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The

 effect ef chloride  and  sulphate  types of  salinity  on  respiratory  
'

      
mechanism

 
of

 pea  roots  was  studied.  Both  types of salinity  depressed the

      
absolption

 of  external  glucose and  the rate  ef  respiration  and  changed  the

      se,i.a,tBv,e,,:aB:,oi.h,e:lis,ta?･:/i,c..p,a,tsca,ysl･.,7igLe,,:e,rc,e.n.t.a,ge.,of.t.h,e,p,e.:;.o:-,e,-
      

while
 
Na2S04

 salin,lty  practi:ally did not  affect it, Chleride salinity

      
depressed

 
C02

 evolution  from  C-6 but did not  affect  the  C02 evolution

      giuO:l,eCd'iGreSr"e'Pdhe3treesSsaeiMnYSoeoPtrseSgSerodwbnOti;'A21a?:':eefnledeiugmiYCeOxilgipCteg"i{iYc:ls2S-
      ?hosphate isomerase which  was  not  affected  by sulphate  salinity  but was

      
increased

 more  than  ten  folcl by chloride  salinity,  Phosphogluconate

      g;e,yg.rs,g.e".a:;;,v:s.,";:fi,{e:`{:Y,.S.}k,Swwkt<",,,G.i#C,?i2-,?,-kh.O.'P,zat,Z.le:.Y6
      both the mitochondrial  and  the supernatant  enzymes  were  active  

with

      i･.",D,P.a,n.d,.N,",.Dii.a.lil･"..",YOiiR.Ot?･.t,Y,P,eA:i",gr.eaEe.d,.t,ikeillA?,P..i,i"lj,ed,:,:,:ivAt.y,
     

suficient
 to explain  adequately  the  effect  of  salinity  on  plant metabolism.
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The

 
whole

 investigation was,  therefore,  repeated  and  the yield  of  C02
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the  
studies

 of  the effect of salinity  on  the  activity  of  glucose-6-phosphate

dehydrogenase (1) and  phosphogluconate  dehydrogenase were  extended.

                      Materials and  methods

              sum  sativum,  variety  Laxton Progress) were  used  in these

expePS･:i8netes9S
 
(TPhie

 seeds  were  imbibed  in water  for threg hours and  then

gsfi-:l,}".:te.d,t'g.v:r,m,lcy'ilite,,m.Ri'?gep,e8,illgt･?.g2".fi:g.N,D,s,o,t":.io.".･gr.,".os,G,L,i".",2
of  osmotic  potential was  considered  to be produced  by 24 rneq.  Na.Cl or

b.Y..3.`.ill:eiq'.O.f,N,a,2.S,O.s･,:e.{i,ttr,e:,T.e.eg,s,m,o.\'g,p,o.t.en.tJ'g,i:{,ghf,n.o.2-?･a.ig,n.i32d,

in the  concentrations  given  in the various  tables. The  plants were  grown

in a  constant  temperature  room,  at  260 and  with  continuous  illuminati.on.

   One  cm  long root  tips, in lots of  100 mg,  were  incubated  in shaking

ll.Y,a,rP,gEg.2,ag,ksi,a,t.,?6.'-,d.",ri,n-g.,3,k&1/r.s.･,,T.hs,,fic2k.s.c.'2t,?･Ln.ed,.giesc,o,zeri
the  roots  were  grown.  The  activity  in each  flask was  O.025 pc!ml.  The
                                                      Amersham,
labelled glucose was  purchased  from the  Radiochemical                                                Centre,

England. .
                                                     difference in
    The  absorption  of  glucose was  computed  frorn the

radioactivity  of  the  external  medium  at  the  beginning and  the  end  of  the

experiment.  This was  checked  by  few combustion  experiments  (5). As

                                          was  used. no  difference was  found, the former calculation

    The  C02  liberated in respiration  was  collected  in KOH.  The  radigac-

tL"a-k\.,Of.,2･A',s,a,M.pi,ss,,-,w,:s,.:/sf,zs.".r,zd,,k".,a.T.r,isa,r?IP,zlgE･,a.f,9,ilg5n,ti'S!ai.i:n,-
2-yi)B:n,ze.ng.),i.",.t.oig.en,,e･.I}'egh.a.,".Oi,g".d.,?-ce･,a,"Olgr\g?,e.(f6'}..,,,i..i..,,

 were  collected  from the main  and  lateral roots  and  homogenized  with

                                                             O.1M 10 ml  of  phosphate-sucrese  buffer, pH  7.9. The  buffer contained

g::ISoPgheant8t'eOi`JaMssl"rri:gedtihOr-guMghiN[!figeOs`67c"iolOhaan"ddctnPtPrMifugEe2'a"t'sooTxhge.
 A  mitochondrial  fraction was  sedimented  from the  resulting  solution,  at

