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10 rain),  t he  s u p e r n a t a n t  was  a d j u s t e d  to p i t  9.0 and  12.0, 
respect ive ly ,  a n d  e x t r a c t e d  w i t h  e ther .  T he  e the r  layer  
was  e v a p o r a t e d  to dryness ,  t he  res idue  dissolved in 0.2 ml  
of e t h a n o l  a n d  ana lyze  d b y  t h i n  layer  c h r o m a t o g r a p h y .  
(DC-Fe r t i gp l a t t en  l~ieselgel F2s 4, Sch ich td i cke  0.25 ram,  
Merck;  so lven t  s y s t e m :  ace t one - e t hano l  1:1 ; de t ec t i on :  
i o d i n e s  G ibbs  reagentg) .  

Fo r  q u a n t i t a t i v e  d e t e r m i n a t i o n  of phenol ,  t h e  supe rna -  
r a n t  was ad ju s t ed  to p i t  9.0 a n d  e x t r a c t e d  twice  w i t h  
50 ml  of e the r  each, t he  ex t r ac t s  were mixed  and  washed  
w i t h  20 ml  2 N HC1 to  r e m o v e  t he  excess of u n r e a c t e d  
subs t r a t e ,  a n d  t he  e the r  layers  were dess ica ted  w i t h  
sod ium su lpha te .  The  e x t r a c t s  f rom 2 para l le l  e x p e r i m e n t s  
were c o m b i n e d  a n d  e v a p o r a t e d  on  a r o t a r y  e v a p o r a t o r  in 
special  conical  t ubes  w i t h  ca l i b r a t i on  a n d  m a d e  to 0.10 ml  
w i t h  m e t h a n o l .  The  p h e n o l  c o n t a i n e d  in 0.75 ~zl of t h i s  
m e t h a n o l i c  so lu t ion  was i so la ted  b y  t h i n  layer  ch r oma-  
t o g r a p h y  (Kieselgel GF2~4 Merck, p la tes  2 0 •  cm, 
th ickness  0.3 r a m ;  a c t i v a t i o n  1 h a t  105~ washed  w i t h  
m e t h a n o l ;  so lven t  s y s t e m :  b e n z e n e - e t h a n o l  95:5;  d e t e c -  
t i on :  UV- l igh t  a n d  Gibbs  r eagen t  9). T he  areas  con ta in ing  
p h e n o l  were q u a n t i t a t i v e l y  t r an s f e r r ed  in glass tubes ,  
e x t r a c t e d  w i t h  3.0 ml  m e t h a n o l  and  to t he  clear  so lu t ion  
0 .05% Na2CO ~ was added  up  to 9.5 ml ;  t h e n  0.5 m l  of 
4 - a m i n o a n t i p y r i n e  (2%) a n d  0.25 ml  K3Fe/CN/6 (8%) 
followed. The  a b s o r b a n c y  of t h e  well  mixed  samples  was 
d e t e r m i n e d  a f t e r  5 ra in  a t  500 n m  1~ ( S p e c t r o p h o t o m e t e r  
Spekol,  V E B  C. Zeiss, Jena)  aga ins t  t he  b l a n k  which  
p a s s e d  t h r o u g h  t he  same  i so la t ion  procedure .  

I n  con t ro l  e x p e r i m e n t s  boi led  mic rosomes  (100~ 5 min)  
were i n c u b a t e d  u n d e r  s t a n d a r d  condi t ions ,  in  o t h e r  ex- 
p e r i m e n t s  t h e  i n c u b a t i o n  proceeded  anae rob ica l ly  (in 
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The Lineweaver-Burk plot for o-fomocaine (1) and p-fomocaine (2). 
Km for 1 = 5.33 • 10-~M, for 2 = 2.85 • 10-3M, V for 1 = 3.0 • 10 -z, 
for 2 = 6,6 • 10 -2 nmoles C6HsOH • nmoles -1 cytochrome P-450 • 
min-1. 

oxygen  free N2) or in  a CO and  O 2 (1:1) m i x t u r e  as a gas 
phase.  P ro t e in  c o n c e n t r a t i o n  in mic rosomes  was de ter -  
m i n e d  accord ing  to n,  a n d  c y t o c h r o m e  P-450 c o n t e n t  
accord ing  to  ~. 

