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Proteomic Analysis and Growth Responses of Rice with Different Levels of
Titanium Dioxide and UV-B
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ABSTRACT Among the photoactive semiconductors such
as TiO;, ZnO, Fe;0s;, WOs;, and CdSe, TiO; is the most
widely used as photocatalyst in different media, because of
its lack of toxicity and stability. In this study, the effects
of titanium dioxide were investigated to obtain the infor-
mation of physiological change in rice plant. Light-adapted
Chlorophyll flourescence index decreased and relative elec-
tron transport rate of rice leaves was activated by titanium
dioxide under 2,400 pmol m? s’ PAR (Photosynthetic active
radiation). Relative electron transport rate of rice leaf
treated with titanium dioxide 10 ppm was high in order of
2,400 umol m” s™ PAR, 2,200 umol m” s' PAR, 450 n
mol m” s PAR and titanium dioxide 10 ppm (45.1%),
control (32.4%), diuron 10 ppm (15.3%) under 2,400 pmol
m? s PAR. Titanium dioxide increased photosynthesis of
the rice leaf under 13.6 KJ m” day' UV-B only. With
titanium dioxide 20 ppm, reduced UV-B (0.15 KJ m” day’l)
intensity changed the induction of proteins and twenty-five
proteins were identified. Among them, seventy proteins were
up-regulated, four proteins were down-regulated and four
proteins were newly synthesized. Function of these proteins
was related to photosynthesis (52%), carbohydrate meta-
bolism (4%), stress/defense (8%), secondary metabolism

(4%), energy/electron transport (4%), and miscellaneous
(28%).
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ofof ALE 1 0‘1:}(Pandey & Mann, 2000). ©]AtS}E]|ERQ]
ol ol MEA 8o wYo) gt Agel Z2Z(Seven
et al., 2004), %“-E;EJ_]-E o] g3 AAA F7(Koide &
Nonami, 2007; Hur ef al., 2005) 5 23] Aatxo2 A
o on maAgol} 4o vt olkistelse] Hge
H2ag vzt A9 ik

Aol HEE Ui YAe] olustelehe 9 BHle] 913
7L 7182 B Sol7t ARAIE FHe) U & Yu
Ago] Wy 2] TH TolA olastE ey B
WS F s A B4 Hurge) A
e WA 4 dthn FAY 4 Ak Pl B dre
v 9 o] Hedt olAtsteisto] ekt whgstol v
G419 HA HlAte] B v1E 4 YA FESL =
2elg BAS B ¥ GA) ANBE THsts 9
shsge.
Mz o Y
TG OJMBIEIE(TION) HE
ey

220049 wYPAE 7Y 24 2 RN dE
1/2000a 2}y ZEO] 15 1E45l x|, G224, &
Ple Ay AR T5% Aol MAAA Auekal
31 oluf e FeFe HHA] R (photosynthetic active ra-
diation) =7} 3% = 21 FZA| Z2ZF 2,400, 2,200,
450 umol m” 5’2 HEE xFsgrh

A FEstollA LA e dEH Fr3487]
of 9 2 w4 Fgel olitstee= 10, 20, 25, 30 ppm
BES 19 ¥R AL 9] U AN dor
£ 10 ppm 5 o2 mH 75‘@01] 13] A3t & b

A1 €] miA%}JaLl_} )\h:ﬂx{z]. 22 =319tk 4L
’c‘gsgq Jut- Alt) A2} L%g(relanve electron transport rate)
L AEAFHG A 7|(Mini-PAM, WALZ, Germany)E ©]
gstol EoH spol A ZAshec

OJAIBEIRHTIO,) Aol A7 2H8-& HESIAL

led

F = maximal fluoresecnce, FgHdo] F=HI Q= F9
o AA @
Fm' = maximal fluoresecnce(light),
Fo] Sl AEloA BE FAI
AE o o FF
Yield = (Fm'-F)/ Fm'

ghg 4ol 24

ETR(Relative Electron Transport Rate)
= Yield x PAR x 0.5 x ETR-Factor

UV-B Z=¥ O[LBIE|EKTIO,) %2

AZFZE(7x12%7 cm)ol] Al# 428 AEES o E
E 508¥ dEH FXE gpEete] 1597 AEiske] &
ol 3ufA] o]AkS}EIERS 10, 20, 25, 30 ppm ¥ EE EET
2 mA Aol 18] B Agsigct olitateld A &
Hlda G2 Auste] A9% Fo UV-B A=§ 44
13.6, 4.9, 0.6, 0.15 KJ m” day’' & ZZ3} 3 olAlsle|er-
A 2jgt °H§ HHilﬁ}oq 3597k ZHBH?‘L —f‘fr FEAYE =

