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   The  highly purified ribose  phosphate isemcrase from tobacco  leaves is heat labile.
O.2"i'e of  various  kinds of  proteins stabilized  lsomcrase activity  when  Mg++  was  present.
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 polyethyleneglycol 2,OOO shewed  the same  eflect  as  the proteins did. Smaller
polyethyleneglycols were  less ellective.  Polyhydroxyl compounds  showed  littlc eflbct･

ts'fn++ or  Sr++ was  also  cfective  as  a  stabilizer  instead of  Mg++,

. 
Previgusly

 we  reported  that highly purified tobacco  ribese-5-phosphate  (R5P)
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replaced  by polyethyleneglycol (PEG) 6,OOO but the latter was  rather  mQre  eflbctive

te,li5?･8y//tatt//Z,a･:.iO,",,iO,f.i2the."Z.Yff"e,e{.RhOi,",:.ab"iil.?,G,g-3hgO,iYg,t,h.e:',S.t,a.b'i.iZ2.e,",ZX'ge,g
carried

 
out.

 This papcr  deals with  the stabilization  efft)cts of  various  preteins,
metals,

 polyethers and  polyhydroxyl compounds  on  the activity  ofR5P  isomerasc.

                        Materials  and  methods

R5P  isomerase,

.,,.,Rdl.P,ilO.M,e,r,aSii,gY,it;,P",'g',fi.eS,,fr,O:,g.e:･.V.es,,o`la,))viiX,ob,af,t,o,lN,iggt,i,az3?grt;.i･k
(r mg/3  ml)  of  the isomerase which  included PEG  6,00e and  MgC12  was  applied
to

 a  DEAE  cellulosc  column  (1.5× 10cm), which  had been equilibrated  with

       Tris-HCI buflhr, pH  7.6, te remove  PEG  and  Mg'F'+. After washing  with
O.025M40

 mi  of  O.025 M               Tris                   bufibr (p}I 7.6) including O.05 M  NaCi, isomerase was  eluted
with

 O.3M NaCl  in the same  buffbr. The isomerase solution  could  be kept at
-800C

 fbr a  month  with  no  significant  activity  Ioss. Although Domagk  et  al, (1)
reported

 thaF yeast R5P  isomerase activity  will  be destoryed by  fi'eezing and  thawing,
the destruction was  less than 1%  in thc  case  of  tobacco  R5P  isomerase,

Stabitity determination.

    The 
enzyme

 soiution  was  diluted up  te IeO ,"glml  with  O.025 M  Tris-HCI, pH
8,2, and  used  immediately in the  fo11owing experiments.  The enzvme  solution                                                            '
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(O.1 ml)  was  incubated at  400C  with  various  stabilizers  such  as  protein$, PEG

and  metals  in a  final volume  of  I ml  ofO.e25  M  Tris-HCI. After incubation at  400C,

thesolutions were  diluted 300  to 500  times  with  the same  buffbr, andisomerase

activity  was  measured  according  to the  method  previously reported  (2).

                        Results  and  discussion

    Since R5P  isomerase was  relatively  stable  in the  crudc  extract  where  many

proteins and  metal  ions were  present the  first experiment  was  planned  to examine

the eflh ¢ ts ef  these on  the  stability  of  the  enzyme.  As shown  in Fig. 1, tobacco

R5P  isomerase without  stabilizers  was  heat labile and  lost aimost  all of  its activity

in 2 hr at  400C. In contrast  no  activity  loss was  found with  both albumin  and

Mg++  present under  the same  conditions.  However,  neither  albumin  nor  Mg+'-

was  as effective  by itself as  both together.

    The  eflects  ofserum  albumin  concentration  en  the  stability  of  isomerase activity

is shown  in Fig, 2. In the  presence of  Mg++,  O.15%  albumin  could  fu11y stabilize

the activity  under  the experimental  conditions.  ()n the  other  hand, albumin
                                                                     .
alone  could  not  prevent heat destruction Qfthe  activity  even  when  the concentration

was  increased up  to 6%.

    In addition  to serum  albumin,  other  kinds ofproteins  so  f'ar examined  were  also

eflective  fbr stabilization  of  enzyme  activity  (Table 1), Either large (Fraction I

protein, 5× I05 daltons) or  small  CBacitracin, !,450 d'altons) protein has the  same

eflbctiveness  as  a  stabilizer.  Amino  acids  (acid hydrolyzate of  Fraction I protein)
or  glutathione creduced or  oxidized)  showed  no  effbct.  These  results  show  that

about  deca or  longer peptide chain  is necessary  for stabilizatien  of  enzyme  activity.
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               Fig. 1, Fig. 2.

Fig. 1. Hbat tability ofRN] isemerase.fi'ont tebacco. Incubation was  carried  out  at  40'C  in a  medium

of  O.025M  Tris-HC!  butfer, pH  8,2. 0,3% serum  a]burnin  Fr,V or  1× 10-3M  MgC12  was  used  in

the  experimcnt.

