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Acquisition of Thermotolerance in the Transgenic Plants with
BcHSP17.6 cDNA
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I. INTRODUCTION

In response to high-temperature stress, plants and
other organisms synthesize a discrete set of proteins
known as Heat Shock Proteins (HSPs) that are
hypothesized to prevent and/or repair stress-induced
damage (Lindquist and Craig, 1988). In higher plants,
Low Molecular Weight (LMW) HSPs with molecular
masses between 15- and 30-kD are the major proteins
synthesized during heat stress and can accumulate to
more than 1% of total leaf cell protein (Mansfield and
Key, 1987; DeRocher et al., 1991; Hsieh et al., 1992).
Four gene families of LMW HSPs
characterized in plants (Vierling, 1991). The class |

have been

and class]] families encode cytoplasmic proteins, and

the other two families encode endomembrane- and

chloroplast-localized proteins. Although there is good
evidence for HSPs in the HSP90, HSP70 and HSP60
(Gething and
Sambrook, 1992), the function of the LMW HSPs is

unknown. It is known, however, that they are critical

classes as “molecular chaperones”

for plant survival by considering the facts of their evol-
utionary conservation and presence in three different
cell compartments.

In this experiment, we transformed tobacco plants as
a model plant with BcHSPI7.6 (Thermotolerance gene,
GenBank Accession Number; AF022217), a cytoplas-
mic class ] LMW HSP gene derived from Chinese cab-
bage (Brassica campestris M.) by binary vector system
of Agrobacte-rium tumefaciens. We confirmed the ex-
pression of the introduced gene and the survival of the

transformed plants at otherwise lethal temperature.
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II. MATERIALS AND METHODS

1. Plant, Bacterial Strains and Plasmids

Nicotiana tabacum cv. Samsun was cultivated in a
greenhouse under a regime of 16 hours light (287C)
and 8 hours dark (20°C). The plants were used as a
model plant in the transformation experiments.

Bacterial strains used as host organisms for DNA
transformation or transfection were Escherichia coli
HB101, DH5 o, and BL21(DE3), and A grobacterium
tumefaciens LBA4404.

Plasmid pBLH4,
BcHSP17.6

Number;

constructed by
c¢DNA fragment (GenBank Accession
AF022217) BamH |

pBluescript T SK(+) vector, was used as the source of

subcloning

into the site  of
BcHSP17.6 which was the cloned gene encoding class
I LMW HSP from Chinese cabbage (Brassica
campestris M.) cDNA library. The plasmid pBKH4
was constructed by subcloning BcHSP17.6 ¢cDNA frag-
ment from pBLH4 into the BanH 1 site of pBKSI1-1.
The binary vector pBKS1-1 is a pBI121 derivative that
contains a NPTII gene, a selective marker for plant
transformation conferring kanamycin (Km) resistance
(neomycin phosphotransferase II gene braked by the
promoter and terminator of the nopaline synthase gene,
nos) and a 35S promoter for constitutive expression of
transferred insert DNAs in plants. The expression
vector, pETH4 was also constructed by ligation of Nco
I digested pET-3d vector and BcHSP17.6 cDNA.
Preparation of competent cells and transformation of E.
coli were conformed as Dower et al. (1988) and
Taketo (1988) methods. The plasmid DNA was
transfered into A. tumefaciens as described by Holster
et al. (1978: freeze thaw method).

2. Media and Culture Conditions

E. coli strains of HB101, DH5 ¢, and BL21(DE3)
were grown in Luria-Bertani (LB) medium at 37C. 4.
tumefaciens LBA4404 was cultured in YEP medium
(1% of Bacto-peptone, 1% of Bacto-yeast extract and

0.5% of Sodium chloride) at 28C. Selective antibiotics
used were ampicillin (50 zg/ml), kanamycin (50 xg/ml
or 100 xg/ml) and rifampicin (100 xg/ml). Transformed
plant tissues were cultivated on Murashige-Skoog me-
dium (MS) supplemented with kanamycin at 100 gg/ml
and cefotaxime at 200 xg/ml. For overexpression of
17.6-kD HSP in BL21(DE3), IPTG was added.

