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Studies on the Chloroplast Development
in Radish Cotyledons (4)

on Malate Dehydrogenases

&

EEEYOY o TBkFEESRE (MDH) 13, v o
=YV E CBOMLERIG? Mgt OFE T T fill 1%
CFBVDHWY S “malic enzyme” BDTNT, TNTH
B#EE LT NAD* 0a2HWAE IR TRz, Th
lTH U T 19694 ic Hatch & Slack 3 Cy-@¥ 88 L O°
Co-1BYID Hea M REEEEIC B8 E L T NADP* %24
Efic k9% MDH OfF#ERZ &L, T O®
JOHNSON 529 3 Cy-1E¥D COp EERIGITEFRL
TIEERMIEERS{E (mesophyll chloroplast) & HEEHR
¥HIELS (A (Bundle sheath chloroplast) &5 2D
R AW TEEET 55, Fi%ic NADP+-MDH »s@7E
U, #%#&ITit malic enzyme MBFEET S E L. T2
b CyoiEYTIZ CO: IZZEARMIAZERED PEP 7 v
KF¥vI—+ick) PEP L#EALTH ¥ B2 /E
U555, hic NADP*-MDH SR NTY > I8 34
U3, COY v IBIHERMEREKICERL T, £

il

5 &
MDH : Malate dehydrogenase [[EC. 1. 1. 1. 37]
GDH : Glutamate dehydrogenase [EC. 1. 4. 1.
3]
PEP : Phosphoenol pyruvic acid
RuDP : Ribulose 1, 5-diphosphate
4SU : 4-thiouridine
DTT : Dithiothreitol
PMS : Phenazine methosulphate
DPIP : 2, 6-dichlorophenol indophenol
STN %%k : 0.4M Sucrose, 0.01M NaCl »&¢p
0.05M Tris-HC1 &k (pH 7.8)

W EYENTRE
¥ BERERF AR

T “malic enzyme” |TL > THREBEINELVE Ve
HEU 3. TTIitAERUT: CO2 25t T -Co-fEHID 77 v
A 7 VANT RuDP v R Fy 5 —Fick b HEF
FEINBE0N5DTHA. & 5ITI9714EIC JOHNSON
139, Co-lEYTHA AL UE, AEDEITH T 3
NADP+*-MDH & Cyu YD HEKROZThE @D
BEZEOTCNE 5 DEBRUIZ. AE TING 59 1%
ZDFxY L UED REICEIF 5 NADP+-MDH DFYE
PEITDOWTERN, T OBERIL intact RIERED R b o
vEoICHEET A E LI

Hhvb I LIET & b EHRIc & 2 EREFEERTRAL
TETCNAHS, G4 14 2 - FETOEREFEBRE
iIcB1F 5 MDH OF#EMRE, HE, BRNEE), 4-F74
v )2y (4SU) 1T X AHEEYDRSECONTHEN, #
PRHRPAIZDOT LITHET 3.

KREMHEFE

EEBYELTIE Shwbh £ 14 32 (Raphanus
sativus Linn.) ET % 2 ¥ A BEEASE I OBEALT
AuVtz. BiskE 28 T2y N EOETITY CEBREER

(pH 7.0, 10mM) %57, B 22°CITT 4 BREIFHF
HEEX®TZ. 4 B 8~10cm icKELIZHILDIZA
o RO B (FL-20S PG) 4000lux C—iERF
fE22° C THEHF L.

FIEL b MR B OFER

DHE ST FEIC, FHiTEALEWEY ImM DT
T, 1mM EDTA, 1mM KCl, 5mM MgCly % &ie
STN %z, BAEE HA-2 BlxEv 4 ¥ —0D
SEHEEICTERMET S, TOBERT% 600xg, 10
SRGEOHEEU LB 2 HERAED & U, EERIEE
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RAEED & @‘6 R AEDE D STN BiRiCEE
L 300xg, 54&L0 15600xg, 105 (2[E]) DiE
# 1 LCT?SE@H/, Z D i % 5mM DTT %&te
0.05M | v xIEEEEER (pH 7.6) 1CRE U ERIFE
FE Uz, OB OWT NAD+-GDH i %23
NIFER»S T bV Y TOREIZERLUS 230DT
HDHCEWBWHELPDENTNE, BT NTOERIEZ 0~
4°Cit Tz 1z,

