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IYith

 a crude  cxtract  of  cultured  rice  cells, there was  ne  direct relationship  between
the

 activity  of  NADH  nitrate  reductase  measured  and  the amount  of  cell extract  used,
when

 
the

 amount  was  Iarge. It appcared  that  serne  factor in the cell  extract  inactivated
mtrate

 reductase.  The  inactivating factor could  be separated  frorn nitrate  reductase

by
 (NH4)2S04 precipitation. The  factor seemed  to be protein: 1) it was  precipitable
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fluctuated
 during the growth  pcried. The  existence  of  this  inactivating factor was

further investigatcd in varieus  othcr  cultured  cells.
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cells in suspension  culture  (20). It is also  well  established  that  leaves from a  
variet
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increased activity  can  be due to decreased breakdown or  to incrcased activation  or

Fynth.esis: Conversely, decreasecl activity  can  be due  to increased breakdown or
inactivation,  or  decreased synthesis.

    
Recently,

 Travis (i6) demonstrated  that  the disappearance ot' nitrate  reductase
in barley leaves during darkness was  inhibited by cycloheximide.  This indicated
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Wallace
 
found

 
and

 pur.ified a  nitrate  reductase  inactivating enzyme,  apparently
specific  for the NADH  nitrate  reductase  enzyme  cemplex,  in the  mature  roet  extract
of  maize  seedlings  (I7, 18). Kadam  (5) found a  protein-like inhibitor of  nitrate
reductase  in rice  roots,

, The present paper  reports  the  existence  and  properties of  a  nitrate  recluctase
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tUred

 
rice

 
cells)

 
and

 
the

 
changes

 
in
 
activity

 
ofthe

 
inactivating
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Materials  and  methods

Citlture methods

   Rice celis  were  grown  as  previeusly described (7, 8). Stock cultures  were

initiated from the  callus,  and  fresh cells  in the stock  culture  (700 to 800 mg)  were

quantitatively inoculated into 50 ml  of  R-2  medium  in 200 ml  Erlenmeyer  fiasks
with  a  volute  cup  made  ofnichrome  wire,  The  fiasks were  set on  a  gyratory shaker

agitated  at  I2e rpm  under  fluorescent Iight of  200 to 300 lux at  260C.

Proparation of celg:free extracts

   The  fresh celis  were  harvested and  washed  on  Miracloth, then  homogenized
with  a  mortar  and  pestle, with O,1 M  potassium phosphate bufler (pH 7,5) containing
6 mM  cysteine  as  extractien  meclium.  The  ratio  efl'resh  wcight  to velume  ofextrac-

tion  medium  (wfv) was  1 : 3 fbr the  cultured  rice  cells. The  homogenate  was

centrifuged  at  10,OOO × g for 15 min.  The  supernatant  was  used  as  the crude  extract

for assay.  The  (NH4)2S04 fractionation procedure used  by Wallace  (17) was

fo11owed to separate  the inactivating factor. Precipitates at  O-40%  saturation

(nitrate reductase  fraction) and  40--70%  (inactivating factor fraction) were  obtained.

The  precipitates were  dissolved in a  small  volume  of  O.1 M  phosphate bullbr (pH
7.5). Then  this was  dialyzed for 4 hr (40C) against  a  large volume  of  10 mM  pho$-

phate buffbr (pH 7.5, four times). The  volume  of' the  dialyzed solution  was  adjusted

with  the  same  bufller to  one-tburth  of  the  original  extract  volume  after  dialysis.

