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Increase in Cytochrome ¢ and a 11.9 kDa Protein
in Submerged Rice Seedlings after Exposure to Air

Mineo SHIBASAKA, Takashi USHIMARU, Katsuyuki OOKUBO,
Shin-ichi TSUCHIDA, and Hideo Tsuj1

To examine the changes in cytochrome ¢ content in submerged rice
seedlings after exposure to air, antiserum was prepared against purified
cytochrome ¢ from rice bran. Western blotting analysis revealed that
cytochrome ¢ was detected 6 h after exposure to air, but not detected in
submerged rice seedling. On a fresh weight basis, the same level of
cytochrome ¢ as that of the aerobic control was found in the 24-h-air-
adapted seedlings. Judging from the high A,/ Asse ratio (4.66), the cyto-
chrome ¢ preparation used as antigen was considered to be well purified.
However, the antiserum reacted other several polypeptides. One of them
reacted more strongly against the antiserum than cytochrome ¢ and its
molecular weight was estimated as 11.9 kDa. The polypeptide increased
during air adaptation and the levels found in both submerged seedlings and
aerobic control were lower than that in 24-h-air-adapted seedlings.
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A AETIIKBD L ) RIRBRRAAETHRFT 50, BRICHE L AR ROEEIZE-
T THE, KD TR 2FE 2 ITBAICHN S &, KA (Shibasaka and Tsuji  1988a,
1988b, 1991, 283K - i+ 1994) B L UNE&EHR (Ushimaru ef al. 1992a), EHEEERNER

(Ushimaru et al. 1992b, 1994) DiEtEAAEBICIN L IEH 234 2 DRRBICITD W TIT
(. B3 7 OBIEEBRFMIGEE LITA TV 24, 4 RIKP TR ZOEER Y T 2
ZEDTELVDT, BEBISBRIIETORKIC & 2 KFLEBRE TIEEF 2o - 25 RKEH
T D TE20RF,) LIS HEELBIETH S.

MR R B & TR EEE R R RO PSR, ERREIBIEIC BV TR 2o BN & R BERRE
&, %9 ThHVWEERBYHD, EEDNTL—T7TEHICEZ DBRICOWTHEHMICHEAN LN T
\»% (Shibasaka and Tsuji 1988a, 1988b, 1991, %&3X - it 1994, Ushimaru et al. 1992b).
BT XA LIE, EHREIC L), ZOBMNZEHIRENTVEY, FhI7u—LcDE
B b o B TOMERRY P LOBENFRITC L > THES N TR 72T (58K -
1994), FEEEIIREN TV LW, Z2TF L 7a—2n ¢ Z 237 EmObEns Bk
WU RS HER AV LENS B E#Z, FF7a—L4cDPkEHCTERINVESE N,
IR 227 F L L DRBENTWRHERENBRT 22 & 2R A,

il

RECEFBKBL T wih BB 2L E T,

MBIV FE

1. HEipet

F R roncPUEFRERT 2201003, RO Kab 2 AV, BEEIGBED BT
4, A AMHERF 2 (Oryza sativa L. cv. Yamabiko) % V>, Ushimaru ef al. (1992a)
DHEHE-T 6 BREATZ 2R3 EE&PTECLLORY, 6 HRAPTET1 HRAHIC
WL 72ZFEZ 2w,

2. Fbroa—Lic DHES

[ R OEET)  kdad SkgicBiAf A > k50 #mz, &< Zh, AR 2 ERY
B 7. BRI Y72 2T ) —I2 20 %R AGEIL0] 22 C, 2 &R, —BRIRE TR
L7248, LRLHIETOA THE- 72, KWL 2 M2 T30%8ANz L, —RRHEHL
7%, 0 (8,000g - 105Y) L, MM EBEICES TRIREEERV, REICRZH A
202 T100%EaRIC L, th#B %0 (8,000g-205) THEH7. WRIC 2 EmnFKEKZM
ZCEEL, BHFa—7icES, WokicHL 1 HESBHL 2. B 3K, BTWEO30ME
PLED0.0IN V) > BT > £ =7 288 (pH7.0) (0B L7z, Z oM, EATRER 2 bl
)77, BEROBERT 22744 A ICELTOLNT, PUTOBER D FFICH
LAWEED ) Y EET Y = LRER (DHT.0) D2 & TH B, EHY 7w b (8.000
g 104y) TILEM% K728, 0.01N BRI Fafk L 727 > x—F 1 I CG-50 (typel)
#52 (3.3x1lem) KRFEXER (Tml/5). 7720 3EERU LORRER TE- 72
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%, 1.0N & cismL 2z (3ml/%).

