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suggested

 
that

 RNA  may  be direetly involved in the expansion  process (1-8).
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'The
 eentral  role  of  RNA  in protein syiiLLhesis  makes  this suggestien  reason-

.alole but  as  yet li'ttle ciata on  the bekaviour and  funetion ef  RNA  in expand-

ing plant eells  are  available  (9).
   The  stud}T  reported  here is an  g,ttempt  te learn RNA  metabo]isin  in a

･classical  ebject  for cell  expansion  studies, the ont  eoleBptil'e.  The  appreaehes

used  were  physiologieal studiies with  a  pyrimidine  analog,  5-fiuorouracil,

and  an  inhibitor of  DNA  dependent RNA  synthesis,  aetinomycin  D;  auto-
                                                                .

 radiographie  studies  using  labelled RNA  and  protein precursors; and  esti-

'matien  of  ribosomal  eoncentrations  through  sedimentation  analysis.  In

.genera! the results  indieate that in the oat  coleoptUe  the bulk of  PNA is

 formed before the grand  period of  eell expansion,  and  that there is very

 little RNA  turnover  subsequently.  Synthesis of  a  small  amount  of  RNA

 whieh  dees oecur  during  cell  expansion  may,  however, be essential  for the

 .growth  proeess. No  evidenee  for a  stimulation  of  RNA  syllthesis  by auxin
'was

 obtained.

                    MATERIAL  AND  METHODS
                         '

.PZant material

   The  plants used  were  seedlings  of  Avena  sativa,  varieties  Victory  and

Lanark. Seecllings were  gerrninated in the dark  at  250, as  deseribed pre-
'vieusly

 (1). Growth  of  eoleopt･iles  and  roots  of  intact seedlings  was  rneas-

ured  with  a  ru]er  under  red  light and  eell  length and  eell  numbex  were

･determined  by  the  method  of  BuRsTR6M  (10). ffXor studies  on  excised

･segrnents of  eoleoptiles,  seedlings  were  grown  in darkness until  the eoleep-

tiles were  of  desired length (10 to 50 mm),  the apical  3 mm  was  deeapitated,

.and after  2 hours  a  segment  5mrn  Iong was  cut  from  the upper  region  of

'the
 coleoptile  with  a  double-bladed tool. For  growth  studies  ten such

 segments  were  plaeed on  5 ml  of  the solutien  to be tested and  growth  was
                                      -- - - -
 rneasured  with  an  ocular  micrometer  in a  dissectmg  rnicroseope,  usmg  reor

 light.

 AutoTasiiograpky

    The  following tritiated compounds  were  used:  cytidine  (1.3e/mM),
adenine  hydrochloride (2.16c/mM), adenosine  (O,475e/mM), DL-leucine

 hydroehloride  (5.45c/mthO, and  proline (1.0e/mM). Proline was  obtained

/from  SehwaTz  Bioreseareh, Inc., Mount  Vernon, N.Y. and  the Qt-her cem-

'pounds
 from  New  England Nuelear  Corp,, Boston, Mass. To  supply  isetope

 to the tissues,  groups  of  four eoleoptile  segments  were  fioated for 5 hours

 ･on 2ml  of  solution  containing  5sLcfmHabelled  precursor, along  with  other

 ,additions such  as  IAA  and  glucose,  as  noted  in the RESVLTS  seetion.

    Following  incubation the segrnents  were  fixed in ethanol-acetic  aeid

 <3:1), dehydrated, embedded  in parafin, and  seetioned  longitudinally at  8"

                                                           and                                                               hy- ±hickness. Seetions were  mounted  on  subbed  slides, deparaMned

/
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drated. At  this stage  various  exi.'raction  procedures  were  applied:  2%

PCA  foT 20min  at  40 to remove  soluble  nueleotides  (11); O.04%  RNase

(VgTerthington Biochemical  Corp.) foT 2hr  at  370 to rernove  RNA  (12),
followed by 2%  PCA  at  40 for 20 min;  10%  PCA  for 2 hr at  room  tempera-

ture to remove  RNA  (il) ; G.04%  DNase  (Worthington Bioehemical  CoTp.)

in O.O03 M  MgSO,  for2  hr at- 370  to TeTnove  DNA  (I2) ; 5%  TCA  for 15 min.

at 900 to remove  nueleie  acids  (1.0.); 1%  trypsin, pH  8.0, at  32-350  over-

night  to partialiy remove  protein. Following extraction  the slides  were･

washed  several  times in water,  dehydrated, dipped in O.3%  parlodion, and

dried for 24hr.  The  slides  were  then  coated  with  Kodak  NTB-3  emulsion

and  exposed  at  40 fer 1-3 weeks  (13). The  autoradiographs  were  develeped

in Kodak  D19  for 10  min  at  40, rinsed,  fixed for 20 min,  dehydrated in eold'

absolute  ethanol,  eleared  in xylol  and  mounted  in oil of  R,I. 1.460. Slides

were  viewed  alternately  by phase  eontrast  andi  bright-field illumination and''

fTequency  of  silver  grains per square  mieron  determined. Background'

ceunts  of  silver  grains  in the area  adjacent  to t-he sections  were  subtracted

from  all  values.  The  data aye  presented  as  mean  values  of  grain eounts  over

10 nuclet  and  10 cytoplasmic  regions  in each  of  three different eoleoptiles.

Celt fractionation a"･d  anaZysis  of  ribosomal,  components

   a-) Estimat･ion of  free 7oiboso?nes-In  eaeh  experirnenf.,  250 eoleopt･iles'

ef  the same  age  were  harvested, their Iengths reeorded  and  averaged,  the･

primary  leaves removed  and  the coleoptiles  eooled  on  iee. The  fraetionation

proeedure, which  was  essentially  that of  Ts'o et  aL  (14･), was  carried  out  in･

the cold.  The  coleoptiles  were  ground  with  a  pestle and  mortar  in aqueous