Assay ofnitrate reductase

    Nitraee reductase  was  assayed  with  NADH  as  an  electron  donor (8). The

reaction  mixture  contained  1.0 ml  of  O.l M  potassium phosphate  (pH 7.5), O.2 ml
of  O.1 M  potassium nitrate  and  O.5 ml  of  1 mM  NADH.  The  addition  of  0.2 ml  of

enzyme  solution  containing  about  1 mg  of  protein initiated the  reaction.  After

incubation fbr 20 min  at  28DC, the reaction  was  stepped  by adding  O.2 ml  of  1 twf
zinc  acetate  and  2.0 rnl of99%  ethanol.  After centrifugation,  2.0 ml  ofthe  super-

natant  was  added  to 1.0 ml  of  1%  sulfanilamide  in 1 N  HCI  and  1.0 ml  of  O.Ol%
N-1-naphthylethylenediamine  dihydrochloride. After l5min,  nitrite  formatien

was  estimated  from the  absorbance  at  550nrn  (8).

investi.aation of the nitrate reductase  inactivatingfinctor

    The  activity  of  the  nitrate  reductase  inactivating factor was  assayed  as  fbllows.
The  40 tQ 70%  (NH4)2S04 precipitate from  the  cell  extract  was  dissolved in O.l M

phosphate buffer as  described abeve.  The  inactivating factor fraction, which

contained  1 to 3 mg  of  pretein, was  first mixed  with  an  equal  volume  of  nitrate  re-

ductase fraction containing  about  2 mg  of  protein freshly prepared  from 2nd day
cells  from another  culture.  After incubation at  280C for I hr, the  mixture  was

employed  as  the enzyme  solution  in the  nitrate  reductase  assay  system.  As a  control,

a  part of  the inactivating factor solution  was  placed fbr lO min  in a  beiling water

bath and  assayed  in the  same  way.  The  inactivatin.cr. activity  was  known  from the
difTbrence in the  nitrate  reductase  activities  estimated  with  the  unboiled  and  boiled
solutions.
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Assay of ether  enaymes

    Standard  assay  methods  were  used  to measure  the  activity  ef  other  enzymes,
iRclyding

 FMNH2  nitrate  reductase  (19), NADH  cytochromc  c reductase  (19),
nitrite  reductase  (4) and  glutamate dehydrogenase (I2). Soluble pretein in cell
extracts

 and  enzyme  solutions  was  determined  by the methed  of  Lowry  et  al, (6),

                         Results and  discussion

ena7eges in nitrate reductase  activi4y duritrg the growth ofcuttured rice ceUs

    Fig. 1 illustrates the  results  of  three  representative  cultures  grown at  diflercnt
times. These showed  similar  tendencies.  Growth  could  be divided into three
stages

 on  the basis of  fresh weight  increment  (Fig. 1-A). Fresh weight  hardly
increased in the early  stage  (till the 2nd day), then  increas¢ d vigorously  in the

middle  stage  Cdays3to lO) and  ceased  thereafter.  ･

    Changes  in nitrate  reductase  activity  in crude  and  fractionated extracts  w ¢ re

examined  during growth, and  the resuits  are  shown  in Fig, 1-B (with the  crude

extracts)  and  Fig. I-C  (with both crude  and  fractionated extraets).  The enzyme

activity  changed  throughout  growth in the  same  manner  in both the  crude  and  the
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Fig. 1. Grozvth Pattem and  the changes  in r,iihrate  reduciase  aciivity  ny"culiured rice celis. (A) Growth  of  rice

cells  and  (B) nitrate  reductase  activity  in the crude  extracts  during the growth  of  three  different
cultures

 (I, II and  III), (C) Changes  in nitrate  reductase  activity  of  culture  I, assayed  with  crude

extracts
 (-e-) and  with  fractionated extracts  by  O to 40%  (NH4)2SO,1 saturation  (--.O.-).
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fractionated extracts,  It is interesting that  there  are  two  peaks in activity  during
the  growth  period (Fig. 1-B, C). The first one  appearcd  immediately  after  inocula-

tion as  a  sharp  increase and  a  quick decrease of  activity,  and  the second  one  ap-

peared  as  a  gentle slope.  These  results  suggest  the  possibility that  two  diflerent

types of  nitrate  reductase  may  exist  throughout  the growth period.
    Fig, 1-C showed  that  the  nitrate  reductase  activity  of  firactionated nitratc

reductase  extracts  were  always  slightly  lower than  those  of  the  crude  extracts  except

for the  Ist day. These  results  seem  incomprehensible  because the  enzyme  activity

should  be higher after  the  elimination  ofthe  inactivating factor fraction. A  possible
explanation  for this, now  under  investigation, is that  the  loss of  nitrate  reductase

activity  might  occur  in difierent ways  during fractionation in distinctive growth

period. It is wel}-known  that  nitrate  reductase  in higher plants is quite unstable,

and  diMcult to purify (1, 5, 1.5).