Results and discussion. The  mic rosoma l  f rac t ion  of rab-  
b i t  l iver  h o m o g e n a t e  was shown to  set  free pheno l  f rom 
t h e  molecule  of fomocaine .  The  p h e n o l  was  ident i f ied  b y  
t h i n  layer  c h r o m a t o g r a p h i y  ( R f = 0 . 3 8 ) ,  and  i ts  f o r m a t i o n  
was l inear  w i t h  t i m e  d u r i n g  the  f i rs t  30 min.  The  re l a t ion  
be tween  t he  p h e n o l  f o r m a t i o n  r a t e  and  t he  c o n c e n t r a t i o n  
of fomoca ine  was s tud ied  w i t h  mic rosomal  p r e p a r a t i o n  
c o n t a i n i n g  26.3 m g  p r o t e i n •  -~ and  1.05 nmoles  of 
c y t o c h r o m e  P-450 • m g  -~ pro te in .  Analogous  e x p e r i m e n t s  
were car r ied  ou t  w i t h  ortho-fomocaine us ing  a p r e p a r a t i o n  
wh ich  c o n t a i n e d  32.3 m g  p ro t e in  •  -~ and  1.64 nmoles  
of c y t o c h r o m e  P-450 •  -1 p ro te in .  The  resfllts are 
g iven  in t he  Table .  F r o m  a doub le  rec iprocal  p lo t  (Line- 
weaver  - Burk)  t he  va lues  of t~m a n d  V for b o t h  isomers  
were found  (Figure).  The  d e a r a l k y l a t i o n  of fomocaine  
was i n h i b i t e d  b y  c a r b o n  monooxide ,  anaerobios i s  and  
absence  of N A D P H .  The  d e a r a l k y l a t i o n  of fomocaine  and  
i ts  ortho i somer  has  to  be  t a k e n  as t he  b i o t r a n s f o r m a t i o n  
reac t ion  of genera l  i m p o r t a n c e  for the  c o m p o u n d s  of th i s  
chemica l  s t ruc ture .  R e c e n t l y  i t  has  been  found  1~ t h a t  t he  
mode l  s u b s t a n c e  of th i s  type,  p h e n y l b e n z y l e t h e r ,  un-  
dergoes t he  same  d e t o x i c a t i o n  mechan i sm.  

Zusamme~i/assung. O x i d a t i v e  S p a l t u n g  der  A_ther-Bin- 
d u n g  in F o m o c a i n  ( P a n a c a i n  | d u r c h  das  mik rosoma le  
M o n o o x y g e n a s e - S y s t e m  der  K a n i n c h e n l e b e r  wurde  nach -  
gewiesen. Aus der  K i n e t i k  dieser  D e a r y l a l k y l i e r u n g  wird  
geschlossen,  dass  das  para-Isomere eine doppe l t  so grosse 
Af f in i tg t  zum m i k r o s o m a l e n  E n z y m s y s t e m  bes i t z t  als 
das  ortho-Isomere u n d  doppe l t  so schnel l  me tabo l i s i e r t  
wird. Die Dea ry l a lky l i e rung  sche in t  eine a l l g e m e i n e  
B i o t r a n s f o r m a t i o n s r e a k t i o n  fiir de ra r t ige  s t ruk tu re l l e  Ty-  
pen  zu sein. 
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T h e  Effect of T e m p e r a t u r e  on  Ca p+ U p t a k e  and 
p l a s m i c  R e t i c u l u m  

The  A T P  d e p e n d e n t  Ca 2+ u p t a k e  b y  sa rcoplasmic  
r e t i cu lum (SR) f rac t ions  p r e p a r e d  f rom skele ta l  1-1 or 
h e a r t  muscle  5-7 is s to ich iomet r i cMly  l inked  to  t he  Ca -~ 
a c t i v a t e d  A T P  hydrolys is .  T he  e f f ec t  of t e m p e r a t u r e  on  
Ca ~+ u p t a k e  a n d  Ca~+-dependent  A T P  s p l i t t i n g  b y  SR of 
skele ta l  muscle  h a v e  been  careful ly  i nves t i ga t ed  in t he  
p resence  and  absence  of oxa la teK The  t e m p e r a t u r e  
dependence  of Ca 2+ u p t a k e  b y  card iac  S R  was  inves t i -  
gatedS, 9, wh i l s t  t he  effect  of t e m p e r a t u r e  on  t he  Ca 2+- 

