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Results and discussion. T he  effect  of g rowth  t e m p e r a t u r e  
on  t he  p h o s p h o l i p i d  compos i t ion  is g iven  in t h e  t ab le .  
C o m p a r e d  w i t h  cells g rown a t  37 ~ s ign i f ican t  d i f ferences  
were n o t e d  in t he  p r o p o r t i o n  of t he  d i f fe ren t  classes of 
p h o s p h a t i d e s  a t  27 ~ I t  is k n o w n  t h a t  changes  occur  in 
t he  f a t t y  acid com pos i t i on  of complex  l ipids  in  micro-  
o rgan isms ,  p l a n t s  a n d  an i m a l s  in response  to  g r o w t h  
temperature10,11.  As a genera l  rule, t h e  compos i t i on  of 
f a t t y  acids is modi f ied  in t he  d i rec t ion  of lower ave rage  
m e l t i n g  po in t s  as t h e  g r o w t h  t e m p e r a t u r e  is lowered.  W e  
h a v e  now obse rved  s ign i f ican t  changes  in t he  phospho l ip id  
compos i t ions  of cells g rown a t  27 ~ as c o m p a r e d  to  ceils 
g rown  a t  37 ~ S imi la r  to  our  obse rva t ions ,  a decrease  in 
p h o s p h a t i d y l  e t h a n o l a m i n e  a n d  an  increase  in ca rd io l ip in  
ha s  been  obse rved  in  Vibr io  cholerae  w i t h  decreas ing  
g r o w t h  t e m p e r a t u r e s  is. E t h a n o l a m i n e  phosphog lyce r ides  
h a v e  also been  s h o w n  to  decrease  in T e t r a h y m e n a  pyr i -  

Composition of phosphatides of Nocardia polychronlogenes 
grown at 37~ and 27~ 

formis  w i t h  a d rop  in t e m p e r a t u r e  18. I n  C los t r id ium b u t y -  
r i cum,  changes  were seen in t he  phospho l ip id  compos i t i on  
w h e n  ceils were g rown e i the r  a t  lower t e m p e r a t u r e  14 or in  
t he  presence  of exogenous  u n s a t u r a t e d  f a t t y  acids 15. W h e n  
t h e  g r o w t h  t e m p e r a t u r e  was decreased  f rom 37 ~ to  25 ~ 
t h e  p r o p o r t i o n  of glycerol  phosphog lyce r ides  inc reased  a t  
t h e  expense  of e t h a n o l a m i n e  a n d  N - m e t h y l e t h a n o l a m i n e  
phosphog lyce r ides  14. W h e n  t he  m e d i u m  was supp lemen-  
t ed  w i t h  oleate  a t  37~ the re  was a decrease  in t h e  con- 
t e n t  of e t h a n o l a m i n e  plus  N - m e t h y l e t h a n o l a m i n e  p l a sma-  
logens w i t h  a co r r e spond ing  increase  in t h e  glycerol  ace ta ls  
of these  p l a sma l0gens  15. I t  was  sugges ted  t h a t  such 
changes  m a y  be  i nvo lved  in t he  m a i n t e n a n c e  of m e m b r a n e  
f lu idi ty .  I t  is also k n o w n  f rom mode l  m e m b r a n e  s tudies  
t h a t  changes  in t he  phospho l ip id  h e a d  groups  can  h a v e  an  
effect  on  f lu id i ty  is, 17. I t  t he re fo re  seems possible  t h a t  the  
di f ferences  in  phospho l ip id  d i s t r i b u t i o n  found  in Noca rd i a  
po lych romogenes  g rown  a t  h igh  a n d  low t e m p e r a t u r e s  are 
a fed ture  of a d a p t i v e  processes  to  r egu la te  m e m b r a n e  
f lu id i ty .  