Existence and  soparation  of the nitrate  reductase  inactivating.fkctor

    Fig. 2 shows  the  relation  between nitrate  reductase  activity  estimated  and  the

amount  of  cell  extract  in the assays.  The  extracts  were  prepared frorn rice  ce!ls

homogenized with  3 timcs  the volume  (w/v) of  O.1 M  phosphate  buflEr (pH 7.5) to
cell  fresh welght  at  distincLive growth stages.

    With small  amounts  ofcell  extracts,  there  was  a  direct relationship  between thc

amount  of  extract  assayed  and  the  nitrate  reductase  activity  measured,  but with

large amounts  of  extract,  there  x-ra$  no  direct relationship  between them.  This

tendency  became  stronger  with  the  cells  ofprogressive  days ofculture.  It appeared

that  some  factor in the cell  extract  inactivated nitrate  reductase,
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)"ig. 2. Retationship bettveen the activi4;, ofnitrate reductase  and  the amount  oforttde extract.  On  cach  sampling

day shown  in the figure, the cclls  wcrc  harvested and  their crude  extracts  used  for assay  of nitrate

reductase.  
'

Fig,3. IVlitrate reduciase  aclivity  berbre and  ofler .llactionation with  (iVH74)2S04. The  crude  extract

(10,OOOxg supernatant)  before fractionation <-e-), and  the fraction precipitated by O to 40e/.

saturation  with  (NH4)!S04 (-× -)
 of  9th day cells  were  exarnined,



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  of  PlantPhysiologists

Nitratc reductase  inactivating I'actor 637

                   -
                    :
                    wo O,3
                   d

                   
v [TOO

                    [ tN

                   L L
                   e e6e                    ] tJ
                   -O,  ,tr 40                    o -                    u U

                   aa., .di- 20
                   o o

                   
z  ge

                       o 3o so go  12e  o  3e 6o  go lze

                        tlme  at  2e℃ (min] time at  28t(min)

Fig.
 
4.
 opot of'preincubation ofniirate reductase  zvith the inactivatingfoctor en  the aciivities ofnitrate reductase.

(A) Nltratc reductase  activity  remaining  after  incubation with  the inacLk.ating factor or  the  control.
(B) The  pcrcentage expression  of  the  nitrate  reductase  remaining  after  incubation with  the factor
or

 
the.contrgl.

 A nitrate  rcductase  fraction containing  1.70 mg  protcirk iselated from 2nd day  eells
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     In order  to examine  whether  a  factor such  as Wallace found in maize  roots

 (17) exists  in cultured  rice  cells, an  extract  of  9th day cells  was  fractionated with

 (NH4)2S04, and  nitrate  reductasc  activity  was  measured.  The results  are  shown

 
in
 
Fig.

 3. The  nitrate  reductase  was  Iargely precipitated by e-400fie saturation.

 With this fraction, a  linear relationship  was  obtained  between the protein amounts

 
and

 
t}}e

 
nitrate

 reductase  activity  even  with  large amounts  ol- protein, indicating

 
thgt

 
nitrat ¢  reductase  ceuld  be separated  flrom the  inactivating factor by  fractionL

 atmg  with  (NH4)2S04･
. Whgn morc  (NH4)2S04 was  added  to the  extract,  the  factor responsible  for the
inactiv?tion

 
of

 
nitrate

 reductase  was  fbund in the  precipitation by 40 to 70%
           The  effects  of  preincubation of  the  inactivating factor with  nitrate
saturatlon.

