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  The  following  results  were  obtained  using  tissue slices  exctsed

from  cold-stored  Jerusalem  artiehoke  tuber.

  1. Increase in protein  centent  of  the  tissue was  small  during  the
washing"  (i.e. 

"ag'ing"),

 and  g'rEat in the grourth  phase,  partieularly
in washed  tissue.

  2, RNA  eontent  of  tissue inereased  dm'ing  the gro"rth  period
similarly  in non-.v.rowing  tissue (in water)  and  actively  growing
tissue (in 2,4-D  plus  KIN).

  3. Both  RNA.  and  DNA  increased during  the  washing,  the  in-
crease  being  greater  in RNA  than  in DNA.  This  RNA  increase  was

enhaneed  by gibbei'ellic: acid.

 , 
4. 2-Thiouracil,  8-azaguanine.  puromyein, and  mitomycin  C

       theglven  at          washing.  inhibited the subsequent  gre-'th, Tha  effeet･
of  these  inhibitors was  not  significant  when  they  were  given  in the
growth  period,

  5. Mitomycin  C  T'educed  the basophilia of nuclei  and  made  them
swell,  as  did deoxyribonuelease.

  6. The  effect  of  inhibiters of  nucleie  aeid  rnetabolism  was  
Te-

versed  t/a some  extent  by g.ib' bereliic aL,id  aTtdi  bv  kinetin.

  ;'.. ChlorFmphenicol inhil,rit,etl the growth  strens.ly  if g'iven hi iLhe

growmsv  pemod,  but  not  so  strongly  if given  during' the washing'.

  8. .An  autoradiographie  sttidy  us'ing  
SII-cyticline

 suggested  that

#NA is  synthesized  in nucleus  during th' e period  of  washing  and
is  transferred  to eytoplasm  via  

'nueleolus,

  It
 is conjeetured  that the BNA  synthesized  during t"ne a.oing  is

resp.onsible  for the expansien  growth  te be  caused  latet' by  aaxin  er
auxm  p]us  kinetin.

   It was  shewn  in the p. reeeding  paper (1) that the eold-stored  tuber  tissue
of. Jerusa]em articheke  became pinepared  for its expansion  g!'owth by washing'
e･r 

"a.ff,,

 ing': of  the tissue, the washing  wi{.'h GA  ts'olution  being L.sp:-eial/ly
effective,  SETTERFIELB (2>. and  "IASUDA and  SET'TERYmLD  (3) have  su･g-

.g'ep.ted tl'iat in the tuber t,issue the aging  preeess,  i.e., the  process p!"epai"atoTy

Bz"".z
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ase,  RNA,  ribonuc]eie  aeid;  DNA,  deexyribonuttleie aeicl  ; TCA,  trithloi'o'acetie aeid.
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for the  auxin-indueed  expansien  grewth,  invelves an  active  nucleie  acid

synthesis,  On  the other  hand, NooDEN  and  THmtANN  (4, 5) have  postulated

that a  speeifie  protein(s) funetions in the meehanism  of  auxin  actien  of

indueing  the expansion  growth.  It may  then be supposed  that  GA  and

auxin  play roles  somevLThere  in a  ehain  of  reaetions  from  nueleic  acid  meta-

bolism to protein synthesis.

   The  present  study  wv.s  designed  to elucidate  t,he processes o £ aging  and

of  tissue expansion  in partieular eonnect･ion  with  protein and  nueleic  aeid

metabelism.

'

MATERrAL  AND  METHODS

   The  sources  of  substances  used  were:  2,4-D and  KIN,  Tokyo Kasei Co.;

GA,  94%  purity,  Kyowa  Hakko  Co., a  gift from  the company;  CM,  Sankyo

Co.; TU,  Nutritional Biochemical  Corp, ; AG,  Tokyo  Kasei  Co.; PM,  Ameriean

Cyanid Co,, .o.  gift from  Dr. SAITo, Dept. of  Bioehemistry  of  our  University  ;

MC,  Kyowa  Hakko  Co., a  gift  from  the company;  DNAase  and  RNAase,

Worthington Bioehemieal  Corp.

