¢DNAs were synthesized from
1.32 g of Poly(A)" RNA using reverse transcriptase,
cloned into the EcoR 1 site of the A gt 10 vectors, and
they were packaged in vitro according to the manufac-
turer’ s protocols(Amersham).

The tobacco ¢cDNA library was plated on 90 mm
petridish at a density of 1.5 x 10" plaques per plate.
The plaques were transferred onto a nylon membrane.
Prehybridization, hybridization, and membrane washing

were performed as described in Southern blot analysis.

4. Construction of expression vector and
transformation of plant tissues

For transferring tobacco Apase gene into Brassica
napus, the 3.6 kb tobacco Apase cDNA was inserted
site of pGA69S.
expression vector, pGA695-tcAP1 had 35S promoter

into Hind I The constructed
to be expressed constitutively in plants and NPT I

gene  for kanamycin  selection. Agrobacterium
tumefaciens EHA101 was used for transformation of
plant tissues.

Transformation of plant tissues was performed as
described by Son et al. (1994) and An et al.(1986).
The sterilized Brassica napus cotyledonary petioles
were  infected

pGA695-tcAPI.

with  Agrobaterium cells
After

harboring
co-cultivation for 3 days,
Agrobacterium cells were washed out with sterilized
MS medium and placed on shoot induction medium
containing kanamycin(30mg/¢ ). The transformed
Brassica napus shoots were selected with kanamycin
resistance and transferred to root induction medium
containing kanamycin(30mg/¢ ). Finally, the transgenic
plants were transplanted to soil medium. For another
confirmation of transformation, the Southemn blot

analysis was also conducted.

II. RESULTS AND DISCUSSION

DNA and
confirmation of tobacco Apase gene

1. Preparation of probe

in the genome
A repressible acid

phosphatase  gene of

Saccharomyces cerevisiae, pho5, was used for

screening of tobacco Apase cDNA. Activity staining of
Apase of S.
pVC727G and isolation of pho5 DNA from pVC727G

cerevisiae NA87-11A with plasmid

were described previously by Kim et al.(1993).

In order to identify Apase gene in tobacco genome,
Southern blot analysis was performed(Fig. 1). Genomic
DNA was digested to completion with BamH I, EcoR
I or Hindlll and probed with labeled 1.5 kb pho3.

23.1p

94 p
6.6 p

44p

Fig. 1. Southern blot analysis of Nicotiana
tabacum L. genomic DNA. Ten ug
of tobacco genomic DNA was diges-
ted with BamH [ (B), EcoR [ (E) or
Hind TI(H). The blot was hybridized
with the ¢ — 3P labeled pho5 DNA.
Numbers on the left-hand side are
the length in kb of DNA size markers.

—-287—



The probe hybridized strongly to the 6.5 kb band in
EcoR I or Hind III-cut DNA(Fig. 1. lane E and H),
and to the 10.5 kb and 5.5 kb bands in BamH [ -cut
genomic DNA(Fig. 1. laneB). These results suggest
that the Apase gene may be present as a single copy,
or at most two or three copies, in tobacco genome.
Since the size of each distinct band in lane B, E and H
-is about 5.5~10.5 kb, there may be a chance of having

two or three copies of a related gene that are closely

linked in the tobacco genomic DNA fragment.

2. cDNA library construction and screening

Preparation of nucleic acids

A number of studies demonstrated that the
intracellular and/or extracellular Apase activity were
enhanced in response to Pi depletion(Reid and Bieleski,
1970 Ukei and Sato, 1971). Moreover, Goldstein et al.
(1988) reported that the enhancement of Apase activity
occured primarily in root tissues during the early
stages of Pi starvation in the whole plant study, and
the induction of the psi response occurred within 24 h
of transfer to the Pi-depleted medium. In this

experiment, for  inducing  phosphate-starvation
inducible acid phosphatase mRNAs, 4 weeks old
tobacco plants were water-cultured in Pi-free MS
medium(pH 5.2) for 3 days. 4.1mg of total RNA was
isolated from 20g of - Pi treated tobacco roots. A,/ A
of total RNA was 191 and A,,/Ay, was 1.95.
Accoding to this data, isolated total RNA was pure
without proteins and/or polysaccarides. Poly(A)" RNA
was purified from total RNA by two cycles of
chromatography on oligo(dT)-cellulose and it was
scanned from 200nm to 300nm with a
spectrophotometer. Using oligo(dT) cellulose column
828 ug of poly(AY RNA was
obtained from 4.Img of total RNA and its A,g/Axg,

was 1.95.

chromatography,

Construction of cDNA library

The amount of synthesized cDNA was determined
using liquid scintillation counter. It was revealed that
42% of mRNA template was converted to first strand
c¢DNA and 88.9% of the first strand cDNA to second
strand cDNA. Obtained cDNAs were attached with
EcoR | adaptors, kinased to EcoR I ends, ligated
with A gt 10 vector arm DNA, and then they were in v
itro packaged into A phages. The plaque forming unit
of the library was 2.8 % 10° pfu/m¢ which might be

enough to cover all the expressed mRNAs.

Fig. 2. Southern blot analysis of tcAP-1 DNA.
tcAP-1 DNA was digested with EcoR
I (1), or undigested(2). The blot was
hybridized with the ¢ —*P labeled
pho5 DNA. Arrow on the left-hand
side showed 3.6 kb Apase gene.