BESRIEmMm DTSR

EED X3 U THBEL IR E S EAER# 2 3 | <
DRUTZ#%, 18,000 g 203D EmOMT & H Ehishh
% LB sICE, 0.06M kY zIEMEEEK (oH 7.6)
T# ¥ U1z Sephadex G-25 # 5 4 (1.5x15cm) 7>
LIEHUTZERAREREERE Uz,

MDH E#5R1EHEDHIE

JOHNSON DHFED 1TV A F4 o B B 5 A T

AlELIz. RIGEATKRE 25m moles kY o & K
(pH 8.9), 1m mole EDTA, 1m mole NADP+ %

1712 NAD+*, 50m moles L-malate 5 & @ EDEEE
BReMA T, &8 3.0ml & U30°CICTRIGE Tz,
MERICIZEE L-malate DR D ICFEZDERKE AN,
Hitachi 124845356 EHT 340nm DIEEZL % ]
EUTz. 7”;:1‘0%5%%%1. (Bo) DFERICESE E B
.lesWTis NADP+-MDH 3E#3% 5% 5mM
DTT L 2B 0°CTHIREELIZDOL, XD iEHERIE
{77z -1z, NAD+-MDH o#&Ici: DTT o0&l #%F
FEUROWEAET TEE D OME RS X O BEEEEDH]
ER{TIZo1.
malic enzyme ODIEH:DH|E
JOHNSON DFHED ITHENE L U EEIERL 75 A T H

EUTz. RIS BAKIE 25m moles b ) 2 IEMEIEETK
(pH 7.6), 0.5m mole EDTA, 2.5m mole L-ma-

late, 0.1m mole NADP+, 3.3m mole MgCly T
LUBOEEEAESZMA, 28 3.0ml L1z, Vo
TEEUKEEESRIEMN 2 R T2 MgCly MK %2 i
BAfR & U, Wi MgCle DR b icEEDHERKE A
ni-. #HiEHEE MDH &R TH 3.

KB L7z BA &0 MDH [EFEEHS L0 malic
enzyme IEHICIT 5 4SU OB HKET 2 SLDFE
HHIEICIE 4SU oA HS 330nm 1Tdh %723 340
nm CTOPSEERIC X AREPAAETH S, DIz
»rhTh L EO KG BERIC 0.5m mole PMS,
7.17¢ mole DPIP, X" 4SU %2jnz T£& 3.0ml
& U, #pk9 % NADH (%7213 NADPH%) DPIP &
hy TVIRTED 610nm TORKEZLEL 2 #HlE L

1z,

EHE8 LowRy-Folin 19 iz Uizt 500nm
TOHBITTHE Uz, BRI VT L o 2HNWT
YERG U Tz,

2 B B &

1. #4 a3 F%Edo MDH O#aREhIcs T %
RTEM: L HEE

Fig. 1 1396Mf et s niciMb sy 4 o FEDLE
REEYICE % MDH OEETH S, ¥V ERT
Bohi-ERER% DTT & 2BMEELE, B8
%£& UT NADP+ 25z 285 DiEHIZ /2.

—7% DTT /3L G208 0°C TH#%ic NADP+ %
Bz 124 OOBFBEFEEIIE NS, T OBRENIGHSE
FfoREBIT /s 5 12 NAD* 2532 % & HiFENIRBRD A
Bz FREETRT. coOx DTT 2hnz CT208, 0°C

w
=1
=

—
=
=

Reduced NAD or NADP p moles /mg protein

0 5 10 1%

Reaction time (min)

Fig. 1. Specificity of L-malate dehydroge-
nase(s) localized in chloroplast fraction
which was isolated, in the presence of
DTT, from radish cotyledons illumina-
ted for 96 hr.

O—0 : Enzyme preparation was pre-
incubated with DTT for 2 hr at 0°C
before reaction started with NADP+
as a cofactor.

A—A : pre-incubated with DTT for
20 hr at 0°C, before with NAD* as
a cofactor.

& —@ : pre-incubated without DTT for
20 hr at 0°C, before with NADP*
as a cofactor.

