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Studies on the Chloroplast Developatent in Radish Cotyledons (3)

Effect of 4-thiouridine on the Development of Photosystem
I and II in the Early Stage of Greening

&
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==V 1,1-YAFVRE] EOEHOEREDT,
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SZAMNBEDTHETo bhyne74534FK, yuvo
neF 4 N, REETEEESE (RuDP carbo-
xylase), oo 73 A2 rY KV —2 RNA OEMET
2oL, Voo T IR NDOREDLRRE R NICE

¥ EMEERERE
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EXVAHRLE D&, BLOTORIIIRG 25t
F3CLICE-TRETAIDTHAZ L2 FRR UR
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WS voo 7 4 VERBIOEBELUIZ TS 2F 9 F
BT BHNERT, DOEEICONTHEL, T2
FEEFRD £330 7525 v FOFKEIC B LITTE
#, 4SU OEFMALIC NT 2 —#H3R% (T2 -572DT,
ZDEFERITOVTHRET 3.
RBRMHEBRTAE
Bkl & 2B R

# 4 a > (Raphanus sativus LINN.) ¥ % 0.25mM
»BME 0.5mM 4SU % & 1mM ) CBEERK (pH
7.0) RN Xz Bilgkm bicE &, BERT 23°C TRHF
HE S, —EMREREEDE, AeseT Mi-
tsubishi-FL20SPG, 40001ux) THRBH LIz,

4SU 1 3EERY o X 51 Fox Ol B> TR,
BRUIz, D% FRUIZ. 6-7H 2 Y U3 HFIERE
MRart L hiEAL, DCMU 132880 FEK X iz
HUTHENWz, DPCO (87 2 =— ANy Y) i
% —-KRICTHERLUTZE D2V,

75 AF v FOEEE

REENBE U241 30 FERDAR LD, 0.3M ¥
2—27u—2, 0.0IM b+ ~ V) 2 2%EAT 0.05M
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FTANTEB(0~4°CHTTITE -T2, TD XS IFHBL
27527y FERICE, I barRITREDOS VL
I UEBBUKGRBEEDERIKIZ E A CHBH INTDNT >
5, OBEROREIIERTE 3.

FHALFER T, TOHEHEEE

FHAtHFR 113 AVRON!®, VERNON'® 2 & - T#H &

Xhiz DPCO ¥ i& % 487nm T, RIix DPIP

(Yrweu7/—Vv4r K72 7—0) ET%® 610
nm TWHHEZEILZ B BHL, ThTh 5T Bt HEE
2,700, 19,000? % FAWTCEHE Uz, HETEDORE
B7ev .y s—5 075 Bz AN 30,000lux %
REL, WrEZR% Hitachi-124 BI5EEEE %2 B
WCERRUTZ.

L7 oo 74 VEIZ MACKINNEY® DJFEEICHEL,
a/b Hidbe FeFo vy 3 UEW K-> TR ELR.
TI52AF 9 FERIBIETIAF v FIERET ® b
LEFL (90%7 € h), 10,000Xg 7 7D EOT
Lo THBTA2ED %2, 1 NAKBILF Y v LERTH
KSR UIzD5, #§—FOLIN JETHH Uz,

b=} %

ran 74 VER
4 AR CHREET S B4 4 a0 ZFEL % 4,000
lux 23°C OEAFANE U2, 7 oo 7 4 VERERH
EUIEE R K1IRUZ, 1mM ) CEEER (oH
7.0) TEBIRIKEETIE, SBMEETsoY
A VEBEDP 5L h EEAICE, UBEHEII/nn T
1V EREINTL 3. KEED FERIC 0.5mM D
4SU p#FEUI5E, 3ISEOBEEZ Rikl%2 RU,
DB h e UEETI o 7 4 VAR ET T
%. 0.256mM 4SU 53D § O T, WEDOHEORE
BRUTVA,
FALERI, DOEH
4 ARSI Ul £ 4 2> D& (L H 2% 4,000
lux OB L, SRESICTFERFRL 77 27y
R2BEEL T, % 11k DCMU #£#%EF < DPCO o¥iE
Jt, F®1ix DPIP o¥&Etic k- THIEL, 77 2F
v K& 208y 1mg 1REEY ) OFEE2K 2 IR Uz,
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Fig. 1 Comparison of Chlorophyll Formation
in Radish Cotyledons Cultured with and
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Fig. 2 Activity of Photosystem I and II in
Plastids Isolated from Greening Radish Co-

tyledons.