Fig, 2. Efflects ofserum atbumin  con6entratien  on  the stabiiization  ofisomerase acti.vity, 1 x  10'3M  ptfgCl2

was  used  in thc  experiment.
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Table1

  Additive

Before I'n'6aS'a'tion " 

"'

No  addition

Fraction I protein
apo-Ferritin

7-Clobulin

Serurn albumin

Ovalbumin

Myoglobin

Cytechreme  C

Bacitracin

Dextran (10S A･I,1,N'.)
Dextran (I05 M.W.)

Dextran (I04 M,}V.)
GlucoseGlycerol

PEG  6,OOO

    : 46oc  for' 2 hr-."
 concentration:  1 ×  10'R kt

             Stabilization of  R5P  isomerase from  tobacco

llfilects ofvarious enacromolecrttes  on  the stabitity  ofR51' isomerase.fi'om tobacco leaves

abIncubation

MgC12

767

Concentration
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    Although polyhydroxyl compounds  have been knewn  as  eflbctive  stabiiizers
efprotein  in general (3), compounds  such  as  glycerol and  glucose have no  effect

[o,,',i?o::,egas.e,s,la,b,i8,zaE[o.n,;,.,D,.e,i,tr.a,n,M.'ltg.a.,la.ga,g,?i.e.cu,i,ag.)r.aig.h.t,h,a,,d,,a.1iigff
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                         i x ioX%  polyethvleneglycol

Fig,
 
3,

 opcts ofmoleculat' weight  andconcentratien  ofPEG on  thestabilization qfthe isomerase.
were  carried  out  under  1x  lO'3 kt pttgCl?,

Experiments

NII-Electronic  Mbrary  
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Table  2ilabcts qJfvariotts metal  ions on  tlte stability  ofR5i' isomerase.fi'om tobaFce leaves

                                  %  Activity retained

Additive
 

-mAlb-.;"in
 

''
 I,AlbuminT-

abc

Before incubation "

No  addition

Mg++cpt(n++Sr++Ca++Nit-+C]e++Zn++K-F

Incubation: 400C  for 2 hr,
AIbumin  concentration:  O,3%.
Conceritration of  metals:

1OO

 2383438

 IO

 9

 1

 l

 2

100201009899754020

 1620

1× 10-3M.

These results  show  that  the  efflectiveness  ofthc  Iarge dextran is not  due to its hydroxyl-

groups but its Iong chain  structure  or  perhaps  its ether  bonds,

   Contrary to dextran, PEG  6,eeO, a  polyether, was  highly eflective  for the  stabi-

lization of  the  enzyme.  Only  O,OOI% PEG  6,OOe, a  concentration  30e timcs less

than  that  ofprotein,  fuliy stabilize  the enzyme  activity.  However,  the  eflkictiveness

of  PEG  was  highly dependent on  its chain  length. As shown  in I;ig. S, PEG  2,OOO

or  PEG  4,OOO showed  the  same  effectiveness  as  PEG  6,OOO at  the same  concentration.

However, PEG  600 (average molecular  
"weight;

 6eO) could  only  stabilize  enzyme

activity  at under  I%  concentration,  PEG  200  was  less effective  than  PEG  600,

and  ethylene  glycol and  diethyleneglycol showed  little eflect  on  the  stabilization

of  enzvme  activitv.

   It"is known  tfiat serum  albumin  pTevents thc denaturation of  enzymes.  This

-ov,Esetr's'pv<>e

too

50

 1 2  3

Mg'" concentration  (xlO-4M}

Fig. 4, lifbcts of iidk++  eoncentration  en  the stabilization  of
the experiment.

isomerase activity. O,8% albumin  was  used  in
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phenomenon  may  be due to coating  of  the  enzyme  by  albumin  molecules  (4).
PEG  may  have similar  properties for coating  the enzyme,  R5P  isomerase, to those
of  proteins. Besides, it may  be suspected  that usually  protein have structures
effbctive

 both helping and  hindering the  coating  of  an  enzyme.  On  the  contrary,
the structure  efPEG  may  only  be eflbctive  fbr coating  and  therefoie  a  small  amount
is enough  for the  stabilization  of  R5P  isomerase.

    To obtain  maximum  stabilization  by  albumin  or  PEG,  the  pr¢ sence  of  Mgt+
was  always  necessary.  The  efllict  of  MgT+  concentration  on  the  stability  of  iso-
merase

 activity  is shown  in Fig, 4, In the  piesence ofO.3%  albumin,  2.5× 10"4 M
Mg+"  could  fu11y stabilize  activity  under  the  experimental  conditions,  On  the
other  hand, Mg'+  alone  could  not  prevent heat d ¢ structit)n  of  activity  even  when

the concentration  was  increased up  to  l× 10r2 if,

    Several divalent cations  such  as  Mnt ÷  and  Sr++ could  be substituted  for
Mg++  (Table 2), Ca+'F and  Ni'i'i' were  less active  than  Mg+t,  Co++, Zn++  and
monovalent  cation  Kt  had no  efllect  at  all. These  results  show  that  broad but nDt
unlimited  specificity  for mctal  ions is included in the stabilization  process. These
metals

 may  serve  for mediating  between the enzyrne  molecule  and  lon.if chain
stabi!izers,

{])

(2)

(3)(･s)
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