+H= x}ﬂﬂo}ﬁﬂ XP‘E% % UV-B Z=E 4
0.6, 0.15 KJ m” day'2 2Asl1 o]4l3}E]
25, 30 ppm FEZ FF 2 mH FEA7100 El 4ol
25 A 2)et & 557070 Aiste 47 AS3) F
& AT B Fale] FEde FPAASH7ILC, ABL
UK)E o]gsto] &4 A% 2gor £ 319 1g0A 3
3] whE Aot

AFTE 28949802 wx|ste] a5kl FAE
4.2 SAS system(SAS Institute. USA)& AR}

Z2HE 24
%_1[%31 % 159 & 29 3u)A] o]AkSte| g 20 ppm &

AE A °ﬂ°ﬂ 13] 25 A8 % UV-B 13.6 KJ m” day’ &}
0.15 KJ m” day "' 7ol A 35%17} st FA3E ¥ GAl

2 mEEg B42 93 NRE g
FUT W QUG At TR0 AN F AR

oA AHALE o]gsto] E4jste] T & ARE A
E3dch BT Mg 5 gof & =& 84 10 w15
mM HEPES, 40 mM KCl, 5 mM MgCl,, 1 mM DTT, 0.1
mM PMSF)& #7}5t 3 4 M ammonium sulfate -8 1 ml
& wyrshdAl H7kst & 65,000 g2 308 ot A& s
gtk AR BL 4T sl A 308 %<9 ammonium sulfate®
033 g/l =2 et ey AS =53 5 37,000 g2
3087 QaEstol B Ae AT FEE B
2. 400 1£9] resuspension buffer(20 mM HEPES, 40 mM
KCl, 1 mM DTT, 0.5 mM PMSF, 0.1 mM EDTA, 10%
glycerol)ol] =91 & 500 m¢2] dialysis buffer(20 mM HEPES,
40 mM KCI, 1 mM DTT, 0.5 mM PMSF, 0.1 mM EDTA,
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5 mM 2-mercaptoethanol, 10% glycerol)i 4T g5 2
o) AAstA. ol AAH 9HA A= -20°C A 1A]
7t 59 TCA/Acetone 2 A - =24 71 3. 10,000 gz
1587 ARt} 525 B 7 M urea, 2 M
Thiourea, 4%(w/v) CHAPS, 1%(w/v) dithiothreitol(DTT) 2%
(v/v) pharmalyte, 1 mM benzamidine= A% Al 22N
ol G| AR R ASSHT B b =
]2 Bradford(Bradford, 1976)¥l o2 £3)algict.

2XFZ7|1EE U o[ojx] BM

Isoelectric focusing(IEF)2 ${3}o] 18 cm IPG strip2 A}
L5193 IPG stripS 7 M urea, 2 M thiourea, 2% CHAPS,
1% dithiothreitol(DTT), 1% pharmalyte2 FAE A4=3}
golo AeolA 12407 Asite.

A AR strip F 1,000 pgg AMHESIGEL
phore 1T system(Amersham Biosciences, Sweden)S ©]-&5}
o 20C oA IEFE 433t} [EF ZAL2 100 VoA
8,000 V72| E%’\lﬁ BAIZE A 8hol o, 8,000 Voi
A HEAoZ 80,000 Vhrt HEE AAstgct 221194

7195& 33517] Aol IPG stripS 1% DTTE &85t
equilibration buffer(50 mM Tris-Cl, 6 M urea, 2% SDS,
30% glycero)2 1087} X 2]5}4 2.1 2.5% iodoacetamide
£ §H33l equilibration buffer2 thA] 1087F & 2st4ch.
equilibrationo] €& % strip2 SDS-PAGE gel(20%20 cm,
9~16% gradient) o] W{<IA]7]7 PROTEAN Xi Multi
Cell system(Bio-Rad, USA)& ©]83}4] 10T o)A geldd 10
mAZ ok TA7E AASkTh 274817 E0] SR 2449
o] Thulzlo. Coommasie Blue® @At} A\ Z1351%tt.