 O.4M  sueTose,  O.5-1.0ml  per g wet  tissue. [I]he bulk of  the wall  material'

 was  removed  from  the bomogenate  by  eenttrifuging  at  12,OOOxg for 10 min;

 oecasionally  with  older  tissues, this eentrifugation  was  repeated,  Larger'

 eell  debris, nuclei  and  mitochondria  were  removed  by  sedimenting  at

 40,OOOxg  for 10min.  The  microsomal  f!"aetion was  then  obtained  as  a

 pellet from t,he resulting  supernatant  by celltrifuging  at  le5,OOOxg  for

 75 min.  This  pellet was  redispersed  in a  small  volume  of  water  b}r gentle

 stirring  fox 1hr.  The  suspension  obtained  was  eentrifuged  for 1,Omin  at

 15,OOOxg  and  the supernatant  made  up  to a final volume  of  1 ml.  With  a

 del,ay of  never  more  than a  few  hours, this fina! suspension  was  analysed  in

 a  SD'inco model  E  ult!.aeentrifuge  e.t 2eO wi'//li Sc'lt]:/.eren op. tics ."･.nd  a  bar    -

 angle  o £ 600.
    Relativ･e concentrations  of  sedimenting  e.omponents  were  estimated  frem

 the  areas  of  t･he signifieant  peaks above  the base lines ef  the sedimentation

 patterns. [Vhe same  refractive  index increment  wgs  assumed  for all sedi-

 menting  eernponents.  To  compare  the  relativG  eoncentrations  of  eemponents.

 in different experiments,  the exposure  times were  chosen  so  that the prin-

 eipal  sediinenting  componeAt-,  the 78-80  S pealc, occupied  roughly  the sarne

 pesition in the eell, For this reason  and  because of  the erro!'s  inlnerent ir.

 the  pi'esent work,  it was  t･hought unnecessary  to make  radial  eor!'ectiens,
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   b? Estivezation of  Tiboso7nes  bozand to ?ne･mbranes-The  fractionating
proeedure  was  siTnilar  to that just described. Five hundred coleoptiles,  less
primary  Ieaves, from  each  of  several  different ages,  were  ground  in O.4 M
sucrose  with  5 × 10-3 M  Tris buffer, pH  7.2, and  5× 10'4 M  MgSOd.  The  cell

homogenate was  Sraetionated aeeording  to the  seheme  deseribed above,

except  t･hat in most  cases,  the eentrifugation  at  4e,OOOxg  was  omitted  so

that the final pellet contained  all the membranous  eomponents  from  the cell.
The  final pellet was  redispersed  in a  sma]1  quantity  of  the same  buffer with
MgS04  as  befoTe, and  made  up  to a  final volume  ef  1 ml.  Immediately  before
analysis  in the ultraeentrifuge,  this final 1 ml  of  suspension  was  divided  in
two. To  one  half, O.5ml  of  O.6%  DOC  in buffer eont･aining  MgS04  was

added,  while  the control  received  O.5ml of  the buffer with  MgS04.  The
two  samples  were  run  simultaneously  in the analytical  ultraeentrifuge

using  a  wedge  cell. The  re]ative  concentrations  of  the sedirnenting  compo-

nents  were  estimated  as  bei'ore.

                              RESULTS

G7"owth studies

   Oat seeds  weye  imbibed  on  damp  filteT paper  for 24 hr at  250 and  then
groups  of  20 seeds  were  transferred  to 10 ml  of  water  containing  various

eoneentrations  of  5-FU. Fig.1  shows  the course  of  elongation  of  the intaet
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Fig. 1. Effeet of  inereasing  eoneentrations  of

5-FU  on  the elongation  of  intaet eoleoptiles.
Seeds  were  imbibed on  water  for  one  day  and

t･hen transferred  to 5-FU  solutions.  Points
TepTesent  mean  lengths from  20  seedlings.

seedlings.  Clearly, elongation  of  the coleoptiles  was

5-FU  supplied  via  the root･s,  since  even  500ppm  5-FU
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gave  only  a  s]ight  reduction  in length. Fig. 2 shows  the results  of  a  similar     .experiment
 with  intaet seedlings  in which  both  eeleoptile  length and  root

length were  measured  after  6 days  treatment  with  various  cGneentrcations  of

5-FU.  Again, coleoptile  length was  essentially  una'ffected  by  5-FU,  whereas

the gTowth  of  roots  was  strongly  suppressed  by  even  100ppm  5-FU.  An
analysis  of  cell  ]ength and  number  in these plant･ organs  is givell in Table  I.
As  expeeted  from  the data  en  coleoptile  length, 5-FU  affected  neither  eell
length  nor  cell  number  in the eoleopti}es. On  the other  hand, in the root

cell  division was  markedly  inhibited while  the average  cell  length was,  if
anything,  s]i.crhtly  stiinulated  by  the 5-FU.

:-ezmAjooz<Nee

Fig. 2. Effect of  inereas!ng coneen-  ij.
                                   "

trations  of  5-FU  on  the growth  of  i
eeleoptiles  alld  roots  of  intaet oat  seed-  

"

lings. Seeds were  imbibed on  water  g
for one  day  and  then  transferred  to M

5-FU  solutions.  Mean  lengths of  20 :
seedlings  after  6 days  treatment with  8
5-FU  are  shown.  
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                        TABLE  I

    Effect  o.f 5-FU  oiz  celt  length and  cell  7'Lzt･7n･be-" in eoleoptiles
              and  roots  of  intact oat  seedl･ings

Twenty  seedlings,  one  day  old,  were  plaeed  in 20 ml  of  500  ppm  5-FV.
Measurements  were  made  after  6 days treatment.

Coleeptile (parenehyma) Roots (epidermis)

Water 5-FU Water 5-FU

Organlength(mm)

Mean  eell
length(p)

Mean  eell

number

63± O.94a

335 ± le.4

 188.1

62.9± 1.82

332± 11.4

 189,9

73.4± 4,34

307± 12.3

 237.8

14.4± O.96

348±, 11.7

 12.9

aln
 all  Tables  ±  values  represent  the  standard  error  of  the mean.

NII-Electronic  Mbrary  
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   [I]hese Tesults  suggest  that 5-FU  has Iittle effeet  on  the proeess of  eell'

expansion  but  st･rongly  inhibits eell  division. However, cell  division does･,

oeeur  in young  eoleoptiles  andi  5-FU  might  be expeeted  to glve  a  reduetion･

in eo]eoptile  length through  interferenee with  this process. To  cireumvent

the possibility that 5-FU  was  not  being tTansported to the eoleoptile  in the

intact seedling,  excised  segments  from  eoleoptiles  16-18mm  long wera･

tTeated with  500 ppm  5-FU  in the presenee and  absence  o± IAA.  The  results･

shown  in Fig. 3 again  indieate that. this high  eoneentration  of  5-FU  had  no･

effeet  en  cell expansion.  Similar results  were  obtained  with  segments"

isolated frem  IO mm  long ctoleoptiles.

4

[
3-ri--ssz9y2<ozqa

 e  II,O

 o  IAA-

 without  5-F.U.

--
 with  5-F.U.