3. Transformation of Plant Tissues

Transformation of plant tissues was confirmed as de-
scribed by Kim et al. (1993). Sterilized tobacco (V.
tabacum cv. Samsun) leaves were sliced into 1 cm?
sections and infected with Agrobacterium cells
harboring pBKH4. After co-cultivation for 24 hours,
Agrobacterium cells were washed with sterilized MS
medium and placed on shoot induction medium con-
taining kanamycin (100 zg/ml) and cefotaxime (200 ;g/
ml). The transformed tobacco shoots were selected
with kanamycin resistance and transferred to root in-
duction medium containing kanamycin(100 y.g/ml).
Finally, the transgenic plants were transplanted to soil

medium.

4. Southemn Blot and Nothern Blot Analysis

Genomic DNA was isolated from leaves as de-
scribed by Murray and Thompson (1980). Genomic
DNA was digested with restriction endonucleases and
subjected to electrophoresis in 0.8% agarose gels.
Total RNA was
(Vierling et al., 1986), then subjected to electrophor-

isolated as described previously

esis in 1.2% agarose gels. DNA and RNA were blotted
on to Hybond-N+ nylon membranes (Amersham Co)
in accordance with standard protocols and hybridized
with labeled HSP17.6 ¢DNA, respectively. P labeled
HSP17.6 ¢DNA probes were prepared as described by
Krug and Berger (1987). Hybridization was performed
at 42°C overnight in 50% formamide, 10% dextran
sulfate, 1% SDS, 0.1 mg/m¢ denatured salmon testis
DNA, and labeled probes (5x106 cpm/mt). Then the
filters were washed twice in 2 X SSC-0.1% SDS for 30
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minutes and once in 0.1 XSSC-0.1 % SDS for 30

minutes at 42C.

5. Antibody Preparation

Antibody against cabbage HSP17.6 was generated
using antigen expressed protein in E. coli. For prep-
aration of antigen, 17.6-kD HSP band identified by
Coomassie blue staining was cut out of the gel separ-
ately and washed thoroughly with distilled water. The
isolated protein was used to generate antibody in New
Zealand white male rabbits. Two weeks after the final
injection, 20 m¢ of blood was drawn from the ear vein
and allowed to clot at room temperature for 1 hand
then left overnight at 47C. The serum was collected by
centrifugation and used as polyclonal antibody.
confirmed by double
immunodiffusion method (Ouchterlony and Nilsson,
1986).

Prepared antibody was

6. Protein lIsolation and Ouchterlony Double
Diffusion

Total protein extracts were prepared following the
method of Hurkman and Tanaka (1986) with slight
modifications. Tissues were ground to a fine powder
(500 «g) and was adjusted in a microfuge to 600 x|
with 0.7M sucrose, 0.5M Tris-HC1, pH8, 5SmM EDTA,
0.IM NaCl, 300mM 2-mercaptoethanol, and 2mM
PMSF. Phenol was added and the mixture was
vigorously shaken at room temperature for several
minutes. Two phases were separated by centrifugation
and the upper phenol phase was collected. Proteins
were precipitated from the phenol phase with 5
volumes of 0.IM ammonium acetate in methanol at
-20TC. After centrifugation, the pellet was washed
three times with methanolic 0.1M ammonium acetate
and once with acetone. The protein was solubilized in
50mM Tris-HCI, pH6.8, 100mM DTT, 2% SDS and
10% glycerol, and stored at -20C.

Double diffusion was performed as described by
Ouchterlony and Nilson (1986). One hundred m¢ of 1%

agarose in the 0.5xTBE buffer was heated slowly to
dissolve the agarose. It was distributed into the plastic
90mm diameter Petri dishes and allowed to cool on
level bench with lids off. A series of holes in agarose
plates was formed by punching with a well-sharpened
3 or 4 mm cork borer. Each well was filled with
50~70 1 of either antibody or protein isolated from

transformed tobacco leaves or other samples.

