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k n o w n  to  be  N A D P H  g e n e r a t i n g  sys t ems  in r ed  cells 7, 8. 
Methods. ACD blood was w a s h e d  3 t imes  w i t h  isotonic  
sal ine a f t e r  r e m o v a l  of s e rum a n d  b u l l y  coats.  Tile red  
ceils t h u s  o b t a i n e d  were  s u s p e n d e d  in a so lu t ion  con-  
t a i n i n g  110 mM NaC1, 10 m M  glucose, 30 m M  sod ium 
p h o s p h a t e  (pH 7.0), 5 m M  KC1, 1 m M  MgCli a n d  10 m M  
ani l ine  h y d r o c h l o r i d e  ( H e m a t o c r i t  va lues  are 35%),  a n d  
i n c u b a t e d  a t  p H  7.0, 37~ for 4 h  w i t h  or w i t h o u t  
10 txM m e t h y l e n e  blue.  T he  samples  were t a k e n  ou t  for 
ana lyses  of p - a m i n o p h e n o l  a n d  depro te in ized  w i t h  4 .6% 
t r i ch lo roace t i c  acid.  T h e  d e t e r m i n a t i o n  of p - a m i n o p h e n o l  
was  followed in acco rdance  w i t h  t he  m e t h o d  of Mieyal  
a n d  B l u m e r  9. 
Results and discussion. T he  f igure  shows t he  an i l ine  
h y d r o x y l a t i o n  b y  h u m a n  red  cells for 4 h. The  p r o d u c t i o n  
of p - a m i n o p h e n o l  was  l inear i ly  increased  w i t h  t i m e  in t h e  
absence  a n d  presence  of m e t h y l e n e  blue.  Especia l ly ,  in  
t he  p resence  of c a t a ly t i c  a m o u n t s  of m e t h y l e n e  b l u e  
(10 ExM), t h e  an i l ine  h y d r o x y l a t i o n  b y  red  ceils was i n u c h  
accelera ted .  F r o m  th i s  figure,  t he  r a t e  of an i l ine  h y d r o x y l -  
a t ion  in r ed  cells suspens ion  was ca lcu la ted  to  be  0.9 a M / h  
in the  absence  of m e t h y l e n e  blue.  I n  t h e  presence  of 
m e t h y l e n e  blue,  t h e  an i l ine  h y d r o x y l a t i n g  a c t i v i t y  was 
acce le ra ted  as m u c h  as 33 t i m e s  a n d  t he  r a t e  of an i l ine  
h y d r o x y l a t i o n  was  ca l cu la t ed  to be  30 aM/h.  Th i s  va lue  
is c o m p a r a b l e  to  t h e  r a t  l iver  mic rosoma l  ani l ine  h y d r o x -  
y l a t i n g  activity3,1~ t h o u g h  a d i r ec t  compar i son  of t h e  
a c t i v i t y  is diff icul t .  
The  s t i m u l a t i o n  of m e t h e m o g l o b i n  r educ t i on  b y  N A D P H -  
d e p e n d e n t  d i a p h o r a s e  h a s  been  s h o w n  in t he  presence  of 
m e t h y l e n e  blue  n .  Th i s  p h e n o m e n o n  is cons idered  to be  
due  to  t he  c o n t i n u o u s  s u p p l y  of N A D P H  b y  m e t h y l e n e  

blue  t h r o u g h  a c t i v a t i o n  of t h e  pen tose  p h o s p h a t e  s h u n t  
of red  cells. T a k i n g  a c c o u n t  of t h i s  fac t  a n d  t he  r epo r t s  
m e n t i o n e d  above*,  8, t he  fol lowing scheme,  as one pos-  
sibi l i ty,  m a y  be  p roposed  for t h e  an i l ine  h y d r o x y l a t i o n  
b y  red  cells. 
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NADPH-dependent diaphorase 

