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   Alumin{um  (A13+) censiderably  inhibitcd the  root  clongation  of  Alaska pea at

coiicentrati-ns  higher than  10-4)f and  pH  4.5, The  absorbed  AI3+ in roots  was

localized in the epidermis  and  regions  whcre  cells  actively  divided, such  as roet  tip  and
diff'erentiating lateral reot.  In cells,  A13+ accumulated  mainlv  in the nuclei  and                                               '

walls.  A13+' in nucleic  acids  incrcased up  to 24hr  after  treatrnent  with  10-3"f AICI3,
and  did not  decrease markedly  after  transfer  of  lO-hr treated  plants to water.  Molecular
sieving

 chrornatography  showed  that  A13'i' in nucleic  aeids  asseciatcd  preferentially
with

 
DNA.

 Howevcr,  in vitre  associatlon  o{' A13i' with  DNA  and  RNA  Lvas  nearly

the same.  Mihen  A13+ and  nucleic  acid  were  mixed  in vitro,  the moleculcs  of  A13+
being

 adjusted  to be equal  te those  ot' phosphorus in nucleic  acid,  only  25%  of  the

A13+
 
associa[cd

 with  nucleic  acid.  The  prcsence ol' NaCl  up  to e.4M  and  )v{gCl2 up

to
 
O,05M

 
increased

 the association  oE'A13+  with  DNA.  ISihen the phosphorus  in DNA
wus

 
maslged

 by  histone, the association  of  A13+ with  DNA  was  considerably  reduced.

    AlurniniLirn (AI) is one  of  the iiiajor  elements  of  soil  constituents,  The
solubilized  A13-' in acid  soil,  often  below pH  5.0, has long been known  to have toxic
infiuence on  the growth ofag'riculturally  important  plant species  (10)j particularly,
inhibition of  root  grox-v'th resulting  in abnormal  and  undiflerentiated  turnor-like
tissues

 (1, 3, 13-15). Howcver,  attempts  to relate  these observations  with  specific

physiological processes are  few. Clarkson and  Sanderson (7), and  Sivasubramaniam
and

 Talibudeen (21) reported  the inhibition by  Al3+ of  the  uptake  of  calcium  in
barley plants and  potassium in tea plants, respectively,  Several                                                          reports  indicate
that various  types  ofinteraction  between  A13+ and  phosphorus  may  occur  in the roots
of

 plants. For instance, considerable  quantities of  absorbed  phosphorus  were

fixed by AI3+ on  the root  surface  (5). Also, phosphate  metabolism  was  disturbed
by

 
Al3+

 which  resulted  in a  marked  decrease in the  rate  of  sugar  phesphorylation,
probably  eflbcted  by the  inhibition of  hexokinasc (4). In addition  to these  results,

Clarkson reported  that cell division was  a  primary  site  ofdisturbance  by Al3'i' (q 20>.
A13+

 also  inhibits the  genetic DNA  synthesis  in roots;  this may  be partly exPlaine'd
by an  inhibition of  ccl! division (20), It rernains  obscure,  however, to what  extent
these

 phenomena  are  involved in the  mechanism  ol- A13+ toxicity. One  of  the
diMculties of  clari               fying the mechanism  oCA13'i'  toxicity might  arise  frorn the fact that
varieus  plants respond  unequally  to A13+ (1, I3, I4). In addition,  investigation of
the existing  fbrm               of' Al in vivo  will  be required  to understand  A13+ toxicity. How-
ever,  only  little is known  concerning  the  association  between A13+ and  cell  con-
stituents  in vivo  (1, 24, 25). Several technical  problems have made  $uch  an
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approacli  difficult: I) the  inability to use  suitable  radioactive  A13'F as  tracer, 2) the
diMculty of  micro  assay  of  Al, because of  the  high Al atomization  temperature.
F.[ihe

 latter problem  was  solved  to  a  large cxtent  by the  recent  development of  a

fiameless atomic  absorption  spectrophotometer,  
rl'herefore,

 this work  was

conducted  to find the localization ot' absorbed  A13+ in roots  and  the possible associa-

tion  of  A13+ with  nucleic  acids,

Materials and  methods

Plant matei'iats  and  Al3+ ireatmeitt

    Pea (Pisuiiz saiivum  cv.  iXlaska)  was  uscd  throughout,  
rl'he

 seeds  were  sua.ked

in running  water  for 2 days. Next, they  were  germinated  on  moist  absorbent  cotton

untll  the  roots  elongated  to about  3 cm  at  250C  in dark, Seedling roots  were

immersed in Al solution  (AIC:13) adjusted  to pH  4.5 with  diluted NaOH  for t'he time
indicated in e.ach  experiment.  X･Vhcn the treatment  period was  lon.aer than  24 hr,