   Preparat,ion ef  tissue sliees  of  Jerusalem  artj.e"neke  tubez' and  growth

conditions  were  as  TepoTted  previously (1). [Irhe H20=washed  (H-W) and

GA-washed  (G-W) t･issues were  prepared  by immersing tissue slices  in

distilled water  and  5mg/liter  GA  solution,  respeetively,  with  aeratioll  for

15-20  hr  at  roem  teTnperature (250). Tissue sliees  were  then  put  on  filter

paper  held  at  the surfaee  of  gTowth  solutions,  i.e. H20, 1mg/liter  2,4-D,

1 mg/liter  KIN  and  1 rng/liter  2,4-D plus  1 rng/liter  KIN.  Fer  non-washed

(N-W) tissue, excised  s}iees  were  brought  to this eondition  without  washing.

   Bioehemieal  deterrninations were  perfoTmed  ag  follows:

   1. Protein:  [I]issue was  homogenized thoroughly  with  quaytz sand  in

a  cold  mortar.  [I]CA was  added  te supernatant  to give a  final concelltratien

of  5%.  Precipitated protein  was  measured  aftei'  dissolved in a  sma]1  amount

ef  1 N  NaOH  solution  (6) .
   2. Nucleie aeids:  Tissue was  homogenized  in the cold,  and  RNA  and

DNA  were  extraeted  by the Sclt'MIDT-THANNHAusER methed  (7). RNA-

and  DNA-phosphoxus  were  determined  indirectly from  OD  at  260-290m"

 (Tables II and  III) or  direetly after  digestion Mrith  peTchlorie  acid  (s)
 (Table I).
   3. Autoradiography:  N-VLr tissue was  fed with  5ptelml 

:SH-e}rtidi`ne

(specifie aetivity,  1.3 efmmole)  for 2.5 hr at  25e, washed  and  transferred  to

2e  mg/litter  eold  eytidine  solutions  eantaining  and  not  containing  100"g/ml

RNAase.  A  part  of  the tissue sliees  illeubated in the eo!d  cytidine  solution

without  RNAase  were  transferred  after  20 hr to fresh eold  cytidine  solutioris

eontaining  and  not  containin.tr  RNAase.  Experimental procedure  for aute-

radiography  was  essenttally  the same  as  reported  by Sm･TERFIELD (2). The
data  are  presented  as  rnean  graill counts  over  10 nuclei  and  10 eytoplasmie

 xegions  in eaeh  of  three different tissue slices.
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                            RESULTS

PfJotein xzetabol･ism  in connection  zvith  expansion  grotvth

   NeoDEN  and  [I]HIMANN  (4, 5) maintain  that speeific  protein is required
for the auxin  aetion  in Jerusalem artiehoke.  };irstly in the present study,

ehanges  in the arnount  of  protein  were  rneasured  for N-"r, H-W  and  G-W
tissues, Results are  illustrated in Fig. 1.

               !a  A
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               M3

               ) .H,O
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               )T  
02,4-D+KIN

               g
               t  sO   

z-tidiEi":ontc
4321oE

                   O 50  1000  50 ]OO

                                TIME, hr

         Fig. 1, Time  eourse  of  chang'es  in arnount  ef  TCA.-preeipi-

        table  protein  of  N-W  (A), H-W  (B), and  G-W  (C) tissues.

   With  N-"r  tissue, TCA  precipitable pi:otein inereased with  expansion,

and  the inerease was  slightly  but signifieant]y  enhaneed  by 2,4-D plus KIN
(Fig. IA).  When  tissue slices  were  washed,  either  in the presenee  (Fig. IC)
or  absenee  (Fig. IB)  of  GA, pTetein inereased during  the washing  (fer
17 hr), just eorresponding  to the pi'otein inerease in the N-IV  t･issue growing
in

 water  (F'ig. IA). In H-W  and  G-W  tissues the ,"imoullt  of  prote:in did
not

 ehange  or  even  decrease(l slightly  in the absence  o.S. the  growth  regula-
tors, but ineyeased conspi･auously  in the p:,"esence of  2,4-D pllls KIN  fer the
first 50 hr, then began to deerease somewhat,  [I]he above  results  i･vith the
waphed

 tissues are  very  sirr]ilay  to those reported  by [I]IIIMANrq and  Loo.q. (9),
It, rs to be st,udied  whetheT  the incirease ef  protein  is only  a  result  of' .crrowth

or  it means  the synthesis  of  a  speeifie  enzyme(s)  required  for t'h･e auxiii
action  

"LLo
 promote  expansion  growth.

