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Abstract

Proteins are essential to rice caryopsis development and quality formation. High
temperature is an important environmental factor which may decrease grain quality.
In the present study rice caryopsis proteins were profiled by two-dimensional
polyacrylamide gel electrophoresis, and differentially expressed proteins were
analyzed by liquid chromatography/tandem mass spectrometry (LC\MS\MS).
Expressions of more than 400 polypeptide spots during caryopsis development, in
response to temperature treatments or between varieties were monitored. Among them,
more than 70 differentially expressed polypeptides were analyzed by LC\MS\MS. We
identified 54 proteins with known functions. Of these, 21 were involved with
carbohydrate metabolism, 14 with protein synthesis and sorting, and 9 with stress
responses. Waxy (Wx) proteins and glutelins were the most significant spots
increased significantly during development. Allergen-like proteins, PPDK and
NADH-SDH, also were expressed during development, implying their physiological
roles in caryopsis. Expression of large isoforms of Wx proteins was correlated with
the amylose content of rice caryopses. One protein with high GC content in its DNA
sequence was correlated with the chalky trait of kernels. High temperature (35/30 )
decreased expression of Wx proteins, allergen-like proteins and elongation factor 1 3,
but increased expression of small heat shock proteins (sHSP),
glyceraldehyde-3-phosphate dehydrogenase and prolamin. sHSP was positively
correlated with the appearance of chalky kernels. In this study, we used RT-PCR to
confirm the expression profiles of those genes.

Keywords: rice; proteomics; high temperature; grain quality; Wx protein; heat shock
protein.
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Figure 1. A 2D-PAGE protein expression profile of rice caryopses 6 days after anthesis.
Caryopses of TN 1 cultivar were used for the analysis. Arrows and numbers indicate the
corresponding annotations for the spots.



TNG g? 35/30 TNG 67 25/20
53
. |

Figure 2. sHSP expression in rice cultivars with and without the chalky trait.

Grains of the cultivars Pegonia, Arborio, TNG 67, M401 and JY 1 have the chalky trait.
TK 9, Jasmin, basmati, KSC 7 and Koshihikari are premium quality cultivars that do not
exhibit this trait. Twenty mature grains of each cultivar were randomly sampled,
dekusked, milled and subjected to 2D-PAGE analysis. To confirm sHSP expression,
heat-treated samples of TNG 67 were used for immunoanalysis (bottom left and right
boxes). Circles and numbers indicate the corresponding sHSP spots.
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Figure 3. Expression of Wx proteins in cultivars with different amylose contents. TN 1 and IR 36
are indica type cultivars that have high amylose content. TNG 67 and Koshihikari are japonica
type cultivars whose amylose content is medium. TKwx 5 and TSwx 2 are japonica and indica
type cultivars, respectively, that have low amylose content (wx type variety). The gel of the TN 1
sample was subjected to immunodetection to confirm the expression of Wx protein isoforms.
Arrows and numbers indicate the spots corresponding to the Wx protein isoforms.
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1 atgatttgcc tccgagecge cttcccettg acctectect tctectecte cecctetecge
61 cgcctcgece tcaageccte ctectceege gecgecgecg ccgecgecat gtcgtecgec
121 cccgecaceg ccatcgecge gecggtcgag cacatcgtge tcatcaaggt ccgeccegag
181 gcggeggegt cgggegecge cgeggegatyg gtgtcctege tgcaggeget gtccagegtg
241 gtgcceggge tgtcgtacat ccacgtcgge cccgtgetee gectceggte gecggeggeg
301 gaggcgetgg ggecgaccca cgtectccac tcccgetacg ccaccaagee cgacctggeg
361 gcgtacgcgg cgeacccgge geacgtcgec gecgtgecagg ggcacgtect ccccaacgeg
421 ctcgacacca ccgecatcga ctgggtcaac gecgegetcg cgecgtecce ggtcaccccy
481 ggctccgeeg tgeggetcac getggegaag gtgaaggaag gtgtggaggt gecccagetc
541 gtggagaagg tcgcecgeggc gacggcggcy gegggcgagy cgaagggege cagggtgage
601 ttcggggaga acttctccce cgegeggget aaggggtacc agttcgggat ggtggegotg
661 ttcgacagcg tggaggagct cgacgcggtg gagggggacg ggaaggtgca ggaggccaag
721 gcggeggtga ggecactget cgacgaggtg ctegtgetgg acttcgtegt cggacctgec
781 gccgtggagg ctecggegee ggecaaccte tga
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Figure 4. Characteristics of protein no. 25 gene. (A) DNA sequence. (B) The 2D expression
patterns of chalky and translucent kernels of TN1, TNG67, KSC 7, M401, Basmati and JY 1.
(C) Change of abundance during development.
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Figure 5. Expression of putative temperature responsive protein genes was analyzed by reverse
transcription PCR. HSP17.9 and HSP18: heat shock protein with Mr of 17.9 and 18 respectively;
prolamin 7: prolamin gene no. 7; G3PDH: G-3-P dehygrogenase; NDK: nucleoside diphosphate
kinase 1; GBSS: granule bound starch synthase; EF1B: elongation factor 1 B; ALP: allergen like
protein. Actin was used to check the RNA and amplification conditions of the RT-PCR reaction
internally.