Reaction mixture for DPCO reduction contained in a
total volume of 3.0 ml in umoles : Tricine-KOH buffer,
(pH 8.0) 150 ; NaCl, 40 ; DPCO, 0.5 ; DCMU 0.015 ; and
plastids containing 1—5 x#g chlorophyll.

The same reaction mixture was used for DPIP reduc-
tion except that 33 zmoles DPIP were replaced DPCO
and DCMU. The reaction mixture was illuminated by
white light (30,000 lux) from a projector lamp.

Activtiy was expressed on a plastids-protein basis.

Dark-grown (96hr) etiolated seedlings were exposed to
continuous white light (4000 lux). Chlorophyll content
was calculated according to the formulas of MACKINNEY.

O—=0O Untreated
A—A Treated with 0.25 mM 4SU
V—YV Treated with 0.5 mM 4SU

o0—0O
A—A
V—vV
—e
A—A
vVv—VvY

DPCO reduction, Untreated

DPCO reduction, Treated with 0.25 mM 4SU
DPCO reduction, Treated with 0.5 mM 4SU
DPIP reduction, Untreated

DPIP reduction, Treated with 0.25 mM 4SU
DPIP reduction, Treated with 0.5 mM 4SU
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BTN TR LIZBBHATRICHEETRETH b,
UBSBICEELS LR 5. RINIX 2 K TEELR
B 5NN, N DEE EFIZ = > DBREICXEIT 3 T
EWTES, Tabb 2RE» L IREETDO-L D
ETEVEDHERT A 1 L LIBORBICERT 2B T
Th 5. 45U BT X - T EHRRORENEN, *
SOTEHELV N VOETSE S8 an 3, 0.25mM 4SU
HETTEFUIZTETIR, R 10OFEKIX 1 BEE%KICHE
HATREE 72, DSBS AT 505, RIIE3
EBEgIT REINT, 125METOER 1 & UBDOB
BT %779, 0.5mM 4SU MBE U7z FEEh 5 Bl L 12 7
T2AF v FiZ3FMBZICE RIDEERZRET, 3561
R 1 DEMHFERIC, Z D20 ETRT. T/abb 9K
ZITOEREI LLUBOBBITH S, RINL 9 REEIC
HRHATREE 72D, 18HFEE TORM I & BB I %2
RY. UEkoTEh»s, HE»ic 4SU BEIICHEIGLT
HALER T, DOEEHESBESH, AHgicks 7
7 AF v KOEGEHSFEEEEPIERICILFIEDIFEX
NTNBT Edbhhrs,
ceTlRoNIZHERP S, Img 7725y Ka e
7 1Y hicEmtsh 3 DPCO & DPIP @ pmole
BOLBRDIZFERBEL TH S, COEPLBLDRI
9T, JRERET DL 77 2F v FORBICHES
S>TERBPLTL S, #->TIOEEZTI A7 v KO
BRI RT —D2D /8T x — 2 — L B33 T EH5TAEE
ThA.

Table 1. Values of Photosystem I/II as a Fun-

ction of Illumination Time. (4000lux 23°C)

“~Jllumination
\\\\ijfif 3r) 6 9 12 18 2
Treatment
Untreated 3% 19 9 4.3 2.7 1.7
0.25mM 4SU 33 24 17 11 3.1 2.8

These values show the ratio of DPCO zmoles reduced
per mg plastids-protein-hr to DPIP reduced.

BHEELIZT 727y FBRTRI, DOEKES 1mg
yoo 7 4oL 1Y) TERLUIZOPH 3 TH S, B
Ly we 7404 bOERE, BONEARL, BEXERZTR
Ule 77 2F v RO BREE L HICHAULTL B, &
I, DOBEKEED HBREHEIZRS), 0.25mM 45U
HE, KEEHRICRIDERRERE-I/BR I ERDN
3. TabbLAEETIIRI 3MM, RO oKMHE, 4SU
WIBTIXR T 6 KM, R 18R BICRAIEE 2R .
BREME C — 7 HSHET 2 BN DI, &KIE
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Fig. 3 Activity of Photosystem I and II expre-
ssed on a Chlorophyll basis.
The assay method was the same as Fig. 1.

O—C0 DPCO reduction, Untreated

A—A DPCO reduction, Treated with 0.25 mM 4SU

©—® DPIP reduction. Untreated

A—A DPIP reduction, Treated with 0.5 mM 4SU
PEDL ~NUPKEEE L DELZ-> T B &S T &I,
4SU MBI NIz DTIE 7 v o 7 4 VDES % E Eic
EUTHERNETEEHD 2 0 b B 0DbD 3
BORRERRTFOERBEN TN ATZDEELLONS. U
»UIEH b BATEERR LT K 2 b U#%IZEic 45U
PR DTS EVEE L NV BHER LT A, Chud 18
ARBEMNY DDy o7 VBIZDHLTE, LOHE
DEVEBTLRDEHNTNZ L RZRTEDTH 3.