   N-TsEi s]iees  were  ineubated in 2,4-I) and  2,4-D plus KIN  solutions  t,o
vL･hich

 C"I  was  added  at  vaTious  coneent･･rations.  The  expa=,sion  growtl/i

ptetgrmiiied after  96 hr is plotted iu Fig, 2. Ten  mg/liter  CM  produeed  5efZ
mhibition  ef･ expansion  growth  in the presenee  ot' 2,4-D alolle,  Proteiri
synthesis  s...ems  to be neeessayy  foi' expansion  growth.  KIN  seemed  to
al]eiiiate  

'L'ne

 inhibitory effeet  ef  C"I, in faver o!  "･IoTHEs (IC) who  has
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repoyted  the KIN-CM

protein synt'hesi's  by

eompete  with  CM  at
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eompetition  i'n tobacco leaf.
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the ribosomal  Ievel.
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is eonsidered  to block

.
 Then, KIN  rnight/

            
'ge'
 Ol  ib' !CO 1000

                     CONC.  OF  CHLORAMPHENIC'OL,  mg,'Iiter

        Fig. 2. Effeet ei  CM  at  varieus  coneentrations  on  
the

 
ex-

        pansion  gTowth  of  N-W  t-issue in the pTesenee  of  2,4-D (O)
                                              96 hr.        and  2,4-D plus KIN  (as). rneubation peT:iod,

   In crder  to see  how  the inhibition of  protein synthests  during the aging

period affeets  the growth  to follow, tissue sliees  were  washed  
with

 
10J3

 
M

(323 mg/liter)  CM  for 17 hr, ri"sed  in distilled water  3 times and
 
trans-

ferred to 2,4-D and  2,4-D plus  KIN  soluLLions.  These slices  started  to grow

                                                   . Thepresellce
later and  grew  more  slowly  than  H-W  sliees  (Figs. 3B  and  A)
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tissue caused  by  (2,4-D) and  2,4-D plus  KIN  (e).



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlant  Physiologists

AUXIN`INDUCED  GROWTH  OF  TUBER  TISSUE 79

o･f the  same  concentratioit  of  CM  in the growth  medium  inhibited the expan-
sion  seriously  (Fig. 3A).
   Experiment･al results  so  far deseribed are  consistent  with  the not･ion

that the protein  forcmation is necessary  for the auxin-indueed  expansion

grewth  to take place (4, 5, 12).  Shorter Iag period and  higher  growth  rate

in H-W  and  G-W  tissues than  in N-ViX tissue (1, Figs. 1, 2, and  3) may

prebably  be aseribed  to the enzyme  synthesis  Deeurring  during the  washing

and  in the subsequent  Iag peried.

AIucleic acid  7netabolism  in con7tection  iei,th. earpansion  gosotvth

  In eonneetion  with  the p]rotein rnetabolism,  nueleie  acid  metabolism  in
the aging  period  and  in the grewth  period  $hould  be inv･estigated. H-W  and

G-W  tissues were  grown  on  H2.0 and  2,4-D p. Ius KIN  for 96hr, and  RNA
was  extraeted.  The  results  presented  in Table I show  that, although  the

                         TABLE  I

      Effect  or  .e,g-D  plz{s KIN  afiplied  .for 96  hr on  the RNA  content

                   of  Jl-W  anel  G-W  t'issz{,es

    RNA  fraction was  digested  in perchloric  acid  to be measured  for

    phosphorus  content.  Mean  values  of  4 parallel experiments,  with

    standard  erTors,  are  indicated.

        Tissue 
RISA'P,

 Pg/g. initial wet  
tissue

                           H20  2,4-D  plus  KIN

HuWG-WInitial 329 ± 57.8

346± 44.616.6
± 3.08

299 ± 24.7
357 ± 20.5

                    TABLE  II

 RAJA-P,  D!VA-P  ao?.{t protei7z coirtewts  i,7z di.ffe･i'et'fi.tlu ayed  tiRsztes,
                Ar-mr, H-ev  aold  a-vvr
Nueleic aeid-P  was  ealculated  upon  OD  at  260-290m,u assayed  for
RNA  and  DNA.  fractiens. The  contents  per  sr initia] wet  tissue are

indtcated. Mean  values  of  4 paraller experiments,  with  standard
errors'.  are  indieated.

Expt. No,TissueRNA-P,pgfgDNA-P,  "glgRNA!
 Protein,

DNA  mglg .