B TN ES0% BN A B TN, RO, Ea0 (8,000g01045)
TLEE®G2, 72, LB E50% AL KER TRy, &0 (8,000g - 104) TLEICHE
BEELIBEZNBOEI R EC LT TERVRLEBIrLFF 706 c 2L, L
HERB A A DY, M KRLZ100%8ANC 2 F Tz, &0 (8,000g - 104) Tik#%
5, B 2 BEOREKEIMZ THBL, 1 HFEKICENLZ, B 3&, EREN30
&L B0, 01N AREHIBNT L 72 (BEEEm 452 72).

(4 42RO~ VB > 70 %0.01N &I Fa{L L 72 DEAE-t/La—2 7
F 4 (1.6X3.3cm) (2B L (3ml/4), @@EEOFREES % EH, 0.9F=ND0.2N REK Z
mz, 0.1N & FaibL 72 CM-% 7 77 v 7 2% 7 2 (3.3X30cm) (2 kA S 472 (1.5
ml/43). 0.2N B E R TH 7 2% %\ (1.5ml/43), 0.3N EEE T - < ) &EHE472(0.3
ml/43) . FaES & KB KT 6 f2ic e, 0.05N BEICFa b L TBwiT =74 b
CG-50 (type2) #F4 (1 X 6cm) [CHEESE (1.5ml/4), 1.0NBRERTW - (D EH
THZ ok TE#EL (0.5ml/4), 01N SEERICFELL 22777 v 72 G-7547 7 4

(1 X100cm) 4> 7 %@L (0.14ml/453), @@BEDOKEHES & EDHT2, CM-27 77
W P2k BAF BRI VIERE D ) — BT 7.

[NA FeXxeT 984 ] > T ERFERKT2HICHED, 0.05N RERIC T L
PnA FuXeTo8g 4 b A T4 (1X5em) [Cf#FSE2 (3ml/4r). 01N BREE Tk
572 (3ml/4) #%, 0.2NSEHERTW- <) @MU (0.5ml/%). REsz g, ©
ROBFETT—~54 F CG-50 (type2) T L&HWIBHEL 2.

[SDS-PAGE] #> 7 Wo&AkENE Laemmli (1970) DFEEHE- 72, > 7 i %
BT RAEER (12% > a b8, 2% P72 URRER) F 7 4488, 0.06M b ) Z—3E, 60mM
sF 4214 F—0) FiREL, SDS-PAGE (7 7Y n18%, #/VJE 3mm, #iE~7 /L3
cm, 4EE4 L 9cm) TH50mA - 904 —12mA - 21EERE () DikE) T e 7T A TREL
72, PNDEBEST R L, PBS TH- 724, 2B PBS L RICH T AKRED F A —
THENEL, %O (8,000g - 109 TLHEICF P 7vs c 2HHL 2.

3. FrtoOh c DHHFMBIE

FEELERRE, FL7as cOBBER BVSS6EIBRE AW THET S Z Lok
STGEBRL 72, F 7oA cBIEY T EBLRENYF A4 FTEILTL, 550nm &540
nm ORI DED &, T VRIAREF19. lem ' mM~' (Wang 1980) & L Tt&E TRDH 72,
KEBUEE 1A EALTLF F 7 0 A ¢ D408nm @) y o3> FOIRIL E 5 > 23 7 B $280nm DIRILD t
TRD7z,

4. WF 7 OL cHEFEDER

B b 7 04 ¢ 7Y XL Shimada et al. (1990) OHHEIZENETOEE LML 72.
IEHDEET P ay FEBWTERL2ZHECF 70 n c Uy > X ITHDERA
BELNNT, 7T—2F—, L TEHT2HEL2EERCHEL, 1 HADEHO 38K
# & 4BRRICHES L2, R EBEOEHF O 1AMEICIT- 72,

Vol. 2 151



152

Fig. 1.
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Table 1. Purification of cytochrome ¢ from rice bran

Purification Total Aos/ Asgo Purifica- Yield
step cytochrome ¢ tion (%)
(mg) (-fold)
1st dialyzate 44.3 0.024 1 100
Ist Amberlite CG-50 327 —* —* 74
1st CM-Sephadex 20.9 0.73 33 47
1st Sephadex G-75 —* 1.09 50 —*
2nd CM-Sephadex 7.6 2.23 102 17
2nd Sephadex G-75 —* 2.61 119 —*
Hydroxyapatite 3.1 4.66 212 7

Starting material was 5 kg bran. Estimation for purification was started at
first dialyzate because cytochrome ¢ peak in spectrum of crude extract was
not detected.