Al solutions  were  renewed  every  day. In the control  experiment,  distilledi water

adjusted  to pH  4.5 with  diluted HCI  was  used,

A4easurement of Al

    iY flameless atomic  absorptiun  spectrophotorneter  (Hitachi 518) was  used.

"rhen the  Al in tissues was  analyzecl,  the  tissues werc  completely  degradied with
H2S04  by heating. The  Al3+ as$ociated  with  nucleic  acids  was  directly analyzed.

Y'rom 20 to 50pl  ol'  sample  conta!ning  Al was  taken  by Eppendorl- pipette very

carefu11y  and  introduced into the  graphite chamber  ofthe  flameless atomizer.  The
operating  conditions  were  : 30 sec  at  1000C  for drying, 1 min  at  IOOOSC tbr charring

and  !5 sec  at  30eOeC, foratomizing. N2  gas floxved at  O,5 liter,imin during atomizing.
The  assay  of  each  sample  was  done at  least twice.

Obsereation of'Al bj stainiug

    Staining of  Al  was  done by alumiRon  (ammonium aurintricarboxylate)  method

used  by  Aimi  and  Murakami  (1). This pigment is water  soiuble  and  gives a  orange

color  by making  a  chelate  cemplex  with  A13+.

Electron microprobe  XLray anaij'sis

    The  roots  immersed  in AI3'!' solution  were  treated  by frceze-substitution method

with  acetone  and  embedcled  in epoxy  resin,  The  operating  conditions  of  EMX

(Shimadzu-ARL) were:  element,  Al Ka;  wave  length, 8,838A;  accelerating

voltage,  25 KV;  sample  current,  O.Ol pA;  and  sweep  length, 40 ptlcm. The  Al

X-ray  image  was  taken  on  Polareid Land  paek  film 
rl'ype

 I07.

Proparation and  
.fi'actionation

 of nucleic  acic s

    The  roots  were  cut  firom AI3+-treated seedlings  and  washed  throughly  with

distiIIed water.  The  nucleic  acids  were  prepared  by  the phenol  method  used

previously (16). They  were  fractionated by Sephadex G-200 column  (2.5× 85 cm)
and  Bio-Gel A50  colump.  (2.5× 100cm)  which  were  equilibrated  with  O,05]{
Tris-HCI  bufibr (pH 7.5). 

'I'he

 elution  was  done  using  the same  buffer and  each

3.5-ml fraction was  collected.  The  determinations of  RNA  and  DNA  were  per-
formed by, orcinol  (S) and  diphenylamine reactions  (2), respectively.  Enzymatic
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digestions of  nucleic  acids  were  done at  370C  fbr 2 hr using  heat-treated (90eC,
10 min)  RNase  (ribonuclease A, bovine pancrease, 5X  crystallized  type  1-A Sigma)
fbr RNA  and  DNase  (deoxyribonuclease I, beefpancreas  Sigma) fbr DNA.  After
enzymatic  digestion, samples  were  directly applied  to Bio-Gel A50  column  and

eluted  as  before.

in vitro binding ofAl3+ to nucleic  acids

    DNA  and  rRNA  of  pea roots  were  prepared and  fractionated by  MAK  column

as  bcfbre (i6). They  were  recovered  with  ethanol  and  dialyzed against  O.Ol }{
Tris-HCI buflbr (pH 7.0). Appropriate  amounts  ofnucleic  acids  and  AIC13 solution

were  mixed  inasmall  test tube  and  incubated for 14 hr at  4"C, Next, thc  samples

were  completely  dialyzed against  disti!led water  (2 liter x  6) and  unbound  A13' was

climinated.  DNA  and  calf  thymus  histone (Sigma) wcrc  mixed  fbr 2 hr at  4"C,
then  A13+ was  added  ancl  the  mixture  was  incubated at  4CC  and  pH  6.0 for 14hr.
Next, the samples  were  dialyzed against  disti]led water  as before. In the contrQl,

A13[' was  added  to  DNA  or  histone solutions  and  incubated at  40(] fbr 14hr,
fbllowed by complete  dialysis against  di$tilled water.