3n

                      7

                   . R
                  l -

               --l  /
   1 -g  7(                                 Fi.ff. 3. Effeet of  500 ppm  5-FU  on  the
           

l 7
                                 elongation  of  5mm  eoleoptile  segments･
         i

       ux'  
ri
 exeised  from  16-18mm  coleoptiles.  IAA

                                                         repTesent;      7'  eoneentratiQn8ppm.  Points
     x
                                 means  from  ten segments.

   Ol  3 S tt
             TlrvtE Chr)

   Exeised  coleoptile  segments  were  also  treated with  actinomycin  D  at,'

various  eoncentrations,  in the presence a-nd  absence  of  IAA,  and  expansion･

growth  followed. Fig.4  indieates that aetinemycin  D  markedly  inhibited'

the  stimulation  of  ce!I  expansion  pToduced  by IAA, the inhibition being'

quite noticeable  at  10ppm  ef  the antibiotie.  Expansion  of  the controls

laeking IAA  was  unaffeeted  by aetinomycin  D. These regult･s  are  very'

similar  to those of  NooDEN  and  [I]HIMANN  (7).

AutoTadiog?"aphic stuaies

   In order  to measure  the sites  and  relative  amounts  of  RNA  synt･hesis  in.

excised  coleoptile  segments,  a  seyies  of  autoradiographic  studies  usin.or'

tritium-laloelled RNA  preeursors were  perfoTmed.  Sinee it was  possible
t,hat RNA  metabglism  varied  with  age  (length) of  eoleoptile,  the segments'.

were  cut  fTom coleoptiles  of  various  lengths. Fig.5  shows  the results

of  a  preliminary  exper'iment  in which  the growth  potentials of  5mm  seg-･

ments  from coleeptiles  10, 20, 30 and  50mm  in length were  compared.,
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Segment･s from  the younger  coleoptiles  were  eapable  of  eonsiderable  expan-

sion  in 5 hr, when  supplied  with  IAA, while  segmeRts  frem  50 mm  coleoptiles

were  essentially  ineapable of  further expansien.

IOO

80

l". 6nzHO'<cZoAM

 40

20

NNxxsNsSl

 F..

   
Sh....

{

-u-...-.rl e-ver""-

L       Lco F---T;el"-  i 2
              LOG,,  CONC.  OF  ACTJNOMYCIN  D  Cppn])

Fig. 4. Effeet of  incxeasing concentrations  of  actinomycin  D  on  elon-

gation  of  5mm  eoleopt･ile  segrnents  exeised  from  30mm  eoleopt･iles.

IAA  eoneentration  8ppm.  29Z suerose  was  ineluded in all  treatments.
Points i'epresent  means  from  8 segments  after  20 hr treatment.  Vertical
bars indieate  standard  errors.

   The  ineorpoyatien of  radieaetive  label from  
3H-eytidine

 by  segments･

eomparable  to those above  is shown  in Fig.6. Radioactivity is expressed

as  mean  silver  grains peT square  micron,  as  determined  in autoradiogTaphs,

As  ean  be seell  by the solid  eurves,  measurable  uptake  of  tritium label

oeeurred,  and  the amount  ineTeased with  age  ef  eoleoptiles  from  whieh  the
segments  were  removed.  However,  this label did not  show  a  typieal RNA
Iabelling pattern  (4,12), in whlch  the nucleolus  is more  heavily labelled
than  the ehromatin  region  of  the nucleus.  Further,  the label was  only

partially  removed  from  the nucleus  by RNase  treatment  and,  exeept  for the

youngest  segments  (10 mm  eoleoptile),  was  not  significantly  extraeted  from

eyteplasm  by  thls treatrnent.

   It should  be pointed out  that the  density of  grains in these preparat･ions
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LENGTH  eF  COLEOPTILE  Cmm)

VoL  7  <1966)

Fig. 5. Elongation of  exeised  eoleop-

tile segrnents,  taken  from  eoleoptiles

of  varieus  lengths, ineubated with  and

without  8ppm  IAA  for 5hr. Points
represent  means  frem  ten segments.

･N=.en-z-<eteecm>-ld

.3

.2

J

eH20oIAA "no  RNAase
--

 RNAase

      10 20 30. 40 50 le 20  3Q  40  50

                LENGTH  OF  COLEOPTILE  Cmm)

Fig. 6. Frequeney  of  silver  grains  <gTainslskS) in autoradiographs  of

eoleoptile  cells  suppiied  with  
UH-cytidine.

 Exeised  eoleoptile  cylinders

from  eoleoptiles  o£  vaTious  lengths (abseissa) were  ineubated 5 hr on

5 "e!ml  
SH-cytidine,

 with  (O) and  wit･hout  (e) 8 ppm  IAA.  Segments
were  treated  with  either  cold  PCA  (solid Iines) or  RNase  and  eold

PCA  (broken lines) prior to autoTadiegTaphy.  Autoradiographs ex-

pDsed  for 2 weeks.  Vertical bars indieate standard  errors.
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i's about  an  order  of  magnitude  lower than  is founcl in autoradiographs  of
tissues aetive  in RNA  synthesis  such  as  root  tips (10 or  freshly-eut
artiehoke  tuber tissue (4), when  comparable  autoradiographie  procedures
are  used.  Thus, Fig.6  indieates, by  eomparison  of  the solid  and  broken
eurves,  that enly  a  sina],l incoTporation of  3H-cytidine  into nuclear  RNA
took  place  and  almost  no  labelled RNA  was  found  in the eytoplasm.  Further,
the results  indicate that IAA  had  little or  no  effect  on  ineorporation ef
3H-eyt･idine

 inte RNA  as  measured  by t･his teehnique.

   To  test further the effeet  of  IAA  on  RNA  synthesis,  segments  from
30  mm  ]eng eoleoptiles  were  supplied  with  3H-eytidille  in the presence  and

absence  of  IAA  and  glueose.  The  resultant  silver  grain counts,  shown  in
Table  II, are  similar  te those of  the previous  experiment  (Fig. 5). Again

                          TABLE  II

   Fv'eque?zcu
 of  silvejo  gTains  (yo"ainsllLE) i7z aztto･vadieg･raph･s  of  cogeopt･ile

        cells  supplieci  2v･ith  
:ff-eyeid･ine

 fo7' 5 h?" in tl-e pui'esence' and

                a･bse?zce  of  8ppm  IAA  and  e%  glztcose

   5 mm  segmellts  fi'om eoleoptiles  30  mm  long were  used.  Autoradiegraphs

..  
exposed

 
far2

 weeks.

