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   The  subcellular  localization and  biosynthetic site  of  S-aEnino levulinic acid  de-
hydratase

 [EC 4.2.1.24, ALAD]  were  investigated in relation  to chloroplast  development
in radish  cotyledons,

   ALAD  was  mainly  located in the chleroplasts  and  cytoplasm.  Mest  of  the ALAI)
in the chloroplasts  was  readily  releaseci  by hypotonic shock,  The  cnzyme  was  also

ibund in the proplastids of  ctiolated  cotyledons,

   The  norinal  increasc in the activity  of  AI.AD  in the chloroplasts  as  well  as  the
cytoplasm  was  inhibitcd by cyclohcximide  but unaffected  by  D-threo chloramphcnicol

and  kanamycin  during the greening of  radish  cotylcdons.  YVe concluded  that  the
ALAD  in both the cytoplasm  and  chloroplasts  was  synthesized  on  the cytoplasmic

80S-ribesemes,
 This suggests  that  the ALAD  forrned on  thc 8DS-ribosomes might  be

incorporated into chloroplasts  during their development.

   When  etiolated  radish  seedlings  were  illuminated, ALAD  in both  the  cytoplasm

and
 
chloroplasts

 increased up  te the point of  th ¢  fu11 development  of  the  chleroplasts,

and  thereaftcr it decreased,

   S-Amino levulinic acid  dehydratase, the second  enzymc  in the  biosynthetic
route  of  chlorophylls  as  well  as  of  cytochrome  hemes, catalyzes  the  formation ef
one  molecule  of  PBG  from 2 molecules  ofALA.  During  studies  on  the  mechanism

of  chloroplast  development in etiolated  radish  cotyledons  (II-14, 18), we  wcre

prompted  to investigate the nature  of  ALAD.

   We  report  the subcellular  localization, the biosynthetic site  and  some     .
enzymic

 properties of  ALAD  in greening radish  cotyledons,  The relationship
between  ALAD  fbrmation and  chloroplast  development is also  discussed.

Materials  and  methods

enemicats ALA  hydrochloride was  obtained  from Nakarai  Chemical Co. Ltd.,
Kyoto. D-  and  L-threo  Chloramphenicol  were  the  gift of  Dr, M.  Ishida of  the
Agricultural

 Chemical  Research Laboratories, ofSankyo  Co. Ltd. Cycloheximidc
and  kanamycin were  given by Dr. Y. Ohhashi  of  the Microbial Chemistry Research
Laboratory         of  Tanabe                  Seiyaku  Co, Ltd.

   
Abbrcviatiens:

 AI,AD,  S-amine Ievulinic acid  dehydratase [EC 4,2.I,24]; ALA,  S-amino
Ievulinic acid;  PBG,  porphobilinogen.
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Ptant materials  and  culture  conditions  Radish seeds  (Rophanus sativus  Linn.) obtained
from Takii Shubyo Co. Ltd., Kyoto, were  allowed  to germinate  on  absorbent

cotton  in petri dishes containing  l mM  potassium phosphate, pH  7.0, in the dark
at  220C fbr 4days, These etiolated  radish  seedlings  were  then  illuminated with

fluorescent lamps  (1500 lux) fbr specified  intervals,

Assays ALAD  activity  was  assayed  according  to Shemin (17) with  a  slight

modification.  The  reaction  was  performed  at  800C  in a  total  volume  of  3ml
containing  lOO 

,"moles
 ofTris-HCI  buflbr, pH  8,O, 10 

,"meles
 of2-mercaptoethanol,

10 
,amoles

 of  MgC12, IO 
,umoles

 of  ALA-HCI  (neutralized with  Tris) and  1.5-2,5

mg  of  enzymc  protein. After 1 hr ofincubation,  the  reaction  was  terminated  by
adding  3m]  of  80f6 trichloroacetic  acid  containing  10mM  HgCl2.  The  protein

precipitate was  rernoved  by centrifugation,  An  aliquot  of  the  supernatant  was

treated  with  an  equal  volume  of  the  Ehrlich reagent  (9), then  after  10min  the

absorbance  at  555 nm  was  measured.  The  molar  extinction  coeMcient  of  PBG,

