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Plants synthesize more multiple low-molecular- 
weight (LMW) heat shock proteins (HSPs) 
during heat stress than microbes, insects, and 
animals. The response of plants to heat stress is 
similar to that of other organisms; however, a 
unique feature of the heat shock response in 
plants is that they also synthesize nuclear- 
encoded, LMW chloroplast-localized HSPs 
[2, 4, 6]. Higher-plant major LMW chloroplast 
HSPs are synthesized as precursor polypeptides 
with typical chloroplast transit peptides that are 
removed from the amino termini during import of 
the proteins into chloroplasts [5], while in the 
green alga Chlamydomonas these proteins synthe- 
sized without transit peptides [1]. The major 
LMW chloroplast HSPs range in size from 21 to 
28 kDa in different plant species [7]. We have 
isolated a cDNA clone encoding one of these 
HSPs. A cDNA library was constructed in 
lambda ZAP II vector (Stratagene) using 
poly(A) + RNA from leaves of Triticum 
aestivum L. cv. Mustang which were heat- 
shocked for 120 min at 37 °C. The library was 
screened using a maize cDNA clone, HSP26 [3], 
as a probe. A cDNA clone, Tahsp26.6, was 

sequenced (Fig. 1) and its predicted amino acid 
sequence is homologous to the 26 kDa chloro- 
plast-localized HSP of maize [3]. Wheat 
Tahsp26.6 encodes a 238 amino acid, 26.6 kDa 
protein which is 81.7Y/o, 50.0yo, 60.8~o, and 
38.2~o identical to the chloroplast-localized 
HSPs of maize Zmhsp26.3 [3], pea Pshsp26.1 
[5], soybean Gmhsp20.5 [5], and Chlamydo- 
monas Crhspl6.8 [1], respectively as aligned in 
Fig. 2. As previously reported [3 ], monocots and 
dicots have more conserved sequences at the car- 
boxyl terminal and more divergent sequences at 
the amino terminal of major LMW chloroplast 
HSPs. This is the first complete sequence 
reported for this major LMW chloroplast HSP in 
small grain cereal crops. 
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-90 -51 
AATTC GCGGC CGCTC GGCTT CCAAG TTCCA ACGAT CTCGT 

-50 -1 
AGACA CTCTC TCGTT TCAAT CTCGA GCGAC TTTTA TTATT TCAAA GTGCA 

1 45 
ATG GCT GCA GCG AAC GCT CCC TTC GCT CTC GTC AGC CGC CTC TCC 

M A A A N A P F A L V S R L S 

4 6 90 
CCG GCC GCG CGC CTG CCC ATC CGT GCC TGG AGA GCC GCG AGG CCG 

P A A R L P I R A W R A A R P 

91 135 
GCG CCG CTC TCG ACC GGC GGG AGA ACC CGC CCG CTC TCC GTG GCC 

A P L S T G G R T R P L S V A 

136 180 
TCC GCG GCG CAG GAG AAT AGG GAC AAC TCC GTC GAC GTC CAA GTC 

S A A Q E N R D N S V D V Q v 

181 225 
AGC CAG GCC CAG AAC GCC GGC AAC CAG CAG GGC AAT GCA GTC CAG 

S Q A Q N A G N Q Q G N A V Q 

226 270 
CGC CGC CCT CGT CGC GCT GGA TTT GAC ATC TCC CCG TTC GGG CTA 

R R P R R A G F D I S P F G L 

271 315 
GTG GAC CCG ATG TCG CCG ATG AGG ACG ATG CGG CAG ATG CTG GAC 

V D P M S P M R T M R Q M L D 

271 360 
ACG ATG GAC CGG CTG TTC GAC GAC GCC GTG GGG TTC CCC ACG CGT 

T M D R L F D D A V G F P T R 

361 405 
CGC TCG CCA GCG GCG CGA GCG AGA CGC CGG ATG CCG TGG GAC ATC 

R S P A A R A R R R M P W D I 

406 450 
ATG GAG GAC GAG AAG GAG GTG AAG ATG CGG TTT GAC ATG CCT GGG 

M E D E K E V K M R F D M P G 

451 495 
CTG TCG CGG GAG GAG GTG AGG GTG ATG GTG GAG GAC GAC GCG CTG 

L S R E E V R V M V E D D A L 

496 540 
GTC ATC CGC GGC GAG CAC AAG AAG GAG GCC GGC GAA GGG CAG GGC 

V I R G E H K K E A G E G Q G 

541 585 
GAA GGC GGC GAC GGG TGG TGG AAG GAG CGC AGC GTG AGC TCC TAC 

E G G D G W W K E R S V S S Y 

586 630 
GAC ATG CGC CTT GCT CTG CCG GAC GAG TGC GAC AAG AGC CAG GTG 

D M R L A L P D E C D K S Q V 

631 675 
CGG GCC GAG CTC AAG AAC GGC GTG CTG CTC GTG TCC GTG CCC AAG 

R A E L K N G V L L V S V P K 

676 720 
AGG GAG ACC GAG CGC AAG GTC ATC GAC GTG CAG GTC CAG TGA TGA 

R E T E R K V I D V Q V Q * * 

721 770 
GTTCG TGTGA GACTG TACCC TGCAT CTGAG GCTTT AAGAT TTCAG CTGTC 

771 820 
CGAGG TGTGC TCTTT GTAGA GTGTG CCGTT TTTCT CCAAT CCTCT TTGCG 

821 850 
CACTC GTTGT GCGAA AGCGG CCGCG AATTC 

Fig. 1. Nueleotide and deduced amino acid sequences of Tahsp26.6. Negative numbers refer to the 5'-noncoding region. 
Nucleotide + 1 was assigned to the A of the first methionine codon. Amino acids are indicated in the standard one-letter code 

under the nucleotide sequence. The stop codon is denoted by an asterisk (*). 
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Fig. 2. Comparison and alignment of the Tahsp26.6 deduced amino acid sequence with other chloroplast-localized HSPs of 
maize HSP26 (Zmhsp26.3) [3], pea HSP21 (Pshsp26.1) [5], soybean HSP22 (Gmhsp20.5) [5] and Chlamydomonas HSP22 
(Crhsp 16.8) [1]. All sequences represent the complete coding region except soybean H SP22. Identical matches to the Tahsp26.6 
sequence are identified by asterisks (*). Gaps (.) are created for better matchings among the sequences. Two underlined peptides 

should be inserted in the Chlamydomonas HSP22 amino acid sequence at the position as indicated by an arrow (1'). 
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