                        Results and  discussion

Illdect ofAt3' on  the eloizgation  ofpea seedlings

    As shown  jn Fig, l, root  elongation  was  not  infiuenced by iO=5  M  AIC13, but
alrnest  complete  inhibition was  observed  at  more  than  10-4M. The  rate  of

inhibition was  nearly  the  same  as  that  ofonion  roets  (3). Unlike the  roots,  elonga-

tion ol- shoots  was  much  less aflbcted  by A13'. Even at  10-3 M  AIC13, the rate  of

inhibition was  less than  509･f, (data not  presented here). About  2000 ppm  Al  was

found in roots  treated  with  10-4 M  AIC13. However,  Al in shoots  did not  increase
significantly  with  up  to  le-3 M,  The  reversibility  of  A13+ toxicity was  investigated
by transferring  the A]3±-trcated samples  to distilled water  for 3 days. Pretreatment
with  A!3'+ fbr only  1 hr reduced  root  elongation  te  up  to  509,', of  the control  (data not

presented here). This high sensitivity  of  A13+ toxicity was  also  observed  in onion

roots  and  distinct inhibition was  fbund aftcr  2-hr treatment  with  IOL3 M  A12(S04)3

(3), The  remarkable  feature of  these results  can  be said  to be the  rapidity  with

which  Al3÷  toxicity takes  effect.  Clarkson (3, 6) suggested  that  somc  mechanisms

associated  with  cell  division werc  highly sensitive  to A13i'. Indeed, he observed

the disappearance of  mitotic  figures (3).

Fig, 1. Al3+ inhibition of the elongaiion  of Ataska
Pea roots. Seedlings were  treated  with  various

concentrations  ofAIC13  adjusted  to  pH  4.5 in thc

dark. (O): control,  (e): 10-5M  AIC]3, (A):
10-4"{, (O): 10LSM. The  data are  average

values  o{' 10 samples,
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Fig. 2, Distributien ofabsorbedAl3+ in Alaska Pea roots  shewing

fcrentiating lateral root. × ISO. The  seedling  was  treated  with

aluminon,  Arrows  indicate pink color  formed by chelation

 the diastic acounzulation  of At3+ al the dijL
1O-3 M  AICI3 for 1 day ancl  stained  with

 with  AI,

Localization of absorbed  At3 i'

     A13+ strongly  inhibits the  root  elongation  of  Alaska pea  (Fig, 1) as has been
observed  in other  plants (J, 3, I3-I5), The  ]ocalization of  absorbed  A13' was

investigated in the  fo11owing experiments.                                              It was  not  distributcd uniformly  in the
roots  according  to microscopic  observations  of  aluminon-stained  transverse  and

Fig. 3. Electron microprobe  XLray image of
Alaskapea roet.  

'rhe
 seedling  was  treated

10-3M  AICI:i lbr 1 day. Spots indicatc

Al  is ]ocalizcd main]y  at  the  epidermis.

Al inwith

 that

Epidermis
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Fig, 4, Localilation of Al in Alaska pea root ceU.

and  wall.  N:  nucleus,  W:  wall,  For other

×  1500.details,Note the  distinct localization of  Al in nucleus

see  Fig. 2.

longitudinal root  sections  of' various  thicknesses. A13+ was  localiied in actiyely

?A;wwg,r,:.gl?:･,seL}:lc,n.aMit･;.r,'?8rR,a.n,1,gige.Ig."l`e.`'y,g,'g,t:･azi,:ols,tg5F,gg,31i,,?;std.e,s
?gu.,r"h,ff,gP.?e3,r8d,8'.",t.h,ZiM,ag,e,g.f,ll)l\i.X,',1"."iY,S5Z,IFI'.g,',2).',,W.gi2,h,S?.O,".'i,;h.f,.h.at',
Al3+ were  observed  mainly  around  the epidermis.  Similar localization has a]so

been fbund in Zea  mays  root  Cl8). As  to  A13' localization in the  cells,  it aecumulated

in the  nucleus  Cl) and  cell wall  of  root  hair (Fig. 4) , as  well  as  in root  tip cells,