 20,OOOxg. The  resuspended  mitochondrial  fraction and  
the                                                      supernatant

                                                      For all  other                                       dehydrogenase. were  used  for assays  of  glucose-6-phosphate

 
enzyGM/.e,s.t,h.ShS.",Ppeh'."ta.t,a･,n.t.a.f,t.e,r.C.e."tit.rll;{k/rOs".39ti.igO)OwO.OO,

×

.g..W,".S,,"dS.e.d6.,d.

1gi£lfl,C.O.O,PE.".Zt.Z'A17,);fg,:.gg2k,L".a,ge,kE,ge,67thgnt,).w,a,s,m,e.a,s.",r.e,d,::ggr,gl.:-g
 to BiEzENHERz (9) and  pyruvate  kinase (EC 2. 7. 1. 40) according  te BucHER

 and  PFLEiDERER (10). Glucose-6-phosphate  dehydrogenase (EC 1. 1. 1. 49) was

 measured  as  previously described (1) and  phosphogluconate  dehydrogenase

 (EC 1. 1. 1. 44) was  measured  according  to HoREcKER  and  SMyRNioTis (II).

    Protein was  estimated  according  to LowRy  et  al. (12).
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Results

   Glucose  absorption  by pea  roots  grown  at  different levels of  salinity

was  measured.  C02  evolved  from  C-6, C-1 or  uniformly  Iabelled glucose
was  collected  and  its activity  calculated  as  a  percentage  of the activity

absorbed.  From  these results  C-61Cl ratios  were  computed  (Table 1).
   As  can  be  seen  from Table 1, increased levels of  salinization  with

NaCl resulted  in an  increased depression of glucose absorption,  reaching

nearly  40flf at  5 atmospheres.  When  the medium  was  salinizecl  with

Na2S04,  glucose absorption  was  practically unaffected  until  salinity  rose
to  the level of  5 atm.  At this level of  salinity  absorption  was  depressed
by  almost  50 %.

   Liberation of  C02 from C-U glucose increased at the higher levels of

                 Table  1
The  oj7lact of saJinity on  sugar  absorPtion,  C02  evoived  and

          C-61C-1 ratio  in Pea reot  tiPs

Salinity
 (atm) %Sugar
       absorbed

Chloride salinity Sulphate salinity

o,o1.03.05,O49393631

(cC..O.2}. (CcO.62) .fC,.2.S C-61CII' .%,,E:,g,Ed'r (cC-Ou2) (CcO.6Z> <C.O-il) C-61C-i

2222ee3034gg262144454344O.77O.

 63O.60O.49

49rsos27

The  plants  were  grown  in medium  

'salinized
 eilher

Sugar absorption  was  calculated  as  percentage  of
C02  as  percentage of  the absorbed  activity.  Zero
HOAGLAND  solution.

22233031

with  NaCl  or

the  external  sugar

salinity  refers

34 44
18 36

15 32
13 30

Na2S04.
   and

 to

O.77O.50O.

 47O.43

   labelled

non-salinized

                     Table 2
Percentage of gtucose  metaboliaed  by PentosephosPhate pathway asnder

             different cenditions  of salinity

Salinity (atm)
Percent pentosephosphate  pathway

Chloride Sulphate

o135 691012 687.57,5

Calculation was  made  according  te the  fol16wing equation'5roposed  by
KATz  (l3) :

          .CO,<G,)-CO.,(.G,> -  3Pc

            1-CO,<G,)  1+2Pc
C02(Gi> and  C02(G6) are  tbe  specific  yields of  C02 liberated from  glucose
either  at  C-1 or  C-6.

