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Constitutive Expression of Small Heat Shock Protein Increases
Thermotolerance in Transgenic Plant
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Departiment of Animal Science, College of Agriculture, Kyungpook National University,
Taege, 702-701, Korea

ABSTRACT To investigate the function of chloroplast small HSP, transgenic tobacco plants (Nicotiana tabacum L,
cv. Samsun) that constitutively overexpress the chloroplast small HSP (NtHSP21) from N. tabacum cv. Petit
Havana SR1 were generated. Five homozygous lines of transformants showing different constitutive expression
levels of the NtHSP21 were selected. To determine whether constitutive overexpression of NtHSPZ21 protein affects
thermotolerance, wild-type and transformants were grown in Petri dishes, heat-stressed at 52°C for 45 min, and then
incubated in normal growth condition. When heat-stressed wild-type plantlets were incubated at 25°C, leaf color
gradually became white and all the plantlets finally died within a week. As for the transformants, however, more
than 70% of them remained green and survived under the conditions in which all the wild-type plants were dying. 1t
was also found that the levels of NtHSP21 were correlated with the degree of thermotolerance. These results suggest
that the NtHSP21 protein in transformants is responsible for the increase in thermotolerance.
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o] = Zo| small HSPEolH Exb#F 20 kDauj €] 9
HSP20 super familyS #A3t} (Vierling 1991; Waters et
al. 1996).

AEA S oM T&UA BE A F e 2287 2|59 small HSPE2 #oll T slo] glom, 15 @3
ol A AEF 4= 9le 582 heat shock protein (HSP) 9] o] ZA)sl= ¥ w2} cytosol, chloroplast, endoplasmic
g 2= ohize] AE oA §E8o2H Fo]Ath  reticulum (ER) ¥ mitochondriumol] £x1s= HelZ vy
(Lindquist and Craig 1988). Z13]A1E Ujolj A E}/“Qt Z¢8 oA} (Waters et al. 1996). EHZE2} EX 9 small HSP
HSPE 11 ool Ratgdel wiet 27 5 F/RE £/E0] oM @22 vist o] 29 small HSPEE 1 T
Z)=d), =2 HSP100, HSPY0, HSP70, HSP60 2 Eabak  C-wrekol] ok 1007]9) obu]inako @ FLAE)E consensus | D
15~30 kDa9} # ¥A}% HSP (small HSP)E ®#F3c} [12} B2)E AMEAo] =2 HEYYL 7IAZ YT (Vierling
(Lindquist and Craig 1988). o}& & &]&d] JojA 7} & 1991; Waters 1995; Waters et al. 1996).
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£ small HSP7} 2523 7}X]= consensus I, 119]o] N-2+
o+ &9 consensus HIg} B2l= Met 2717} B2 & 3l
HEHYE 742t} (Chen and Vierling 1991). 2184} o] @&
9249 7150 dAAE B3 HEA A 9ok 29
ol 98 small HSPE heat stress dtojA] EAp3
200-800 kDa®} %S WAshel AE v} Tpe) WAy
A R ez §7 5L PASE B4 AL 7]
% &= Ho] #¥Al gt (Lindquist and Craig 1988;
Parsell and Lindquist 1993; Lee et al. 1995; Waters et al.
1996). =3 5% HSPE9 AIE W £33 459 I
4 85 Apolol ABBAZE 9g0) RIHT ok (Chou et
al. 1989; Lee et al. 1995; Park et al. 1996; Banzet et al.
1998). o)A@ AF}EL small HSP7} 4189 724 IS5
o 1M FLE 715 BIEL AeS ngt

meir £ At M e AEA ] SRSk small HSPY| &
HAEFAE B3 2a) o] A E P oE Y= A
3 AES AAste dM FAE small HSP7} 2] &3 9
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AEXE

AFZAEZ F¥l (Nicotiana tabacum cv. Samsun)& AHE-
s2m, 25°C, 16 A1Zh 350 pEm’s” 3 2N ARAAA
=3

k5 vector & Q! Al20| ZIXE}

Small HSP 3 A (NtHSP21)+= 9wl (Nicotiana
tabacum cv. Petit Havana SR1)Z%EH 2|3} full-length
cDNAE AFE3IRT}H (Lee et al. 1998). NtHSP21 cDNA ¢}
EcoRV (5')-Sacl (3') ©HE pBII21 vector (Clontech, CA)
9] cauliflower mosaic virus (CaMV) 35S promoter 3}59]
Smal (5') Sacl (3" 99 £Ysted 28 vectorE 13319
t} (Figure 1). 758 28 vector?l pBIHSP2IE Agro-
bacterium tumefaciens, LBA44040] T3} leaf disc 3
A3 (Horsch et al. 1985)0.2 vl (N. tabacum cv.
Samsun)o] EJ3Ach AEstd A=A (T 150 pg/ml
9] kanamycin©] §-F¥ MS (Murashige and Skoog 1962)
iAol A Aagt & e E B3l F2 (T)E AF3
At T2 FAE 150 pg/ml2] kanamycino] -5 MSulA]
o] F #Fdted kanamycin WANAIE Mgste] AGAA
A4 (TE AZsAcE T TAE A AgujA|o] 353}
o A A7t kanamycin A& 7HERERY ARZ EAS
2 stk AFHoR 5FTRY £AE $Asd AH