75 AF v KOFERICHT 2 REIEEHBOME
TIAF v FOFERICNT H2HFEZ OBEFTIEEIBO
EERIGNBI2DIT, KEEER X 0.25mM 4SU
U3z 22 TN 72, 96, 120%FEBEETC BEFE LT
#%, 4000lux 23°C DR T 6 BB R HLiz % D7
7 AF v FOFZRTL 2R 2 1TRUTZ, BERREEKR TR
ICHIELIz e hy oo 74 54 FRIZ, KEEIKBN
T Es L, EEEPREOFERZ T /00, 48U
BT, BERRDTVWINE S, BEERESEL
RRCONTFENMEEL IO T byvu T 4 F4
FEIEIMU Tz, FIKEED § O TIRREFEEERRE O
ERICE-T, 6REERHEBRDO 7007 100 a/b
BELSEEBSNINES, 7007 VEDOREDE
RI, ROOFEEETH 26 aN3. 1 TRNIZT
I AF v ROFERERRT /7 x— 2R IWRID
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Table 2 Effect of Seedling Age (Dark Incubation

Time) on Plastids Development.

Treated with

Untreated | o 55mM 4SU
Dark Incubation (hr) | 72 o6 120/ 72 96 120
Chlorophyll (a+b)* 2641 135 122 28 63 105
Chlorophyll a/b 3.33 3.11] 3.33| 3.55 3.74| 3.93
Photosystem I#* 57.8 29.3 35.6| 8.81] 15.2| 25.8
Photosystem II** 2.55( 1.25| 0.66| 0.34] 0.45| 0.51
Photosystem I/II 22.7| 23.4] 53.9| 25.9 33.8| 50.6
Protochlorophyllide*** | 16.7| 16.1| 16.3| 2.3 5.2| 6.3

The seedlings dark-incubated for described period were exposed
to continuous white light (4000 lux) for 6hr except the seedlings

b-563, K7 v x wD{EL b-559 |FREFTEEDT
DEACEICHEET 505, EHFRTICKHRELSRT v
+ VDEL b-559 DB LIRSS 158FELI% TH
B EWVHHEN 3 5, X Dodge? 5 i3 EIREHT
P 5> TER SN A RIEBORT B HABEE 2 &
HT A ERRBEUTWAS, ¥4 3 FETONWT
, R > TARENE Yoo 74 Ve i g
DIZEERTOE YIARIT I > THH TERERZ D
REH S SHORTER A, BEZEOHMficT T
ITTE Lo T 2HREMESH 2. COFICBEU TR
EREEERZ BNTABEL LTI T 2F v KEGD

for the determination of protochlorophyllide.
*  ug/g fresh cotyledons
**  ymoles reduced/mg plastids-protein-hr
*#* mumoles/g fresh cotyledons

HeR&ELh, BIBEEOHESEVE, BURS
BENTOD TS 257 v FOFZILENS T Ehbh 3.
Ud L5 0.25mM 4SU M L7z FERTIE £ <
WiT, BEFTEEHEOEE: EdiIcTo vy oeT 45
1 FBITHBIL TR v o 74 VB R RY, RI,
T OFEEENDSRSHTZ, R IFRIDHIZKEEDS
A& A RT3, Chid 0.25mM 4SU o
P OTRRATOHEMEL, —FHR I REBHMITEELS
NBIDTH B, &5 TREETIIREIEEERROIE
FEEEicT 27y FOFREMHBEEINIDLIZ
2 {ic, ASU METIIFEV BEIhZ NS
1%, BEFTREERc 4SU OEELASETLTVE &,
TROLBREELRETHHINE S, [MLrDOHESL
BEPEETAC L2 FHIIES.

% =

303 LIRSS U T2 /KES D £ 4 0 T3 5 BEEL
1275 25 v Fix, DPCO O¥Bmick->THIFESH
BHALERT OFEELZ T, TOBTIZAFy KOH
Lz ey CREUIZERIZERNCHE N9 3.
BAR-NUN2® 5% Chlamydomonas reinhardi y-1 %
AN EBRITENTUTDO X I ICBERL TN, HERK
BE D2 LRI A TEOEEHLER EE L 2 E&
ThH3H. ft->TTL A EHRBERTRRIIGICHEFEELD
Bz BEHRTEB LI v-1 filgd, TOBEIIEE
BRENFHBICHELZ OB TITEELTE D,
BEB L IR BEAITIBEITNTHENDTHS ).
FeRREH b d 2 TEE LRI ERRF O &K, FEA
DEDABITE-TETZHINBEELLNS.