1

2

3

N-WH-WG-WNJWH-WG-WN-WH-WG-W286 ±  8,8
332 ± 10.5

399 ±  9.2

202±, 11.g
29S ± 21,1

290 ± 24.4

298±  7.6
391 ± 23.5

424 ±, 11.8

 71A ± 1.22

 75,6± 1.18

 
･7S.8

±. O.97

 58.S± 3.02

 75.6± 7.56

 71.4± 5.04

 79.8± 5.04

 92.4± 8.40

leO.8 ± 3,78

4.04.55.03.53,84.13.74.24.21.32.22D1.52.31.81.52.21.g
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RNA  level was  roughly  doubled  in 96hr  of  growth,  it was  not  affected

signifieantly  by  the presence  of  2,4-D plus KIN.

   DNA,  RNA  and  protein contents  of  washed  tissues were  studied

(Table II). During the aging,  RNA  inereased appreeiably  whereas  DNA

increased only  slightly. The  inerease in RNA  was  more  conspieuous  in

G-W  than H-W  (see also  the ratio  RNA/DNA  in the table). Protein

increased during  the aging,  and  the increase was  greater  in H-W  than  in

G-W  tissue.

   It thus seems  that, during the aging,  aetive  RNA  metabolism  takes place,

whieh  is promoted  by GA.  At least a  part of  this newly  synthesized  RNA

might  be funetional in the auxin  aetion  to follow (IS,14). To  test the

hypothesis, effects  of  several  inhibitors of  RNA  metabelism  on  the aging

and  the growth  were  observed.

   Fig. 4 illustrates the effeet  of  TU,  given together  with  2,4-D and  2,4-D

plus KIN,  on  the growth  of  N-W  tissue. The  eoneentration  of  TU  to give

half the' maximum  inhibition was  higher  when  KIN  was  present, just as  i"

the ease  of  CM-inhibition  (ef. Fig. 2). It is repoTted  also  in tobacco leaf

that the  inhibitQry effect  of  TU  is reversed  by KIN  (10).
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     of  TU  at  various  eelleentrations  en  the expan-

   oE  N-W  tissue in the presenee  of  2,4-D  (O) aiid

 KIN  <e). Ineubation  period, 96hr.

ei' H-Vt' and  G-W  tissues was  inhibited only  slight]y  by

 
"
 in the growth  phase  (Figs.5A and  C), while  N-W

ited censiderab]y  by the same  treatment  (Fig. 4). When

   given during the aging,  the growth  began to proeeed
This  effeet  of  TV  was  somewhat  alleviated  when  GA  was

   TU  (Fig. 5D).  It is noticed  that, if given  at  the wash-

N-W  tissue, eit･her  GA  or  TU  is effeetive,  the effeet  being
e. [I]his is in aceordance  with  the assumption  that tine two

 RNA  metabolism  which  is prerequisite  for the  growth.

'

       Fig. 4. Effect

       sion  growth

       2,4-D plus

   The  growth

3 × 10rr5M TU  given

tissue was  inhib

3 ×  10-5M  TU  was

late (Fig. 5B).
given together with

ing or  gi',ien to

muz'  ually  opposit

agents  affect  the
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Fig. 5, Effeat on  t･he expansion  growth  of  3× 10-5 M  7]U given
m  the  washing  period  (B, D) and  in the growt･h  period
A,C).     A;  [I]ime course  of  expansion  grovtTth of  H-W  tissue
eaused  by  2,4-D  (O) and  2,4-D  plus  KIN  (tw/b in the pre-
senee  of  TU  (------) and  5mgi'liter GA  (---;T and  in t･heim'
absence  (-･).  B:  Time  eourse  ot  expansion  gTowth  of  TU-
wash  tissue after  tra.nsference to 2,4-D  (C) alld  2,4-D  plus
KIN  (@) containing  (-e-) ancl  not  eolltaining  ( ) GA,
C: [Pime course  of  expansion  growth  ef  G-W  tissue aftez'

transi'er to 2,4-D (f()') ancl  2,4-D  p]us  KIN  (tw) containing
/1------),

 and  not  conta'ining  ( )TU.  D: Time  eouTse  of

expansion  growth  of  the  tissue washed  by  GA  plus  TU  after
transferenee  to 2,4-D  cl/O,) and  2,4-D  plus  K]N  ,.ew),

  Fig. 6 shows  tlie effect  ef  various  eoneentrations  of  AG  given  to N-W
slices  in the growing  phase.  Whe  eurves  suggest  that the inhibieery actioll
of  AG  is not  reversed  by KIN. The  growth  of  H-W  t･issue was  not  muc'h

inhibited by 10-5 M  AG  (Fig. 7A),  which  inhibited N-W  tissue eonsiderably,
And  AG  was  effective  during the aging  period (Fig. 7B).  Thus,  the ease
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with  AG  is t･he same

for 5-fiuorouracil (2).