WOOD  and

labelled
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salinity.  No  difference was  observed  between the effects  of  chloride  and

sulphate.  Liberation of  C02  from  C-1 was  not  affected  in pea  roots  grown

under  chloride  salinity.  However, it was  depressed with  increasing sodium

sulphate  concentration.  Liberation of COz from  C-6 was  depressed  with

the increasing salinity  of both types. Sulphate caused  a  much  more  severe

and  abrupt  effect.  Asa  result  of these  changes  C6/C-1 ratio  decreased

to a  greater extent  in pea  roots  grown  under  sulphate  cenditions.

   Since the EMBDEN-MEyERHoF  and  pentosephosphate  pathways  seem

to be the only  routes  of  carbohydrate  oxidation  in plants, it is legitimate

to calculate  the pentosephosphate  value  for each  of  the treatments;  The

results  are  given in Table 2.

   The  specific  activity  of the  various  glycolytic  enzymes  studied  is

given  in Tables 3, 4, 5 and  6. As  can  be seen  from these results,  sulphate

and  chloride  types  of  salinity  depressed the specific  activities  of  fructo-

kinase, triosephosphate  isomerase  and  pyruvate  kinase in a  similar  manner.

With  some  enzymes  chloride  salinity  was  more  effective,  in others  sulphate

                     Table  3

opect of salinixation  ofgrowth medium  with  IVizCl en  sPecifc  activity

         of some  glycolytic enaymes  in Pea root  tips

Salinity (atm)
Enzyme

o.o 1.0 3,O 5.0

Glucosephosphate

Fructokinase

Triosephosphate

Pyruvate  kinase

lsomerase

lsomerase

O. 04O.18O.20O.27O.10O.11O.16O.13O.30O.11O.15O.12O.60O.12O.12O.12

Resu!ts are  given  as  units  O.D.lmg  proteinlmin.

The  result$  are  means  of  at  least three  different experiments  each  of  them  in

duplicate.

                          Tabre  4

    EfiCect opr salinizatien  of  growth  medium  with  IVd2S04 e"  sPecijfc  activitpt

               ef  sova. e  gl7cogyttiE enzy{{.ee.
 
s
 
in

 Pea reot  
tiPs

 .

                                     Salinity (atm)
      Enzyme  

'
 

---
 

---
 

-
                                     ,O 3.0 5.0                                    1                          o.o

 GluEosephosphate  isomerase O. 04 O. 03 O. 03 o. o4

 Fructokinase O, 18 O. 13 O. 14 O, 14

 Triosephosphate  isomerase O.20 O, 13 O. 11 O. 07

 Pyruvate  kinase O.27 O.21 O.09 O.06

Resuits are  giv6fi  as  units  o.D.lillg proteinllhin,  salinity is expres'sed  in atmospher'eMi  

"

The  results  are  means  of  at  least three  different experiments  each  of them  in

duplicate.
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this enzyme  was practically unaffected  by increasing level of  salinity  and
always

 
remained

 very  low. In roots  grown under  chloride  salinity  the
specific

 activity  of  this enzyme  rose  considerably  with  increasing level of
salinity,  up  to 15 times  the value  in the non-saline  controis.

    From  the enzymes  active  in the pentose  phosphate  pathway,  glucose-5
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Glucose-6-phosphate

 dehydrogenase  was  shown  to be present  in the
mitochondrial  fraction and  in the  supernatant.  It was  also shown  to be
acEive

 with  both NADP  and  NAD  (Table 6). As  can  be seen  from  Table
6,
 
m

 
roots

 grown  under  chloride  salinity  the activity  of  the enzymes

                            Table 5

      Effect of satinity  en  sPecijic  activity of PhosPhqg'luconate dehydrageuase

               
tn

 eea roots .grown in dieierent tyPes of salinity

                    chioride saiinity  (atm> suiphate"saiinill 

-(5tiRIJtm

                  O.O 1.0 3.0 5.0 O.O 1.0 3.0 5.0
s -                                           '                                                '                                                    .t                                                         tt

 
Pdh.OgPyhdO,g.g",C.O.",a.te

 e. os o. o4 o. os o. os o. os o. os o. os o. os

::l.itnsitoi.D]rSmS 
ginpdrUoCteedinfemitlnei

'bY

 
NaCl

 
or'by

 
Na2S04･

 Specific acti"ity  is given as

The
 results  are  means  of  at least three different experirnents.