Treatment

Cellarea Extraetion
  after
 fixation

 Water

O.239± .O06

0.156 ,.F .Oe8

o.e4s+,oo3

O,050± ,OOO

Glueose IAA

Nueleus  ?CA,  4o

         RNase+
         PCA,  4;･

Cytoplasrn PCA,4o

         RNase+
         PCA,  4a

 Mean  segment

 length  afteT

 5 hr(mm)
5.5

O,216± .O05

o.ogl±, .oeg

O.054 ± ,O02

O.048± .C05

5.5

O.234 ± .Oll

O.138± .O04

e.oss ± ,oe4

O.051± .OOI

6.6

  IAA+
  glueose

O.253± ,O12

O,086 ± .OOI

e.os4± .oo2

0.048± .OC2

6.6

the heavier incorporation of  isotope was  over  the nuclei  and  this Iabel was

only  partially removed  by  RNase. The  lighter incorporation in the eyto-

plasm  was  essential!y  unaffected  by RNase.  Neither IAA  nor  glueese had
any  signifieant  effect  on  the total incoTporation into either  nueleus  or

eytoplasm  and  IAA  did not  ehange  the proportion  of  nuelear  Iabel extTact-

able  by RNase.  Glucose, on  the other  hand, both with  and  without  IAA,
did sjgllifieantly  increase the amount  of  RNase-extraetable label in the
nuelei.  The  nature  of, this ehange  in nuclear  Iabel is obseure  but it was  not

correlated  with  IAA  stimulated  expansion,  Again,  it must  be emphasized

that the grain  counts  i.n these experirnents  were  relatively  ]ow  and  the
ehange  in nuelear  IabeMng  due to glucose treatment  represents  a  very

small,  although  not  necessarily  unimport･ant,  amount  of  RNA.

   Sillce in these experiments  a  eon$iderable  amount  of  the  isotope incor-
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porated  during  treatrnent with  
3H-eytidine

 was  resistant  to RNase  extrac--

tion, an  experiment  was  performed  to compare  the eMeieney  of  the  enzyme

with  chemical  met･hods  of  extraction  of  RNA.  Seetions from  the  eoleoptile

segments  given water  treatment  in the pTevious  experiment  vLrere  extraeted

prior to auterndiography  with  either  cold  PCA,  RNase  and  eold  PCA,  PCA

at  roem  ternperatuTe, hot TCA  or  trypsin. As  shown  in [I]able III, Toom.

temperature  PCA  and  hot TCA  were  only  slightly  more  effeetive  than  RNase

in removing  ]abel from  the nucleus,  and  like RNase  were  inaetive towards

the cytoplasmie  label. On]y trypsin gave  a  markedi  reduction  in label below

t,he RNase  level, in both nuelei  and  eytoplasm.  It was  eoncluded  from  this

experiment  that the great  majority  of  the label remaining  after  RNase

treatment  was  definitely not  in RNA  but rather  in some  insoluble material'

asseeiated  with  protein.

                             TABLE  III

       Fidegue72ey ef  silver  gofiains <grthins!ge2> dn a･?tte･}'ad-iogooaphs of

               eoleoptiZe  celts  sztpptied  ?v･ith 
SH-cytidi".e

 -izd

                 extracted  in vaT･iotes  tvesys,  afteT  fixmto;on
             Cenditions as  for the water  treatment  in Table II.

t/

Cell aTea
Extraetion

Nucleus Cytoplasm

PCA,  4e

RNase+PCA,  4a

PCA,  2oe

TCA,  goe

Trypsin

O.239 ± .O02

e.156± ,O08

O.139± .O16

O.130± .OOI

o.ols± .eoo

O.048± .O03

o.oso± .oeo

O.052 ± .O03

O.051± .O03

O.OIO± ,OOI

   In an  effort  to avoid  the residual  isotope ineorporation eneountered  with

eytidine  as  an  RNA  precursor, 3H-adenine
 and  

3'H-adenosine
 were  fed  to･

eeleoptile  segments.  The  results  of  grain count･ing  in t･his material  are

presented in Tables IV  and  V  and  show  marked  similarity  to the results

with  3H-cytidine.  The  toeal incorpoTation of  tritium rose  with  age  ef

eoleoptile,  and  a  part of  the nuclear,  and  almost  all of  the cytoplasmie,

incorporation were  resistant  te RNase.  The  nuclear  label removable  by'

RNase  again  indicated a- srnall  synthesis  of  ftNA  in this organelle.  The

magnitude  of  the incorporation of  both precursors  into nuclear  RNA  varied,

with  the segments  from  elder  eoleoptiles  showing  a  greater  proportion  of'

label extraetable  by  RNase.  W!-th both precursors  there was  some  sugges-

tion of  RNase-extractable Iabel in the eytoplasm,  partieulaTly in the segments

from  30 mm  coleoptiles.  However, the difference in eytoplasmie  silver  grain
dellsity between the extraeted  and  unextracted  tissues was  close  to the limit

of  sensitivity  of  the autoradiography.

   Sinee actinomycin  D  inhibited coleoptile  growth  and  is presumed  to

inhibit RNA  synthesis,  an  experiment  was  performed  to test the effeet  ef''
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                        TABLE  IV

F･reqtte?zcy of  s･iever  g3'ains (g7'th･iizsriiLE> i･n a?.ei/o7'a･dieg,}'[cphs
             celZs  s-zt･pplie[l  wit,h  

3"-acieozttne
 .fo･r 5 hr

5Tnm  segmeuts  from  coleDptiles  10, 30  and  50mm  long

A.utoradiog'raphs expo:.e.fl. fer l ]y.eek. . . .

253

of  eetsoptilti

were  used.

Cel!area  Extraetien
a £ter fix.ation

Coleoptilelength-mm

10 30 50

Nucleus

Cytoplasm

PCA,  4･,

I)LNla'se+] -CA, 4''

PC,ltt ,
 4e

RNase+]  tt･.A , 40

O.296± .e35

o,c･tt,4.±..o'tg

O,069 f..006

o.e41± .co2

{'1.n-6o±･ ,olo

e,11s± .e,'m.

e,137'±...co5

o.c!go･± .oo2

O.595± ,OIS

O.164± ,C･:2

o.lng± .ce2

o,1 ?.3± .oa4

    Xi'r･eQtt.e'n.ey

Ii'eeding.gonc'tl,tions

            TABLE  V

 of  silvei' gT:gins (st･7'a?)o'cs,,',uL') 
'i･}･t

 c,v.//oi'adioyv'ap;'e$

eoleof)ti･Ze  cells  s?.t2.?i,]lie[g 
.evJI/t"'z

 
'Lif-ade'nosine

   as  in Tahle IV, Autei'adiiog']raphs expos,ed  £ ci" 3

o.f

 wee.U.s.

