
B I O C H I M I C A  E T  B I O P H Y S I C A  A C T A  

BBA 66443 

POTATO ATPase SENSITIVITY TO HYDROSTATIC PRESSURE OF 
A COLD LABILE FORM 

443 

P J c K U I P E R  

Laboratory of Plant Physwlogzcal Research, Agrwultural Unwerszty, Wagemngen 
(The Nethe~ lands) 

( R e c e i v e d  J u l y  I 5 t h ,  1 9 7 1 )  

S U M M A R Y  

Activity of a cold sensitive form of potato ATPase (ATP phosphohydrolase, 
EC 3 6 I 3) increased with hydrostatic pressure till an optimum was reached at 5 atm 
applied pressure 

Cold lablhty of ATPase (ATP phosphohydrolase, EC 3 6 I 3) isolated from beef- 
heart mitochondrla has been demonstrated by RACKER 1 as well as cold lablhty of a 
Ca2+-dependent ATPase isolated from chloroplasts by MCCARTY AND RACKER 2 Both 
enzymes are soluble proteins and both are required for oxidative phosphorylatlon 
and photophosphorylatlon respectively 

Table I shows the sensitivity of a soluble ATPase Isolated from potato tubers 

T A B L E  I 

C O L D  L A B I L I T Y  O F  P O T A T O  A T P A s E  A S  A F F E C T E D  B Y  T H E  C O N C E N T R a . T I O N  O F  T H E  T R I S  B U F F E R ,  

T H E  P R E S E ~ , C E  O R  A B S E N C E  O F  A T P  ( I  2 / ~ m o l e )  O R  M g  ~+ ( I  / ~ m o l e )  ~ N D  p H  D U R I N G  T H E  C O L D  

PERIOD 

A c t i v i t y  o f  t h e  e n z y m e  w a s  m e a s u r e d  a t  3 ° 0  f o r  3 ° m i D  i m m e d i a t e l y  a f t e r  t h e  t r e a t m e n t  I t  lb  

e x p r e s s e d  a s  n m o l e s  P I  p e r  m g  p r o t e i n  p e r  h T h e  n e g a t i v e  ~ a l u e s  r e f l e c t  s i d e  r e a c t i o n s  

Lzne Treatment Activity pH 

(Time nnn) Temp ATP Mg 2+ Buffer 
conch (31) 

I 9 0  - -  i o  ° + - -  o I + i o I  7 

2 9 ° - -  i o  ° + - -  o 0 5  + 9 7  7 

3 9 0  - -  i o  ° + - -  o o i  + 7 7 

4 9 0  - -  i o  ° + - -  o o o i  - -  3 7 

5 9 0  - -  i o  ° - -  - -  o o o i  + i o o  7 

0 1 5  o ° + - -  o o o i  - -  6 7 

7 3 ° o ° + - -  o o o i  - -  6 7 

8 6 0  o ° + - -  o o o i  - -  7 7 

9 6 0  o ° + + o o o i  + 9 6  7 

i o  O O ° + - -  O O O I  + 2 0  4 

I I  O 5 O ° @ - -  O O O I  - -  I 4 

1 2  I O ° @ - -  O O O I  - -  ] 4 

1 3  2 O ° + - -  O O O I  - -  5 4 
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4 4 4  v j c K U I P E R  