2EE olnAEEE hilE spoto] HHAMT, 4L
L3t A2 9l E4-8 PDQuest software(Version 7.0, Bio-
Rad, USA)E ol-&sto] +3stqirt. 2 spoto] WA
total valid spots®] 7}==2 HZE3SHnormalization) =] 9. o.u,
2ol vls] & Hi o]de] f-oJ3t WHHIE HoFs
S spotg AT

] Multi-

SEO ME H Y81 TZHZ oY 4l

MALDI-TOF-MS & I=IA-| DI I:}HHXI %x-l
o2 spot2 modified porcine trypsing: ©|-&3}¢] A2
tHoR Aoz Hestyrt A RzZFoRHE SDS,
$7180, GAASE B BEEE AAT] Sfslel 50%
acetonitrile 2 Al 23t & trypsin(8-10 ng/pl)S H7lsle] 8§~
1OAIZE 591 37°Cofl WEEAIZ)AL 5 102 0.5% trifluoroacetic
acid®] A7isto] Bla BEe BaNHT Trypsine] o
3 AR Tz dHEL 4L AR C18 ZipTip
(Millipore, USA)S 0] 835}to] 1 ~5 il Bulg 2 Ul ==
Bl FHHL 7HE 9Fol 9] 50% aqueous acetonitrileo]] 3
3=l a-cyano-4-hydroxycinnamic acid®} E&slo] kit
AL 9J8tod target plate 9o HASHATE AHFEA 7=
Ettan MALDI-TOF(Amersham Biosciences, Sweden)& A}
235}9th. Target plate Aol st=o] Q= ©ld TH=
2 337 nm2] N, laser ZAM] 93] 7|3HE ©fd 20 KV
injection pulseol] 2)3f 7}<E Utk 300 laser shots®] %]
peaksell 93] 2}2ke] Tl spoto] T3l mass spectrum S
+ofch BAo] 2hE¥ mass spectrum FARFE T
H XL 93}o] NCBI(National Center for Biotechnology
Informaton, USA) Database(http://www.nchbi.nlm.gov/BLAST)
5 Fasio.
A o oy
2k O|ARSIEIENTIO,) XME|Eat
HELEEY HHHXIHEE
o] 4k ﬁ}ﬂ%"ﬂ o3t u gAY FHiAL BlEkE AESH] 9
& A (photosynthesis active radiation)®] 3<F
3= 2 (1 ZwA] ZHE 2,400, 2,200, 450 pmol m? ' &
43 H/3710l ol itEE #2172t 10, 20,
25, 30 ppm =2 74‘501 EEA 2 3 FAG A oA
ST A5 R IT(Yleld)“ # 13} g2
PAR 2,400 umol m” s o wjx]A|7] o]4tstejet Zajy
o] GEAYFA L olAStEIE 10, 20 ppm A -0 A

Ql 3L O

Table 1. Effects of the various concentrations of TiO, and light conditions on the chlorophyll fluorescence.

2,400 umol m? s' PAR

TiO, 2,200 pmol m’ s’ PAR 450 wmol m” s PAR

(ppm) F Fm' Yield F Fm' Yield F Fm' Yield
10 165 506 0.674 162 580 0721 118 556 0.788
20 163 519 0.686 146 561 0.740 123 567 0.783
25 151 509 0.703 129 548 0.765 108 500 0.784
30 195 462 0.578 127 547 0.768 125 586 0.787

control 163 531 0.693 132 555 0.762 142 603 0.765
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22 ok 7h4319 1 PAR 2,200 pmol m? 57 ujx]2e]
HE LG FX| 5= oAlStel R 10, 20 ppm AT 7oA FA
gl Rt Woron], PAR 450 umol m™ s #jx]7t9] o]Ats}
Ejg Aejte] AFAFGA = olAStER 10, 25, 30 ppm
Ao A FA2R; For)

PAR 2,400 pmol m” '3} PAR 2,200 pmol m” s™ H]%]
ol o]4tstE]RE 10, 20 ppm A= B E Y] EEa
FPA+E £A2] B 232903 PAR 450 umol m” s A
gt FAEE £t o AdE ez asEQ o4k
slElet 25, 30 ppm FHETE PAR 2,400 pmol m” s,
PAR 2,200 umol m™ s, PAR 450 umol m™ s A vjx] 7
o Bxelgto vlsf okl olAtste|wr Aol o 4
243359 ¥3} 43| PAR 2,400 umol m? s H)%]
7} PAR 450 umol m™ s 2ol Ao|dt A2 ol
ezl olAlste| o] B4 miEe]l AR dudnh 4F
2FFA e GEAY F3eHA ghgo HrgA FH
A4 345 dE42FFATE GEAY B3ty o
=9} 2o 4FAAL A= A2 mpolH) whebA ojil
slejgto] 282 w9} f2] 2419 3]l PAR 2,400 ymol
m? 57, PAR 2,200 umol m” s” 3l A& & FAlo] 33}
3 o] §EE Fol|il FE AWM 75% G At
PARO©] 450 umol m” s7'¢1 2 A= 353 a3t
o] &S Aget Ao r wrtso] ¥ HAlof Aajgt o4k}
Ejgte] zhgofle FFo] g A= AoE AlRHT)