—7%, K5 NADP %iEmd 52 268 TiE R D
RO R ZEET HERADOI L, Fhoo—4 1,

PORRHETHS. RIVRIMICETUTHERLsN

AT EICELUTRO L ICEZ 6N A, RIIE LD

Z{DrunT 4 Vb RHEATNS, RIDEHER
BHOzDIEHTS e 7 007 4 v b OB &0 5 98D
3T, R LITHNT X b %L OIEHKER/SERRF D
B E DIABD BEZOH» S FNZN, —F, in vitro
DEBERTIE, ROMTIERINFICHNTHELPT
WEWASCEdELLNS, 4SU I X 5 iEHEHR
OREIENS LOFEELNVDETIE, e by oo
74748, REBEER 7725y FIRY—L
RNA QEMETHID & & 4T, RIROOFEERE
ICHERRSOENETICERT 28 DTH55. —h
By o074 vEh OFESHRBEE & SICERL,
BAMER S > TURBALLUTL 2B, 5, KAEXEOE
EFA, FTRFEAZO DPIP, 72 U947+ 4 KDK
BILTERS BRI TS, ThbDBEREORIRE U
T DE-GREEF? 53, EHOBAIIIECERBEIND ¥ A
ZOEINENS E% 5L TS, BUR-NUN2O 5%
gt k- THEL Sz BES D oo 7 4 v
Epdizinicoic, Bilzoe 7 v SMhOE®DI S
, vou7 4 vpBBICERINS &L biT, BAE
BODr oo T4 PEHLREENELRBTE, B
S TRAMBITGET 3 TIRBERRAVEENTHH, Lk
BEFEEHOBRDBERNTH 3, LBRNTW5E, D
NbhNIZLIETY HEERSUBBLBEDOZ 1 a2 FEDD
LIz w0 75 A MCOWT, HREHERE & 1T
By oo 74 VS ) OEEPESL TN SITE U
T, 7 oo 752 NHEEBRICKIT AEERLE Y v o
T4 VENRERE Y 00 7 4 VDEBRICENSD B LWV
SEZFREALIL, T AF v FNOFED Otiast
V) ITEREIND 7 v o T 4 VIS L IEERGE 2
o7 4 vELUTRITE DATNTOE, BETAHED
EMEERODSTESAOE 2 o0 7 4 VT INIZE TR
KiEHE2RL, UBESEICERINGETA 7007 400
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BH S I AR I NI ITEEFRLOE 0w 7 o v EL
TEhAFNBE & i, RKESIEIERHIER 7 o 7 4
WEUTEEZETALOIKiY, Biivoe 74 08b0D
TEESBLTAEDEELLNS,

IKEEED ¥ 4 2 U FERITINT, REFTSIEEE DE
ELr3iTT o527y FOREPEBNIC EDBE2HH
Eam a7z, MARGULIES® |3E DR ISHEFTT2 H
RT3 % ¢ & ¢ DPIP, NADP SEEITEEDS 5 %I
PEAcERHEL, ChiZ752F v FO Mn 0O
EFICERT 2 OTH 3 & ERFI T, Mo B
ET2bhbhOBEDO L1 a FEEZICZDE TER
TAHZ LIRS TH A TN E L, BEEOHMEAITS
REZERELTNINWDT, —DODAREM: & U CHER
2 THB. —J5 DE-GREEF? |JESATEEELAR O T
BichEnd v oo 7 4 VIERZFEMICHTE LT, SO%E
ICBNT T e M7 uo 7454 FIZBEEREE & i
HinL, 9HETHEAER & -12B—FELKAE. UL
BHS a7 4 VERICHL T BB E TIdkiE#%
RIS, 9 HHIUBIIREEEHEOERICHES > T
RIEHIBEL 23, ChRFEEL TV IZTe b7
154 FBERESICULZ 00 T 4 b~NENREEBRL TN
CEitBRTA2EDTHE EHRELTNE, X130 T
70 by onT7 454 REDBRILTHIITE b5
T, I3 7 007 4 VEDBDIRLIZBZTEND,
TERUMEBEDE TS TIN5, NEEFTREEAN
DEE E & 1T, KBETHEOFEREAVETTZE VI L
1%, KFLICLB 7007 4 Ve EADITEERTFEKE
DIET, »3NREADE VIABLEDETHBEZ AL b N
3.