to freezing tempera tures  ( - - IO °, lines I to 5 and  to cold (o °, hnes 6 to 13) ATPase  
was isolated and  purified from potato  tubers  as described by KRISHMAN a A commer- 
cial preparat ion from Sigma, St Louis, Mo (U S A )  showed similar properties as 
regard cold lab ih ty  and  sensi t ivi ty  to pressure The reaction mix ture  consisted of 4 ml  
enzyme solution (I mg/ml  water), I ml buffer bolution, I 2 / ,moles  ATP (o 3 ml) and, 
if ment ioned,  I / ,mole MgC12 (I ml) The buffer solution was Tris-HC1 (pH 7) or 
potass ium succinate (pH 4) The reaction was t e rmina ted  with I ml trlchloroacetlc 
acid (2o °o, w/v) and  inorganic phosphate was measured colorlmetrlcally with added 
a m m o n i u m  molybdate-sul f i te  reagents The requirements  for cold lab ih ty  were low 
buffer concentra t ion  (Table I, lane 4), a protein concentra t ion  of less t han  I mg/ml, 
presence of ATP  (hnes 4 and 5), absence of divalent  cations (line q), and a fresh 
enzyme preparat ion In  addit ion,  sensitivity to cold was increased at low pH (lines 
Io to 13) These requirements  for cold lab lh ty  of soluble potato ATPase  strongl 5 
resembled those of the ATPase isolated from the beef-heart  mi tochondr la  1 

Under  condit ions Inducing cold labili ty,  the enzyme act ivi ty  x~ as increased by  
apphcat lon  of pressure (Table II) After  addi t ion of ATP to the above reaction mix- 

q ABLE II 

STIMULATION OF POTATO A T P A s E  Bh APPLICATION OF HYDROSTATIC PRESSURE ~.S AFFECTED BY 
BUFFER CONCENTRATION AND PRESENCE OR ABSENCE OF ~ I g  2+ (I  / t m o l e )  

A c t l x  l t y  o f  t h e  e n z y m e  is  g ~ v e n  a s  n m o l e ~  P ,  r e l e a s e d  p e r  m g  p r o t e i n  p e r  h,  m e a s u r e d  a t  2o ° a n d  

pH4 lor 45ram 

4pphed pressm~ Mg 2+ Buffer conch Actw~ty ° o Szgnzficance 
(atm) (31) (mean ± S E ) (95% level) 

o o o o l  12 5 q- 4 6 IOO 

2 5 o ooi 23 5 ~ 4 4 I88 S i g n i f i c a n t  
5 o oo~ 48 0 ± 4 5 389 Slgmhcant 
7 5 - o ooi 26 I -l_ 4 5 209 Slgmficant 

~ o  - -  o ooi 19 9 i 5 o 159 Not ~lgnlficant 
20 -- o ooi I6 O ± 4 o 133 Not significant 
5 -- o i I2 o ± 4 3 96 Not significant 
5 t o ooi r 4 o j- 5 2 112 Not slgmhcant 

ture the enzyme solution or the control solution wi thout  enzyme were exposed to 
atmospheric pressure or to an applied pressure which v a n e d  from 2 5 to 20 a tm in the 
different exper iments  The tempera ture  was mamt a l ne d  at 20 ° dur ing the exper iment  
No differences were observed if n i t rogen gas or compressed air ~ere  used Act iv i ty  
of the enzyme solution increased with apphed pressure till an op t imum was reached 
at 5 a tm,  while at higher pressures again a decrease m activity was observed, though 
a noticeable bu t  s tat is t ical ly not  significant s t imula t ion  of the enzyme even at 20 a tm 
pressure was still measured Under  condit ions which protect  the enzyme against  cold, 
high buffer concent ra t ion  or addi t ion of Mg z+ (Table II, lines 7 and  8), no s t imula t ion  
of enzvme act iv i ty  by  applied pressure was observed At io  ° and 15 ° tile degree of 
s t imula t ion  by  pressure was much less t han  at 20 ° Undoub ted ly  the Interact ion 
between the enzyme molecule and the s t ructure  of Its surrounding water phase pla3 s 
a decisive role in its sensi t ivi ty to both cold and apphed pressure Possibly this 
ATPase fraction is also sensitive to cold and  pressure in the in tac t  cell 4 
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446 BIOCHIMICA ET BIOPHYSICA ACTA 