AE4YL2 FAAARALGA, 53] EA 19 GE4
ad| Al ApAGA L S0l wet EAA R WitE=
9] EXojck(Sayed, 2003). FZA <
& ¢ e B 25, AR, AzA Y 89 AEHe
2 gE84 g3dkibo| 9&-S Fth(Nordenkampe er al.,
1989; Gleiter & Renger, 1993). ZZufjQl o|Atsteleto] =+
Boll= Higgo] Taoln E3] Y7t 2 gy
o] ataolct. ojitste|etal dullge| ot & £af b
L9] 7|22 TiO, + 2hv — 2¢ + 2H', H,O + 2h" — (1/2)
0, + H', 2H" + 2¢ — Hyoln] HA ARS8 H0 + 2hv
— (1/2) O, + Hx9} ZtHFujishima e al., 2000).

kA FHe -3 st A ojalstEE A= ¥
Ao =LY FALE HEAA o|Abste gk ¥ g4l
o] F3lstd ol g e JFE F Ao Wy
o digt ojatstelgte] 2hg-2 Aol whet Pdebd 4 9l
Aoz Az

o A

ol istelgk Aol 2t v A4le F3Y ERk-Sol it
FFE A=) Ao olistE e 10 ppmdt RS AR

DA 84|91 diuron 10 ppme 27 =gt ¥ F4lo| B
ke 37 [12] Al A Ad-E(relative electron transport
rate) S E4e A 19 13 gk

w2 Z271¢] PAR 2,400 umol m? s™ wjx] 7ol BgHA
Hul-$-0] AT ARG o]AFSFEE 10 ppm A2 of|A]
B4

2 ozl g Azl #IAY P AdAAdEgES
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Fig. 1. Chlorophyll fluorescence induction curves with rela-
tive electron transport rate in the rice leaves treated
with TiO; and diuron. (A) 2,400 pumol m? s PAR,
(B) 2,200 pumol m”? s PAR, (C) 450 umol m” s
PAR.
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£k §2e4 27190 PAR 2,200 pmol m” " wjx72]
OJAIBE R A el-ro] A EE-S Wt 43.2%, F-AE
T 44.4%2 olitstE R Heltet x| te] wlsdt gk
2 HYon, fal&AY 75% xF271¢ PAR 450 umol
m”® s H{X| ol A olAtStElet 2] 24.2%, AT 42.1%
Z o|AtstE " Aul 7t Rt A Aasioich

FES 243 24 A9 UV-B 7} PAR 2,400
umol m? s™ BYX 7= 13.6 KJ m” day’, PAR 2,200 pmol
m? s WX FL 0.6 KI m? day’, PAR 450 pmol m” s’
B X7 0 KJ m? day o]}

%, olAtstEl s A B A4S HiHE Hekge] A
QAR ES FFo) £&4F w2 Aol 7 4
E Ao UV-B okt Blsgh Agolgth o]2te o
THlo] ARt ojitsteiest UV-B7L 287 Ante g
g UV-B7} 0.6 KI m? day” o}s} 4222 27104 o]
AbstElRl 280 ad 4 g Zom PAHn.

PAR 2,400 pmol m” s ®jx|51Et} PAR 2,200 pmol
m” " HiA Y AR g gl WA AR AL B
o] AojRr} UV-B et ¥ & IS 7|Hd 2H= A
25}

Uv-B Ztre O[AMSIEIENTIO,) X2| &1t

H SEME, E47] WsD Y

w0l tigh o)A E® Al UV-BE] daFe A=}
o138 X3k 9] UV-B ZES 7z} 13.6, 4.9, 0.6, 0.15
KIm? s'2 2483 9FH 95 15U T 29 30)4] o]
Absbe|ERS: 247} 10, 20, 25, 30 ppm FE2 A28t 35U
b AR o8 R AREAS ZARE k= 3 2
oF Zrh

wx] 2791 UV-B 13.6 KJ m” day” v} x| 5ol A o] A3}
et A2 W FHY 27, AAF, deFel Zelrt §id
1 UV-B 4.9, 0.6 KI m” day' A g]tollA ol4lsteet A

Table 2. Growth characteristics of rice seedlings with different TiO, concentrations and UV-B intensities.