6.2× 104M-icm-i  (17), was  used.  In the  crude  enzyme  preparation, a  part of

the PBG  formed is presumably converted  to porphyrin compounds,  To  restore

this loss, another  aliquot  of  the supernatant  was  diluted with  an  equal  voluTne  of

5 N-HCI,  and  its absorbance  at  406 nm  was  measured  using  the  molar  extinction

coeMcient  of  porphyrin, 53× 104 M-i  cm-i  (17). The  total amount  of  PBG  was

calculated  by  assuming  that  1 mole  porphyrin is equal  te 4 moles  of  PBG,  The

control  was  run  with  the reaction  mixture  without  substrate.  Under  the  present
assay  conditions,  the  reactien  proceeded linearly for at  least 3 hr. One  unit  of

ALAD  is defined as  the  amount  of  enzyme  preducing 1 nmoie  of  PBG  per hr.

    NADPH-diaphorase  [EC 1.6.99.lc], was  assayed  by fbllowing the  rate  of  the

enzyme  catalized  reduction  of  2,6-dichlorophenol indophenol by NADPH  (10).
The  activity  of  cytochrome  c oxiclase  [EC I.9.3.1] was  determined  at  550  nm  by

fbllowing the  oxidation  ofreduced  cytochrome  c  (8). Chlorophyll was  determined
according  to the  rnethod  of  Mackinney (7). Protochlorophyllide was  extracted

with  acetone  under  dim  green safe  light, then  estimated  spectrophotometrically

(16). Protein contents  were  determined.according to Lowry  et  al. (6).
R'actionation of radish  eotyledbns  Greening rad{sh  cotyledons  (20 g) were  excised

from seedlings  illuminated for 3 days, then  they  were  homogenized in 40 rn1  of

O.5 M  sucrose  containing  O.05 M  Tris-HCI buflZ]r, pH  7,8 and  O.Ol M  2-mercapto-
ethanol  for 5sec in a  NNTaring blendor. The  homogenate  was  squeezed  through

8 layers of  nylon  cloth  then  centrifuged  at  500xg  for 2 min.  The  pellet (P) was

resuspended  with  5 ml  ofgrinding  medium  and  centrifuged  again  at  500  × g for 2 min
te give pel}et (Pi). The  supernatants  of  both P  and  Pi were  combinecl.  This

combined  supernatant  was  then  subjected  to successive  diflbrential centrifugation

as  fo11ows: I500xg  for 10 min,  3000xg  for 20 min  and  20,OOOxg  for 20 min  to

giv¢  the  pellets, P2, ?3 and  P4, respectively.  Each  pellet was  washed  as  described
for Pi. The  wash2ng  medium  was  then  cornbined  with  the  original  supernatant.

The  final supernatant  was  designated the  S fraction. Betbre the  enzyme  assays,

each  fraction was  divided into two  parts. One  part was  dialyzed for 6 hr against
IO mM  Tris-HCI buffer, pH  7.8 containing  2 mM  2-mercaptoethanol then  used  for
the ALAD  assay,  The  other  was  dialyzed against  IOmM  Tris-HCI buffer con-

taining  10m}･[ NaCI  then  used  for the diaphorase assay  to avoid  the chemical

reduction  of  indophenol by 2-mercaptoethanol. The  dialyzate against  IOmM
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Tris-HCi  buffbr containing  IOmM  NaCl  was  used  fbr the cytochrome  c oxidase

assay.   .

    For simple  separation  of  the  chloroplasts  from  the  squeezed  filtrate, the latter
was  centrifuged  at  24,OOOxg  for 20 min.  The  r ¢sulting precipitate was  dcsignated
the 24,OOOxg firaction and  the Temaining  solution  the 

"Supernatant''.

tsotation andPurij7cation  ofPropgasti(ls Etiolated radish  cotyledons  s･vere  hemo-
genized in O.5 M  Tris-HCI  buffer, pH  8.0, containing  O,5 M  sucrose,  l m)f  MgCll2
and  IOmM  2-mercaptoethanol. The  homogenate was  squeezed  through  8 layers
of  nylon  cloth  then  centrifuged  for 15 min  at  400 × .o

 to collect  the firstcrude

proplastid$. The sedimcnt  obtained  was  re$uspended  in the homegenizing medium
and  dcsignated step  1 proplastids, 