Cellarea  Extraetion
after  fixation

Coleoptilelength-rnm

10 30

Nueleus

Cytoplasm

?CA,  4o

RNase+PCA,  4'

PCA,  4e

RNase+?CA,  40

50

o.lss ± .gos

O.053 tr.OG9

o.o44±, ,eo3

o.e4s ± .ee2

e:s6o±..oos

O,145± .O07

e.173± .020

O.123± Oe3

o,74s± ,o4e

O,417± ,C55

e.433±..O06

O.444±, .044

aetinomyein  D  on  incorporation ef  
3H-eytidine.

 Ten ppm  aetinomyein  D,

whieh  markedly  inhibited eell  expansion  (Fi.cr. 4), was  supplied  to cel]s  in

the pi:esenee of  IAA  and  glucese. In order  to inerease the chanees  of

deteeting differences in Iabelled RNA  the time of  treatment, with  eyti;dine

was  extended  from  the usual  5hr  to 24hr, The result,s  of  grain counts

(Table VI)  over  the actinornyein-treat･ed  and  control  eelJ/.s clearly  show  tn" at

actinornycin  D  markedly  reduced  tJne arnount  ef  RNase-extractable  tritium

ineorporated  into the nuclei.  Furthermore,  with  the longer eytidine  treat-

ment  time used  in this experiment  a  signifieu'nt  cytoplasmie  label, which  was

RNase-extractable,  was  detected in the eontrol  cells  and  this labe.1 was  aiso

reduced  by actinomycin  D. CleaTly actinomycin  D  at  10ppm  severely

inhibit.ed the  RNA  synthesis  oceurring  in expanding  eoleoptile  eells.

   Since all  three nueleic  acid  preeuysers  were  par'tially metabolized  te

non-nucleic  aeid  materials,  and  sinee  trypsin was  the only  a.crent foulld

effeetive  in removing  this label, it seemed  possible that prctein metabolism

might  be varying  wi`th  age  of  the eoleoptiles.  To  investigate this, two  aute-

radiographic  experiments  were  performed  using  
3H-leucine

 and  
:SH-proline

 as

labelled preeursors. Grain ceunts  over  t･he eells  supplied  with  leueine are

given in Table  VII. In the material  supplied  with  proline the label was  too
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                          TABLE  VI

  
fe:Sgza./'ipug,tSc'.uS31Stuai

'

f
"jl,;IS

ekii,ffoit,t,
S

:
ii.ewn,a

,

",hig.'

ma
Z/,.,fzr

.Y,.pa.g2,g

O

,gS.S;i:e09At%e

  3rMalllhsSeegxlggsnetdS ffoTTOMI ;:21eekO.Ptiles 
25
 
mm

 
long

 were  used.  Autoradio-

Cellarea  Extraction
after  fixation

Treatment-

IAA+glucoseIAA+glueose+act.D

Nucleus

Cytop]asm

PCA,  4e

RNase+?CA,  4e

PCA,  4e

RNase+PCA,  4e

O.846-+.110

O.148± .OIO

O.183± .O16

O.080± .O12

O.298± .049

O.108± ,C16

O.063 ± .e13

o.o47± .o12

heavy
 for direet grain  eounting,  and  grain density was  estimated  photo-

metrically  ([Pable VIII). With  leucine, there was  a light label eveT  both
nuelei  and  cytoplasm  and  the amount  of  Iabel inereased in segments  from
older  coleoptiles.  This label, as  expected,  was  unaffeeted  by RNase  and
DNase  but signifieantly  Iowered  by trypsin digestion. Proline also  showed
inereased jneorporatien in the older  segments.  The  incorpoTation of  these
amino  aeicis, then, para]lels  quite  close]y  the incorporatien of  the label of'
the nueleic  aeid  preeursers  into material  resistant  te RNase.  It seems  a
reasonable  possibility  that the non-RNA  iabel found  after  supplying  nueleie･
acid

 precursors  represents  rnetabolism  of  these compounds  to protein pre--
eursors

 and  subsequent  ineorporation into pretein.

                            TABLE  VII

         F7'eqt{･e7zey ef  silve･}" g?`ains (gT'ains/-e) in eszttoradiegraphs
             of  coleoptUe                       eells s?.tppgied  with  

3ff-leztcine
 foo' 5 h7',

   5 mm  segments  isolated from  coleo･ptiles  20, 30 and  5e  mm  long were  used,

   
Aetoradiogrephs

                  9Xposed                         for two  weeks.

Cellarea  Extraction
after  fixation

Coleoptilelength-mm

20 30 50 '

Nucleus

Cytoplasm

PCA,  4e

RNase+DNase

Trypsin

PCA,  4o

RNase+DNase

Trypsin

O.035± .O05

O.040± .O02

O.O14± .O03

o.e22± .oo4

O.O19± .O03

o.on ± .oel

O.045± .O04

O.048± .O03

O.O13 ±, .OOI

O.050 ± .O04

O.048 ± .O03

G,O09± .OOI

e.o63± .oo7

o.o47± .ee3

O,O18± ,002

O,054± .O03

o,oss± .oo2

O,O18± .OOI
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                       [I]ABLE VIII
liTTequency of  silver  grai7ts in ao"bitra･}`y  zt7zits  dete7nnined  with･  a

    densitorrteter, in eoleoptile  cell3  sttpupulied  2v･ith 
AH-pretine

Feeding  eonditions  as  in Table  VI.  Autoradiographs  exposed  for
2 weeks.

 Extraction
after  fixation

Coleoptilelength-mm

20 30 50

PCA,  4o 3.7± O.37 9.1+O,36 10.1+1.27

                             J

Stz{-dies on  o-ibosomal  concentTa･tzon

   The  eoncentration  of  free ril]osomes  (i.e. ribosomes  free ef  membranes

following homogenization  in suerese)  in coleoptiles  ranging  in length from

3 to 50mm,  as  estimated  from  the total areas  under  the peaks in their

sedimentation  patterns,  are  given in Table IX. In all eases  the 78-8eS

eempenent  was  predominant.  Components of  about  118S  and  heavier were

assumed  to represent  polyribosomes  (15), while  paTtieles of  about  60S, 40S

and  20S  were  probably  ribesomal  subunits.  Exeept  in the shoytest  length

coleoptiles  studied  (3mrn), eoleoptile  eells  under.cro  few  divisions, and  the

eell  number  per coleoptile  remains  eonstant.  Sinee the same  numbex  of

eoleoptiles  was  used  for each  sedimentation  pattern, the areas  measured  are

direetly propertional  to the concentxation  of  ribosomes  per cell.