UV-B intensity TiO, Plant height Fresh weight Dry weight
(KJ m? day™) (ppm) (cm) (g/10 seedlings) (g/10 seedlings)

10 392 a' 451 a 0.55 a

20 356 a 391 a 0.63 a

13.6 25 372 a 396 a 0.65 a

30 376 a 375 a 0.56 a

control 3552 3752 0.60 a

10 40.5 a 382 a 0.62 ab

20 39.3 ab 3.97 a 0.59 ab

4,90 25 38.1 ab ' 3.66 a 045 b
30 38.5 ab 439 a 0.68 ab

control 366 b 396 a 0.77 a

10 40.0 ¢ 3.76 a 0.50 b

20 429 a 4.00 a 0.66 ab

0.60 25 42.7 ab 4.10 a 0.62 ab

30 40.3 be 4.18 a 0.69 a

control 38.0 ¢ 377 a 0.66 ab

10 410 a 383 a 0.59 ab

20 40.7 a 329 a 045 b

0.15 25 40.8 a 4.02 a 0.64 ab
30 40.2 a 3.069 a 0.63 ab

control 379 b 396 a 0.70 a

"The common letters within a UV-B intensity mean no significant difference at 5% probability level by Duncan’s multiple range

test.
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2|8 24o] Z715H4th UV-B 0.15 KJ m” day” %) 2o]
A 2L F7Hetgla 73,%%% Z}iEI Art.

¥ fHe AREAT Zo| U
49,06, 015 KIm” s'& &ﬁou 88 *37101] Ol*@}
ElEkS 10, 20, 25, 30 ppm BEE HEste] E471712] A
kel &47) Ae-e AR Auke ® 33 2t

2] 248 27AQ UV-B 13.6 KJ m” day™ ulj ] F-o]| A
ojARSlE|Rt AR ofatZol= ZojF ot o4 A= UV-B

49, 0.6 KI m” day’' sjx|TtoA] zlo|7} g14lal UV-B
13.6 KI m” day” x|l 4] olatalElgt A2)2 F7)5he
t}. 248 UV-B 13.6 KJ m” day’ wjx| 9] o]4bsle|gt
20 ppm Ao AT Fict,

UV-B 7=} o|atstel st H2] o] 0 v f24%
olatg Ao gt Bated A= 7 49 g} UV-B
=i 24, 7 44, 2504 o0l AFHIAYT o

s} T 2%, WM fogel JAHAS

ol K
auj
st 1.)4[

o

=
o}r

Table 3, Changes of rice plant characters associated with panicle at different TiO: levels and UV-B intensities.

~ UV-B infehsity ' TiO, * Panicles no./ Culm height ~ Panicle length Panicles weight '
(KJ m? day™) (ppm) plant (cm) (cm) (g/plant)
- 10 18.0 ab' 628 b 204 be 371 a
20 223 a 729 a 218 a 410 a
13.6 25 150 b 615 b 21.1 ab 3.89 a
30 20.7 ab 637 b 204 be 381 a
control 20.3ab 639 Db 19.7 ¢ 281 b
0 233 a 636a  194a 3.10 a
20 21.0 a 64.5 a 20.3 a 343 a
4.90 25 223 a 633 a 19.6 a 3.16 a
30 207 a 639 a 19.5 a 3.08 a
control 202 627 a 199 a 2.96 a
10 133 a 712 a 204 a 226 a
20 11.7 a 67.7 ab 19.8 a 215 a
0.60 25 103 a 66.8 ab 20.6 a 195 a
30 107 a 64.6 b 202 a 1.95 a
control 147 a 699 ab 20.6 a 201 a
10 150 a 731 a . 195a 157 b
20 14.0 a 723 a 200 a 1.79 b
0.15 25 133 a 717 a 19.7 a 194 b
30 ‘ 12.7 a 684 a 211 a 2.59 a
control 127 a 123 a 215 a 1.98ab

‘Mean separatlon within a column by Duncan’s multiful range test at 5% level.

Table 4. Mean square values and significance of analysis of variance on the growth characters of rice seedlings and plant
characters associated with panicle between UV-B intensities and TiO» concentrations.

Source of variation UV-B intensity

TiO, concentration Interaction (UxT)

Plant helght 9.65%
Fresh weight 0.42
Dry weight 0.22
Culm height 20.9%*
Panicle length 8.3*
Panicle weight 105.9%»*