'lihese
 step  1 proplastids were  then purified

by diflbrential centrifugation  (40xg for 5min  to 400xg  R)r i5min). These
purified preplastids were  d¢ signated  step  2 proplastids. The  step  2 preparation
was  further purified by discontinuous sucrose  gradient centril'ugation  techniques

(2.0M sucrose,  25 ml;  I.3M  sucrose,  10ml;  the  step  2 su$pcnsion,  10 ml;  2500× .o

for 30min)  C5). The  purified proplastids, which  accumulated  at  the  int¢ rface

between 2.e ptf and  l.3 ){ sucrose,  were  designatecl step  3 proplastids.

                                Results

Subcellttlar distribution clf' ALAD  in 
.areent'n.a

 radish  coe,ieclons

    The distribution of  ALAD,  NADPH-diaphorase  and  cytochrome  c oxidase

among  the  several  cellular  fractions separated  by diflerential centrifugatio-  is
presented in 

'Iiable

 1. A  considerable  amouRt  (Il9(S) o{'ALAD  was  present in the
chloroplast-enriched  fractions (P2 and  P3), as  indicated by their chlorophyll

contents,  The  P2. fraction had a  high specific  activity  ofALAD  and  retained  7,40f6
of  the total  activity.  In contrast, the low specific  activity  and  the retention  of

only  2,4% of  the total  ALAD  b>, the  mitochondrial  fraction (P4), as  assumed  by
the  high activity  of  cy, tochrome  c  oxidase  in this fraction, suggest  that ALAD  may

be absent  from the  mitochondria.  Approximately  76%  of  the  total ALAD  was

found in the  S l'raetion and  the hi.ffh specific  activity  in this fraction was  comparable

to  that  in the P2. fYaction. About 20%  of  the NADPH-diaphorase, a  marker

enzyme  tbr chloroplasts  (19), ivas  associated  with  the  ch}oroplast  fraction. The

'1'able
 1Dislribution

Frac-tion

PlPzP:aP4s

   Total
  1]roteln

   
mg

 fraction"1

     C9i.)

 72. 8 ( 5. 6)

 77.6(  8. I)

 67.0(  6. 9)

 44.7<4.6)

697, 1 (73. 0)

 of' env'nte.s ttttttttttttttttt tt

  Total
  chlore-

  phyil

   mgt'raction-i

 .... ee  .
L 62 (19. 4)
3. 80 (a･5. 5)

Lt. 20  (26. 3)
O. 49 ( 5, 8)
O, 25 ( S. O)

amongJiactio.ns
 obtained  tb,

ALAD

  Total
 actlvltv
    tt
  unltsfraction-i･

     Co,,//,)
1. 13 (10. 9)

O.77r 7, 4>    tt
O.38(  3. 6>

O.25(2.4)

7. 91 (75. 8)

Specificactivityumts

 mg

protein-1
{.×..19i3..).

dtqi.i.r-fet/lgg
 
ce.n..tr.Y.-u'

 gation of' radish  cotyledbns

   NADp}i-diaphora,e  
Cy,to.c.te.a//gj'E'

 tttttttt-ttttt       ttttt--tttttttt                     ttt

l5.59.95.65.5]J.4

   Tota]
  activitv

  pt･meles
 fractionml

------ (%-)-

 1.7C  7. 9)
2.8(13,I)

 1.7(  7. 9)

 L3(6.1)
I3, 9 (64. 9)

  stiEEi'fi"E"' 
'

  
--t

  act/lvltv      '
,t.tmoles minLl

mg  protein-1

  (× IO'-n)
   32, 2

   36.1

   38. 0
   29. 1

   I9.9

  Total
  actn,ltv      '

  ttmoles
 1'raction-i

      e･o

9. 22 ( 4. 3)

 I. 67 ( 7. 8)

 1.88(8.7)

2. 9S (13. 8)
l4･ 07 (65a 4)
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Table 2 riLAD

   Chloroplast

Step ISLep

 2Step

 3

t'n the intriticalion stops  of cltloropgasts

  .-- .-...-Ai"A.D'eittv'I'tz 

''"
 

-"
 

'
 

'
 pr6[el'nich'I6'r'o'p'hyll-

.(,uni.t.E(I.I]..g.shlol.o.phyll)- (unitsimgprotein) (ing/mg) 

-"

     280  I1,5 24.4

430 22. 9 18,9

                     530 31.J 17.j

Radish
 cotyleclnns  (20g) }vhich  had  been illuminated fo'r 2 aays' were  A'irnogEnized' {Ii7'OJos)i ["ris-

HCI,
 pH  7.8, containing  O.4M sucrose,  O.Ol M  NaCl  and  O.Ol M  2-mercaptoethanol tbr 5sec in a

IVaririg
 
blenclor.