In vivo  bindi?rg ofAt3+ to norcteic acials

   Our  results  as  well  as those  of  other  reports  on  in

DNA  synthesis  (20) and  phosphate  metabolism  (4) lea
association

 of  A13+ with  nucleic  acids.  First, the

compared  between control  and  A13+-treated roots.

amounts
 of  nucleic  acids  were  found in the trcated

hibition of  ccll  division C3, 6),
d us  to investigate the  possible
levels of  nucleic  acids  were

As sho"Tn  in Table 1, higher

roots,  indicating that  nucleic

'I'able
 1 Chan.aes of Ai3+ as.sociated  with  nueleic  acids  in Alaska .Pea roets

 .-- . ..-. .... ..                                             ttt                                         '                                  .-.                                 '                          tt -t                   .--ttr.'
 

'"'
 

M"-'-'
 

'-
 Treatment time  (hr)

    Sample  
--'

 S'  
'`'-'

 

'24
 

'
 4s 72                                                               '                                                         '                                                     tttttt                                              . .t.-.                                           ttt                                       tt                                 . ........                            t tt                     . ..t ...                tt

    Control 14. 86 19. 10 13. 58 14. 42

    Al-treated 18. 86 22. 76 19. 47 21. 39

pea seed'lings  were  t'r-ealed with  iO-3'M Aic13 at  igtEIc and  thc nucleic  acids  wcre  prcpared by the

phenol method.  Values are  expressed  as thc optical  density at  260 nm  per gram fresh weight.
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Fig. 5. Al3'+' contents  in the nntcleic acidr  efAgaska Pea reots, Seed]ings were  treated  with  10'3  M  AiC13.

(e): A13+-treated, (O): controL

Fig, 6. Efibct oftranEfer to tvater  on  the contents  ofnt3+ in the nacieic acids.  Seedlings were  treated  with

10-3M AIC13 for 10hr  then  transfercd  to water.

acid  metabolism  was  not  markedly  inhibit¢ d at  least quantitatively in A13+-treated
roots,  Al was  found in animal  nucleic  acids  ofvarious  tissues: RNA  ofhorse  kidney
and  rat  liver containcd  quite a  lot of  Al (22), The  binding of  metals  to nucleic

acids  in some  cases  afllects the  basic rnetabolism,  including enzyme  induction, by
controlling  tempclate  activity  (9, ll). Therefore, the amount  of- Al in nucleic

acids  of  pea reots  was  estimated.  As shown  in Fig. 5, Al was  not  detected in control
roots.  Howcver, Al in treated  roots  increased until  24 hr of  treatment  and  main-

tained  that level to the encl  of  the expcriment,  No  increase in AI after  24 hr is
related  to the  complete  stopping  ef  root  elongation  (Fig. 1).

    Next, the in vivo  stability  of  A13+ bound  to nucleic  acids  was  investigated by
transferring  the sample  to distilled water  after  pretreatment with  10-3M AIC,13 for
10 hr (Fig, 6). AI3' in nucleic  acids  increased lbr 24 hr after  transfer, This might

be due  to the  movement  of  absorbed  A13+ to the  site, probably  nuclei,  where  nucleic

acids  are  synthesizcd  in cells  (i and  Fig. 4). However, A13+ in nucleic  acids  de-
creased  gradually after  24 hr, because the  external  supply  ofA13+  was  stopped,  This
results  also  indicates that  A13+ once  bound te nucleic  acids  is not  easily  dissociated
-4ln
 vlvo.