                             TABLE  IX

         Concew.ti:-tio7z of  f?4eely sedi"te7tting  ?ibosomes  i7z coleoptites

                          as  a  fee?tction of  a,ge

        Eaeh  determination was  performed  on  25e eoleoptiles.  Ribosomal

        eoneentrations  are  given  in arbitTaTy.  units  of  area  beneath

        signifieant  ribosomal  peaks  in the analytieal  ultraeentrifuge.

Coleoptile

Age(days) Length(mrn)

Ribosomal  eeneentxation

(area-arbitrary units)Q

1.5-21.5-22,53344.55-67  33-4

 10

 15

 17

 27

 37

 54

 50

726147415743385

aMean

 ether

 sedimentation

peaks  at  118S,eoefieient

 of

60S,  40S,  20S.predominantpeak==78S;
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   As  can  be seen  in Table  IX, there was  eonsiderable  random  variation  in
the estirnates  of  eoneelltrations,  probably  mainly  due to variable  IDsses
during fractiollation. Nevertheless, it is clear  t･hat no  significant  inerease
in ribosomes  oceurred  duying  cell  expansion;  Tather,  the eoneentration  of

ribosomes  remained  roughly  constant  or  even  possibly  deelined duriRg  t,he

growth  period.  A  sharp  drop  in eoneentration  of  ribosomes  oeeurred  when

elongatien  eeased  (50mm).
   The  estimates  of ribosomes  presumably  eonee:,"n  mainly  Tibosomes

which  are  either  free of  or  only  loosely bound  to the endoplasmie  retieulum

in situ.  To  study  possible ehanges  in coneentration  of  membrane  bound
ribosomes  a  series  of  analyses  was  performed  in which  fraetiens were

treated with  DeC  to disperse membranes  and  te free tightly bound  ribo-

somes.  The  results  of  these analyses  are  summarized  in Table X. In most

of  the experiments  the whole  homogenate,  after  a  low speed  eentrifugation

(12,OOOxg foT 10  min)  to remove  wa]1  material,  was  treated with  DOC.  In
two  case$,  however,  a mierosomal  fraetion prepared  after  a cleaning  spin
of  40,OOOxg  was  treated. Little diffeTence was  found  between  these  two
preeedures. The  only  noticeable  effect  of  the DOC  on  the ribosomes  them-
selves  was  that, in a  few  instanees, there was  some  inerease in the relative

coneentration  of  ribosomal  subunits,  probably  through  removal  of  Mg"".

   The  results  on  ribosomal  concentTation  (Table X)  in the control  homo-
genates  not  treated with  DOC  are  similar  to those of  the previous  expeTi-

rnents  (Table IX).  In the expanding  eo]eopti]es  (15 and  35 mm)  the con-

eentration  of  ribosomes  remained  relatively  eonstant,  while  in the fully
grown  coleoptiles  (60 mm)  a  drop  in Tibosomes  was  evident.  The  effeet  of

DOC  on  homogenates  trom  the young  coleoptiles  was  variable  and  relatively

small,  indieating that the bulk of  the ribosomes  in the growing  eells  were

                             TABLE  X
    Coneentrat･ions of  free ribosomes  in eoteoptiles  befo･re aizd  after  t･reatment
                     of  fresetions with  O.S%  DOC
                 Cenditions  of  analysis  as  in Table  VIII.

Coleoptile
Material treated
   with  DOC

Coneentration

 Age(days) Length(mm) (area-arbitraTy units)

 
-DOC  +DOC%

 Inerease .
 m  cone.
with  DOC

333444667 151515353535606060Whole  homogenate

Wholehomogenate

Mierosomal pellet

Whole  homogenate

Whole  homogenate

Microsomalpellet

Whole  homogenate

Whole  homogenate

Wholehomogenate

614642433831101210875654393448362823  43

  22

  29

 -9-10

  55

 260

 130

 130
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eit]]er
 not  bound to membranes  in sitze  o]r were  easily  removed  lxorn rnem-

branes by homogenization  without  DOC.  On the other  hand, in the. ful]y

eloll.crated  coleoptiles  DOC  seemed  to give  a  censistently  significant  
rise

 
in

ribosomal  eoneentration  in the homogenates. However,  the most  importaiit

finding from  these experiments,  in spite  of  their Iimi'iL'ed aezuraey,  vyas 
that

both without  or  "iith  DOC  treat.men't, there was  no  evid･enee  oE  an                                                              mcyease

in yibosomal  coneemtratioR  in expanding  celecptiles.

                            DISCVSSIGN

   Taken  everall,  the results  eleai'ly  indieate that very  little RNA  synthes.is

oecurs  during  the gralld peried of  eell  expansion  following eell division m

oat  eoleoptiles.  The  !aek of  sensitivity  of  expansion  growth  to 5-FU

the relatively  low  in6oyporation ef  RNA  precursors  into RNA  of  expandm.a.

cells  and  the Iack of  increase in riboF.omes  during expansion  all support  this

conclusion,  It therefore seems  that in this tissue the bulk of  the RtyA

in the  expznding  eells  is formed  prioi" to the main  period oifi eell expansion
                                           .
and  persists,  or  slow!y  deelines, during expansion.  ,

   This eonclusion  is in agreement  with  several  independent 1ines ef  evi-

dence. It is well  known  that young,  dividing, plant eells  stain  st･rongly  for

RNA  with  loasic dyes sueh  as  Azure  B  at  pH  4. However, this intense base-

philia diminish.fis as  eells  expand  so  that !ully expanded  plallt eells  give enly
a  weak  stain  in their thin eytoplasmic  layer. Using  the elec'tren  

mieroseop.e

numeTous  workers  (16-18) have  found  that the eytoplasrn  oi  youn.cr rneri-

stematic  plant  cells  is very  rich  in xiloesornes,  while  in older  vaeuolated  plant

cells
 the ribosome  population  is mueh  less obvious.  In eat  eoleoptile  eel!s

viewed  in the  electron  micTescope  the transition from  densely packed  ribo-

,somes in young  eeils  to infrequent, widely  spaeed  ribosomes  in vaeuolated  cell

is clearly  evident  (18). These obseTvations  are  censistent  with  the idea                                                                 that

･duTing eell  expansion  ribosome  synthesis  either  eeases  or  declines markedly

and  pre-existing  ribosomes  are  diluted in an  increasing eytoplasmie  velume

to gjve  an  overall  lower ribosome  coneentration,  per unit  cytoplasmic  velume.