 
The

 hornogenate "as  squeczed  through  8 laycrs of  nylon  cloth  then  centrifuged
at
 
4000x.o

 
I'or

 
10min,

 The  pellet was  resuspended  ivith  the grinding medium  and  designated the
step

 
1
 
chloroplast.

 The  step  1 preparation was  further purificd according  to the method  cited  by
Yamashita

 
et
 
al,

 (20), The  step  1 prcparation "'as  ccntrifugecl  at 300xg  tbr 1 min  ancl  tlie pcl]et
obtained

 
u,as

 
discarclecl,

 
'I-he

 supernatant  was  centrifuged  at  600× ,g Ibr 7 mm  to give a pellet,
which

 
was

 
resuspended

 a3  described aboi,e.  
'1'his

 suspcnsioik  was  ciesignaLed the  step  2 chloroplasts.
The

 
step

 
2
 prcparation  was  further centrifuged  at  300 × .ff fov 1 min,  aud  the  resulting  supernaLant

was
 
centrifuged

 at  1500 xg  for 7 min,  The  pellet ebtaincd  was  resusper'icled  as  desci'ibcd above  
ancl

designated thc step  3 chloroplasts.

activity
 appearing  in the  S I'raction presumably  results  firom the rclease  ol' the

g"if 
r,",:･,

 
'o.i,A,tlise)io.'?asi's,d:k2nfi,fr.aB'i;'."as･-

 ,;zac,･.lif:,sg.e.c,il:.#,cai%t{.o.`l5i･'.e
released

 ALAD  from the chloroplasts,  the  high specific  activity  ofALAD,  in contrast

9.?'sc'l:o.[/.
N

ft
"",t,,P

5,iS,i/l?'S･i.2R?ps,'

s
S2.0

i,.IXff,2
"

g
Lhg"

:"gi'1/?.sipsX,`'i5,cik'

a?
C/LRt:tt'i'#,ZF.8,i

ALAD
 
activity

 on  a  chlorophyll  basis as  well  as  its specific  activity  increased during

lihl,e.e?t/eC3.S,OP,8,f7,Yg:'sgizz`g",sg':,disgtf,d.?>.'lh.xue:･,te.'Epre:o.2eg?.ze,r.cX2"g,gh.\gi:
plasts and  cyteplasm  of  greening radish  cotyledons.

Tablc
 3-vact  7(. 1-t.r.e.aiments of chloroptasts  on  ALAD

                               (A)
      TrcaLment  Chloroplast AI.AD
                         (unitslmgchlorophyil)

   None

O,5 M  Sucrosc

IO mnt  
'f'ris-HCI

 pH  7.B
  iVater
10 mrv[ Tris-HCI pH  7.8S  tim.es  washed

4･1i.6408.1

 7L5

 12.543.0

         (B)
   Distribuzion of  ALAD
     (unitsXfiaction)
../C"ttlbib'plaua,t 

'
 SfiperliatanE' 

"

168. 725.

 9

 4.5

 8.8147.

 5140.3

The
 
p2

 
rraction,

 described text was  suspended  in o,sM  sucrUs'5,  16ttki Trls'Ji 
'cLipH

 71's"li'l'
water

 
and

 
kept

 stirring.  Chloroplasts were  collected  bv
centrifugation

 at  resuspended  in, and  dialyzed against  lo mSl
Tris-HCI

 bull'er containing  2 mrvf 2-inercaptoethanol. ALAD  activity  was  assayed  and  calculated
on

 
a
 
chlorophyll

 basis (A). The  remaining  supernatant  was  dialyzecl then  uscd  for the ALAD
The  total units  of  AI"AD  in both the chleroplast  fraction and  supevnatant  werc  determinedaS?IV'I
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Tabl?
 .4 . 