reductase  on  nitrate  reductase  activity  was  examined,  The  results  are  shown  in
Fig,

 
4.
 T.he loss of  nitrate  reductase  activity  was  markedly  intensified by this

preincubation. The  inhibition ofnitrate  reductase  after  60 min  preincubation was
calculated

 to be 95%  and  60%  in 9th day and  13th day cells, respectively.  The
extent

 efinactivation  was  diflbrent at  diflbrent growth stages,

b.,,,W.?e:,g,Cgd,g.iX,51a.Zt,fr,2I,,Z`,h,.da,,y,.g,:Liz･,ke.2t,eS,{;E,iO,.m;',n,i:,e,g,og'i:'2g,.",T?:gg
assay

 system,  the nitrate  reductase  activity  was  not  inhibited at  all,

enaracterization of the nitrate  reductase  inactivatingjC}zctor

 , 
In order  to confirm  that the  inhibition of  nitrate  reductase  observed  was  not

si.mply
 
duc

 
to

 
consumption

 ofNADH  by  certain  systems  in the  cell extract,  potassium
nrtrate

 was  removed  from the  rcductase  assay  system.  Then the amount  ofNADH
consumed  was  deterrnined by  measuring  t'he decrease in extinction  at  340nm,
Some

 consumption  was  dctect¢ d with  the crude  extract,  but hardly any  with  either

klj･9.esa,ke.ge,8,2C,L"g2,,fi.r::;.'2n,lr,{.li?･.t",?,C･ILIZ･:veJ'thC;O,r.g,Z･8.ti(le.',i:.dl'C8.`ge.Ih.a.`
                                                                      '
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Table
 
1
 opat ofpronase 

treatment
 
on

 
nitrate

 
reductase

 
inafEip:ei.ieg

 fa{iOL--..... ........... . ..
                                                    Activity of  inactivating facter      Preincubatien time

            (.i.) 
?i'O"aSe

 (% loss ef  N.B...activityltimg.unit) .                                          . .t .        t t tttttt

             O None  14

                                  Added  8

            30 None  80

                                  Added  7
                                                                                       tt                                                                           ttttttttt tt tt                                                     ... t-t-rt.-.-..                                         tt t tttt tt tttttt
pronase {K5'k' E-n-a'ie-tl'ci'ig;'b.o23 

'unit)
 was  mixcd  with  the inactivating factor (4o-7oo/o saturation

fraction) preparcd from  the  9th day cclls  in a  test tube  at  250C  for 2 hr, Then  the incubated solution

was  added  to the  nitrate  Tetiuctase  assay  systcrn,

Table  2 opct of' aycloheximide on  the activities of ni.trate reductase  (IER) and  niirate  reductase  inactivating

,fZector (Avef)

        Days  Growth

     inocauftieartion 
CYCiOheximidea

 ({1,SEzts
         i None  o. s4'

         2 None  1.19

                    Added  O. 96

         a Nonc  1,82

                    Added  1.11

         4 None  2. Sl

                     Added  1.28

a cycloheximide at  a  concentratiofi  6'bMil//'P'i'ih
b
 Nitrate reductase  activity  was  assayed  with

C
 The  standard  nitrate  rcductase  for the  assay

cells.

)

 wascrudeof

 the

  NR  activityb  NRI  activityC

(riii tLi 
eg

 ),O. 3.Li 
/.".`f.

 
')..

 (.. .!i.yl ty ihe;S, %fg"p\otei n.) .
     1. 2g 

"47

     2. 75 41

     2.04 33

     2.07 74

      1.57 60

     2. 27 63

      1.42 S6

added  on  the lst day of  culture.

 enzyme  solution  on  each  day.
inactivating factor was  prepared frem 2nd day

?Iable-3m"-SP-ecijieity g(i 
tbe

 
inacf.ifg.t.i7ag

 Y2ietor .fbr various
 
enaymei

 ...-,m.rm .-  -. . - ...
                                                               Influence of  inactivating                         Fractiona used

          
E.",,z.Y,l

 /8S a,s.:.n,ziy.m.e 
i"i(`,i".i,SIII

 ICipJ,C.ta.Ci:i)VitY 
(%
 i.,, .ffaNCkO'..,i.i,,/h.)