*Not determined

Absorbance (relative)

300 400 500 600

Wavelength (nm)

Absorption spectra of rice cytochrome c¢. The protein was dissolved in 0.2 N
. reduced with a small amount of

ammonium phosphate buffer, pH 7.0.
Na,S;0, powder; ===+ , oxidized.
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5. 7x A9 70y MC&B3MAFEAF o704 c DIRE

EERB2gNEFHFEZ LIV LD, FiHL210ml &R (0.1mM EDTA, 0.1
% Triton X-100%&{100mM ) B4 ) 7 L8, pH7.8) BT toick-T
FEREL 72, HAHERIZEG (1,000g - 1040) L, #87- k% LiRo> SDS-PAGE TRE L 214,
Blake et al. (1984) O F B> T 727> 7y bMckdFr7an c k217
7z,

= 2

1. FF20L c OBBURUHNDBORRE

Table 1iZ/RT & 512, Kadr 5kg LD H3mgDF b 704 ¢ 2487, BEERD A/
Anolbiz4.66& %Y, BEICKEBINTWEZ E2/RL TS (Fig. 1). Ida and Morita
(1969) 1385kg MKwad & V) Aus/Azsott3 . 58NDFEBIIE R % 30mg BTV %95, AR DFEIZ
WEEUEUECB Y TENZHEE VW 5, AR THELNEUEIIA AEFRE HR
MEHZ L 72384 (Morita and Ida 1968) @ Ayes/Assotbd .64 L FREETH - 72,

Fig. 2. SDS-PAGE of cytochrome ¢ preparation. The bands were stained with Commassie
Brilliant Blue R-250. Lane 1, 3, and 5, cytochrome ¢ from horse heart; 2, rice
cytochrome c¢ used for first injection ; 4, rice cytochrome ¢ used as a booster. Arrows
indicate rice cytochrome ¢ (upper), cytochrome ¢ from horse heart (middle), and 11.
9 kDa polypeptide (lower).

BIRR TR LNLHT F 70 L c iEE, A F2FF70L c(5FEI.8kDa) 721F T |
7w LBF b 7 a s e (5FE12.4kDa) & RUEL 7 (Fig. 2). 1EB2 7 ¥icEsL
HREORBEOBICZ AL Fux s T84 b 2720 L BREERL, 77 LViREL
%7 SDS-PAGE i & %8 % 4T > 72728, 4 FE11.9kDa D5 > =7 EHHRAL Tz,
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Fig. 3. Changes in cytochrome ¢ content of rice seedlings during air adaptation. Total
protein was extracted from shoots of rice seedlings, subjected to SDS-PAGE and
electroblotted onto a nitrocellulose filter. The blot was treated with an antiserum
against the cytochrome ¢ and immunostained. Lane 1, aerobic control ; 2-6, submer-
ged seedlings 24, 18, 12, 6, and 0 h, respectively, after exposure to air. Location of
band A-E were estimated as 43.9, 34.5, 14.8, 13.5, and 11.9 kDa, respectively. Cyto-
chrome ¢ appeared as band C.

T

Fig. 4. Comparison of cytochrome ¢ contents using serial dilution. Total protein was
extracted from shoots of aerobic control (1), 24-h-air-adapted seedlings (2), and
submerged seedlings (3). Extracts corresponding to 2, 4, and 8 mg fresh weight were
loaded on lane «, 8, and y, respectively. Bands A-E correspond to those in Figure 3.
Arrow indicates cytochrome ¢ from horse heart.
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ZOFER, ZoPmiEiz11.9kDa & 7B L REBL, LA AF L 7ulc &Y LS
KL 72 (Fig. 3, Fig. 4).

2. MEECBIECSIZ3FIo20L c BEOZEL

ZZTHWERMBETIE 72287y MokbsF L 70b cnxy Pk TRESF
LA AFEZICIIRBTE L -7z (Fig.3). TOFEZ 2 ZBAPIB T AL L6
BEfgIC 3oy PRI &N, 2B LZwicHEmL, AEEDH 0 TII 4RI I Rxt
HEITIREREICEL 2.

PEENLREFEMZ 572012, HFRREHCOKPFAL 2, 24FMBREGHFE L,
At A E L 72 (Fig. 4). KpFAEZ Climgy 70 (EER8mgHYE) 2u—F
Lizb—>Th Ny PRl EAERLENT, 24BREBEEICFEAZ O 2GR — (RE
BEAmgHLUB)UTTHEZ b, FF 704 ¢ W2UBEROBERBBETH L LD 2
RELLEICHEIML T3 2 EpTRaN2, $72, 4BHMEERBEIEHEZ THOF P 7 an c BiF
HEMBOYGL L SFERETH B 2 L o5 - 72,

3. MK CRICTB3F oAb c LD/ F

Flok 2 L Sz, FMEERICHWZF P 7oL c i F > <7 EDRA B - 7272
&, AEFFRICAVRnELF P 7on cbitns o 7BE b ROGL:. B Dl 4
HY, HTRITFNFNA3.9, 34.5, 13.5, 11.9kDa Th » 7. 43.9kDa ¥ > 37 GI3H %
ZDE - 2 EREE & EERICITITFEL ~NOUAEFE L T 722s, o) 3H8I3 2 L E R RN e % 8)
#axL72. 34.5kDa £13.5kDa ¥ > X 7 I3 KHFFEEZ ICHAET A FT—LWTTH 5
P, BEEGBROBHICETOMMSEALNDE LOD, HFRMBTIIRHEEI N - 72
(Fig. 3). 11.9kDa % > < 7 BIZHRICIBAL TWREBLRS S - 1255, KbFEZ LB
FEWIGHEE 2 IS RICHLEL, FEMNBTET - 2 4h -7 (Fig. 3, Fig. 4).