Y. MAsvDA

as  with  TU.  A  sirnilar  effect  has also

Vol.

been

7 (1966)

reported'
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Fig. 6. Effeet of  AG  at  vaTious  coneentrations  on  the expansion

growth  of  N-W  tissue in the presenee  of  2,4-D  (O) and  2,4-D

plus KIN  (e). Incubation  period, 96 hr.
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Fig.  7. Effect  on  the expansion  growth  of  10'5M  AG

given  in the washing  period                       (B)                          and  in the growth  period
(A). A: Time  eourse  of  expansion  growth  of  H-W
tissue after  transfer  to 2,4-D (O) and  2,4-D  plus  KIN  (e)
containing  (------) and  not  eontaining  ( ) AG.  B: Time
eouTse  of  expansion  growth  of  AG-wash  tissue after  trans-
feT to 2,4-D (O) and  2,4-D  plus KIN  (e) .

   PM,  which  is known  to inhihit t･he sy･nthesis  of  ribosoiTial  pTeeursor

(cf. 15, 16), showed  essentially  the same  effeet  as  the base ana!ogs  described

above  (Figs. 8A  and  B).  When  KIN  was  added  in eombination  with  PM

during  the aging  treatment, the growth  inhibition by PM  was  reveysed  a

]ittle (ef. Fig. 9B  with  Fig. 8B).  Adenine did not  reverse  the effect  ef  PM

(Figs. 9A  and  B).
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   If RNA  synthesis  is

ment  oeeurring  in DNA

on  diminished  growth.
degrade  or  digest DNA

Y.  )･!ASVDA Vol.  7 (1966)

                                     --

the prerequisite for the growth  to occur,  
impair-

during the aging  peTiod will  be expected  to refieet

Hence  the effect  of  MC,  which  was  reported  to

(e.g. 17-19),  was  exarnined.
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of  MC  at  various  coneentrations  on  expallsion

tissue in the  presenee  of  2,4-D (O) and  2,4-D

Ineubation period, 96 hr.

   With 5 × 10-6M  MC,  the growth  of  H-W  and  G-W  tissues  was  
not
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   Table III shows  the results  of  deterTnination of  RNA,  DNA  and  protein

                                                             wit,h
o £ MC-wash  tissue, as  well  as  of  N-W  and  H-W  tissues, The  washing

5 × 10-6 M  MC  inhibited the net･ synthesis  of  RNA  and  protein during the

aging  period and  deerea,sed the eontent  of  DNA.

   Microseopic  observation  was  performed  to see  if MC  exerted  a  degrada:

tive aetion  on  the nueleus  of  artichoke  tubeT  eell just 2'is has  been repoyte.a

for mouse  eell (19). A  thin hand  seetien  of  tuber tissue was  stained  witn

 GieTnsa solution  for 10min  at  pH  6.8, washed  and  mounted  in wat･er.

Whereas  nuclei  of  H-IST tissue cells  were  stained  distinctly (Fig. 12A),  those

of  MC-wash  tissue cells  were  swollen  and  on]y  poorly. stained  exeept  nueleelus

 (Fig. 12B).  The  nuc]ear  membrane  appeared  to have diisintegrtited more  
or

                  asevibed  the inhi'biting effeet  of  MC  on  baeterial growth

 
lteeSS{heKaEcRtSi:g+lio(ni8o)f

 DNAase.  Fig. i2D  mustrates  a eell  nucleus  of tuber

 tissue treated  with  I])NAase, instead of  MC,  in the presence of                                                           O.O03 M

 MgC]2.  Basophilia alld  t-ne size  of  nucleus,  as  well  as  appearanee  of  
dis-

 integrated nuelear  membrane,  resembled  those ef  the nuelei  of  MC-was"n

 cells.
 Nuclei of  MC-wash  tissue were  observed  after  50 hr in 2,4-D plus

 KIN, "amely,  when  the tissue  hact recoverd  the growth  activity  (ef.