0.5 mmole NAD*or NADP*was
added at the point of arrow.
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Reduced NAD or NADP y moles /mg protein

5 10

Reaction time (min}~

“Fig. 2. Specificity of L-malate dehydroge-
nase(s) localized in non-chloroplast fra-
ction which was isolated, in the presence
of DTT, from radish cotyledons illumi-
nated for 96 hr.

Marks and reaction conditions are the
same as Fig. 1.

ICHEEUTZ § Dic NAD* »2Jnz 5 & NADP* %53
A L D ikicUbiciE I E VDS, DTT &iEELR
WEDXDIZ{EL 723, T it NADP* 2FEmMULTH
TEHICEIGIZSD. T e DENS & 4 a L EREFD
MDH 3Bz & LT NAD* 28R, »> DTT i1t
trUAZDOEMFRBBEPHEET 2 2 5bh 3.

Fig. 2 133tk 2 & SV EH D MDH &M% Rd
bDOTHA. 28 5mM DTT & EEHELI- BEES
it NADP* %52 % Fig. 1 OiaERIZY, £ L
WiEEMASNS., Fiz DTT S0 ELI-EE
ERICR» 5 NADY 257 724 OTik, NADP* %»
B2 DICERTOUIEESETT 555, RV E
WIEMENA GRS, T ZitdEh 5 NADPY 2iniA T
LLEMED X 55 BRI, —%, e DTT 7z
LT 208 [B5522 U 12 B¥5Eic NADPY ®2initz § O Tk
EHIEL, C iz NADY 25 iNLTR 5L, EFHE
ERTAONIZ AL &5 ICAMRERED EFEBE LN
3. Thd, UhUkshs b IEEREEDICERE OB
WA PRBELVIZIZDDEREEZZLONA. UTch->TH
R KE i NADP+-MDH oiELSE L, chid
EEIZDUET T 2058h8E5% & LC NAD* T AT
%, UL» s EEORERBICGE DTT & OEEN LETH
BEIDDS.

LIk Fig. 1, Fig. 2 0 #Rixx sicmshizc Jo-

HNSON % TING 5DHED BREIZEL BRB30D
THhA.

2. Malic enzyme QRS L O BEERICH T 55
2

4 HfE22°C T REFIEZE L 12D B T2 EEMRE U 12 5%
{tF%%, DTT OFFELDWEEET T MR R 2 7
B, peEEREd DTT 2300 EEKRICEEBL
T#iz. %1z Sephadex G-25 ic k& b # L JEBLI-EE
FEMCHLTE DTT MEZEFcr Vv EBEE
LICEREE2RIE L. 370b b &l MDH B

FREUGHS flFMRRBIC 2 U7z BE T MgCle 2 F%nL,

MgCls 1T & > THH T FEBT % malic enzyme DiF
MR EIE LTz,

Fig. 3 X b malic enzyme [35C2ICIEIER (A ED
ICRELTHE Y, BiEERE L TiE NADP: 2821
BRTHEDTHACEVPHALHTH A, Thik KRI-
SHNAMURTHY 57 Ov I RBAMKEIC 53h3
malic enzyme & —¥ §5%., b3 L-malate:
NADP oxidoreductase (decarboxylating) [EC. 1.
1. 1. 40] Th 5.

3. MDH & malic enzyme & DRERHIZL

U U EHRE UTz & 4 3 v FERZDITHF, —
vk DTT 72 U CEERIZES 2 5 L ¢ NAD*-MDH &
HOHEIEIC LTz, —Fik DTT OfETT BEER
PEBL S VEBH S 5mM DTT & 2B 0°C Tk

\

—4 A-A!

Reduced NADP # moles/mg protein(c-o e-e)

Reduced NAD gmoles /mg protein (&

Reaction time (min)

Fig. 3. Localization and Specificity of Malic
Enzyme isolated from Radish Cotyledons
illuminated for 72 hr.

O—0 ; A—/\: Chloroplast Fraction

@—® ; A—A : Non-chloroplast Fraction
3 mmoles of MgCl, were added at the
point of arrow.
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Fig. 4. Time Courses of NAD*-MDH of Ch-
loroplast ($—@&), NADP*-MDH (O—0)
and Malic Enzyme (A—/\) of Non-
chloroplast Fraction.