Phospholipid classes Percent of total phosphotipid 
(mean ~= SD) 
37 ~ 27 ~ 

Inositol containing phospholipids 33 .1(~=2.1)  45.0(-t=3.3) 
Phosphatidyl ethanolamine 25.9(4-1.4) 12.8(~:0.7) 
Cardiolipin 32.7(-t- 1 . 8 )  38.7(4-2.3) 
Unknown phospholipids 8.4(• 3.3(~=0.8) 

At 37 ~ and 27 ~ 4 different batches were analyzed. The differences 
observed are statistically significant. 
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Summary. 2 a - amy la se  i soenzymes  were i so la ted  f rom co ty ledons  of g e r m i n a t e d  b r o a d  b e a n  seeds. The  e x a m i n a t i o n  
of t h e  2 i soenzymes  i so la ted  b y  co lumn  c h r o m a t o g r a p h y  on  DEAE-ce l lu lose  a n d  s e p h a d e x  showed  t h a t  these  iso- 
enzymes  h a v e  t he  same  b e h a v i o u r  t ow ar ds  soluble  s ta rch ,  amylose ,  amy lopec t in ,  h e a v y m e t a l  ions, a n d  h igh  t e m p e r a -  
tu re ,  a n d  differ  on ly  in t h e i r  mo l .w t  a n d  the i r  e lec t rophore t i c  mobi l i ty .  

The  e -amylase  (a-1,4 g lucan  4-g lucanohydro lase ,  E.C. 
3.2.1.1.) is one of t h e  enzym es  i nvo lved  in t he  s t a r c h  h y d r o -  
lysis of t he  l iv ing  t issues,  sp l i t t i ng  t he  1 ,4-bonds  of t he  
s t a rch .  Fo r  comple t e  hydro lys i s  of t h e  s t a rch ,  t h e  pre-  
sence of R - e n z y m e  (sp l i t t ing  t h e  1 ,6-bonds of t h e  s ta rch)  
is r equ i red  in  a d d i t i o n  to -a -amylase ,  f l -Amylase  (E.C. 
3.2.1.2.) sp l i t t i ng  also t h e  1,4 b o n d s  of t h e  s t a r c h  occur  in  
t h e  p l a n t s  a n d  s o m e t i m e s  in t h e  same t i ssues  where  t he  a- 
amy la se  occurs.  The  phys io log ica l  role of these  2 a m y -  
lases (a a n d  fi) h a s  n o t  y e t  been  ful ly  unde r s tood .  I n  ad -  
d i t i on  t he  amylases  occur  in  i soenzymes  b o t h  in p l a n t s  1-7 
a n d  a n i m a l s  s - n .  I n  t h e  co ty ledons  of b r o a d  bean ,  t he  a- 
amylase  occurs  in  2 i soenzymes .  I n  o rder  to  c o n t r i b u t e  to  
t h e  f u r t h e r  u n d e r s t a n d i n g  of t h e  s ignif icance of these  iso- 
enzymes ,  t h e  2 i soenzymes  f rom t h e  b r o a d  b e a n  were 
i so la ted  a n d  e x a m i n e d  separa te ly .  
Materials and methods. Seeds of b r o a d  b e a n s  (Vicia f aba  
var .  aquadu lce )  were g rown  a n d  the  co ty l edons  f rom 10- 
days -o ld  p l a n t s  were  used as t he  source of t he  i soenzymes.  

F o r  t h e  e n z y m e  assay,  1 ml  of soluble  s t a r c h  so lu t ion  
(300 rag/100 ml  ace t a t e  buf fer  0.1 M, p H  6.0 + 10 mM 
CaC12) was i n c u b a t e d  a t  30 ~ w i t h  1 ml  of t h e  p rope r ly  
d i lu t ed  enzymic  solut ion.  Af te r  1-5  mill,  1 ml  of t h e  iodine 
r e a g e n t  1. a n d  5 ml  w a t e r  were added  a n d  t he  A570 tzm 
was read  a n d  t r a n s f o r m e d  to m g  of s t a r c h  b y  p roper  
s t a n d a r d  curve.  The  h y d r o l y z e d  s t a r c h  (rag) pe r  min  
u n d e r  t he  a b o v e  cond i t ions  def ines  one  enzymic  un i t .  The  
specific a c t i v i t y  is def ined as t h e  u n i t s / m g  of p ro te in  
m e a s u r e d  b y  t h e  m e t h o d  of L o w r y  e t  al. 13. 
Electrophoresis. P o l y a c r y l a m i d e  disc gel e lec t rophores is  
was  used. Fo r  t h e  p r e p a r a t i o n  of gel, t h e  fol lowing re- 
a g e n t s  were used:  po lyac ry l amide  (6.4% w/v) in  a buf fer  
cons i s t ing  of Tr is  (6 g) a n d  glycine (28.8 g)/1 p H  8.6 and  
c o n t a i n i n g  soluble  s t a r c h  (0.25% w/v) .  N N N ' N ' - t e t r a -  
m e t h y l e t h y l e n e  d i a m i n e  (0.15% v/v)  a n d  a m m o n i u m  
pe r su l f a t e  (0 .05% w]v).  Af te r  r u n n i n g  t h e  gels ve r t i ca l ly  
a t  4 -5  mA/gel ,  t h e y  were i n c u b a t e d  for 15 ra in  a t  30 ~ in 
0.1 M ace t a t e  buf fe r  p H  5.6 c o n t a i n i n g  10 m M  CaC1 v 
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Step Procedure Volume Protein Units/ Total Specific Purification Yield 
(ml) (mg/ml) ml units activity 