 Y"ig. 11B). As  seen  in Fig. 12C, basophilia and  illtegTity of  nuclei  had                                                              aiso

 been  restoTed  to the extent  t･hat observed  in H-W  celis  (Fig. 12A).
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Fig,  11. Effect on  the expansion  growth  of  5× 10'6 tsc MC  given

in the washing  peTiod  c.B,  Dv and  in the  gTowth  period  (A,
C), A: Time  course  of  expansion  growth  oi' H-W  tissue

after  trunsnri'.er to 2,4-･D CO.'} and  2,4-D  plus KIN  (ge) eontain-

ing MC  i,------/,  GA  C-･-) and  neither  ef  them  {1 /,. B:

T'ime course  of  expansion  growth  of  "'IC-wash tissue after

transfer to 2,4-D  ///l)  and  2,4-D  plus  KIN  i'1ee)  centammg

･,-･-,, and  Rot  containing  // )GA.  C: Time  course  of

expansion  grewth  of  G-W  tissue aiter  tTansfer  to 2,4-D
'/C)/  aiid  2,4-D plus  KIN  ,'es)  containing  {------) and  not  con-

tainin.a. ( 1}, MC.  D: Time  course  of  expansion  growth

Qf  tissue, previouslywashedwith  GA  plus MC,  after  transfer

to 2,4-D  /.C))  and  2,4-D  plus  KIN  /'pt/.

Atito･radiog}'aphic stt{dy

  An  autoradiographie  study

RNA  metabolism  during  and  a

 was  performed
fter the aging,

 to gain  an  insight into t,he

Fig, 13 illustrates the results.
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                    TABLE  III

 Effect ef  washing  with  5xlO-6MMC  on  RAJA-P, DNA-P  and

              protez'n  conte7zts  of  tissue
Nucleie acids  in iLg per  g  initial wet  tissue were  ealcu]ated  upon
OD  at  260-290mpa  determined  after  extraction.  Mean  values  

of
 4

parallel experiments,  with  standard  erroTs,  are  indieaeed.
  t .t              '                  '                       '                             ..t .t

Tissue RNA-P.ptgfg DNA-P,
 ptg/g

RNA/DNAProtein,
 mglg

Beforewashing
After H-W
After  MC-washing

236 ± 13.6
362± 13.5
276 ± 27.8

94.2± 1.7
88,O± 1.4
74.4± 3.7

2.54.13.7 1.42.31.8

   A B

   Fig. 12. Effect of  washing  with  5× 10-6MMC  and  DNAase  Dn  the eell
   nueleus.
          Staining with  Giemsa  solution  at  pH  6,8. A:  Cells of  H-W

   tissue;
 
B:

 cells  o･f MC-wash  tissue; C: aells  of  MC-wash  tissue grown  on

   eA`,JD,.eggfi,giLN, ,f8r,,5,O, 
h.'g,?ieeiis

 
tTeated

 
with

 
DNAase

 (so ng/mi  i.

   
Incubation  with  RNAase  proved  that tritium had  been  incorporated

exelusively  into RNA.  Cytidine ineorporation was  rapid  and  the heaviest
in nucleolus,  moderate  in the  chromatin  region  and  veTy  light in eytoplasm

 (Fig.13A). The  label over  nueleolus  and  ehromatin  region  rapidly  de-
ereased

 with  a  concomitant  gradual  lncTease in eytoplasm  when  the sliees
were  ineubated, namely  aged,  in eold  cytidine.  Since a  very  short-terin

/
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labelling revealed  silver  grains to oeeur  predominantly  over  the  ehrematin

region  (2), it is suggested  that RNA  is synthesized  in chromatin  and

transloeated te nucleolus  and  then to eytoplasm,  as  reportect  by  others

(e.g. 2, 20). After  20 hr of  aging  in eold  cytidine,  no  appreciable  label was

found  over  nueleolus  and  the chromatin  region,  and  the label remaining

over  cyteplasm  was  not  removed  any  more  at  least for 8hr  (Fig. 13B).
The  label was  mostly  removed  when  the tissue was  treated with  RNAase

soon  after  the incorporation (Fig. 13A), but "ras  removed  only  partly when

the enzyme  was  given after  th6 aging  peried (Fig. 13B).