of] AH&-3ksATE
RNA 22| 2 northern=4

Total RNA = guanidine thiocyanate ¥ (McGookin 1984)
oz E23I4n} Total RNA (5 ug)E 0.6 M formaldehyde
Z FR/3 1% agarose gelZ A7]9E ¥, nylon membrane
(Biodyne A, Pall BioSupport, NY)9)| transfer&}e Ypz
fabelingd NtHSP2i cDNAZ hybridization3d} g}
Hybridization-& 50% formamide”} ¥3¥ hybridization
bufferol A 427C, 16A17F =<t AA)31EtE Membrane2 0.2
xSSC% 0.1% SDSZ 65ColH 1A]7+ washing®F X-ray
film 2+ imaging plated] xZAlA image analyzer
(BAS2000, Fuji Film, Tokyo)2 2-415}9{c}.

CHERTOIAS] NtHSP2) CHEA! W MH| Y SR

Wdgo)H NtHSP21 @ aS B8 A)7)7] 9139 cDNA
9] 4714 E % mature protein F¥-& PCRE ZIZA|7l £
drd el pET28b (Novagen, Madison, WI)o|| cloning 3}
o} ti’g BL21 (DE3)d] EYsih 2dd Beae Ni*
affinity chromatography2 A A|8}3, preparative SDS-
PAGE ¥, electroelution 2.2 I3 g} o] JAH
NtHSP21 g8 Ez (New Zealand White)ol] FAlsle]
3| & FE 315t} (Sambrook et al. 1989).

AlEx|e| CHUAl & 31 iImmunoblot 4

AgAe) Yozry D) FIE 2 mM MgCl, |
mM EDTA, 5% (w/v) PVP, 300 mM 2-mercaptoethanol, 2
mM PMSF % 10% glycerol& ¥%3% 50 mM HEPES
(pH7.5) buffer2 F&3}ld 16,000 gollA 1087+ A4 E2)s
o A5d4E et ¢YFAL 12% SDS-PAGE ¥
nitrocellulose membrane (Protran, Schleicher & Schuell,
Germany)ol] transferdle] immunoblot 24} 8}31th 1 x}8kA]
£ 1:20002.2 34 3he] A3 goat anti-rabbit alkaline
phosphatase system (Promega, Madison, W) 2.2 2] A 7]
o

Genomic DNA2] Southern & PCR 21

Genomic DNA & cetyltrimethylammonium bromide
(CTAB) Y28 E3l4tt (Murray and Tompson 1980).
15 ug®] genomic DNAZ EcoRISE HGE ¥, 0.7%
agrose gel2 A719%53lod nylon membrane (Biodyne B,
Pall BioSupport. NY)d)) alkaline transfer ¥ ©.Z transfers}
Ak



T-DNA vector, pBIHSP21¢] 2] &2} genomeo|29} &
AR Adl7] fsled PCRYS AHS-3HAT (see Figure
2). PCR primerZ2% CaMV 358 promoter®] 3 “portion 9]
sequence?l oligonucleotides P-1 (5'-CCCACCCACGA
GGAGCATC-3") @ NtHSP21 ¢cDNA¥9] coding region¥]
sequence?l P-2 (5-CTCAACATTATCTGGGAG-3YE Z
7t AgStETh (Lee et al. 1998). 228 482 1.0%
agarose gel A7|g=E0 7 EA3lc)

Heat Stress X{2| & 112UAdo| A

Heat stress X&) & wild-type &2} ¥-& 42°C2} shaking
water batholl A 2A]7+ E¢F 200 pEm’s’'e] 3 ZAo|A 4
AR hZTE 72+ 27407 25ColA AHesigch &
Wde] HAL Petri disholl 7735 £ 1097 A #
A EAE 52C2 growth chamberd| A 4587+ X235 ¥ 25
CAlA 2097 AAAIZ & AEES AU