7.2 8000 - 100 
Extraction in 0.01 M Cal. 
acetate, filtration, centrifugafion 2000 4 
Heating at 70~ for 15 rain 
cooling, centrifugation 1950 2.2 3.1 
Ammonium sulfate fraction 0.30-0.65 250 5.3 10 
Dialysis 300 4.15 8.3 
DEAE-cellulose chromatography (figure 1) 
Peak c~l 100 0.11 5 
Peak ~2 200 0.15 8 
Rechromatography on DEAE-ceUulose 
Peak ~1 80 0.06 4 
Peak a2 150 0.08 5.7 
Rechromatography on sephadex G-75 
Peak a l  40 0.045 3.4 
Peak a2 50 0.062 5.0 

0.55 

6045 1.41 2.5 75.5 
2500 1.88 3.4 31 

2490 2.00 3.6 31 

500 55 96 26 
1600 53 98 

320 67 122 15 
855 71 129 

136 75 136 4.8 
250 80 145 

A f t e r  i m m e r s i n g  in  d i l u t e  i o d i n e  s o l u t i o n ,  a m y l a s e  ac -  
t i v i t y  a p p e a r e d  a s  c l ea r  b a n d s  a g a i n s t  a d a r k  b l u e  b a c k -  
g r o u n d .  C o o m a s s i e  b r i l l i a n t  b l u e  w a s  u s e d  a s  a p r o t e i n  
s t a i n .  T h e  s u b u n i t  a n a l y s i s  w a s  p e r f o r m e d  b y  W e b e r  a n d  
O s b o r n ' s  m e t h o d  14 u s i n g  b o v i n e  s e r u m  a l b u m i n ,  p e p s i n ,  
t r y p s i n  a n d  l y s o z y m e  w i t h  m o l . w t s  o f  68 ,000,  35,000,  
23 ,300  a n d  14 ,300  r e s p e c t i v e l y  a s  m o l . w t  s t a n d a r d s .  
Results and discussion. T h e  r e s u l t s  of  t h e  p r o c e d u r e  for  t h e  
i s o l a t i o n  of  t h e  e - a m y l a s e  i s o e n z y m e s  a r e  s u m m a r i z e d  o n  
t h e  t a b l e .  S a m p l e s  for  t h e  2 s e p a r a t e d  p e a k s  of  t h e  l a s t  
s t e p  s h o w e d  o n e  e l e c t r o p h o r e t i c  b a n d  of  a m y l a s e  a c t i v i t y  
p e r  ge l  a n d  a l so  o n e  b a n d  of  p r o t e i n  p e r  ge l  c o i n c i d e d  
w i t h  t h e  c o r r e s p o n d e n t  e n z y m i c  b a n d .  T h u s  b o t h  iso-  
e n z y m e s  a r e  e l e c t r o p h o r e t i c a l l y  h o m o g e n e o u s .  
The e/[ect o/ pH.  T h e  2 i s o e n z y m e s  e x h i b i t e d  t h e  s a m e  
m a x i m a l  a c t i v i t y  in  t h e  p H  6.0. A - a m y l a s e s  f r o m  o t h e r  
s o u r c e s  15 a l so  p r e s e n t e d  t h e  s a m e  m a x i m a l  p H .  
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Fig. 1. Chromatography of broad bean cotyledon a-amylase iso- 
enzymes (2.5 • 23 cm column). Gradient elution between 0.015 M 
and 0.06 M Tris-HCl buffer, pH 7.45 at constant  concentration of 
2 mM CaCI~. Fraction per 4.3 ml. 
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Fig. 2. Electrophoresis of a-amylases on polyacrylamide gel (staining 
with iodine). I a-Amylases from crude extract  (step 1). 2 and 3. The 
a 1 and an peaks respectively (step 7). 4 The mixture of the 2 peaks. 
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Inhibitors and heavy metal ions. Incuba t i ng  the  2 iso- 
enzymes  wi th  5 • 10 -4 M E D T A  Na 2 for 30 min  a t  25~ 