] 2

KA EMEIE T BT T us c OREEEY L TR, BroFEE, DOE, HREEX LI
B\ENHE (Ida and Morita 1969) & 0 h 7% VBN T 7z, BERBELIT-o 22 &I2E DI
Bh, A FRX L T8 A VAT ARERL I SIc L VBREr TR EFRN L 72 8
Zbhb,

F b7 eI A FKPFEZ TRBRBENZOEEICEKL~LTH Y, BEEIGBRET
2fELL FIC BT AR RIE, A7 P VBT ORER (B - ik 1994) HI3IE—ET 5 A
EDARELLTHERL TS, KIFRTRIAKPFEZIZF P I7n L c RSN TP -T2
B, F b 7an c MRV RATIE S BOFEAET S LIZBEICRE N T 5 (Shibasaka and
Tsuji 1988b), 4-[ME I L 72 Hitk o Jifiti oK - 72 7:&)1%&'(“3 oz EBb, 2Dz
BMORELEHAZINERIC L7200 EHEZ LD,

ERE NMIEIZ A A FEZ R LBOF ~ 70 ¢ ERUEL 2% (Fig. 2), HUR
DFEN B e HHE - 72 T2 DO DR ~7F F L (Fig. 3, Fig. 4),
BRECLME D 5. Wit BEEOW B ICEESY S 50T, K2 IEHUME % FH7zICVEK
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L, BREERUIEGEEINZLDZB T3, ZHERAVWRERL2 SOHREIMEEC
e Th 5.

A CHW PG & BT 211.9kDa 2 > 77 gl khar i kBICHFEL 2. DEAE
~ka—2h 7 ukiEBEL, To—74 F CGHORUCM-t 77T v 7 AIZIREEIND
ZEWb, Fh7unc EERRICIEERND S > 7B THDL EBbNS, D5 7B
EEFE G B THNL, &R EFHRROKQPICKEBICHET LI Eh 6, BB b1 22
BE LIS 7B TH BRSNS L, BMEAI VAL > THEEEINE S /7 ED
LT 20 FRDOLDOHEIZ L VDT, SHDOEKRS ZMARETH 5, 4.5k
13.5kDa 7 > < 7 I3 FANB CRIBRHE I N T WZ 25, KBRERBEICHERN L 7297
' (Sachs 1991) TH A9 EBbd, Fr7vaclltoinsns 7 8%2EHET S
ZrlE, FRTETW W,

AFFROFERIT, BIROBEE (B - 5E 1994) 2R r b B M Twb, T4b
b, Ibay ) TIERR» @2 R CEF L 24 2 FEZIE, Fh7vscrREL
RENZ AT RN, BEIAHTEL L)L BICF P70 b c 0" ERENS.
D& ) LBMNEENMIFALETEERZEELTCWEF 7o bBiciERond

(Shibasaka and Tsuji 1988b, £2%-it 1994), EEHRERIEIC L 2 B FEERKT DEAK
DFETIZF b 7 2 4 aa, (Shibasaka and Tsuji 1988b) &F F 7w ciZ k» TiThbNT
W3 rBbis,

] -3

A AKPFE 2 2 RRICBN I LENT + 704 c FEDEHZFANS 22, Kb
POEBLLF /o nc ERACTHF M 70 c EEER L. V2 RS> T ey My
Prick &, KBHEAEZIZIEFF70a c BRHES N h 5 7205, BRUCHAL T2 5 6 K
VBicit S i, BEBCUEMOFAEZ ICidEERSH 72 ) THAXBEELY ~LraoF b
70 L ¢ FEAEL 72, FUMEREROPUR & L THWZ2F 79 4 ¢ BT, A/ Awso DR

(4.66) HENZ ED b, ICHBENTWSEHZ LN, HULFERW L O»On R
NRTFRERGLE, 209 bO—23F F 7a s c k) LHMFCESUEL, TS
F&i211.9kDa TH - 72, ZOK )7 F FRBREEERE CBmL, Ki#Fd 2 L5t
BCII24REMMREICFER LD D hd o2,

F—J=F AR, HFL 7oL cliE BEEG Fh7osc, FF720cFH

51 B X ®
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