#LTh 5 NADP+-MDH ofilEic 1z, Fig. 4 1T
RINTN D & 5 ICEFEKET O NAD-MDH (3 6A
SR, TRbbLEREDOHEL & L ICRRITTDHE
PEIMETU T —T7FEEER A E S O NADP+-MDH
B L malic enzyme DHFEMEIXIZEALEES L.
T DIEERGHT & 2 B BER DRI ICBIT 5 HEFER
13, EFEEGHEEST NAD-MDH M/EFHLTH bHIE
w AW NADP+*-MDH ¥ X{f malic enzyme
BERUTWALERPESITITEEDTHA). I5HIT
FI2 44 3 v FECBON TR T OEREFREDDIICE
T NAD*-MDH »3EBE/ZEA#ITE > T BE 2R
TEDTHAL, »B30iE Co-BID COp EEMTTb
NTVAAREME 2R T & D & U THEBREN,

4. MDH 3 X ¢f malic enzyme jE{EIC 33 % 4SU
DR

4SU 1 3EHiEIc & AR r-RNA OAESRZ EIR
AICHIHIL, Uichd-> CTHR—MRROEREFEICES
TAMREL, BEEAOESR S BRMICIGEZ 5 1
BLEBHIONTNAD-IO, £ Tlt Sephadex G-
200 i & b EEHIL 72 NAD*-MDH, 35 k% malic en-
zyme (T4 3 in vitro TO 4SU DOEHZEZNE S #7H
1z, 728 DTT REFREEORIEICHE NS DPIP 24l
HANGETLTLUES5DT DTT Of£ER2 L E LT3
NADP*-MDH ~DEELRER 1L 1778 > TN,
Fig. 5 itinahs XD ic Rk H{ED NAD*-MDH

TEHEIE ASU BEE D BEIIT LTz A 4> L,
5.4mM @ 4SU OFE/E T CTRERGEHIZER D Y4I1Tk
TLTW3, chit WU MBERED malic enzyme
B ZTDOEFRERICEZDIIE D&MD BTN EY 4SU D
JHEERIE S e Hzans,

in vitro TOBERMIGICH LT 4SU HSIEELIR % 3
SEMEE INIZDIZ NAD-MDH »#HTTHh 3.
4SU WSFEDHID EFikic BEET 5 NAD+-MDH 5
IICHESR 2 22 &, Ulchd - TRICERILRTRIG
T U THET 3 L DEE IR 4SU BEFHERO 838
Zee o3 L2RTEDOTHY, EREFREDH
FIHEHEDIRIA &0 5 B b REERENE D TH 3.
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Fig. 5. Effect of 4-Thiouridine on NAD*-MDH
(&—®) and Malic Enzyme (O—0).
Enzymes used were purified by fractio-
nation through Sephadex G-200 Column
Chromatography.
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PRUbNOEFERI D £ 4 3 FERITBNTIEHE
H ) DER{Ric NADY 2Zk$ % MDH O#HEY
BENHALP LR -T2, TDELL JOHNSON 49 TING
5D DAL IE, AERQE Co-tEW% ATIE Bkt
HEHETSEDTHS. JOHNSON |3 Co- W TH %
o E O 2L OEL Y IEKEEEERCTEN 2 SHET
3Ttz bR thic NADP+-MDH »SE#HET A2 &
BRUTZGEOEBRITESEHEAUIZA Y L VE, KED
;) EGE S 9 B 9ic NADP+-MDH BEEH»
L, Cyffipd> NADP+MDH ¢RU BB %2HL
TWBENHIEE R RHLT, COLEpbFTLY
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B, KEDOHEDEFKIT NADP+-MDH »BEEL TV
HriE@moFizdThB, —J7 TING Sidy - HEE
AEHEIC L Y intact ZSEEHFE, BWEELIZEREK, b
ARV TF, T —LEDEAY LR XD 5 EE
U, 100xg (FERERZ L GieED & 3000xg (T k
a2 R 72ELAUES) ORMEMNCBN T an 7
4 wdHtz )@ NADP+-MDH {FHDRIC E% R T &
M6, FUTHEBEERKICZDOEEMSE NN &b
2 NADP+-MDH }3 intact £ EHED 2 kv <IicE
LTS EiEmDOTiz.

