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Abstract

To investigate the function of chloroplast small heat shock protein (HSP), transgenic tobacco plants (Nicotiana tabacum
L cv. 5R-1) that constitutively overexpress the rice chloroplast small HSP (Oshsp26) were generated. Effects of
constitutive expression of the Oshsp26 on thermotolerance were investigated with the chlorophyll fluorescence. After
5-min incubation of leaf discs at high temperatures, an increase in the Fo level, indication of separation of LHCII from
PSII, was mitigated by constitutive expression of the chloroplast small HSP. When tobacco plantlets grown in Petri
dishes were incubated at 52°C for 45 min and subsequently incubated at 25°C, leaf color of wild-type plant became
gradually white and all plantlets were finally died. Under the conditions in which all the wild-type plants died, more
than 80% of the transformants remained green and survived. It was also found that the levels of Oshsp26 protein
accumulated in transgenic plants were correlated with the degree of thermotolerance. These results suggest that the
chloroplast small HSP plays an important role in protecting photosynthetic machinery, as a results, increases
thermotolerance of whole plant during heat stress.

Key words — Chloroplast, photosynthesis, small HSP, transgenic plant, thermotolerance

M 2 ol H&F 4= e 538 heat shock protein (HSP)

olgt v dido] AXZ WX FELPF 2N Fo

AEAC dojA WER e AE 5 e 228E g (1] AGAE YA FRFHE Fa HSPoﬂh 7z
of wlde) Bagel Al Be} 3 5 2R 2R

*To whom all correspondence should be addressed olA=d, & HSP100, HSP90, HSP70, HSP60 2 %2}
Tel : 82-55-751-5418, Fax : 82-55-751-5410 ] ' ' ' v

E-mail : hyun@nongae.gsnu.ac.kr & 15~30 kDa2] A A+ HSP (small HSP)E e

Vol. 13. No.1(2003. 2) / 83



a448 - =

[11]. o]& & 4Eo oA 71 o] #FdHE Ao
small HSPEo| Ex& 20 kDa w9]2] HSP20 super
family2 ¥4 8cH2023).

215 lo]A small HSP §-AAEL 89 codeH o] 9
o, 2% @¥do] ERste AME WY ¥
endoplasmic reticulum (ER) g
qY2 YrolAn] 145
Z3 379 small HSPoA 2eA wlsl o] A&
small HSPE= 7 ©ulde) C-2ao) oF 100749 ofr=
20 2 FLAEE consensus 1 2 112} Bgle AZAo] &=
& HEGFE 7L An2022.23]. &9, GEA A A
3} small HSP= M Z Ao A precursor B A2 A7
T HFHoE 4EAR £FH J)F3T21]. o] vud
9 EAHoZe TE small HSP7F 2Eoz 7HAe
consensus [, [[9) ol N-Ztt Zo consensus Illg} E&lv
methionine #7|7} %& T 3o BEYYS 71AT2.
22 ol 47 of Bude) A)5ol el 48 ¥
A AA 4t HTo] Ao 93t small HSPE heat
stress dloll A HE&FaF 200~800 kDae] E3HAE 3 Al
AE W Eade) WawA 9 Buaze $3 58 B
8} molecular chaperone®. ZA 7)% shE Aol WA
ATH10,11,17,23]. & 53 HSPE9 A W 247 2
29 Q4 85 Aolo] 4BBA} gl BrET 3
tH1,3,4,10,16]. o]&)& A#AEL small HSP7} 2189 U
A 859 9JolA 283 /)5S WdEln QS-S oln gk

el & ATAAE G AGE smal HsPo
715 ‘51*0]3174 o] FAAE WHse ¥4
A|zdte] 42X %A ¥ small HSP7} 4 Ex ] 1 144"“*