However ,  a n o t h e r  poss ib i l i ty  c a n n o t  be  e l imina t ed  t h a t  
an i l ine  h y d r o x y l a t i o n  m a y  be  coupled  w i t h  o t h e r  h e m o -  
p ro t e in s  such  as P-450,  t h o u g h  i t  h a s  n o t  b e e n  de t ec t ed  
in red  cells yet .  
The  p laus ib le  e x p l a n a t i o n  of t h e  acce le ra t ion  of an i l ine  
h y d r o x y l a t i o n  b y  m e t h y l e n e  blue  is p r o b a b l y  due  to  t h e  
s t i m u l a t e d  gene ra t i on  of N A D P H  coupled  w i t h  t he  well-  
k n o w n  a c t i v a t i o n  of t h e  pen to se  p h o s p h a t e  s h u n t  b y  t h i s  
dye.  T h u s  p r e s e n t  resu l t s  sugges t  t h a t  t h e  e l ec t ron  
t r a n s p o r t  sy s t ems  f rom N A D P H  to  an i l ine  are  o p e r a t i n g  
in red  cells, t h o u g h  t h e  de ta i l ed  i n f o r m a t i o n  for t he  in te r -  
m e d i a t e  s tep  is obscure  in  our  expe r imen t .  
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Summary. The  effect  of g r o w t h  t e m p e r a t u r e  on  t he  phospho l ip id  compos i t ion  of Noca rd i a  po lych romogenes  has  been  
examined .  W h e n  t he  g r o w t h  t e m p e r a t u r e  was decreased  f rom 37 ~ to  27 ~ t he re  was a large 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  w i t h  a n  increase  in card io l ip in  a n d  phosphoinos i t ides .  These  changes  are d iscussed in c o n t e x t  w i t h  t he  
con t ro l  of m e m b r a n e  f lu idi ty .  

T h e r e  is n o w  s u b s t a n t i a l  ev idence  t h a t  phospho l ip ids  p l a y  
a m a j o r  role in  t he  s t r u c t u r e  a n d  func t i ons  of biological  
m e m b r a n e s  2, 3. The  i m p o r t a n c e  of t he  apo la r  po r t i ons  of 
m e m b r a n e  l ipids h a s  r e c e n t l y  been  e m p h a s i z e d  b y  in-  
ve s t i ga t i ons  w i t h  M y c o p l a s m a  la id lawi i  4 a n d  w i t h  m u t a n t s  
of E. coli 5 which  c a n n o t  syn thes i ze  u n s a t u r a t e d  f a t t y  
acids.  I n  con t r a s t ,  l i t t l e  i n f o r m a t i o n  is ava i l ab le  r ega rd ing  
t he  i m p o r t a n c e  of t he  po la r  moie t ies  of phospho l ip ids  to  
t h e  f luid p rope r t i e s  of t h e  cell m e m b r a n e .  W e  h a v e  n o w  
s tud ied  t h e  effect  of g r o w t h  t e m p e r a t u r e  on  t he  phos -  
pho l ip id  compos i t i on  of N o c a r d i a  po lychromogenes .  This  
o rgan i sm c o n t a i n s  cardiol ip 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  phospho inos i t i de s  as i ts  m a j o r  phospho l ip ids  6. Th i s  
r e p o r t  p e r t a i n s  to  t h e  changes  in  t h e  d i s t r i b u t i o n  of 
phospho l ip ids  in N o c a r d i a  po l ych r om ogenes  g rown a t  
37 ~ a n d  27 ~ 
Materials and methods. N o c a r d i a  po lych romogenes  were  
g rown in  a m e d i u m  c o n t a i n i n g  glucose, beef e x t r a c t  a n d  
p e p t o n e L  Cells i n i t i a l l y  g rown  a t  37.~ were Used as in-  
ocula  for  27 ~ cu l tures .  Cells were g rown  for  8 days .  E x -  
t r a c t i o n  a n d  pu r i f i c a t i on  of l ipids  were as descr ibed  

p rev ious ly  ~,~. The  sepa ra t ion ,  isolat ion,  c h a r a c t e r i z a t i o n  
a n d  q u a n t i t a t i o n  of phospho l ip ids  were as de ta i l ed  in 
p rev ious  pub l i c a t i ons  s, 9. 
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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 