Q&4 small HSP9| full-length cDNA (Lee et al. 1998)
£ 24 vector?]l pBIi21 (Clontech, CA)2] Smal 2 Sacl
AR =9J3te] &d vector pBIHSP21E 248k ch
(Figure 1A). &A%+ pBIHSP21 vectorE A. tumefaciens
LBA44040) L Y33 plasmid DNAE ZA|3tH vectord]
FZE AFELZ ¥ F (Figigure 1B), Fule] leaf
discoll HZAHE AFth Kanamycino] F{8 AF3 wjx)
S} rooting Wi X)) A kst F 35709 1Ak FAAS AE
A (THE L &, it88 B35 2A/HE ¥ northernE4]
< 58 F2olA9] NHSP21 2@ 3}e] M2 B8 55Fe
A (THE FHth

T-DNA vector2 E4¥ NtHSP21 §-Az}9] 2 AEA &
9] genomeo| 29 TRIQRE &Q13}7] $j3) PCRYS ARS-
9tk 1 o= "l AA7E olu] 7EAL U= endo-
geneous NtHSP21 #2218t 748&}l7] 93te] 358 promoter
o] H7/MMEE 71ZE ¥ primerg AME3te] PCRE &lst
Atk PCRREZ figure 29141 vebd wpsh 3ol
oligonucleotides P-1 3 P-2& Z}Z} forward @ reverse
primer2 AREEATE ©1F primerg AR A ¥FA
32 52] genomic DNAZYE dA37) 0.8 kbe] FEANE
o] 7]t} Figure 20A viebd v} 7ho], wild-typeo) 7
3 2E8g0) AU YYoU RE UG A2AY
genomic DNAZHE 0.8 kb9] DNAYH|] X5}
(Figure 2). =31 T-DNA vector pBIHSP21 2%-E NtHSP21

E BS E
Xb E I_c

I_rl
NPT It TNOS! NtHSP21 TNOS
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Figure 1. (A) Schematic diagram of the expression vector,
pBIHSP21, used for the transformation of tobacco. The full-length
cDNA of the chloroplast small HSP was placed under the control of
the CaMV 358 promoter. Restriction sites of Xbal (Xb), EcoRI (E),
BamHI (B), and Sacl (Sc) were shown; (B) Restriction enzyme
analysis of the construct, pBIHSP21. Plasmid DNA was digested by
EcoRI (lane 1), or EcoRl and BamHI (lane 2), and analyzed by
0.8% agarose gel.
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- |
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Figure 2. PCR analysis of the homozygous transgenic lines
selected. Integration of the T-DNA into tobacco genome was
verified by PCR. Genomic DNAs from wild-type (WT) and
transformants were used as templates, and the oligonucleotides P-1
and P-2 were used as primers. Arrowheads represent the positions
and orientations of primers used for PCR. Numbers indicate
independent transgenic lines.



cDNATHS Ads] U= AE 49 EcoRICZ Husl
genomic DNAE A3l Southern blot ¥4% A=}
endogeneous NtHSP21 -5 2}2] hybridization bande)} ©&
o] TYE cDNAQ] 37|91 1.1kbe] T ZAE A
4 QT (A wAA). old g FsHs T-DNA vector,
pBIHSP217} d3& oz AAE 21549 genomed] =Y
HAE BY ol wrEAH A BFE T S
ALEHASS Yepith

SETE AZH A2 NiHSP212| Shalx W

.09

E9 32, NtHSP21¢] 442 (25C)ollxMe] wdE d
A northern blot 2402 A&t Figure 394 Yl
vis} zo], wild-type EA9 A9 25C9 2xoMe
NtHSP21 transcript7} A& JAEA] ¢Fgko} 42°C, 2A17¢
o] IANME transcriptZ7t FHHJCE FH FAHE
AER Y] AE FLAE A & 25CAME AFst &
9] transcript7t BE FAAS 2 EAAN FH= Y ¥4
A% AEA 13} 39 ALE 427, 247 2248 3§ wild-
type®h W HHAATE, FAAH A EA 79 FE A9
2 5o TAATE, AHE 2 EH 205} 332 24 o]
39 2EAEE JepiTh

T FAAE AEANA LA LEE NtHSP21
transcript7} AA 2 GlAZ WG o] 753k q8E
ZA37] sl o2 RE F&3 total proteing ©]4-31
immunoblot £490 2 ZANSAT} (Figure 4). )2 1E:
42°CollA 6A17F A7 wild-type 2} EA & AR

Wild-type 4] E4]9] 739 AF2oA Holx) gd NtHSP21
@I band7t 42°ColA 6417k Al o8 EAF

WT
C HS 1 3

Transformants
17 20 33

-=.1.2 kb
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Figure 3. Expression of the chioroplast small HSP gene. Wild-type
(WT) tobacco leaves were exposed 1o 42°C for 2 h. Total RNA was
extracted from the leaves of the control (C) and the heat-stressed
wild-type plant (HS). and those from unstressed transformants. Total
RNA was fractionated by electrophoresis and probed with NtHSP21
cDNA.