    WooDsTocK  and  SKooG  (19) have  eome  to a  somewhat  similar  eonelusion

regarding  the relationship  between RNA  synthesis  and  growth  in eorn  Tooys.
 They  found  that the amount  of  growth  of  the roots  o'f different eorn  vameties

 was  direetly eerrelated  with  the amount  of  RNA  synthesis  eeeurring  in the

 apex  oE  the root  in the  eellular  stage  preeeding  rapid  expansion.  They also

 reported  on  the basis of  autoradiogTaphic  experiments  with  
3H-eytidine

 t,hat RNA  synthesis  was  restTieted  to the root  apex  belew the region  of

 maximum  elongation.  HoLMEs  et  al. (20) using  direct phesphorous  deter-

 minations  in broad  bean roots  reported  that RNA  per  eell  reached  a  maxi-

 mum  in the early  elongation  stage  and  then  showed  a slow  deeline into the

 region  of  maturation.  Their data, in faet, veTy  elosely  parallel the ribosomal

 analyses  presented  here, JENsEN's data  wit･h  onion  roots  (21) are  also

 ･eonsistent with  this pattern of  RNA  synthesis  although  his analysis  did not
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 extend  into the main  elengation  zone.  SuNDERLAND  and  McLEIsH  (22), on

 the other  hand, analyzed  the RNA  contents  of  a  number  of  different root,

 meristems  and  found  eonsiderable  variation  in net  RNA  increases in relation

 to stage  of  growth.  In broad  beall, corn  and  pea  roots  the RNA  per  cell

 increased within  5 mm  of  the tip and  then remained  more  or  Iess eonstant  in

 the Tegion  above  this, "ihile  in other  species  net  inereases in RNA  oeeurred

 through the entire  elongation  region.  HEyEs  (2･3) tound, in eontrast  to
 SVNDERLAND  and  MclJEIsH,  that a  relatively  ]arge inerease in RNA  occurred

 thToughout  the e]ongat･ien  zone  of  pea roots.  Sorne of  the above  conflietions,

 in data probably  resulLi from  different methods  of determining RNA  arnounts･

 but it does seern  pessible that differences in ameunt  of  RNA  synthesis  in
 different cellular  stages  can  oeeur  in differellt species. However,  there dees

 seem  to be considerable  evidenee  from  root  tip studies  to indieate that in
 most  speeies  the majority  of  RNA  synthesis  oecurs  during  cell division and
 early  elongation  stages  and  subsequent-  elongation  proeeeds with  either  

a.

 relatively  eonstant  or  only  slowly  changin.ff  content  of  RNA.

   Studies by KEy  and  associates  on  .crrowing  shoot  systems  also  indicate
 that increases in total RNA  need  not  accompany  eell  expansioll.  Intact

 
cprn

 
mesocotyls

 show  a  decline in total RNA  content  per  eell in the elonga-
t-ion region,  and  auxin  treat･ment of  excised  mesoeotyls  accelerated  the rate
of  RNA  loss (24). Excised seybean  hypoeotyls also  failed to show  a  net
inerease in RNA  even  when  supplied  with  concentratiens  of  auxins  which

promoted  optimal  cell  expansioll  (2bV).
      The  above  studies  on  Ievels of  total eellular  RNA,  using  relatively

unspecifie  assay  proeedures  for nucleie  acid,  probably  concern  Iargely ribo-･
semal,  and  to a  lesser extent  transfer, RNA's.  In general  the studies  indi-
eate  that synthesis  of  these types of  RNA  need  not,  and  usually  does not,
take

 place  during  the .(rrand  period  of  plant cell  expansion.  [I]he data.
presented  here on  ribosomal  eoncentrations  aiid  isotepe ineorporation sup-

ports this conclusion  diTeetly for oat  coleoptiles.  Furthermore,  the  insensi-
tivity of  celeoptile  growth  to treatment with  5-FU is quite undeTstalldable
in

 the light of  the  recent  finding by KEy  and  INGLE (S) that in plant tissLies･
5rFY

 
seleetively

 disrupts ribosornal  and  transi"er RNA  synthesis  without
sigmficantly  influencing synthesis  of  possible messenger  RNA.  Since ribD-
somal  synthesis  has  essentially  ceased  in expanding  coleoptiles  5-FU  would'
net  be expected  to have  an  inhibitory aetion  on  growth  through disruption
of  ribosome  synthesis.  On  the other  hand, ribosome  synthesis  is probably

gssential 
for

 lloxmal  cell  division in meristems,  eertainly  autor'adiographs,
mdieate

 that extensive  RNA  synthesis  oecurs  in dividing root  tip cells  (11,
19), and  5-FU  might  be expeeted  to be inhibitory toward  root  grovTth,  as-
feund  heTe. However,  the faet that 5-FU  had  no  inhibitory actien  toward.intact

 eo]eoptiles  on  seedlings  suggests  that ribosome  synthesis  may  not  be
important  in the dividing eells  ef  young  eoleopt,iles.  Indeed, it is possible
that the celeoptile  of- the mature  embrye  has  a  eornplement  of  ribosomes

suMcient  to support  al] protein  synthesis  necessary  for complete  growth

-
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ef  the organ.  The  fraetionation analysis  of  ribosome  concentration  in 3 mm

eoleoptiles  (Table IX),  in whieh  cell  division is oecurring,  weuld  support

this hypothesis.

   This  situation,  wl]ere  xibeseme  synthesis  precedes  growth,  is stxikingly

similar  to that found  in amphibian  zygotes,  which  contain  suMeient  ribo-

somes  to support  embryonie  growth  te the blastula sta.qe  in the absence  of'

ribosome  synthesis  (26). Hcwever,  in mutants  ineapable of  ribesome  syn-

thesis, ribosome  eontent  beeomes a  limiting faetor in growth  beyond the･
blastula sta.cre. It is possible that  ribosome  content  may  also  limit growth
in plant･ cells.  For  example,  differences in growth  potential of  the eorn

rnutants  studled  by WooDsTecK  and  SKoeG  (.I9), whieh  wei"e  eorrelated'

with  RNA  eontent  ef  the meTistems,  might  be determined  by i"herited'

differences in ribosome  eentent  of  the eells  at  the start  of  expansion.