Ali:d..D
 
in
 
tlff.

 PuropEgfelo,f stops of.Proplastids
                                        '                                            tttttt ttt                                                    ttttt tt tt t                                                            t t tt tt t
                                ALAD  Protein/protochlorophylliae''     Proplastid
.......... .-m. (unitslmg protein) (g,inmole)              ttttt ttttttttttt tt                       t tt tttt t                            t tttttttttt ttt                                   t tt tt ttttt tttttttt ttt                                             t tttttt tttt                                                    ttt ttt

      Step1  I3.4 6.57

      Stcp Lt g7.1  4.ol

      Step3 23.3 3. ,l3

    To  examine  the  release  of' ALAD  from chloroplasts,  the  P2 I'raction described
in

 
Table

 1 was  treatcd  with  an  isotonic O.5M  sucrose  so]ution  or  with  hypotonic
    M  Tris-HCI bufler or  water.  As  shown  in Table 3. treatment  with  th ¢  isotonicO.Ol
                                               '
solution  resulted  in very  littlc release  of  enzyme  activity  from thc  ch]oropla$ts  on
a  chloroph>,ll             basis, However, treatment  with  the  hypotonic solution  brought
abgu.t

 an  859,b' .release 
of  activaty  from the  chloroplasts,  with  about  109,a of  the

activity
 
remaining

 even  af'ter  three  washings  with  Tris buffbr. It, thus,  appears
that the ALAD  in the chloroplast  is not  tightly bound to the ci]loroplast  components.

    
As

 shown  in Table  4, the  specific  activity  ofALAD  increased during purification
o{'

 the proplastids, as  indicated by the protein content  on  a  pretochlorophy]lidc
basis, It, therefbrc, appears  that ALAD  is already  present in the  proplastids o{'
etiolatcd        radish  cotyledons.

Tahle 5llffkct (f  antibiotics  on  ALMD  fonnation

Trcatment

      K-phosphate

    Cycloheximide (,ugin'd)
          e. 25

          O.5

          O.75

          LO

    D-Chloramphenicol

        250

        750

    Kanamycin  (itgrim])
        250

        750

      K-phospha[e

    L-Chloramphenico}

        250

        750

j'itiolated ladiSh s6e'd'  liilgs
hypocotyls (excised 2 cm

solution,

{,ttg,/`tnl)

Chtot'ophyll

( ':g,/gff.i.fr,eg.h

 )
   245.tl

ige.682,
 750.628.

 1

ll6.866.

 0

                             I19. 0

                             75.9

                             359,1

                  (,ugl'mE)
                             238. 9

                             222.2

                   grown  in thE  

'd'ark
 for

                  from  the  top)  ",cre

      after  which  thev  were  illuminated at
and  homogenized  as  described in the  text,

        
"''ALAD-'-""--"'

 
"

      Cunits,ig t'resh cotyleclon)

24,000 xg  Sup.ernaiant  

'
 

'Ibtal
 

'

  O. 33 1. I9 1. fj2

O. 2,1O.22O.22O.

 22

O,33O,

 2S

O, 30O.S2O.

 S2

O. 84-O.

 81O.

 83O.77

l. 04O.

 92

LOIO,

 96L3]

1.081.0St,05O,

 99

L371.20

L311.28la63

                              The  homogenate  was  cer]trifuged  at  24,OOO × ff for 20
Its pellet an  cl supertJatant  were  clcsignated  the 24,OOe × g fi'action and  the 

'`Su

       O. 31 1, 31 L62

       O. 35 1. 39 I. 74

 
"4

 aaYg' 

'{1[ere
 uscd,'  6Ee huna}':a to{Yiedons i///'l'li:

incubated in a  vessel  containing  20 ml  ol' antibiotic

180C ibr 20 hr. The  cotyledons  were  then  harvested

                             b  MM.