7. Determination of Heat-Killing Temperature

Non-transformed tobacco (V. tabacum cv. Samsun)
and transformed tobacco with pPBKH4 harboring LMW
HSP ¢cDNA were grown in a greenhouse. For determi-
nation of heat-killing temperature, non-transformed
tobacco were planted in flower pots. These plants were
grown in a greenhouse for one month, and then were
exposed to several steps of high temperatures around
507 for 5, 10, 15, 20, 25 and 30 minutes.

III. RESULTS AND DISCUSSION
1. Construction of Pasmids pETH4 and pBKH4

To overexpress 17.6-kD HSP, we constructed pETH4
expression plasmid harboring BcHSP17.6 c¢DNA
(GenBank Accession Number; AF022217). This
constructed plasmid was confirmed by agarose gel
electrophoresis after digestion with Hind[Il restriction
endonuclease. The plasmids containing BcHSP17.6
c¢DNA were named pETH4 (sense) and pETH4(-—)
(antisense) according to the direction of inserts. As
expected, 1.16 and 0.6 kb bands were observed on
HindTl restriction endonuclease digestion, respectively
(Fig 1[A]).

The plasmid pBKH4 was constructed by subcloning
BamH ] restriction fragment (BcHSP17.6 cDNA)
from pBLH4 into the BamH] restriction site of
pBKS1-1. The E. coli HB101 was transformed with
constructed pBKH4 and was grown at the LB medium
containing 50 #g/ml of kanamycin. A. rumefaciens
LBA4404 was also transformed with pBKH4. The
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[A]

[B]

Fig. 1. Agarose gel electrophoresis of constructed pETH4 and pBKH4 plasmids.
[A] Agarose gel electrophoresis of pETH4 and pETH4(—) plasmids. A, HindII di-
gested A DNA Marker; Lane 1, Nco | digested pETH4; Lane 2, Hind1ll digested pETH
4; Lane 3, Nco 1 digested pETH4(—); Lane 4, Hind T digested pETH4(— ).

[B] Agarose gel electrophoresis of plasmid pBKHA4.
Lane 1, EcoR 1 digested pBKH4; Lane 2, Xbal digested pBKH4; Lane 3,

Marker;
BamH 1 digested pBKH 4.

transformed colonies were selected on YEP medium
containing 50 xg/ml of kanamycin and 100 pzg/ml of
rifampicin. When pBKH4 plasmid was digested with
BamH | BcHSP17.6
c¢DNA band was observed on 0.8% agarose gel. (Fig 1
BD).
for production of transgenic tobacco plants with
expression of BcHSPI17.6 c¢cDNA driven by 358

restriction endonuclease, the

This constructed plasmid pBKH4 was used

promoter.

2. Antibody Production and Characterization

To study the expression of the 17.6-kD HSP in
transgenic tobacco plants, antibody specifically recog-
nizing the HSP17.6 protein was generated. 17.6-kD
HSP produced in transformed E. coli by pETH4
plasmid was used as an antigen.

For overexpression of LMW HSP in transformed E.
coli with pETH4 plasmid, IPTG was added in LB

medium. When overexpressed protein was isolated and

A, HindTl digested 1 DNA

ran on the SDS-PAGE gel, 17.6-kD bands were
observed at lanes from transformed E. coli with pETH4
(from lanes 2 to 6), while it was not observed at lanes
from transformed E. coli with pET-3d (lane 1) or with
pETHA4(-) (lane 7) (Fig 2[A]). The arrow indicates 17.6
-kD protein bands. We confirmed that expression of 17.
6-kD protein was observed only at transformed E. coli
with pETH4. )

Antibody production was confirmed by double dif-
fusion as described by Ouchterlony and Nilsson (1986),
where the precipitin line was observed between anti-
body and antigen, while not observed at 0.5xTBE
buffer including proteins induced from pETHA4(-) or
pET-3d (Fig 2(B)).

used in experiments for analysis of the expression of

The polyclonal antiserum was

17.6-kD HSP in transgenic tobacco plants.