lost  all the i r  ac t iv i ty  which  is no t  res tored  e i ther  w i th  t he  
addi t ion  of excess of CaC12 nor  w i th  dialysis aga ins t  large 
vo lume of buffered solut ions of CaC1 v Thus  Ca ++ is 
necessary  for t he  s t ab i l i ty  of b o t h  i soenzymes  1, 3, 4,15, ~e 
Af te r  p re incuba t ing  the  i soenzymes  witlx 10 -4 M AgNO3, 
10 -4 M CUSO4, 10 -4 M HgCI,  and  2 • 10 -4 M p-chloro-  
mercur ibenzoa te - sod iumsa l t  (P-CMB) for 30 min a t  25 ~ 
i t  was  found  t h a t  b o t h  amylases  re ta ined  all the i r  en-  
zymic  ac t iv i ty .  
Substrate effect. After  a long t ime  of incuba t ion  of the  2 
i soenzymes  w i t h  soluble s tarch ,  the  s ta rch- iodine  com- 
p lex  color d isappeared .  This  p r o p e r t y  in combina t ion  
w i t h  the  o the r  f indings (calcium dependency ,  h e a t  re- 
sistance,  insens i t iv i ty  to Ag+ Cu++ and  Hg+) s t rongly  in- 
d ica tes  t h a t  b o t h  i soenzymes  are of t he  c~-type 1. The 2 
sepa ra ted  i soenzymes  were also found to  be inh ib i ted  by  
h igh  subs t r a t e  concen t r a t ion  (1%) in the  same way,  to  
exhib i te  prac t ica l ly  t he  same K ~  (0.8 m g / m l  for the  a l  
and  0.7 mg /ml  for the  a2 isoenzyme) and  to  hydro lyze  in 
t he  same w a y  the  amylose  fas te r  t h a n  amylopec t in .  

Subunit analysis. The cd form was found  to be composed  
of 2 d i f fe rent  subuni t s  of mol .wt  16,000 the  one and 
22,000 the  o the r  (mol .wt  of ~1 16,000 + 22,000 = 38,000 
a t  least). Similar ly t he  c~2 form is composed  of 2 d i f ferent  
subuni t s  of mol .wt  19,500 the  one and  32,000 the  o ther  
(mol .wt  of a2 19,500 + 32,000 : 51,500 a t  least).  The 
Value for t he  ~2 i soenzyme is a p p a r e n t l y  wi th in  t he  range 
(50,000-55,000) of t he  mol .wt  found  f rom o the r  sour- 
ces a, 7, ix, 17, is while t he  value for t he  ~1 i soenzyme seems 
low, a l though  such i soenzymes  have  been  r epo r t ed  in the  
l i t e ra ture  5, e, 19. Thus  the  2 i soenzymes  differ only  in the i r  
mol .wt  as well as in the i r  e lec t rophore t ic  mobi l i ty ,  and 
the  occurrence  in t he  l iving cell r emains  still  w i t h ou t  
sa t i s fac tory  explana t ion .  
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E f f e c t  of!aldosterone and methylprednlsolone on cardiaclNaK-ATP~se 
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Summary. Aldos terone  (15 ~g BID) and  methy lp redn i so lone  (8 mg QD) admin i s t r a t i on  to  female guinea-pigs augmen ted  
b o t h  the  to ta l  and  the  specific ac t iv i ty  of N a K - A T P a s e  b u t  no t  t he  ac t iv i ty  of adeny la t e  cyclase in t he  cardiac  sarco- 
lemma.  The rise in N a K - A T P a s e  was due to increase in the  n u m b e r  of enzyme  molecules;  ca ta ly t ic  ac t iv i ty  and 
ouaba in-sens i t iv i ty  of indiv idual  molecules did no t  change.  