                    pernatanLi', respectix,c]>r,



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlant  Physiologists

286 H. Shibata and  H. Ochi.ai

bfact of antibiotics  orz light induced changes  in ALAD  activity

    Hypocotyls, from  radish  seedlings  grown  in the  dark {br 4 days, were  cut

2 cm  below the cotyledons.  The  excised  shoots  were  incubated in petri dishes with

various  antibiotics  in the light ibr 20 hr (Table 5). T'he accumulation  of  chloro-

phyl! was  inhibited by cycloheximide,  a  specific  inhibitor of  protein synthesis  on  the

80S ribosomes,  as  its concentration  increased. C'yclohexirr]ide also  inhibited the
light induced  increase in ALAD  activities of  the  

C`Supernatant]'

 fraction and  t.he
24,OOOxg  firaction. D-threo  Chloramphcnicol  or  kanamycin,  inhibitors of  70S

ribosome  directed pretein synthesis,  caused  a  decrease in chlorophyll  accumulatien.

However,  thesc  inhibitors did not  afllect  the  norrnal  increase in ALAD  activities

in the 24,OOOxg firaction, It must  be noted  that  tl]ere was  a  slight  decrease in the
ALAD  activities  of  the  

C`Supcrnatant"

 fraction on  the  addition  of  these  antibiotics

to the  incubation medium.  In the  present experiments,  L-threo  chloramphenicol,

which  is known  to have  no  effect  on  protein synthesis  on  the  70S ribosomes  <4), had
no  efibct  on  ALAD  activiteis,  but it did cause  a  decrease in chlorophyil  accumuiation

te some  cxtent.  From  the  results  shown  in Table  5, only  cycioheximide,  of  the

antibiotics  used  in this experiment,  appears  to inhibit the light induced  increase of

 tt e.4
 8tk"

 m  o,292Xvg

    o

   O.3

 s
 E
 U  o.2
 tim{(Z.1O

 
.:

O.75

A

/ A

/+
    A

B

oX

A

    o.,;::xl

 oC
                  o

         ,/ N
-
 O  2e  44

    ILLUMINATtON  TIME  {hr]

       Fig. I.

Eg
 zogbei.m..orX.1.0eE3a(Jq

  ?la
 .c

  2
   -.

   e･

  fi
  2-
   enO,5

 X
   g

  .s

   8
  i
  o

                                         o o

                                            O  24  4S  72 9e

                                             ILLUMINATLON  TIME  tht)

                                                   Fig. 2.

];{g. 1, opcl of cuziibiotics on  theformations  of'chtoroplo/ll and  ALriD. Onc  hundred  etiolatc,d  cotyledons

with  hypecotyls were  incubated with  cyclohexiTnide  (O.5 ,ug/rnl)
 in the light Cbr 20 hr, zhen  washed

ence  with  watcr  and  incubatcd with  2 mM  K-phosphate  buflbr (pH 7.0), D-threo  chloramphcnicol

<25C) i,gJml) or  cycloheximide,  rcspcctivcly,  for another  24 hr in tite light, The  chlerophyll  (inset A)

and  ALAD  <inset B  fbr the  24,OOO xg  t'ractien; C  t'or the  
"Supernatarit':

 fraction) in the  cotyledons

'yvere
 then  deterrnined, O--A:  treated with  cycloheximidie  A-/O.: treated  with  K-phosphate

bufit:r A-+:  trezted  with  D-chloramphenicol  A-A:  tTeated with  cycloheximide

Fig. 2. 7-ime courses  ofchloropiptg accumulation  andALAD  actiz/ie,.  Etiolated raclish  seedlings  grown  in

the  dark for 4 days were  illuminated continueusly  t'or an  additional  4 day  period. Changes  in the

chlorophyll  content  (O), ALAD  ac[ivities  or  the 
C`24-,OOO

 /<g"  (V), the 
"Supernatant"

 (Yi') and

the  totaJ (e)･
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ALAD  activities  in the  chloroplasts  and  cytoplasm.  Thcse  observations  were  fiArther
confirmed  with  the  following experiment,

    The  cotyledons  with  hypocotyl hooks described above  were  first incubated
with  cyclohexirnide  for 20hr  in the light, then  incubated  with  cycloheximide,

D-threo  chleramphenicol  or  phosphate  buffer as  the  control,  fbr another  24 hr in the
light (Fig. 1). ALAD  activities  in both the 24,OOOxg  and  