    In the  fbllowing experiment,  the preferential binding of  A13+ to DNA  or  RNA
was  investigated, Nucleic acids  were  fractionated for this purpose. There  are

several  points which  had  to be considered  in the  present ¢ xperiment,  A  large
amount  ofphosphate  could  not  be used  because ofits  strong  hindrance  ofAl  atomiza-

tion. Therefbre, use  of  phosphate  buffbr was  avoided,  AIso, ion-exchangers
could  not  be used  because of  possible association  of  A13+ with  them  during chromato-

graphy. Accordingly, we  chose  molecular  sieving  chromatography  using  Sephadex
G-200  and  Bio-Gel A50. The  phenol-extracted nucleic  acids  from  the  roots  treated

with  10-3 M  AIC13 fbr 1 day  were  loaded on  a  Sephadex G-200 column  equilibrated

with  O,05M  Tris-HCI  buflt]r (pH 7.5). As shown  in Fig. 7, two  UV-absorbing

peaks were  eluted.  DNA  and  rRNA  were  eluted  in the  first peak and  mainly  sRNA
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Fig,
 
7.
 bactionation ofnucleic aciets  associated  tvith  Al3+ ofAtaskapea roots  by SaPhadex G-200. Seedlings

were
 
treated

 with  10-3M  AIC13 for 1 day and  nucleic  acids  were  prepared by  the  phenol  method,

A.
 (0): optical denslty (OD) at  260 nm,  (O): Al, (×): AllOD2Go, B. (( ): RNA,  (e): DNA,

(x): DNAfRNA.
Fig. 8. FYactionation ofnucleic acials assoeiated  with  Al3' qfAlaskaPea roots bj, Bio-Cel A50. (O): optical

density
 (OD) at  260 nm,  (e): AI, (A): RNA,  Czl.): DNA,  (× ): AIy'OD2fia. For ethcr  details.

see  Fig, 7,

in the  second  one.  The  elution  profile of  Al  coincided  well  with  that  of  UV-
absorbancy.  DNA  could  not  be completely  separated  frQm rRNA  by Sephadex
G-200. The  molecular  absorption  coeMcients  of  DNA  and  RNA  are  nearly  the

same,  Thercfore, an  Al ratio  rescmbling  that of  UV  absorbancy  in the first peak
would  appear  if A13+ binds to DNA  and  RNA  equally.  If the  ratio  is not  similar,
these  should  be specificity  in the  binding ofA13+  to DNA  or  RNA.  The  Tesult  clearlv                                                                       i

supports  the  latter case,  In the  first peak, the  ratio  of  A13+' to UV  absorbancy  was

not  unifbrm  and  declined sharply.  This indicates that  the  substance  which  elutcd

¢ arlier,  probably DNA  according  to colorimetric  determination of  ribose  and  de-
oxyribose  (Fig. 7B), associated  with  A13+ more  than  the rRNA  eluted  Iater, Unlike
the first peak, the second  one  was  composed  of  mainly  sRNA  and  the  ratio  of  Al to
UV  absorbancy  showed  a  uniform  value.  This means  that  sRNA  associated  with
Al3'i' equally  and  was  eluted  in the  second  peak. Thus, we  used  Bio-Gel A50  to

fractignate ])NA  and  rRNA  more  clear]y.  As shown  in Fig. 8, two  DNAs  were
eluted

 
at

 around  tubes  20 and  30, There  are  two  physiologically distinct fractions
ofdouble-stranded

 DNA  in wheat  roots  which  can  be separated  by chromatography
because they  have difllirent molecular  weights  and  base compositions  <19), Most
of  the  Al  was  eluted  in the  DNA  regions  and  a littlc of  it was  found in the  rRNA



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlant  Physiologists

134 H.  Matsurnoto, E. Hirasawa, H, Torikai and  E, Takahashi

                              .--
 8 E
 ty a
 o a                              v

 
o (

 10 o.os Fig･ 9･ Fraetionation of nucleic  acids  associated  zvith

                                  Al3+ of Alaska Pea roots  t!f}er  digestion with  R2Vhse.

                             OD4 Seedlings were  treated  with  10T3M  AIC13 for I

                                  day. The  prepared nucleic  acids  were  digested

  
5
 ti'il ::i'tl,ll/.e,?

Rd,N

i.
a

.aSire.
a

"gcMiio"n.
t

Sg,i
d

,by.

i

.