L AT 0.25mM 4SU MUFE L 7o FEER TS, KIEE
DB LIEELGHIT, 77 AF v FOREIEHTIEELR
MOEEE & $IC{BEsNS,. ChiZBFEERICT S
2F v FOFEZITEER 1253 4SU HEOPEZT
LT3, 4SU OFERENL, TERE, MHELEBIIE
EELFATEH AT ES, €Y v EYRicy
) o RABREKTH 5 4SU OFERIZFER I Bkd 5 HE
Th3. 4SU OIEAEM % BRI B720ic, KD LS
BT EERPBCT ST, €)1 U REROERES
ThHrAoFvr-5-Y VBORRERGZHEET S 6
7YYo b 4SU OYEFAZIE 2 L IzO» R
3Th5. ASU 74 a2 FEZDEKRER, FEOD
BBRITUIIIEAETFEUROD, 7 oo 7 4 VERZH
Hlh, —H67H Y U ETEOABBLN /o0
7 4 VEERICIIZI R B 0, EREET/ab bR
B XOBROEFEL2ME T3, colEh»s 48U Y

Table 3 Effect of 4-thiouridine and 6-azau-
ridine on Growth and Chlorophyll Forma-
tion of Radish seedlings.

Total body Cotyledop Chlorophyll
Treatment  [fesh Wi fresh wel- (a1 Dcg/g
|seed1ings pairs cotyledons
Untreated 8.59 1.42 126.5
0.25mM 4SU 7.45 1.36 76.7
0.5mM 4SU 6.98 1.42 30.4
0.25mM | 5.5 1.32 189.0
0.5mM Ul 4.9 1.37 121.0

Seedlings were cultured with or without the reagent
in the dark for 96hr before the illumination of white
light (4000 lux) for 5hr.

) I RBRODIEL Ao F U -5-) VEEDRE
RERERFETORETIR SV EHEmah 3.

1 B

BILOEED X 4 20 FECBIT 37T 2F v PN
CEEERI B ION) OFEBREITOWTHIELIZ.
1. REUBELMICBNTIE, 7007 4 VERE
ks (4SU FRuLF) & HAT, 0.25mM 4SU 4
HT#Ys, 0.5mM 4SU T E MG s h 3.

2. KEBOFEGSLBEBELIZT S Z2F v FITDOWTH
1R TIZEME30D BICKRHAIEETH Y, I 2 F
vy K mg 2% )0 ERIZEHRNICER T 3
A5, RIZ2KME CEMEIIRDLNT, v 7E4FK
BN LR 5. 4SU MIEL Tz FIED 5 BEEL
127527 9 FTERIVRIOEHERBUCETT 3
DS, IKESEITHATEERTOREMEN & & 1T,
BEHELXVOETI a3,

3. Bifiroo7 g u¥hDiEERR, KiEE, 4SU ML
HEHICROEAL, BAERZS T2, 77 RAF
FOFEE & SITFPUT.. TORKEIRR I DG
FO b E BB 5. 4SU MPIic X > THRAME
O HET 3 EREEN OMICRATEED L N VHSET
T35,

4. T RF v NOFEELFEZL ORIEENEOME
BHEIFER, KEETIIETEEEEOEEE L §
75 AFy FO FEEPHD 72530 3 3, 4SU
METIRERSEIENOENTE, FEREIR XL
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Summary

The effect of 4-thiouridine (4SU) on plastids development of radish cotyledons was
investigated in the early stage of greening up to 24hr-illumination.

1) Within 24hr of illumination, the formation of chlorophylls was reduced to 1/2 in
the cotyledons treated with 0.25mM 4SU, to 1/5 with 0.5mM 4SU, as compared with
the control.

2) Activity of photosystem I was first detectable after 30 min of illumination and the
activity per plastids protein on a mg basis rapidly increased with the time of
illumination. The activity of photosystem II could be detected after 2hr illumination,
thereafter exhibiting a sigmoidal increase.

3) Activities of photosystem I and II, expressed on a chlorophyll basis, were that in
both plastids isolated from 4SU treated cotyledons and untreated ones initially
increased to a maximal activity upon illumination, and decreased slowly with the
develoment of plastids. The maximum activity of photosystem I appeared in the
earlier stage than that of photosystem II. The 4SU treatment caused a retardation of
the appearance of maximal activity and a significant decrease in the photochemical
activity.

4) Elongation of the dark incubation time of the seedlings induced the delay of the
development of plastids in the untreated cotyledons, but the contrary promoted the
development in the treated ones.