                           Table  6

       opect of salinitv on  sPecijic aetivity  of mitechondrial  and  soJuble

             . glu.cose-6iPhosPeate deh),dragenase

Fraction Sali"itY 6hloride
         ("tM) 

'
 

,ktl･IltE

                  NADP

Salipity-type .

withNAD

Mitochondrial O

             1

             3

             5

Soluble O

             1
             3

             5

Mitech6fiJd'ri5 were  spun  down
Results as units  O.D.lmg

1.30L31L05O.83O.

 30O.76O.80O.83

1.31L20LOOO.

 821.11O.42O.41O.25

           Sulphate
      with  vilth 

-T

-  }IA.-D.P. .. N4D

1.30O.741.66L03O.30O.

 37O.46O.46

L311.222.20L551.11o."O.49O.77

   at  20,OOe x  g.

protein/min, salinity  inatmospheres.

NII-Electronic  Mbrary  



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  of  Plant  Physiologists

200 E.-PORATfi  and  A. POLJAKOFF-MAYBER  VeL9(1968)

!inked t6 NADP  in the mito'chondri'a'decreas6s  
'while

 the solub16  6nel

increases with  increasing salinity. The  NAD  linked activity  decreases

with  increasing salinity  in both, mitochoridrial  and  soluble  fractions.

   The  situation  is riot so  clear  for the  en2ymes  isolated from  root  tips

growrt ih Na2S04.  There is a  definite effect of  salinity  on  the  soluble

enzyme  and  it iS'very similar  to the effect  of  chloride  salinity  but less

pronounced.  The  mi'tochondrial  enzyme  behaves very  irregularly.

                           Discussion            '

   The  experiments  described above  show  clearly  that presence  of  salinity

in the growth  med･ium  -affects the  respiratory  mechanism  of  the  plant

roots.  The  effect  is brought about  in a  number  of  ways:  The  capacity

of the  tissue to absorb  exogenous  glucose is Iowered. Respiration in the

presence  and  absence  of  exogenous  glucose is depressed. The  re!ative

importance of  the EMBDEN-MEyERHoF  and  pentosephosphate  pathways  is

changed.

    Both  types of salinity  reduce  glucose absorption  by  the  root  tissue

(Table 1). Under chloride  salinity  the reduction  is gradual  with  increasing

salinity.  Under  sulphate  salinity  there is almost  no  change  in glucose

absorption  
'until

 the salinity  reaches  5 atm,  at which  level the absorption

is reduced  abruptly  by  almost  50 %.

    Contraty  to the  findings of  LivNE and  LEviN (14) the respiration  of

the root  tips, as  measured  by oxygen  consumption  (although not  reported

in this paper) was  iower, the higher was  substrate  salinity. This was

noted  both in the presence  and  in the absence  of exogenous  glucese.

However,  i`COz  evolution  during respiration  of uniformly  labelled exoge-

nous  glucose absorbed,  increased with  increasing salinity  (Table 1), while

the absolute  amount  of  i`C02  output  did not  change  significantly.

    The  percentage  of  the pentosephosphate  pathway  of  the total respira-

tion as  calculated  from  the C-6 and  C-1 yields according  to WooD  and

KATz  (13) is given in Table 2. From  these results  it is clear  that with

increasing levels of  chloride  sarinity  in the mdium,  the relative  importance

of  the  pentose  phosphate  cycle  increases. As  can  be seen  from  Table  1

the  specific  yield of C02 from  C6  decreases, while  that from  C-1 is not

affected.  Under  sulphate  salinity  the  percentage  of  pentosephosphate

pathway  remains  more  or  less constant  at  the various  levels of  salinity

(Table 2). However,  the specific  yield of  C02  from  both Cl  and  C-6

decreases with  increasing salinity  (Table 1). The  changes  in C-61C-1                                                            ratio

 in the two  types of  salinity  therefore reflect  different ways  of  affecting

respiratory  metabolism.  Changes in respiration,  a  decrease in glycolysis

 and  an  increase in the  pentosephosphate  pathway  have been shown  to

 exist  in wheat  plants grown  under  water  stress  (15). Similar changes  are

 also  frequently  observed  in plant tissues in response  to advetse  conditions
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 such  as  fungal infection, herbicide treatment, slicing  and  as  a  result  of

 ageing  (16, 17, 18, 19, etc.).