7.16%* ) 1.58
0.45 1.30
2.16 1.94
6.3+ 4 3.4%%
0.4 0.21
2.02 0.55

* ** **% significant at the 005 0.01, 0.001 probablhty level respectively.
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Fig. 5. 2-DE proteomic map of r1ce leaves with TiO; 20 ppm
under 13.6 KJ m” day” UV-B. In first dimension,
protein was loaded on 18cm IPG strip with linear
gradient of pH 3~10. In second dimension, 9~16%
gradient SDS-polyacrylamide gel was used. Proteins
were visualized by Coomassie Blue staining.
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Fig. 6. 2-DE proteomic map of rlce leaves with 20 ppm TiO,
under 0.15 KJ m? day"' UV-B. In first dimension,
protein was loaded on 18cm IPG strip with linear
gradient of pH 3~10. In second dimension, 9~16%
gradient SDS-polyacrylamide gel was used. Proteins
were visualized by Coomassie Blue staining.
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UV-BE A4:202 2430} Walo] 2715t spot2 1376,
1449, 1539, 19172 474¥ 1, o] A o) uHg Aw = u]
A2 AL a9 99 Zrh

A" &E F A4 FAE spotd 885, 1250, 1341,
18152 47§ =tl, spot 8859} 1341%= UV-B ZZ7} 13.6
KJ m” day’ ol 4] AIREHAIE 21T, spot 8159} 1250= UV-B
Z% 0.15 KI m” day ol 4] A4 FAE Ik & o]akste

B A2 ¥ 4dY 3o UV-BE A5sEon 243 23
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Fig. 7. Close-up views of the regions of the 2-DE gels that
show differences in protein expression of rice leaves
with TiO; 20 ppm under the reduced UV-B mtensxty
(A) 13.6 KJ m” day UV-B, (B) 0.15 KJ m™ day
UV-B.
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Fig. 8. Down-regulated protein patterns under the TiO; 20
ppm and reduced UV-B intensity.
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E, Crystal Structure Of Activated Rice Rubisco Complexed
With 2-Carboxyarabinitol-1,5-Bisphosphate, ribulose bispho-
sphate carboxylase large chain, ribulose 1,5-bisphosphate
carboxylase©| 31t}

A spot 1525, 1547, 1623, 1636, 1723, 1969, 2026,
2133+ Chain E, Crystal Structure Of Activated Rice
Rubisco Complexed With 2-Carboxyarabinitol-1, S-Bisphosphate
Z ZAR9 T olisleEl®r 20 ppm AT & UV-B A

24 Az ddo] B% FAstgh

Chain E, Crystal Structure Of Activated Rice Rubisco
Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate+=
NCBI 282 D/B] Accession Number 7} 569667640]1L
H2)ZFo] 52.8 kDa, pl(Iso electric point)7} 6.1 G A
AAilol olitsteldh 20 ppm A F UV-BE A4Eoz
238 A2A] BEA=F oF 20~40 kDa, pl= 4~4.59} 6.5~
7.5 9folA 8= THE U o]9F 72 Rubisco= {3
A AR HEYZ A (posttranslation) o] &]§t ]3] (isoform)
kel ot (Houtz & Portis, 2003).
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Fig. 9. Up-regulated protein patterns with the TiO, 20 ppm
under the reduced UV-B intensity.
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Table 5. Protein identification by peptide mapping using MALDI-TOF mass spectrometer with NCBI protein database.

Accession . Sequence M; (kDa) Amino acid
Spot ID . Protein name coverage
no. (gi) N /ol sequence
(%)
Down-regulated proteins
Photosynthesis
1428 57283874  Ribulose bisphosphate carboxylase large chain 26 52.7/6.2 LTYYTPEYETK
1525 56966764 Chain E, Crystal Structure Of Activated Rice Rubisco 14 52.8/6.1 TFQGPPHGIQVER

Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate
1547 42795561  Ribulosel,5-bisphosphate carboxylase/oxygenase; rbcL 28 53.6/6.3 DTDILAAFR

1575 56966764 Chain E, Crystal Structure Of Activated Rice Rubisco

. 8/6. TDILAAF
Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate 16 S28/6.1 D R

1623 56966764 Chain E, Crystal Structure Of Activated Rice Rubisco

i ; 2.8/6.1 TDILAAFR
Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate 20 52.8/ D

Chain E, Crystal Structure Of Activated Rice Rubisco

1 . . .
636 56966764 Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate

17 52.8/6.1 DTDILAAFR

1723 56966764 Chain E, Crystal Structure Of Activated Rice Rubisco

. . . .8/6.1 DTDILAAFR
Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate 16 52.8/6.1 i

1969 56966764 Chain E, Crystal Structure Of Activated Rice Rubisco

. .8/6.1 M IDR
Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate 14 52.8/6 AMHAV

Chain E, Crystal Structure Of Activated Rice Rubisco

2026 56966764 Complexed With 2-Carboxyarabinitol-1,5-Bisphosphate

22 52.8/6.1 LTYYTPEYETK

1405 57283874  Ribulose bisphosphate carboxylase large chain 52.7/6.2 LTYYTPEYETK