2 2eY 4 YuA ARE 2ASGT,

cytosol, chloroplast,

mitochondriumol] &3}

it

Tz 2

EAME AlEHe M=

H (Oryza sativa L., cv. Nackdongbyeo)9] ¢cDNA library
Z23E Edg 954 small HSP ¢DNA9]E & &3
vectord] pIG121Hm{7]o] =& F,
tumefaciens LBA44049] & A A3 A7t} Leaf discs o] &
st 2l (Nicotiana tabacum L. cv. SR-1)Q] FAHGL Lee

S8el o g stk AEstE FAMG HEA (T)e

Agrobacterium

84 / Agst3A

7] - o] H

ok

100 pg/mle] kanamycino] 3H5-2 MSH| 2|[14]o] 4] A

g & A7t S Botd 4 (T)E AEsAnh T £
£ 100 pg/mle] kanamycino] -f¥ MSujx|o] T4
&to] kanamycin WANA S Aukste] WAAA Z2L (Ty)
 AFF F, oA DA #Este] A AL
kanamycin W4 S 7A & ¢AE Adste] Agd ALg-3}

At

o
ofN 4 ru“:

Southern blot, Northern blot % PCR £4

ARG HEA N A} ZUHACAE &
—r]’o‘}o% Lee 5[8]9] Wl F3}4 genomic DNAE
g % Southern blot #4102 stk £ &
7} FAA o2 W33 =AE Northern blot 2402 3
3t} Total RNAE guanidine thiocyanate %[12]0. 2
2] 8t4th. Total RNA (5 pg)E 0.6 M formaldehydeZ -5
g 1% agarose gelZ A7
dyne A, Pall BioSupport, NY)oj| transfers}e] P a-
beling3t Oshsp26 ¢cDNA2] 5-%§ 9] specific probeZ hy-
bridizationd}¢{t}. Hybridization- 50% formamider} 3%
3Hg hybridization buffero] A 42°C, 1647+ $9F A A18H%
t}. Membrane& 0.2xS5C9 0.1% SDSE 65Co) A 147+
washing¥ Xray film T imaging plated] =%A1# im-
age analyzer (BAS2000, Fuji Film, Tokyo)= EA3}4c}
PCREA 2 forward primerZ+& CaMV 35S promotere] 3'-
499 sequence?] Pfw primer (5-CCCACCCACGAGGAGCATC
3’) & Oshsp26 cDNAS] coding region?] sequence$] Prv
primer (5-CACGCCGTTCTTGAGCTCG-3)& z+z} Al-g-3}
Aok SFEH AEE 1.0% agarose gel A7PF o7 FA

a9t

17
&

A

olt

dor e A
re AL

Mz

% %, nylon membrane (Bio-

chE =2 2 immunoblot 24

S9d 352 9ddto] 4BA9 AL JAREZ v
& TS 2 mM MgCl,, 1 mM EDTA, 5% (w/v) PVP, 300
mM 2-mercaptoethanol, 2 mM PMSF 9 10% glycerol-&
¥%¢ 50 mM HEPES (pH7.5) buffer® %3} 16,000
gIH 1022 AEDae 4548 Hasd. T
2 12% SDS-A 7|9 %2 83 &, nitrocellulose mem-

brane (Protran, Schleicher & Schell, Germany)e] blotting



Y 9E4 small HSPY 2hrdo) o3t §

&koj Oshsp26 34| [912 0] 8-8td immunoblot 248 3}
.

Chiorophyll 82 =8 4 (oM HH

&40 dogRE AF 20 mm9 leaf discE £

o}, %7} ZE 5+ aluminum blockY o] & &, 94

o A} PAM101& o] §-3}o] chlorophyll 8 %-& &7 3}

7o) Az £xo] W& Fo, Fv ¥ Fmx| 9 < vl
A st oH13].