`CSupcrnatant"
 fractions,

which  i4Tere  depressed by the treatment  with  cycloheximide,  lncreased after  replacing
the

 cycloheximide  with  phosphate  buffer or  D-threo  chloramphenicol,  as  compared

with  activities  in the  cotyledons  treated  with  cycloheximide.  This suggests  that
the ALAD  located in the  cytoplasm  and  that in the  chloroplasts  are  synthesized  on
the cytoplasmic  80S  ribosomes,

ALAD  and  chloroplast  dlrtretopmetzt

    Fig. 2 shows  the  time  courses  of  ch}orophyll  accumulation  and  ALAD  activities
in greening radish  cotylcdons,  Continuous  ilJumination of  the etiolated  seedlings

caused  a  rapid  accumulation  of  chlorophyjl  up  to 2 days. From  2 da>rs aft¢ r
illumination, the chlorophyll  content  remained  constant,  indicating that the chloro-

plasts became  almost  fu11y developed  on  the  third day  under  the conditions  employed,
ALAD  activities  in both the  24,OOO× .a fraction and  

"Supernatant"
 fraction as well

as  the  total actlvity  increased for 2 days, as did the  chlorophyll  accumulation,

During this period, the  activity  of' ALAD  in the  24,000 xg  firaction appearcd  to in-
crease

 at  a  faster rate  than  that  of  the 
[CSupernatant".

 Interestingly, afr,er the

chlorophyll  content  reached  a  constant  level, the ALAD  activities  tended  to

(lecrease.

Discussien

    The  experiments  described in this paper were  used  to study  the subcelluiar

Iocalizatien and  biosynthetic site of  ALAD  in relation  to chloroplast  development
in

 greening radish  cotyledons.  Data obtained  using  fractionation techniques
show  that ALAD  is located in the  chloreplasts  of  gr¢ ening  cotyl ¢ dens. ALAD
activity  was  also  fbund  in the  proplastid fraction prepared from  etiolated  radish

cotyledons.  Graniek  (3) reported  that  the  transR)rmation  of  exogenous  ALA  to

some  porphyrin compounds  occurred  in proplastids isolated f'rom tobacco,  bean
and  barley leavcs. Rebeiz and  Castelf'ranco (I5) have  alse  shown  that etioplasts

are  capable  of  synthesizing  labclled protochlorophyll f}rem i4C-ALA.  All this
indicates that thc ALAD  situatcd  in the  pathway  fbr chlorophyll  synthesis  is located
in proplastids or  chloroplasts.  As compared  with  the distribution and  specific

activity  of  the  chloroplast  marker  enzyme,  NADPH-diaphorase, it was  concluded

that  ALAD  is also  present in the  cytoplasm  o{' radish  cotyl ¢ den cells.

    As  shown  in Table  3, most  ofthe  ALAD  in the chloroplasts  ivvas readily  released

by osmotic  shock,  which  suggcsts  that the enzyme  rnight  be in a  soluble  fbrm in tl'ie
stroma  or  be }oosely bound  io  the ]amellae.

    Results in Table  5 and  Fig. I, show  that both the chloroplastic  ancl  c>[toplasmic

ALAI)  are  presumably  synthesized  on  the  cytoplasmic  80S  ribosomcs,  Chloro-
plastic 70S ribosomes  appear  to be unable  to synthesizc  ALAD,  1'his suggests

that {:yteplasmic  AT..AD  might  be transferred  lnto plasticls during  chloroplast
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development.  It has been observed  that  a  number  of  chloroplast  proteins are

apparently  synthesized  outside  th ¢  chloroplast  (1). Ellis and  Hartley (2) inferred
that  a  specific  mechanisin  must  exist  for transporting  the  chloroplast  proteins

produced  on  cytoplasmic  ribosomes  across  the  outer  membranes  of  the  plastids.
   Under  the  experimental  conditions  employed,  greening of  the  cotyledons

was  almost  completed  by  continuous  illumination for 2 days, as  shown  in Fig. 2.
After that  time,  the chlorophyll  content  on  a  fresh cotyledon  basis remains  constant

but, interestingly, the total ALAD  activity  of  the green cotyledons  begins to decrease.
This indicates that  there  is a  regulatory  system  for ALAD  activity  which  may

participate in regulating  the  synthcsis  of  chlorophyll.
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