VOLUME CODING FOR BBA ENZYMOLOGY 

B B A  is p u b h s h e d  a c c o r d i n g  to  a v o l u m e - n u m b e r i n g  s c h e m e  t h a t  e m b r a c e s  a l l  s e c t i o n s  
ot t h e  j o u r n a l  for  1971 t h e  s c h e m e  co~ e r m g  t h e  ~ o l u m e s  2 2 5 - 2 5 4 - - ~ s  to  be  f o u n d  on  t h e  mnlde  
co~ er  o f  t h i s  i s sue  ~lhe ~e~ en  radix ~dual  s e c t m n s  a r e  d l s t l n g m s h e d  b} a co lou r  code  i n  a d d m o n  
to  t h e  c o l o u r  code  e a c h  s e c t i o n  IS g l  ~, en  i t s  o w n  s e q u e n t i a l  ~ o l u m e  n u m b e r s  T h i s  s} s t e m  r u n s  
p a r a l l e l  to  t h e  o~ e ra l l  B B  k s c h e m e  for t h e  ENZYMOLOG3 s e c t m n  t h e  c o r r e s p o n d e n c e  is i n d i c a t e d  
in  t h e  T a b l e  b e l o ~  Th~s i s sue  is t h e r e f o r e  BIOCHtMICa ET BIOPHYSICA ~_CTA, Vol  250/2 or B B A -  
ENZYMOLOGY E 3 0 / 2  

Parallel volume coding for  BBA- l~nzymology  
Bzochtmzca et E~zymologv  P,~och~mzca et Enzymology  
Bzophys~ca Ar ia  1 ohtm~ No B~ophys~ca Acla I olume ~'o 
| olum~ No l olume No 

Vol  48/1 + 5 o / i ]  Vol  128 = E I 8  (1960 } 
\ ol 52/1 @ 5 4 / i  J E I (1961) Vol  132 = E I 9  (1967) 
\ o l  56/3  + 59/3 E 2 (1962) ~ o l  139 --  E2o  (1967) 
\ o l  62/2 @ 64 / I  / E 3 (1962) ~ o l  I 40  = t521 (I967)  
\ o l  65/2 J \O1 151 1'~22 (1968) 
\ ol 67 E 4 (1903) Vol  159 E23  (I968} 
Vol  73 t ;  5 (1963) Vol  107 --  E24  (1968) 
\ o l  77 t2 6 (1963) \ o l  171 --  F25  (1969) 
\ ol 81 F 7 (1964) \ ol 178 = 12.20 (1969) 
\ ol 85 --  E 8 (1964) Vol 185 = E27  (1969) 
Vol  89 _ ]2 9 (1964) \ ol 191 --  1528 (I969)  
Vol 92 --  F . Io  ( I964)  \ o l  198 L 2 9  ( I97  ° ) 
\ ' o l  90 ] { I I  (1965) Vol  206 --  E 3 o  (197o) 
\ o l  99 1512 (1965) Vol 212 -- E 3 I  (197o) 
\ o l  IO 5 E I  3 (1965) Vol 220 --  1232 (197o) 
\ o l  I l O  -- L I  4 (1065) \ o l  227 I;.33 (1971) 
\ o l  I I  3 E15  (1960) \ o l  235 t ;34  (1971) 
\ o l  ~I8 E I 6  (1966) Vol 242 = F.35 (1971) 
5 o l  12I  l~I 7 ( I960)  Vol 250 E 3 6  (1971 ) 

\ s u b s c r i p t i o n  t o  t h e  EXZ~MOLOC.~ bec t lon  Ot B B A  for 1971 (4 ~olu l i les )  is  Dfl  288 oo 
b u p p l e n l e n t a r y  c h a r g e  for  a i r m a i l i n g  to  U S A a n d  C a n a d a  is US  $ 2 4 ° B a c k  v o l u m e s  ( a c c o r d i n g  
to  t h e i r  E n u m b e r s )  a re  a v a i l a b l e  r a t e s  wi l l  be  s u p p h e d  on  r e q u e s t  