Chain E, Crystal Structure Of Activated Rice Rubisco

2133 56966764 Complexed With arboxyarabinitol-1,5-Bisphosphate

22 52.8/6.1 LTYYTPEYETK

2206 347451 Ribulose 1,5-bisphosphate carboxylase 20 19.6/9.0 STAGMPVAR

Carbohydrate Metabolism

583 54606800 NADP dependent malic enzyme 27 65.3/5.7 GLAFNER

Stress/Defense Response

771 33440012  Catalase 32 61.3/8.8 GPILLEDYHLVEK

Secondary Metabolism

1252 18250364  Isoflavone reductase-like protein 59 33.4/5.6 ILVVGGTGYIGR
Miscellaneous

T
671 31432537 OSJNBa0057M08.23 24 33.9/9.0 f}}gTVLRQMAG

2252 28209481  Expressed protein 45 16.5/42 GFVADDDAFAR
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Table 5. Continued.

Sequence M, (kDa)

Spot ID ACCCSSI.OH Protein name coverage Amino acid
no. (gi) o Ipl sequence
) ) :
Up-regulated proteins
Stress/Defense Response
1539 13249140  Glucanase 38 34.6/5.9 NNIQAYPSVSFR
Energy/Electron Transport
1917 50931457  ATP synthase beta subunit 19 53.9/53 VVDLLAPYR
Miscellaneous
~ , . ) ” VDLPPEHNGDC
1376 56784597  Hypothetical protein 23 47.5/5.4 RGCGYCAER
. . . . AGPARPCRASPA
1449 31433594  Hypothetical protein LOC_Os10g41910 14 34.1/5.7 CWWGGPGTAR
Newly synthesized proteins
Photosynthesis
1815 57283874 Ribulose bisphosphate carboxylase large chain 22 52.7/6.2 LTYYTPEYETK
Miscellaneous
885 55205992  Hypothetical protein 36 80108 SrOCLOVPRHA
~ : : . ; SQNLTVGNDVE
1250 50252695 Hypothetical protein 37 21.2/9.8 GGGGACK
. ) QGFSFAAMEEFT
1341 77553166 kExp’ressed’ ‘protem ”378 20.?/8.3 FPSVAPER |

7R3 Qlek. Chlamydomanas Rubiscor SAAE HY 5 N
-Methyl-Mef>-1, 4-Hydroxy-Pro*-104 and-151, S'-Methyl-
Cys"-2569} -369, L-subunit2] 471 Z7|ofjA| 427 0] o]F o
Atk Mizohata et al., 2002).

Ribulose-1,5-bisphosphate carboxylase/oxygenase(Rubisco)
= 5HA 9] Calvin cycle®] A 40|t} Rubiscot= 7FAANE)
¢l CO,7} RuBP(ribulose 1,5-bisphosphate)ol] 23t A
& Zujste] 2849 3-PGAE AJAgc). 1EAE A
Rubiscot= 2 x}aFo] 5255 kDagl 87119 24t A|(Large
subunit)e} Ex}gko] 12~15 kDa?l 8749 Z2ATLA
(Small subunit) 2 LA =0} Q&= BFHA| 0|} Rubiscot th
Fet gt A B FFE 7IAER Rubiscos 2
o] ¢ txlo] Qth(Parry et al., 1997). Rubisco TAJL Zuj
Aol ZAhA 9] lysine 201 Z7]8] 7+ 9] carbamyla-
tion(lysine Z7]+C0O, — Mg AL £ Lo Zx,
CO2t Ox% 9] wWisle] wat ¥i5d 4= Yrh(Miziorko &
Lorimer, 1983).

A X, gll, Synechococcusol| A 2-carboxyarabinitol 1,5-
bisphosphate(2-CABP)2} Agt¥ EAl3tE Rubisco AR
27} BiEo] 9lchAndersson, 1996; Schreuder ef al., 1993).
2-CABP% Rubisco E4J5-9]¢l 7stA 2 =]o] RuBPE]
carboxylation} oxygenationol] A3}z o2 2-8-3tH(Pierce,
1980).

&M A Bof A Rubiscod] EAHARE GEA rbcl gene
o ofsl QrEatE I AEEullA FAEIE vhE, Aesw
AAL A rbeS geneEo 2 FEBHEIL A EZF | A
FAEE 24T EL FHUFE HIE AEENIR
SutEn 2499AED EFAE P TTHMizohata et
al., 2002). Chlamydomonas Rubisco= 24t 49
sequence’} IL5-A1 &3 oF 90% FABLLL, §HzAbo| §o
&}aL 4l53te] 1541 &2 Rubiscol] F22F 7|59 #A
£ olgjstedl 713 Ag-29l melojn g Rubisco A
Y Chlamydomonas Rubisco EHHO|HE o]&3le] 3
%] ¢l cH(Spreitzer, 1998).
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Fig. 10. Functional distribution of identified proteins expressed
in rice leaves with the TiO, 20 ppm and under the
reduced UV-B intensity.