bbb WS ERWTZEREESIZ T D NAD-GDH
TEME BT KBRS RFI DA /20 intact IDTERE
EEThHBEEZLND. TODETIE JOHNSON D
HIHRELWERSITHBEES. § -8 % Cs-1E
YIS T YT & > CTHEROMENRS 5 C L ix+57
ZdHbh 550, FRFREBROERE - RAERKE T
RTEESTEDSES D § 4%H E Uiz,

LT AT MDH 39 > I BRI E, # %9 o Bk
BILHAICEEBENTED , <t &gz L & §
FEMEAD 4 4 3 0 F EEFREFITBNT C-Uh v K
VEERERRIC L B COp EETA ¥ oM A & &K U,
NADH %LU TY > THP4ET 5 & BOEEZTRE
TH55DThHA.

X G HEERTICE D ERT2BTTH 7 2L FF Y
Ui3Bic NADP+ OETIctIn 31517 T, HER
{k® Fructose-1, 6-diphosphatase DiEM:(LE F T3
HBHUW, FEMBETHROXRRETTIHD, L
{HARRERTAR TORERT & UTENTNS &
£z 5h 5. #&%F THAUER 59 3 Clostridium
Kluyveri ® NADPH-7 1 v N+ U ETEZE Ol
BEBIT O TR S THFE 217720y, NADP* OEITITIE
BILE 7oL FFr &t dic NADPH 25 NAD+
~(D transhydrogenation DG NETHB T &%
THEL, TUTIORIGREBILEI7 x U K * ¥ 3 EH#
330 &, Fizic NADPH 2k 37 L K+v U8
7ol NAD'-NADH o#g/t@c ik k- TER
X, NAD' DSREDFEHEFIE UTEL T L 2R
TW3, COXHITETE 7 2 U RF v o OFRISER
Ve & =@ fl i B8535 NADY @ MDH ic &
B ULFARBEITRIZ, FAEMIADIER G TDOXFEIEE 2
T3 LICEERETH 5.

i =

HRS 2 5 T TRILBRICH 2 41 a2 FERDY
Tk EE % (MDH), malic enzyme O JF7E 1,
HEH, BRNEESBL0N4-7A0 ) o itk 3 ES
BREIODWTHENI, TORER

1. 243 0FEEREFRITIE NADY 2 BBk E U
TEXYT 3 MDH WBEEL, ZOE ERARE
TRODLERBOFKEL & ITHDPLU TN T EPHEL
»EIZo1z.

2. FEFEESD MDH & NADP* EITH 3H
NAD* THEHODLUD KT 2 s 5 B HRATE 5.
malic enzyme (Z#iJEHy7s NADP* #ICHhHbhH, Thbd
FEREES O DDOBER D IIEHICIIBRNEENIL /S
AN

3. EESAES O NAD*-MDH 3 1~5mM BEED
4-FF IV IRE->THE251) %5 malic en-
zyme [ZEEI N,

I b DEBRERICED &, iRk D NAD*-MDH
DEBERBERICONTERLUI.
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Summary

Localization, properties and time courses of malate dehydrogenases in greening
radish cotyledons were studied as well as an inhibitory effect of 4-thiouridine upon
the enzymes. Results obtained are as follow.

1) Chloroplast fraction isolated from the radish cotyledon cells contained NAD*-
specific malate dehydrogenase, the specific activity of which decreased as the develop-
ment of the chloroplast proceeded on illumination.

2) Non-chloroplast fraction contained NADP*-malate dehydrogenase and malic enzy-
me. Cofactor of the NADP*-malate dehydrogenase could be replaced by NAD* with a
slight decrease of the specific activity. Malic enzyme required NADP* as a specific
cofactor. Specific activities of both the enzymes remained unchanged with illumination
time.

3) NAD"-malate dehydrogenase of the chloroplast was inhibited by the presence of
4-thiouridine (1—5mM), but malic enzyme in the cytoplasm was not.

Based upon these observations, biological significance of NAD*-malate dehydroge-
nase in the developing chloroplast was discussed.