Results on  inhiioition of  expansion  in Jerusalem  artichoke  tubei" cells  by
5-FU  (4) are  also  interpretable on  this basis, If 5-FU  is supplied  prioy  to
eell  expansion,  during  a  period of  rapid  RNA  synthesis,  subseqv.ent  auxin-

induced  synthesis  is seveyely  inhibited, presumably  due to prior disruption
by 5-FU  ef  ribeseme  synthesis.  Similar inhibition ef  expansion  by  pretreat-
ment  wi'th  RNase  C2) might  also  refieet  xibosemal  limitat･ion of  growVn.

   Apart  from  these censiderations  of  ribesornal  metabolism  in growing  eel]s'

there is ample  evideBee  that some  RNA  synthesis  during  eell  expallsion  is
essential  for expansion  to pToceed. The  aut'oradiographie  evidence  pre-
sented  here eonsistently  indie.o.tecl a  small  ineoTporation of  labelled preeursors
into RNA  of  nuelei  of  expanding  eells.  The  ffi.et･ that signifieant  i'neorpora-

tion was  not  usually  found in eytoplasm  alse  dees not  necessarily  indieate･
that the RNA  being synthesized  in the nuclei  Temained  there, If the small

amount  oE  nuelear  ineorporatio" was  eontinually  dispersed in the cytoplasm,,
where  it might  also  turn  over,  it w'ould  not  be deteetable by  autoTadiography,

partieularly in the presence  of  the re]atively  high  baekgroulld due  to the
ineorporation of  isotope into llon-RNA  frarv'tions. In the aetinomycin  D
experiment  where  

:iH-eytidine
 was  supplied  for 24 instead o £ 5 hr, measur-

able  labelling ef  cytoplasmie  RNA  occurred.  Most  significantly  hourever,

actinornyein  D  markedly  reduced  the nuelear  and  cytoplasmic  RNA  labelling
and  ae  the same  time inhibited eell  expansion.  Inhibition of  cell expansicn

by  actinomycin  D  has also  been  reported  by  NooDEN  and  TmMANN  (7'),
KEy  (5) and  CLELAND  (8). KEy  and  INGLE  (6) have  analyzed  the effeet- of'

aetinomycin  D  en  variDus  RNA  fraetions in expanding  plant cells  and'

conelude  that this antibiotie,  unlike  5-FU,  inhibits synthesis  of  a  DNA-Iike
RNA  which  is essential  fcr eell  expanston.  The  aetinomyein  D  sensitive

incerporation of  RNA  precursors  detec-ted in the present･  study  undoubtedly

represents  synthesis  of  this RNA  fraetion; p]resumably  a messenger  type
RNA.  The  relatively  low  absolute  ineorpovation of  isotope and  tne absence
ef  preferential  nueleolar  label]ing are  quite eonsistent  with  th,is inter-
pret-ation,

   Apparently  then, as  KE'i and  INGLE  (6) conelude,  continued  produetion
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･of messenger  RNA  is neeessary  for expansion  of  pla,nt cells  to proceed
normally.  This  RNA  presumably  eeuples  with  pre-existing ribosornes  to
'rnediate

 synthesis  of  proteins lleeessary  fer eell development. NooDEN  and

[I]y-TmffANN (7,27) and  KEy  (5) have  presented convinein.cr  evidenee  that

continued  protein, as  well  as  RNA,  syntlaesis  is necessary  for eell  expansion.

[I]he pTesent  studies  indicate that protein synthesis  might  even  aecelerate

.as eo]eoptiles  grow.  Ill additien,  produetiori  of  messenger  RNA  and  protein
-apparently  does not  neeessari･Jy  stop  witl,i L'essa,tion  of  eell expansion.  [I]he

fully expa'nded  eeleoptile  eel!s  studied  heTe eontinued  to synthesize  RNA
and  proteins. KEy  ancl  SHANNoN  (25) also  found  continued  RNA  synthesis

in fully expa'nded  soybean  cells.  Presumably  the RNA  produeed  after  expan-

sion  has eeased  Tepresents  product,s  of  .cremes  responsible  for further  eell

differentiation and  is qualitatively  distinct from  the RNA  produced  during
expansion.  This, however, remains  to be demonstrated.

   The  yelatienship  of  auxin  to RNA  remaills  obseure.  RNA  s}mthesis  in
･soybean

 hypoeotyls is definitely stimulated  by  auxin  (25) and  KEy  (5) has

･su.or.ffested that regulation  of  RNA  synthesis  may  be a  bnsic action  of  auxin.

A  simil,ar  suggestion  has alse  been  made  hy RoycllouDHuR,Ry et  al. (28)
and  DATTA  and  SEN  (29) cn  the basis ef  their finding that IAA  stimulates

both  RNA  and  protein syntTn' esis  in eoconut  milk  nuelei.  S4birnu]ation of

both  nuelear  RNA  and  DNA  synthesis  has been  cyteehemieally  demonstrated

in Jerusalem  artichoke  tissue but there the nucleic  aeid  responses  seem

to be assoeiated  with  auxin  stimulation  of  eell  division ratheT  than  eell

･expansion  (4, 30). [Phe fact- is that the autoradiographic  procedu:,"es vrhieh

readily  reveal  auxin  sti.mulation  of  nuclear  RNA  synthesis  in diividing arti-
ehoke  eells  (4) failed, in the present study,  to give clear-cut  evidenee  of  an

auxin  effeet  on  RNA  synthesis  in the expanding  eells  of  oat  eoleoptiles.  Simi-
larly, biochemieal  analyses  failed to reveal  promotion  of  RNA  syn'thesis  by

 auxin  in eoTn  meseeotyls  (24). Thus, although  mediation  of  RNA  synthesis
'wottld

 seem  to be a,n attractive  hypothesi-g for a  metabelieally  eentral  action

of  auxin,  the avnilable  evidence,  whieh  is quite limited, is equivecal  on  this
'point.

 It seems  ent,irely  possible that actual  stimulation  of  RNA  synthesis

by  auxin,  as  distinet frorn the RNA  synthesis  necessary  for auxin  action,

may  be a  seeondary  effeet  of  auxin  observable  eniy  in some  cells,  just as  is

DNA  synthesis  (4). At  the moment  it seems  more  attractive  to suppese

that auxin,  if it has a single  central  role  in growth  metabolism,  interaets

with  pre-existing RNA's  and  in some  way  influenees pTotein  synthesis  such

･as to bring  about  eell  development. Presenee  of  different RNA's  in different
･eells could  then  lead to qualitatively different eellular  responses  te auxin,  as
'found

 in Jerusa]em artiehoke  eells (4). Such  a  general hypothesis would

･appear te be at  Ieast consistent  "Tlth  the results  of  a  number  of  workers  (1-5,
,'7, 8, 2Z  30, 31)  and  with  those of  the present study.

'
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