  Expt, I

    NADH  nitrate  reductase  I 2.29nrnoles N02-  produccdlmin 50

    FMNH2  nitrate  reductase  I O.59 nmoles  N02T  producedtmin  49

    Nitrite reductase  H  6.60nmoles  N02T  produced/min  None

    Glutamate  dehydrogenase II O.64 unit  None

   Expt. II

    NADH  nitrate  reductase  I 1,05 nmoles  N02L  producedtmin  27

    Pe2uDiFasZYtOChrOMeC i o.g7unit 2g

                                                                          ...-- --. t                                              ......- tttttr .-..ttt tt-t ttttt tttt ttttt - -ttttttttt t
"
 The  fractions used  as  enzyme  solutions  were:  I, O to  40%  (NH4>2S04 precipitate and  II, 40 to

70%  (NH4)2S04 precipitate of2nd  day cell  extracts,  Individual enzyme  solutions  prepared from  2nd
day cells  were  preincubated with  the  inaetivating factor prepared  from  10th day cells  for 60 min.
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specific  NADH  consumption  system.  Nitrite reductase  in the inactivating factor
fraction        did not  have any  influence on  the assay  of  nitrate  reductase.

    The  observation  that the  inactivating factor coulcl  be precipitated with  (NH4)2-
S04  and  was  heat Iabile, indicated that it might  be of  protein nature.  The  in-
activating

 factor was  treated  with  pronase (O.023 unit)  dissolved in O.5 ml  of  O.1 M
phosphate buflk]r (pH 7,5). This was  added  te the inactivating f'actor fraction
(1.5 ml)  obtained  from 9th day  cel]s. The  mixture  was  incubated at  250C for 2 hr
and  tested for its inactivation activity.  The  activity  after  ineubation was  reduced
te one-fourth  of  that without  pronase treatment  (Table 1). In addition,  the  eflects

of  cycloheximide  on  the  formation of  the inactivating factor and  nitrate  reductase- -
in

 growing cells  were  investigated. Cycloheximide at  a  concentratien  of  1.0 ppm
was  added  to the  culturc  oRe  day after  inoculation, when  the  formation oi' nitrate
reductase  was  most  intensive (Fig. I). The  results  are  shown  in Table 2. The
activitics

 of  both the inactivating factor and  nitrate  reductase  were  reduced  by the
addition  of  cycloheximide,  These results  also  suggest  that  the  inactivating lhctor
might  be a  protein.

    In the nitrate  reductase  ofhigher  plants, FMNH2  can  be used  as  an  alternative
electron  donor fbr NADH  (10, 11, 15; 17). Wray  and  Filner (19) have shown  that
mtrate

 in the medium  induces NADH  c>'tochrome  c reductase  in barley leaves.
They proposed that the barley leaf nitrate  reductase  was  an  enzyme  complex  with

at
 least twQ  components,  and  that the  over-all  reactien  of  the enzyme  complex  was

the reduction  of  nitrate  to nitrite  with  NADH  as an  electron  donor.

    The  specificity  of  the nitrate  reductase  inactivating factor from rice  eells  was
invcstigated,

 and  the results  are  shown  in Table 3, The  inactivating factor prepared
from 10th day  ce]ls  inactivated not  only  NADH  nitrate  reductase  but also  FMNH2
nitrate  reductase  and  NADH  cytochrome  c reductase,  but not  nitrite  reductase  and

glutamate dehydrogenase  prepared  from 2nd day cells. These results  showed  that--inactivatien
 by this factor is not  the  same  as that by proteases such  as chymotrypsin

and  trypsin  which  have  broad specificity  for various  proteins.