   The  results  of  experirnents  using  inhibitors of  nueleie  acid  metabolism

and  autoradiography  suggest  that the DNA-di.rected  RNA  synthesis  and

the distribution of  the synthesized  RNA  in the eytop]asm  are  involved in

G/pt2
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theby
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                               TIME, hr

    Fig. 13, Time  eourse  of  changes  ln the number  of  silver  grains
    per  -L' in autor'adiograph  of  the tissue labelled for 2,5 hr with

    5 pselml  
"H-cytidine

 and,  then, ehasecl  with  20 mg/liter  eolcl cyti-

    dine, Means  of  10 lluclei  and  10 cytoplasmic  regions  in eaeh  of

    3 different tissue sliees,  with  standard  errors,  are  shown.  A:
    Changes  in silver  grains over  nueleolus  (Nuc), ehromatin  region

     (Chr) and  cytoplasm  (Cyt) of  N-W  tissue ehased  in the pres-
    ence  <-----) and  absenee  ( ) of  100#glml  RNAase.  B:

    Changes  in silver  grains over  eytoplasm  of  H-W  tissue treated

    with  cold  cytidine  solution  eontaining  ( ) and  not  containing

     ( ) RNAase  arter  chasing'  for 20 hr.

aging  proeess which  prepares  for a  rapid  expansion  growth  to be

2,4-D and  2,4-D plus  KIN.
eaused

DISCUSSION

   Atissuepreparatory proeess (i,e. previous  washing)  is needed  for

of  Jerusalem artichoke  to become eapable  of  auxin-lndueedthe

 tuber
      J
expanslon
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growth.  The  biochernical and  biophysical analyses  of  this preparatory  stage
may  offer  a  elue  to the primary  action  of  auxin.

   It is shown  in the present study  that nueleic  acid  metabolism  is essential
for the preparatoxy  proeess, but  not  for the expansion  

.crrowth
 itselL Net

RNA  synthesis  occuTred  during the phase  of  expansion  growth,  although

it was  ]iot  influeneed by auxin  plus kinetin (Table I) which  stimulated  the
growth.  ,

   In eat  coleoptile,  20-30  mm  in length, whieh is very  sensitive  to auxin

but not  to gibberellin and  is ineapable of  cell division, the auxin-indueecl

elongation  is not  inhibited by  TU  and  AG  (8). In this case,  RNA  may  be
synthesized  and  the eells  aTe  already  prepayed  for the action  of  auxin  before
the main  elongat･ion  peried.. [I]he aged  tissue (ll-W or  G-W)  of  jerusalem
aTtichoke  may  cerrespond  to the oat  eeleoptile  of  20-30  rnm  Iength, and  N-W
tissue of  the former to younger  eoleoptile.

   The  idea that the RNA  synthesis  is prerequjsite for Vne expansion  growth
i･s supported  also  by  experiments  using  other  rnaterials.  Some  RNA  base
nnalogs  were  shown  te inhibit the growth  of  embryonie  tissues while  they
had  no  effect  cn  grown  ones  (ef. 21).  WooDsTocK  and  SKooG  (22) found
that the capacity  of  expallsion  growth  of  eorn  root･s  was  directly correlated

with  the amount  of  RNA  synthesized  in the meristematic  apex  previous  to
the rapid  expansion.  HoLMEs  et  al. (23) showed  that the RNA  eontent  per
cell reached  a  maximurn  in an  early  elongation  stage  of  broad  bean  roots.

   Synt,hesis of  RNA  rnay  be dependent  on  DNA  template. Auxin-indueed
expallsion  oi" artiehoke  tuber ti'ssue was  inhlbited by base analogs  and  PM,

just as  by actinomycin  D  (4, SETTERFIELD's peTsollal letter). AceoTding  to
SETTERFIELD (2), 3H-5-fiuoreuraeil

 is fuTst incoTporated into nuelei  of  cells

of  N-W  tuber tissue and  the label gradually  moves  inte eyteplasm,  and  as

a  result  the auxin-lnduced  expansioii  growth  is inhibited. All these facts
suggest  a  possiloi]ity that synthesis  of  RNA,  perhaps  of  the messenger  type,
on  the DNA  template plays  an  important  role  in the expansion  growth  to
be eaused  by auxin.