3. Transformation of Tobacco Plants

Tobacco leaf discs were cocultivated with the
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[B]

Fig. 2. Expression and antibody production
of 17.6-kD HSP.
[A] SDS-PAGE of 17.6-kD HSP in E.
coli BL21(DE3). M; protein size
markers. Lane 1, E. coli BL21(DE3)/
pET-3d (100 g of protein). Lane 2-6;
E. coli BL21(DE3)/pETH4 (50-250 g
of protein). Lane 7; E. coli BL21(DE3)/
PETH4(-) (100 g of protein).
[B] Ouchterlony double immunodif-
fusion patterns of 17.6-kD HSP from
the recombinant expression plasmids.
The center well (A) contains anti-
serum against HSP17.6. The sur-
rounding wells contain total protein
induced from pETH4 (B), pETHA4(-)
(C), pET-3d vector (D), and 0.5 x TBE
buffer (E).

transformed A grobacterium suspension (10® cells/ml)
for 24 hours and transformed shoots were selected on
MS-n/B medium containing 100 zg/ml of kanamycin
and 500 xg/ml of carbenicillin. Shoots were induced
vigorously from the cocultivated leaf discs but not
from the uncocultivated leaf discs. Shoots were also
induced vigorously when antibiotics were deleted from
MS-/B medium. Roots were induced better with a
half strengh of micronutrients containing 100 zg/ml of
kanamycin and 500 xg/ml of carbenicillin. Shoots were
induced about 20 days after inoculation whereas it
took 35 days for roots (Fig 3). These results were well
agreed with the results of Kim et al. (1993). The
transformed and regenerated plantlets were transplan-
ted to soil medium for the confirmation of transforma-

tion and of the gene expression.

Fig. 3. Regeneration of Transformed Tobacco
Plants. A. Shoot emergence; MS-n/B
medium containing kanamycin (200 .g/
ml) and carbenicillin (500 xg/ml) (a,
Cocultivated tobacco; b, Noncocul-
tivated tobacco). B. Root emergence;
MS medium with 1/2 volume micro-
nutrients containing kanamycin (200 ..g/
ml) and carbenicillin (500 xg/ml). C.
Regenerated transgenic tobacco plant
in glass bottle. D. Transgenic tobac-
co plants in flowerpot.
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4. Confirmation of Tansgenic Tobacco Pants

Transformation of Tobacco plants was confirmed by
Southern . blot, Northern blot, and Ouchterlony double
immunodiffusion. Genomic DNAs were extracted from
transgenic and non-transgenic tobacco plant leaves.
These genomic DNAs were full-digested with BamH I,
and then agarose gel electrophoresed for Southern blot
hybridization. When the result was analyzed by
Southern blot using «-?P labelled BcHSP17.6 cDNA

fragment as a probe, one band was observed at about

0.7 kb range in transgenic plants, while no band was
shown in non-transgenic plants (Fig 4 [A]).

We also isolated total RNAs from transgenic and
non-transgenic tobacco plants, and Northern blot analy-
sis was performed using the same probe as in Southern
blot analysis. In the Northern blot analysis, one RNA
band was detected in transgenic plant, but there was no
band in control plants (Fig 4 [B]). This suggests that
the isolated BcHSP17.6 cDNA was expressed normally
in transgenic tobacco plants.

When the expression of BcHSP17.6 ¢cDNA inserted

[A] (B]

(€]

Fig. 4. Southern blot analysis, Northern blot analysis and Ouchterlony double immunodiffusion

patterns in transgenic tobacco plants.