WT Transformants

C HS 1 3

17 20 33

Figure 4. Accumulation of the chloroplast small HSP in wild-type
and transformants. Total proteins were extracted from both
homozygous transformants and heat-treated (42°C, 6 h) wild-type
(WT) plants. After SDS-PAGE, proteins were transferred to
nitrocellulose membrane and was analyzed by immunoblotting.
Each lane contains 30 pg of protein.

ok 21 kDa¥®] band7} #&=ith o] A= & A EERH
ByHd FE4 small HSPY A7)9} X84}t (Nieto-
Sotelo et al. 1990; Chen and Vierling 1991). T3+ X|&7}A]
B A invitro ranslation 2 GEAo) 2 9] wransport 4P 23
3 precursor] 24-26 kDa @y &o] GEA|9) 22 transport
Foll= 20-22 kDa 2719 mature protein ©.Z processing ¥
= 139t dxjgic} (Nieto-Sotelo et al. 1990; Chen and
Vierling 1991; Vierling 1991).

TN FAAG HEA Y FF A2AME o9 FYE ¥
Z}2k9] 21 kDa band7} #5920 NtHSP21 cDNAd] 3
=g 240709 ojm|xAto 2 RE FAE| = 26 kDa (Lee et al.
1998)2] band= B|AEHA] Pt oA AF2oA wEA
transcript7} small HSP @A 2 Aoz HIH e &
ot o}, HEAEZE transportE o] mature proteinO 2
processing 925 vebdch 28y NtHSP21 @hiizle] &
A2 transcript?] FEFI WA XA = FUck F
AAF AFoA e ol2g dAFL oln] BHiEo] T ol{fR2
genome ]9 Q#FHALe] Ay F9lo] w2 W o] 7o)
T RNAS QMY 9] atolof) 710eke A2 d&iA Ao
(Osteryoung et al. 1994).

HETBAEH S D20 BTt

4502 WEE NHSP2 g¥de] 442 4849 2
Sue] BeSHER] oRE ZAE) Yole] WANE A
A9 TLWAE AT ZEWAEE 1097 71l
AN wild-typest BART 4HBAS ALES 52C
A 4587 AF F, 25CANY ARASARE B
Aok Wild-type 489] 29 LA HBA= 2E 48
A7k B gAslo) o 159 ol A TASIETH (Figure
5). o)k ZHoZ HANY NEAY A o 10%7} %
NS §A8 A AZse] ASRoT A AR B
o olgi @S Aol U NHSP2 BHAY 57



WT Transformants

Figure 5. Thermotolerance of wild-type (WT) and transformants.
Plantlets grown for 10 days at 25°C on MS medium were subjected
for 45 min to 52°C. and then subsequently incubated under normal
growth conditions. Photographs were taken 20 days after heat
treatment.

Zoll 2t WARES vgste Fr1eksnh webA olgfdt
A= FLolA LEE NHSP21 @¥do] 2 stress 3tol
A AHer 715E uisitk AS7R Y At 95k
HEA) small HSPE gE49] stromadl]A] thylakoid mem-
braned) ¢FslA AgH AulE EAsk= Aeg daA U
(Glaczinski and Kloppsteck, 1988). =3} o] guiae 72
stress dtollA] AxPAGA Y FAJEE BT 7pgAo] in
vitro APL E35l BHy"E v Qt}d (Downs and Heck-
athorn 1998; Heckathorn et al. 1998). Bl o)z} HEH|
small HSP7} 2.2 ojQjox 7} ZASAE S EHch=
BYE Qt} (Schuster et al. 1988). 0)8§ A7AAEH} &
AR AAEZREH F353) & o), §5A) small HSPE 72
stress 3follA] ¥ 1 Ao it DA ESY] HSI)F
BF oot} 23 Yo} FEo o] A 4= Sl oxidative
stressol] &3k £ SlolFE 7Tk YT J0E P
o

E

H 9

A5AE UM GEA EAse A A HSPY
715S vd)7] Ystd dul (Nicotiana tabacum cv. Petit
Havana SRI)Z%E #2]3 ¢cDNA (NtHSP21)& =3 8
AAE Sl AZAE QA Ad2olAfe] ddFo] ME

£ 5/0e) ¢A FAAG AEAE AL Ao
#He QY24 small HSP7} 489 72U o) n]xE o8ke
ZAR) st ZIdo A AZAIZ FA 8-S S2CollA] 458
7H ExEE 3 AT WslE A 1 A
wild-type 4]2¢] #9159 olUld] BT FAEGoY §

17

ARE AEA & 70%E LA T3 o) T2
AL oA LEE duAe] ok wlglsle 7o
et GEA | EA 3= small HSP7F 482 Z2Uj4 §
Sl JolA T8 48 998 Aoz Alggdh
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