'B.it/t a.`i;.iAi

ft,i:(ao.")d,
          

'!.,

 o,o:

            k
  

OO
 10 20 3'O 40 50 60 7o 

O'OO

          Tube  Number

region,  The  ratio  of  Al amount  to UV  absorbancy  indicated that  A13'F bound  to

DNA  preferentia]ly in vivo,  To  clarify  this point further, tlte sarnple  was  digested
with  RNase  and  applied  to Bio-Gel A50  column  (Fig. 9). UV  absorbancy  due  to

rRNA  was  completely  lost and  DNA  was  eluted  together  with  Al. Furthermore,
the  peaks of  Al and  UV  absorbancy  were  com,pletely  lost after  digestion of  the

RNase-treated sample  by DNase  (data not  presented here). The  preferential
binding of  A13'i' to  DNA  might  be related  to  the  lecalization of  Al in roots;  heavy
accumulation  was  fbund at  actively  dividing regions  and  nuclei  (Fig. 2 and  4).
What  physiological effk ct results  firom the binding ef  A13'[' to DNA?  According to
Einchhorn  and  Shin (9), metal  ions can  be readily  placed into two  catcgorics,  those

that  bind to phosphate and  those  that  bind to bases. Magnesium  (Mg) increases
the  melting  temperature  (Tm) of  DNA  by binding phosphate  and  stabilizes  the

the  double helix, whereas  copper(Cu)  decreases Tm  by binding to the bases and

destabilizes the  double helix. Thus  Mg  and  Cu  ions can  be said  to have opposite
effbcts  on  ])NA.  Stabilizing the  double helix leads to limited template  activity.

Due  to the  ease  of  binding between A13+ and  phosphorus, A13+ will  act  to  stabilize

DNA  unlike  cadmium  (Cd) which  induces enzyme  activity  in pea tissues possibly
by the  increasing template  activity  (11). 

-

in vitro  binding ofAl3+ to nucieic  acictf

    Some  binding properties of  Al3+  to nucleic  acids  w ¢ re  investigated in vitro.

DNA  and  rRNA  purified by MAK  column  were  used.  The  arrrounts  ofA13+  which

bind  to DNA  or  rRNA  were  compared  and  there  was  essentia]Iy  no  difference

(Table 2). When  equimoles  ofA13+  and  phospherus in DNA  or  RNA  were  mixed,

the  binding ratio  (bound AllP  in nucleic  acids)  was  not  unity  and  A13+ molecules
bound  to nucleic  acids  amounted  to 25%  of  that ofphosphorus  molecules,  How-
ever,  when  an  excess  ofAI3+  was  present, twice  the  number  ofA13+  as  comparcd  to

phosphorus molecules  bound  to nucleic  acids.  This probably indicates that  another

binding of  Al3+ to bases occurred  as  in the case  of  rnanganese  (9).

ELffkct of' IVitCl and  MgC12  on  the in vitre  bindiug ofAl3ti' to DArA

    With both metals,  the  positive eflbct  on  binding was  obscrved  at  low  con-

centrations,  with  the  opposite  seen  at  high concentrati.ons  (Table 8). MgCl2  has a
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Table2  bzvitro binding of Al3+ te RiSL4 and  DM

RNA(psg)

14. 0514.05

Phosphorus in RNA
    (psinoles)

     O. 032O.

 032

 A13+("moles)

O. 032O.

 320

A13+ bound  to RNA
     (ymoles)

..A13tbound 
't'o

'Phog'p'
 horus in

      (%)

RNA-  

'RNA

O.O08O.

 074

25231

DNA("g)

14. 0514.

 05

Phosphorus in DNA
    (ttmoles)

     O. 032O.

 032

RNA  and  DNA  of  Alaska pea roots

amounts  of  AICI3 for 14hr  at  4eC.
unbound  A13+. The  Al3- bound
methods.