    In order  to understand  some  of  these changes  better, a  study  of  several

 enzyme  systems  participating in the two  alternate  metabolic  pathways

 was  undertaken  (Tables 3, 4, 5 and  6). The  activity  of  most  of  the giycolytic

 enzymes  studied  was  depressed  by  increasing leveis of $alinity  of  both

 types.  Fructokinase is often  considered  as  a key enzyme  determining  the
 rate  of  glycolysis (20,21,22). In heart muscle  the reduction  of  fructokinase

 activity  in cation  rich  media  resulted  in a  depression of  glycolysis (21).
But the effect  was  considered  to be indirect, through  a  lowering of  the
level'of ADP  and  inorganic phosphate.  The  results  in Tables 3 and  4
show  that due to salinity  the activity  of  this enzyme  is reduced  nearly

by  30 %. This is an  indication for a  possible direct effect  of the  absorbed
salts  on  the enzyme.  As  a  result,  glycolysis may  be depressed.

    The  activity  of  pyruvate  kinase and  triosephosphate isomerase is also

lower in roots  grown  in saline  media  than  in the  controls  (Tables 3 and

4). The  inhibition caused  by sulphate  salinity  is greater than  that caused

by chloride  salinity.  These  results  agree  with  those  of other  workers  (23)
who  showed  greater inhibition of  triosephosphate  isomerase by  sulphate

ions than  by  chloride  ions. The  lowered activity  of  these  two  enzymes

may  also  have a  role  in repressing  glycolysis (22).
    A  very  pronounced  difference in the effect  of  the  two  types of  salinity

on  glucosephosphate  isomerase  was  observed  (Tables 2 and  3). While
sulphate  salinity  did not  affect  this enzyme  at all, under  chloride  salinity

its activity  was  increased more  than  ten times. However,  the role  of  this
enzyme  in controlling  the rate  of  eonversion  of  glucose to pyruvate  is
still in dispute (24, 25, 26). Phosphogluconate and  glucose-6-phosphate
dehydrogenases were  affected  differently by salinity.  The  former was

hardly affected  at  all, while  the activity  of  the latter (NADP linked
enzyme  in soluble  fractions) increased in salt treated plants, chloride

being  more  effective  than  suiphate.  Assuming  that this enzyme  is rate
lirniting, this increase in activity  can,  at  least partly, explain  the increased
contribution  of  the pentosephosphate  pathway  in respiration.  A  similar

differential effect  on  the two  enzymes  was  found in rat  liver due to
treatment  with  ethionine  (27,28). It must  be noted  that the different
effects  of  salinity  on  the different types of  glucose-6-phosphate dehy-
drogenase, i. e. on  those functioning  with  NAD  and  NADP  and  on  the
$oluble  and  mitochondrial  enzymes,  cannot  at  present be interpreted
satisfactorily.  Such different enzymes  have been reported  in other  tissue
also  (29,30), but there  too their relative  rates  and  importance is still
unclear.  It is worthwhile  noting  that the NAD  linked activity  under

chloride  salinity  decreases both in the mitochondrial  and  in soluble
fractions, while  the NADP  linked activity  markedly  decreases in mito-

chondria  and  increases in the supernatant.  Sulphate salinity  has the same

effect on  the soluble  enzyme,  while  the effect  on  the  mitochondrial  enzyme
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is not  clear-cut.

   The  results  we  have brought  $o  far indicate the profound and

complicated  changes  induced by salinity  in respiratory  mechanism.  They
also  indicate differences due to sulphate  and  chloride  salination.  However,
a clear  interpretation of  the effect  of  salinity  is not  yet possible and  much

more  extensive  and  detailed studies  are  still necessary.  It seems  that

the effect  of  salinity  on  plant metabolism  is rather  complicated  and

probably  is a  combination  of  osmolarity,  ionic strength  and  the  specific

effect  of  the iens.

   This  work  has been  supported  by  a grant under  P.L. 480 (No. FG-Is-179)  from  the

United States Department  of Agriculture.
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