   KEy  and  INGm  (24) have  reported  that, in soybean  hypeeotyl, 5-fiusro-
uraeil  inhibits the syn+.laesis  of  xibosomal  and  soluble  RNA,  but  not  the
growth  and  the synthesis  of  DNA-like RNA.  The  latter two are  inhibited
by actinomycin  D. The  RNA  which  they postulate as  essential  for the
auxin-induced  growth  may  perhaps  eorrL-spond  to the funetienal RNA
repoTted  in our  previous papeTs  (13, i.e). Some  other  experiments  (e.g. 25)
also  suggest  that the lluclear  RNA,  which  is net  ensily  extraetable  and  is
perhaps  DNA-dependent,  is important  in the auxin  aetion.  When  YAMAKI
(26,27) fed pea  homogenate  with  radi'･oaetive  IAA  for 5min,  the  label was
reeove!ed  exclusively  in a  partieulate fraction, probably  ribosomal.  And
this was  not  the case  when  the homogenate  was  treated with  RNAase  prior
to the IAA  feeding. This may  suggest  that the primary  site  of  auxin  action

is RNA  (or ribosome).  Several in vivo  (e.g. e,28,29)  and  in vitro

studies  (gO-u02) seem  to support  the possibility.

L
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   In eontrast  to these observations,  some  workers  found relatively  large
inereases o't" RNA  during  (33,34) ap.d  after  (35) the rapid  growth.  The
disagreements  may  pessibly eome  from  differences in materia],  collditions,

and  the method  of  determinati･on.

   The  role  played by  the previously  synthesized  RNA  in the expallsion

growth  is not  yet･ known. NoeDi;]N and  THIMANN  (4, 5) maintain  that the
auxin-induced  growth  requires  RNA-dependent  synthesis  of  a  eertain

enzyme  (s) which  oceurs  during  the lag period of  the growth.

   A  considerable  number  o £ investigations have  been done  on  t･he effect

of  plant hormones on  enzyme  aetivi"Lies  (ef. 36-38).  VARNER  and

CHANDRA  (39) ha･ve shown  that･ gibloerellin eontrols  the synthesis  of

a-amylase  in aleurone  eells  o:," barley e]]dospei:m  by stimulating  the produe-
tion of  rnessenger  RNA.  Hormonal  eontxol  of  enzyme  seems  to occur

primarily at  the  nueleie  acid  level in thi's case.  In the tuber tissue of

.Tez`usalem  artichoke,  (}A pTometes  the  aging  proeess probably  by affecting

the  DNA-dependent  RNA  metabolism,  since  GA  given  in tlae aging  period
inereases RNA  as  well  as  the subsequent  expansion  gromrth in the presenee
of  auxin.  The  hypothesis is supported  also  by  the findin.¢. that the RNA
f,raetion reeovered  in the non-aqueous  layer of. the phenoi-treated  exti'act

from  G-W  tuber tissue has the same  effeet  as  GA  to make  N-W  tissue
responsive  to atuxin  (lc?, U,).

   CM,  an  inhibitor ef  protein  synthesis,  inhibited expansion  growth.  As
for the reported  faet that  the increase in protein content  is not  enhaRced

by auxin  in oat  coleoptile  (4,4t?,4t),. NoeDEN  and  lr}i.IMANN (o") suppose

that tl:e sylltJlaesis  of  veTy  minoT  protei'n is necessary  for auxill-induced  eell
expansion.  WRIGu,'r (49, 43) has  lound  in wheat  eoleoptile  that the change

with  a.cre in t'ne responsiveness  to auxin,  gibbeT'ellin  and  kinetin is aeeom-

panied by the changes  in eellular  antlgen,  assumedly  enzyme  proteins.

   It has becom;. highly probable  that the DNA-RNA-pz-u ±ein  story  is
invo]ved in the  expansion  ,cr.rowth  of  plant tissues. [I]he present  paper
particularly pLtts stiress  on  the synthesis  ei  the RNJA  whieh  is essential  for
the auxin  a,etien  oll eell  expansion  (8,2E, .09).

  The  author  wishes  io express  his hearty thanks  to Professor Joji AsNmA,
Kyoto  UniveTsity, fer his eonstant  interest ill the  present  study  and  foT invalu-
able  advice.  Thanks  are  also  due to Professor  Naohiko  YANAGismtwrA  in our

University  for his kind eneouragement  during the  study.
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