    
Table  4 shows  the changes  in the  activity  of  the inactivating factor during the

growth ofrice  cells, Its activity  was  detectable throughout  all growth  stages.  [E"he

Table 4ceZisC7}anges
 ire the actit'iip, of the nitrate reductase  inactivatingfactor during the growth of the cultured  rice

Days  inculture

2468911i3l5

Nitrat.e

O/o
 
loss

 of  NR  Amount  of  pretein in inactivating
 activitylhr                factor                     fraction (Ing)
   (A) (B)

5392332598715854 2. 702.

 402.803.101.802.I41.80O.80

reductase  was  prepared  from 2nd  day cells.

     NRi'"a-cli'ii't'y' 

'

 (activii'yJihOSrS,lllfgNpRrotein)
... .. (A)/(B)

         20

         38

         12

          8

         54

         38

         45

         67
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Tablc  5 The existence  of nitrate  reductase  inactivating .factor in vanous  cultzared  cells

Cultured
 cclls

  Growth(F.g,s,u)

ficr inocu!ation

   L37

  2. 30
  7. 94

  2. 52
   3. 21

  4, 82

   NR. actiiltY

(nmo.iegV,?,2,nY.Mi"･)
   NRI  activity

(actiZP/ tyi7fi;, 
Omf
 
gNpRrotein)-............ ...........

1) the  4th  day a

 rice

 wheat

 soybean

 peanut

 tobacce

 Ruta2)the

 10th dav  at'ter inoculation
'mcewheatsoybeaiipeanuttobaccoRula

 3. 05

 t5. 9524.

 6012.40

 6. 9918.
 20

O. 45L71O.

 59O.

 08LS81.41

O.53o.

 2eo.ooo.oo1.74O.
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The  inactivating factor (40 to 7e%  saturation  fractioii) ot' these cells  on  each  day  was  preincubated
tbr 60 mln  with  the  nitrate  reductasc  (O to 40%  saturation  fraction) prepared from 2nd day rice  cells,

amount  fiuetuated, being low  during the  middle  oi'the  culture  period and  high earlier
and  later in the period. It reached  a  maximum  in 4th day and  9th day  celis,  when

the  nitrate  reductase  activity  was  relatively  low.

    [I]he existence  ofthe  nitrate  reductase  inactivating factor was  further investigated

in various  cultured  cells:  wheat,  soybean,  peanut, tobacco  and  Rzata graveolens, The
inactivating factor fractions (40-70% saturation)  prepared from  4th day  and  IOth
day  cells  were  preincubated with  the  nitrate  reductase  fraction (O-40% saturation)
prepared from 2nd day rice  cells. Then  the  activity  of  the  inactivating factor was
measured  in the  same  manner  as  above.  The  activity  ofnitrate  reductase  in crude

extracts  from various  cells  were  also  assayed.

    The  results  are  shown  in Table  5, The  existence  of  the  {'actor was  confirmed

in all  these cultured  ceils.  Its activity  was  very  high in peanut and  soybean  cells,

while  the  nitrate  reductase  activity  was  very  low er  undetectable  in these cells.

It seemed  that  inactivation by  the  factor occured  strongly  in crude  cxtracts,  In  the

case  of  rice  ce!ls, possible inactivation of  nitrate  rcductase  in crude  extracts  during

the  assay  period of20  min  was  calculated  te  be 1O%  at  the  most,  from a  consideration

of  both the time  and  the  amount  of  pretein.

    Through  the experimellts  dcscribed here, the  existence  oC  a  factor which  in-

activates  the  nitrate  reductase  complex  was  ascertained  in cultured  rice  cells, and  the

factor seemed  to be protein, Moreover, the  activity  of  this  factor was  observed  to

fluctuate threugheut  the growth periodJ it reached  maxima  on  the  4th day and  the

9th day when  the  nitrate  reductase  activity  was  low. The  existence  of  the

inactivating factor was  also  cenfirmed  in various  other  cultured  cells,  The  factor
may  be concerned  with  one  of  the  systems  which  regulate  nitrate  reductase  activity

in intact plants. This is now  undcr  investigation.
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