[A] Southern blot analysis of genomic DNAs using 2P labeled BcHSP17.6 cDNA frag-
ment as probe DNA. Lane C, nonfransgenic tobacco (BamH 1 digestion; Lane 1-3,
transgenic tobacco (BamH | digestion), Arrow indicates BcHSP17.6 cDNA insert bands.
[B] Northern bolt analysis of total RNAs. Total RNAs isolated from transgenic and non-
transgenic tobacco plants were electro-phoresed in formaldehyde/1.5% agarose gel, and
Northern blot analysis was performed using 2P labeled BcHSP17.6 cDNA fragment as
probe DNA. Lane 1, non-transgenic tobacco; Lane 2, transgenic tobacco.

[C] Ouchteriony double immunodiffusion patterns. The center well (A) contains anti-
serum against 17.6-kD HSP. The surrounding wells contain 0.5 x TBE buffer (B), antigen
used for antibody induction (C), total protein extracts of non-transgenic tobacco plants
(D), and total protein extracts of transgenic tobacco plants (E).
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was analyzed by Ouchterlony double immunodiffusion
(Ouchterlony and Nilson, 1986), the precipitin lines
were observed both between antibody and total protein
isolated from transgenic plants and antigen used for
antibody induction, while it was not observed between
antibody and other samples containing total proteins
isolated from non-transformed tobacco plants (Fig 4
[C]). This suggests that the introduced BcHSP17.6
c¢DNA was constitutively expressed by 35S promoter
in transgenic tobacco plants. This result has alrea&y
been anticipated by the results of Southern and North-

em blot analyses.

5. Determination of Thermotolerance in
Transgenic Tobacco Plants

Transgenic and non-transgenic tobacco plants were
planted in flower pots and were grown in a greenhouse
for 1
temperature, only non-transgenic tobacco plants were
exposed to 50°C for 5, 10, 15, 20, 25 and 30 minutes,
respectively, and then they were observed for 5 days at

month. For determination of heat-killing

28C. All the non-transgenic plants treated for more
than 15 min at 50°C died five days later. By this result,
we determined the heat-killing temperature of tobacco
plants (N. tabacum cv. Samsun) to be 50T for 15
minutes. According to this result of  heat-killing
temperature, when transgenic tobacco plants with
BcHSP17.6 ¢cDNA were exposed to 50T for 15
minutes, they were slightly damaged or not damaged in
appearance at all as shown in the Figure 5. Therefore,
we suggest that the BcHSP17.6 ¢cDNA introduced to
tobacco plants is related to thermotolerance, and that
the 17.6-kD HSP acts as a protector from heat damage
in plants, that is, the 17.6-kD HSP may act as a
‘molecular chaperone’'. If this hypothesis is correct,
cereal species, vegetables, forages, and the other culti-
vated plants which are sensitive to high temperature
will be better cultivated and produced under high tem-
perature  condition with this
BcHSP17.6 cDNA.

by transformation

(T]

Fig 5. Thermotolerance of tobacco plants
transformed with the BcHSP17.6
cDNA. All plants were treated at 507C
for 15 min. [C] ; Control plant (Non-
transgenic). [T]; Thermotolerant plant
(Transgenic).

IV. SUMMARY

Recombinant plasmid, pBKH4, containing NPT I
and P35S-BcHSP17.6 was constructed by ligation of
BamH ] -digested  pBKSI-1 and BcHSPI17.6
(thermotolerance gene) from pBLH4. The tobacco leaf
disc was cocultivated with transformed Agrobacterium
bearing pBKH4 for 24 hours and

transformed shoots were selected on MS-n/B medium

tumefaciens

containing 100 ug/ml of kanamycin. Heat-killing tem-
perature of Nicotiama tabacum was 50C for >15min,
and transformed tobacco plants with BcHSP17.6
cDNA exhibited thermotolerance at the heat-killing
temperature. The transgenic plants were analyzed by
Southern blot hybridization with the probe of ¢ -2P
labelled BcHSP17.6 ¢cDNA fragments to confirm the
stable integration of BcHSP17.6 ¢DNA. Transcription
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