In  t a rge t  t issues s teroid  ho rmones  induce the  synthes is  
of messenger  and  r ibosomal  R N A  and  subsequen t ly  t h a t  
of specific p ro te ins  2. In  t he  k idneya ldos t e rone  3, 4 enhances  
t he  syn thes i s  of N a K - A T P a s e  (EC 3.6.1.3), an enzymat i c  
c o m p o n e n t  of the  Na+-pump,  and  poss ib ly  of some Na +- 
carr ier  also. In  large doses me thy lp redn i so lone  5 and  
cor t icos terone  e exer t  s imilar  effects.  In  th is  pape r  we 
show t h a t  a ldos terone  and  me thy lp redn i so lone  preferen-  
t ia l ly  increased the  s t e ady  s t a te  level of N a K - A T P a s e  
also in the  myocard ium,  w i t h o u t  affect ing the  ca ta ly t ic  
ac t iv i ty  c~r ouaba in -b ind ing  of the  individual  enzyme  
molecules.  
Female  D u n k i n - H a r t l e y  guinea-pigs,  weighing 337 + 4 g 
init ially,  were r a n d o m l y  d iv ided  in 3 groups.  Each  group 
was in jec ted  dai ly  as follows: ' controls '  (24): 0.1 ml  Of 
0.9% (w/v) NaC1 i.p. twice dai ly  for 14 or 24 days  resp., 
' a ldos t e rone - t r ea t ed '  (16): 15 ~g of a ldos terone  i.p. 
twice dai ly  for 14 days ;  'me thy lp redn i so lone - t r ea t ed '  
(18): 8 mg of Depo-Medrol  Lm. once a day  for 14 or 24 
days,  resp. Previous ly  s imilar  expe r imen t s  b y  o the r  
inves t iga tors  were conduc ted  on rats.  We chose guinea- 
pigs because in th is  an imal  (unlike in t he  rat) t he  af f in i ty  
of N a K - A T P a s e  for onaba in  is h igh and  the  n u m b e r  of 
the  ouaba in -b ind ing  sites can  be measured  d i rec t ly  and  
accura te ly  by b ind ing  assay.  After  killing the  animals ,  
the  h e a r t  vent r ic les  were dissected free f rom per ica rd ium 
and  the  atr ia ,  a piece of t issue was dr ied to  con s t an t  
Weight a t  120 ~ the  resf  of t he  vent r ic le  was homogen ized  
in ice-dold 0.33 IV[ sucrose in 50 fiaM Ttis-aCe*ate (pH 7.2) 
con ta in ing  1 mM Tr i s -EGTA (ethyleneglycol-bis(a-amin0-  
e thy le the r )N,  N- te t r aace t i c  acid). E n z y m e  act ivi t ies  were 

mon i to red  in th is  init ial  homogena t e  and  in t he  sarco- 
l emma,  pur i f ied by  ex t rac t ion  wi th  1 M KC1 ~. P ro te in  was 
de t e rmined  b y  the  procedure  of Miller s. N a K - A T P a s e  was 
assayed  as descr ibed earlier 9, w i th  one modif ica t ion:  the  
reac t ion  mix tu re s  conta ined  1 mM Tr i s -EGTA and  2 mM 
N a N  s also. The a m o u n t  of p h o s p h o ry l a t ed  N a K - A T P a s e  
in the  sa rco lemma was measured  a t  0.04 mM [ya,pj ATP,  
ouaba in -b ind ing  was measured  in t he  presence  of 0.05-1 ~M 
[3HJ ouabain,  dissociat ion co n s t an t  of t he  enzyme-ouaba in  
complex  was ca lcula ted  f rom Sca tchard-p lo t s  (for detai ls  
see Hegyvary9) .  Turnover  n u m b e r  of N a K - A T P a s e  was 
c o m p u t e d  by d iv id ing  specific ac t iv i ty  of the  enzyme  by  
the  a m o u n t  of p h o s p h o ry l a t ed  N a K - A T P a s e  a t  s t eady  
s ta te .  I t  was  assumed t h a t  each enzyme  molecule bound 
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