Screening of cDNA library
Using pho5 as a probe,
150,000 phages in the ¢DNA library, 21

out of approximately
positive
plaques were retrieved. Among 21 positive plaques,
four plaques hybridized strongly with the probes were
used for further study. Restriction mapping and
Southern blot analysis of ¢cDNA inserts revealed that

four clones were all identical(tcAP-1). In agarose gel
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electrophoresis of EcoR 1 digested tcAP-1 DNA, we
observed about a 3.6 kb ¢cDNA band(Fig. 2A) which
hybridized strongly with the pho5 probe labeled with a
random primer(Fig. 2B). These results suggested that
the 3.6 kb clone contained the tobacco acid phosphatase
cDNA.

3. Construction of expression vector and
transformation of plant tissues

Construction of plasmid pGA695-tcAPI
Plasmid pGA695-tcAP1  was constructed by
subcloning tobacco Apase ¢cDNA into the Hind III site
next to 358 promoter in pGA695, and it could be

expressed constitutively in plants(Fig. 3).

2
2
=

tcAP1

pCaMV35s

pGA695-tcAP1

Fig. 3. The structure of expression vector,
pGA695-tcAP1. The 3.6 kb Apase
cDNA fragment of tobacco was
inserted into HindII site of pGAG95.
nptll, neomycin phosphotransferase
typel gene; Tc, tetracycline resist-
ance gene; Tnos, nopaline synthase
terminator; BR, T-DNA right border;
BL, T-DNA left border.

E. coli strain XLl-blue was transformed with
pGA695-tcAP1 and was grown at the LB medium
cont‘aining 50 ug/m¢ of kanamycin and 10 zg/m¢ o-f
tetracycline. Transformed colonies were selected and
the correct positioning of tobacco Apase ¢cDNA in
pGA695-tcAPl between CaMV(Cauliflower Mosaic
Virus) 358 promoter and NOS(Nopaline Synthase)
terminator was confirmed with restriction mapping.
When pGA695-tcAPl was digested with Hind TII,
about a 12 kb band and a 3.6 kb band were observed
as expected. This constructed plasmid pGA695-tcAP1
was used for making transgenic Brassica napus
plants. A. tumefaciens EHA10l was transformed
with the constructed pGA695-tcAPl by two cycles of

freeze-thaw method. The transformed colonies were
selected on YEP medium containing 50 yg/m¢ of

kanamycin and 100 zg/m¢ of rifampicin.

Transformation of Brassica napus plants

The Brassica napus cotyledonary petioles were
cocultivated with the transformed Agrobacterium
suspension(10° cells/m¢ ) for 72 h and were transfer-
red to MS medium with 0.5mg/{ NAA, 2.0mg/{ BA,
30mg/¢ 100mg/ ¢ 30g/¢
sucrose, 3mg/¢ AgNO; and 2g/¢ gelrite. The cotyled-

kanamycin, cefotaxime,
onary petioles transferred to the selection medium
formed green shoots(Fig. 4A). Transformed shoots
were induced vigorously in the cocultivated cotyledo-
nary petioles while shoots were not formed in the
uncocultivated cotyledonary petioles. The transformed
and regenerated plants(Fig. 4B) were transplanted to
soil medium for sampling for the confirmation of

transformation.

Confirmation of transgenic Brassica nap-

us plants

Genomic DNA was extracted from both the
transgenic and nontransgenic Brassica napus plant
leaves. Both DNAs were full-digested with Hind III

and agarose gel electrophoresed for Southern blot
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Fig. 4. Production of transgenic Brassica. napus plants.
A. Shoot formation from cotyledonary petioles on selection medium.
B. Normal green plant selected from the medium with kanamycin.

Fig. 5. Southern blot analysis of transformed
B. napus plants. Ten xg of B. napus
genomic DNA was digested with
Hind[I. The blot was hybridized with
the o — %P labeled tobacco Apase
gene. Lane C: wild type plant. Lane 1
— 3: transgenic plants. In lane 1, 2
and 3, a band of 3.6 kb showed
tobacco Apase gene.

analysis. Capillary transfered DNA to nylon membrane
was hybridized with o -7P labelled tobacco Apase
cDNA as a probe. Onc band was observed at about
3.6 kb range in transgenic plants while no band was
shown in nontransgenic control plant(Fig. 5). These
results indicated that a

foregin gene  was  stably

integrated in genome of B. napus plants.

V. SUMMARY

This study was conducted to obtain the transgenic
Brassica napus plants with tobacco Apase gene using
the binary vector system of Agrobacterium tume-
Jfaciens. The results obtained were summarized as
follows: A repressible acid phosphatase gene of
Saccharomyces cerevisiae, pho5 was used for
screening of tobacco Apase ¢cDNA. In order to identify
Apase gene in tobacco genome, Southern blot analysis

was performed and the Apase gene may be present as
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a single copy, or at most two or three copies, in
tobacco genome. To isolate the tobacco Apase gene,
tobacco ¢cDNA library was constructed using purifed
mRNA from -Pi treated tobacco root and the plaque
forming unit of the library was 2.8 x 10° pfu/m¢,
therefore the library might cover all expressed mRNAs.
Using pho5 as a probe, tobacco Apase c¢DNA was
cloned, and restriction mapping and Southern blot
" analysis of cDNA insert were revealed that the 3.6 kb
c¢DNA contained tobacco acid phosphatase cDNA.
Plasmid pGA695-tcAP1 was constructed by subclo-
ning tobacco Apase cDNA into the Hind TI site of
pGA695 with 35S promoter which can be expressed
constitutively in plants. The Brassica napus cotyledon-
ary petioles were cocultivated with the A grobacterium
and transferred to the selection medium. The trans-
formed and regenerated plants were transplanted to soil
medium. Southern blot analysis was done on the
transformed plants, and it was confirmed that a foregin
gene was stably integrated into the genomes of B.

napus plants.
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