A gt WARARE MSHA[14dH TFH o
2 27T AN FAEAZ 52CAAM 4587 A
&, 25T ¢ growth chambero) 4] 104 7+ ujokdl 3 Aol
& AER e v 2ABIY

[0
A

£ N =

i

ol

27 o o

i

W2 RE 223 G54 small HSPY full-length cDNA
(Oshsp26) [9]8 2@ vectorql pIGI2IHm(7]o] %<3t
48 vector plGhsp26-& 7%38H¢lt} (Fig. 1A). 7323 g
8 vectorg Agrobacteriumo] Y35 T )] leaf discol
HAA83] £ ) 14 RS 48 T)S 28
=, FAE AYE3le 923 kanamycin EE hygromycm
s Zo Aol A% 2 Northern #4344 & wrEsle 3
2o 2 Oshsp269] wWd o] NZ & 3259 £4 (Ty)
f—%ﬂ olo} AP o) &3k th Oshsp26 #2247 FAHA
49 genomel] 2 E=YHUEA JHE F5}7)
}o] genomic DNAE #323 ¥ Southern blot #4
2 wAN) EE PREAS S Felstednt (Fig
1B). 7L 23} Fig. 1Boll Ve vle} Zo] wild-typed] A4
FE4g0) WA Ykor}, A7H) FAAE 42 A
genomic DNAZ 5 E] 0.9 kbe] DNA ©@¥Ho] ZZ =}
olg1g Azt Wy E Q] Oshsp26 H A7} HAAS 2
EA 9 genomed] HFAHo2 moision wEFHQ
AFRAE Bet S AEHALE ek
= fHA, Oshsp269] 42 (25T)olxe) wge o
Z Northern blot #4102 29lsl9t}. Fig. 2] vJehd
ukeh o], wild-type Hul A EA 8 79 25T 9] mofA

rigt mlm
_1>~
ol

_ T :\9,
ik

+ Oshsp26 transcript7} & FEFH A okko} (Fig. 2A,

lane 1), A AE 2 E

[=Rauaul

249 A% 1LAAE A % 2

T,
2
e
iz
]
=
to
=
24
oX,
ofN
)

A Pfw Prv

- -
NPT !TNC;H%> Oshsp26 ]TNOEHE>L HPT ITNOSJ"
B

Fig. 1. Schematic diagram of the expression vector and
PCR analysis of the homozygous transgenic
tobacco plants. A. Schematic diagram of the
expression vector, plGhsp26, used for the
transformation of tobacco. Arrowheads represent
the positions and orientations of primers used for
PCR. B. PCR analysis. Genomic DNAs from
wild-type and transgenic plants were used as
templates, and oligonucleotide Pfw and Prv were
used as primers. lane 1, transgenic plant 1; lane
2, transgenic plant 2; lane 3, transgenic plant 3;
lane 4, wild-type plant; lane 5, plasmid DNA of
plGhsp26.
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Fig. 2. Expression of the rice chloroplast small HSP in
transgenic plants. Expression of the Oshsp26
gene was analyzed by Northern blot (A) and
immunoblot (B) analyses. Lane 1, wild-type plant;
lane 2, transgenic plant 1; lane 3, transgenic plant
2; lane 4, transgenic plant 3; lane 5, rice leaves
exposed to 42T for 30 min for Northern blot
and 427 for 5 h for immuoblot analysis.
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Fig. 3. Changes in the Fo level of chlorophyll fluo-
rescence after heat treatment of leaf discs from
wild type (A) and transgenic plant 1 (O). Leaf
discs were placed on a temperature-controlled
aluminium block, covered with a plastic plate
and incubated at designated temperatures in
darkness. After 5-min incubation, the chlorophyll
fluorescence was measured using a modulation
fluorometer, PAM101 equipped with PAM103 and
KL1500 as a light source for saturated pulses.
Arrowheads represent the temperatures at which
Fo level was doubled.
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Table 1. Heat sensitivity of transgenic tobacco plants.

Plant Fo increase £S.E. (%)
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Fig. 4. Thermotolerance of wild-type and transgenic
plants. Plantlets grown for 2 weeks at 25T on
MS medium were subjected to heat treatment at
527 for 45 min, and then subsequently incubated
under normal growth conditions. Photographs
were taken 10 days after heat treatment.
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