3+, superoxide dismutase, peroxidase®} 3174 A1EA W
FASE oAl | 8] 28 B4R UV-BY| 93] AA4dE &
AAEE T3k A7) A olAl Al ejshe aa
Q}(Santos et al., 2004) catalase+=(spot 771) UV-B 0.15 KJ
m” day’ A4Fo2 2A AeA 272 UV-B 13.6 KJ
m”® day”’ ARt SHo| FAHYT)

HetFols wrof nAH thH AR A ATP ST 4
(Grossman et al., 1995) ATP synthase2| ATP synthase
beta chain(spot 1917)3} Hjo]ajz, Fgolo] ¢, o
A2 F2E)=(De Carvalho et al., 1992; Wubben et al.,
1996) glucanase(spot 1539)= UV-B *4& 2 A] L o]
2715,

olAyStElek 20 ppm Az} & ZAAY F9] UV-BE 99%
APSAIH-S W H3HA Calvin cycledf 4] CO, BFS
3= AAF-Z Rubisco?] chain E & o] 8 7hA
ol4tglElete] B gAlel CO, A Fullsh= &4 d
o & T3] fiitolx of #gol= AAF 52 UV-B
ZAm=7F BT weo] ql7] gEoZ wetEch

o|AtStEl S 20 ppm AP ¥ UV-BE ApEow 24
3B GAleIA dde] wEd v F FAE BAS
WAl SR RS 2 a7 103} 2 5349
el S 3shAd )t I E F(spot 1405, 1428, 1525, 1547,
1575, 1623, 1636, 1723, 1815, 1969, 2026, 2133, 2206)°]
52%, AE#H L g AE A vrolo} HRAE Aol(spot 771,
1539) 8%, ©3kE Ak E Aol(spot 583) 4%, 24}
AL HH A ol(spot 1252) 4%, VR W MR T
H Ao|(spot 1917) 4% I WA Fo] LA A] & A

T} 7} 7)%-2 7}A Aol(spot 671, 885, 1250, 1341, 1376,
1449, 2252) 28%3ith.
ol At ol v HAilo| A |t ojatFfEig-E-

Frold BEe A5
UV-B ZA=&5 F2AZ 45 H
9] Calvin cycle = &
Rubisco?] chain E #dlo
8 G419 Co, 4

7] wjFolal o

A Beol Q7

e

bl
Olopaat whesto] BET WoHeLY A48 SH 0|4k}
EEHTIONE ¥ o Edo] Aestae o ¥ Gale 7
o E2Ye 24 B 4

3 At it FFE HESAL 2
HEslE s st Ans aorely th2a) Pk
1. FatAGaTAro] 2,400 umol m? '3 2,200 wmol
m” 5" ujR| oA o]AlElEEr 10, 20 ppm A2l FH-S-
Al o] JEAFLR4(Yield)S @397 450 umol m” s’
AHee JEAFEASE AT
2. =X 279 PAR 2,400 pmol m™ s Hjx| Lol A L3}
-89 A AAAE RS o]4FstElR 10 ppm A 2 of
X B 45 %, AT 32.4 %, diuron 10 ppm Z ]G0l A
153%2 oitatewt Auls B Beke Adaas

988 =9t

3. UV-B 4.9, 0.6 KI m” day” s} x| o]l A] o]Aksle|et A
a2 2#ro] Z2715F493 UV-B 0.15 KJ m™ day” B} 79
A 2L Z7VEaL AEFS A

4. AL w29 UV-B 272 13.6 KI m” day” Hj%|
oA o) AkslEE AR Z71E¢lal UV-B 4.9, 0.6, 0.15
KJ m? day' HJA T tha ZAEG o0 SAHoR fo
gk atol= LAl obgiTh

5. ojsbztElRt A 2| & A F] UV-BE 99% Aetat
of Ao 2T A7} 68%0] Tl o] 4k

T 77 16%0] S we] 7 R A4 g E ol
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6. o)AFstElEr 20 ppm AP & A 0 UV-BE 99%
A HE W) 2 A Calvin cycleo) A CO, 23S
Zul|sl= 24 F-Z Rubisco?] chain E W&o] 7HAsIgT]
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