      A13'[' A13+'boun'Ld-iDNK  IAIti'boilhd'loDNA
    (ptmoles) (xtmoles) Phosphomis in DNA
       --------  -- (%)

     O. OS2 O. OIO 3I

     O. 320 O. 071 222
'l'n

 o,oI M 
'i
 lls-Ha/ 

-b-uffefTp-t'7.o'>-"IEI'E'lllixed
 with  apProp'rTi'IFe

  Samples  were  completely  dialyzed against  water  to eliminate

to nucleic  acid  was  measured,  See details in Materials and

Table
 3 Efflect of iV}!CZ and  MgCl2  en  the in witro  binding ofAl3+ to DAH

      DNA  PhosphorusinDNA  NaCl  

''lli'6od-ndt6DNA
 

''-"
 

'--'-'

-....-.(-eg) .."-.. ...gpamolc-s) . .. <rvt). (timoles) %

     ll. 24 O. 029 O O. OII5 IOO

     II. 24 O. 029 O. 05 O. Olll 96.5

     11. 24 O. 029 O.I O. O167 145.2

     Il. 24 O. 029 O.4 O. 0219 19e.4
     II. 24 O. 029 1.0 O. O081 70.4     ttt t        tt-                    t ttt                             .-- ttt.-....                                          -t-ttt tt

     
i?SlgSL.

 
Phospt"o."".sig,"/bNA

 
M(g.9i2

 

'Aib'o'("pn.'d.Eo.,FN-A'

 

''

 e･a 
'-'

     11. 24 O. 029 O O. O133 ]OO

     IL  24 O. 029 O. Ol O. O152 ll4.8

     11. 24 e. 029 O. 05 O. O193 145. 1

     11. 24 O. 029 O. I O. OI07 75. 2

Equimoles
 of  phosphorus in DNA  ofAlaska  pea roots  and  AICIa were  mixed  in the  presence 6i-v-a-iJi-oLfi's'

concentrations  of  NaCl  or  MgC12.  The  sainples  were  then treated  as  shown  in Table 2.

Table 4]opct  enhistone  on  invitrobinding of Al3+ to
DNAa
 {ltg)

Hlstone
 (pag)

DM4A'l'

 h+ bound  t6 DNX'  
'-

     (pamoles)

     O. O135

     O. O089

     O. O041

     o. oo2s

Inhibition
  (%)

llIIll11.7.7.7.7 o

 5. 85IL723.4

e34.170.

 079.
 3

a
 e.o30 psmoles
DNA  was  mixcd  with

ivas  added,  For other

of  phosphorus
      vanous

      details.

in DNA.

 amounts  of

see  Table 2,calfthymushistone,
 to whichO,030ttmoles  ofA]CI3
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much  strenger  cflbct  than  NaCl. The  binding ofA13+  to DNA  could  occur  in vivo

judging from  the  ionic strength  used  in th{s experiment  and  the  in vivo  results  (Fig.
5, 6, 7 and  8).

IWlect ofhistone on  the in vitro binding ofAl3'i' to DNA

   The  primal binding site  of  A13'i' is phosphorus in DNA.  This was  ascertained

by masking  phosphorus  with  histone. Most  ofthe  DNA  in anima]  and  plant cells

is knewn  to be masked  by histone. ]L{any reports  show  that  the  template  activity  of

I)NA  i$ controlled  through  the  interactien between  DNA  and  chromosomal

proteins (12, 17, 23), Therefbre, it is interesti'ng to  know  how  the  binding of  A13+
to DNA  is influenced by histone. R.esults in Table 4 show  that  it is distinctly

inhibited by the  masking  ofDNA  with  histone. This indicates also  that  the  primal
binding site of  A13'i' is the  phosphorus group  in DNA  and  thc  binding rate  of  A13'['

to DNA  in vivo  inight  be chan.crcd  by the  chromosomal  situation  which  is partly
affected  by chromosomal  proteins. This is related  to the vast  accumulation  of  Al
in actively  dividing regions  of  root  tissue, where  accessibility  of  AI3+  to DNA  is

high. Also, the binding of  A13-' to DNA  altered  by histone can  be speculated  to

influence the template  activity  and  be  concerncd  with  part of  the irljurious A13'i'

mcchanism  of  cell  division reported  by  (:]arkson (3, 6). The  biological activities

aflected  by, the  A}3+-DNA  binding sheuld  be inv¢ stigated,  We  should  also  examine

the  possibility that  the  binding of  A13+ to the  ce!1  wall  lowers the  cell  wall  extensibility

and  thereby  inhibits i'oot  elongation.

   The  authors
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