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Introduction of Chloroplast Small Heat Shock Protein Increases
Photosynthesis and Thermotolerance in Transgenic Plants
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Abstract

To investigate the function of the chloroplast small heat shock protein (small HSP), transgenic
tobacco plants (Nicotiana tabacum L., cv. SR1) that show constitutive expression of the chloroplast
small HSP were generated. Effects of constitutive expression of the introduced gene on thermotolerance
were first probed with the chlorophyll fluorescence. After a 5-min incubation of leaf discs at high
temperatures, an increase in the Fo level and a decrease in the Fv level, indications of separation of
LHCII from PSI and inactivation of electron transport reactions in PSII, were mitigated by constitutive
expression of the small HSP. When tobacco plantlets grown in Petri dishes were incubated at 527 for
45 min and subsequently incubated at 25°C, leaf color of nontransformants was gradually became white
and all plantlets finally were died. Under conditions in which all nontransformants were dying, more
than 80% of the transformants remained green and survived. These results suggest that the chloroplast
small HSP plays an important role in protecting photosynthetic machinery during heat stress.

Key words : heat stress, photosynthesis, thermotolerance, transgenic plant
M 2 ozl=dl, 2 HSPI100, HSP90, HSP7), HSP&0
2 Balgk 1530 kDag] &A% HSP (small
ZAHAHE o)A A== heat shock protein  HSP)RZ 27Hr} (Lindquist and Craig, 1988).
(HSPy= EAFe wet A 5 F/E 2H/ ol ¥ HEd AN F Bol LHAE A

- 15 -



o] small HSPEo|W RAteF 20 kDa &2
HSP20 super familyZ2 #Agc}h (Vierling, 19915
Waters et al., 1996).

A 82} small HSPO] 3hbl FEA Al &5}
= small HSP= ol4 2. 7|50 disiys A
3 weld YA gout (Waters, 1995), 22 £
Ed 2 dlelA MEd wheiae] wgwia g
Tl Azke] 84 F& BAS
o2 Z1Fde Aol WA Ut (Lee et al,
1995; Lindquist and Craig, 1988; Parsell and
Lindquist, 1993; Waters et al, 1996). £ 53
g HSPE S AXUl ¥z 489 22Uy ¥

H-A} chaperone

E Atelo} Au@AzE dge] BaEzn o
{Chou et al, 1989; Lee et al, 1995; Park et al,

1996; Banzet et al., 1998). o]&)3 APRSE 4
24 small HSP7} 289 n&W4 5 3
oM 838 75 @I 4&E it

B ATNE Q=Ae) 451 small HSP
9 71%% W37 Hsto o t’rﬂ“é% &4
o wdsle FANY HNEL AT F, 2
£4% =AM

Mz U EY

1. HEHE AEH 9 =Y

2] (Nicotiana tabacum L., cv. SR1)&] cDNA
library 258 29]8 =4 small HSP cDNA
(Lee et al, 1998)E 4]8 U#Hvectord] pBIi2l
(Clontech, CA)e| T3 F, Agrobacterium
tumefaciens LBA4404o]| HAAE AlFHt Leaf
disc® o] 8% FAHEL Miyao-Tokutomi &
(1998)9] Wyjo = &4ict

2. Southern % northern blot &4

HAAG g 37 =HHANE
23l7] Y3t Lee & (1998)2) o] &
Southern blot —‘%‘ﬂ’ﬁ,_“-’_i Bgolalgl o, E?J.%l_
%i }7} o 2 4w sl=AE northern blot

2 #0134t Hybridizations H§ probe
2= %_'—?4?& full-length®] cDNAE 32P% labeling
o] AJL3ME T (Lee et al, 1998).

z] =

5
o
i

3. EHeE & 9 immunoblot &4

HgAe g ANALE S4B TS, 35
buffer (Lee et al, 19998 F&dd] gdu4dg
ety 9WEe 12% SDS-Ar|AFLE
Beg)s &, nitrocellulose membrane (Protran,
Schieicher & Schell, Germany)ol blotting3}«]
immunoblot 48 &4}
4. Chlorophyll % =3 ¥ 12U 23

NEF e QozrE A 22 mmo] leaf disc
g ZAstd, £x7} 2E5HE aluminum block
Aol F& F, GO PAMIOLS o] &3]
chlorophyll #3#-£ S8 tH (Miyao-Tokutomi
1998).

Ao g AAFARS MS fA] (Murashige
and Skoog, 1962)d|A] F-FHoZ 257 A7A
2 FAEAE 2CoA 4587 AR F, 2

5TCe] A2 st

et al.,

Aot U nF

1L AEH 2 B2 P A
WIS zAlEly] flEte, £x9] Frbd @&
chlorophyll ®3%¢) Fo % Fv o] wWigte #3
stck dutgoz A& glojM LA e
chlorophyll 3349 Fo 4+& Z7HAI71H Fv g2

- 16 -



AaA7IE], oL 42 F&sHA 11 (PSIHZ
~,—E1 light harvesting complex (LHC) 2] X-2)¢]
3 A7 PSIe) Axbdgutge] BgAIsiol
A Zom LA Atk (Asada, 1994). Fig. |
of Jebd wie} Ze] nyAAg 4EA9 A
40T oo eRdNE 587 ﬂﬂa}
o o8 Fv gto] Zidton, Fo ge &

Z7bstet (Fig 1), ol w843 <‘J~€~I
FRA7IE 40T oo 2xdA BEA3
7] ARge ¢4 ddd @ uigdAg
AEA Y leaf disc® U7 LAY F, o}
Al 25TolA 523 vk 3 38 A8
& m Fv ¥ Fod] o] ggmqint ojeig
Ade PSIZYE HeHdd LHCIY} 385

& 9fu3i

114

O

(2]

Fluorescence

N 1 " 1 2
20 30 40 50
Temperature (°C)

Fig. 1. Changes in the Fo and Fv levels of chlorophyll
fluorescence affer heat treatment of leaf discs
from nontransformants.

Leaf discs were placed on a temeperature-
controlled aluminum block and incubated
at designated temperatures in the darkness.
After 5min incubation. the chlorophyll
fluorescence was measured wusing a
moedulatien fluorometer, PAMI01. () Fo of
5~min incubation at designated temperature,
W Fo of 5min incubation at 25 T after
heat treatment. ' Fv of 5-min incubation
at designated temperature. @ Fv of 5-min
incubation at 25 T after heat treatment.
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Fig. 2. Comparison of increase in Fo levels of

chlorophyll  fluorescence after heat
treatment.
A. Immunoblot analysis. Total proteins were
extracted from leaves of nontransformants
(NT} and transformants, and subjected to
immunoblotting. C and HS denotes leaves
subjected to 25T and 42T for 4 h, respectively.
B. Percent increase of Fo after 5-min
incubation at 48T.
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Fig. 3. Changes of photosynthetic parameters.
Fo (A}, Fv (B), Fv/Fm (C) and
1/Fo-1/Fm (D} of chlorophyll fluorescence
after 5-min heat treatment at designated
temperatures. Arrows represent temperatures
at, which the level of Fo was doubled {A)
or the levels of Fv (B). Fv/Fm (C) and
1/Fo-1/Fm (D) were reduced to half of

control samples.

Fig. 4. Increased thermotolesance of transformarts.
Plantlets grown in Petri dishes were
incubated at 52T in darkness for 45 min
and subsequently incubated at normal
growth condition. A. Nontransformants. B.
Transformants,
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