Ca~+-Act ivated A T P  H y d r o l y s i s  by Cardiac  S a r c o -  

activated ATPase activity has not beell studied. The 
present communication deals with the influence of temper- 
ature on both Ca "+ uptake and Ca2+-activated ATP 
hydrolysis by cardiac SR and the energies of activation 
(Ea) of both processes. 
Methods. Cardiac SR was prepared from dogs. Hearts 

were homogenized by a Waring blender (Buehler, type Iio) 
in 3 volumes of 0.3 M sucrose containing 2 mM ascorbic 
acid and 20 mM Tris-HCl (pH 7.2) for 20 sec. The homo- 
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Fig. 1. Temperature dependeltce of Ca ~+ uptake, Ca~+-activated and Ca~+-independent (basic) ATP hydrolysis by cardiac SR. Con- 
ditions of incubation are given in the methods. Transport ratio = the rate of Ca ~+ uptake divided by the rate of the Ca~+-activated 
ATPsplitting. Temp.(~176176169169176 O, 20~176 X- -X ,10  ~ 

genate  was cent r i fuged at  1,000 x g  (20 min), 12,000 x g  
(20 rain and  10 rain) and 40,000 x g  (60 min) as descr ibed 
previous ly  1~ The 12,000-40,000 •  fraction,  which 
conta ins  t he  SR, was ex t r ac t ed  wi th  0.6 M KC1 for 60 min, 
receri tr ifuged and  washed  once in the  homogeniza t ion  
medium.  SR fract ions  were also p repa red  by  the  addi t ion  
of KC1 to  the  s u p e r n a t e n t  of t he  12,000 • g f rac t ion (final 
concen t r a t ion  0.2 M) ;  the  f rac t ion was cent r i fuged at  
40,000 x g  and  the  pellet  washed  once. The pel lets  were 
resuspended  in 0.3 M sucrose conta in ing  10 m M  His t id ine-  
buffer  (pH 7.2) and s tored  below --20~ 

Ca ~+ up take  was measured  b y  the  Millipore f i l t ra t ion 
t echn ique  n.  The incuba t ion  med ium conta ined  20 m M  
His t id ine-buf fe r  (pH 7.0), 100 m M  KC1, 5 m M  MgC12, 
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Fig. 2. Arrhenius plots for Ca ~+ uptake, Ca~+-activated, total- and 
basic ATP hydrolysis by cardiac SR. The rates of Ca ~+ uptake and 
ATP hydrolysis were calculated from th'e data in Figure 1. The 
slopes were calculated using regression analysis. Symbols: O--O, 
Ca *+ uptake; A--A, Ca2+-activated ATPase; I1--111, total ATPase; 
Q--O, basic ATPase. 

5 m M  Na~-oxalate, 5 m M  Na~-ATP, 1.25 m M  Na~- 
creat ine  phospha te ,  c rea t inekinase  0_15 mg/ml ,  5 m M  
NaN a, 0.1 m M  ~5(Ca) CaC12 and 0.05 mg SR pro te in /ml .  
Assays were also pe r fo rmed  in the  above medium,  except  
A T P  was 0.5 m2~ and  0.1 m M  E G T A  (ethylene-bis-(-2- 
aminoethyl ) -N,  N ' - t e t r aace t i c  acid) was present .  The p H  
of 7.0 was carefully ad jus ted  at  each t empera tu re .  Tota l  
ATPase  ac t iv i ty  of the  SR was de t e rmined  s imul tane-  
ously wi th  Ca 2+ up take  by  measur ing  the  ra te  of creat ine 
l ibera ted  1~. The basic ATPase  ac t iv i ty  was measured  in 
the  absence of Ca 2+ and  the  presence  of 0.2 m M  EGTA.  
The Ca2+-aetivated A T Pas e  (extra  ATPase)  was  calcula ted 
by  sub t r ac t ing  the  basic f rom the  to ta l  ATPase  act iv i ty .  
P ro te in  was measured  by  the  Fol in  m e t h o d  s t anda rd ized  
agains t  bovine  se rum a lbumine  la. 

Results and discussion. The da t a  of a typ ica l  expe r imen t  
measur ing  Ca 2+ uptake ,  Ca~+-activated A T P  hydrolys is  
and Ca2+-independent  A T P  hydrolys is  of cardiac SR at  
var ious t e m p e r a t u r e  are shown in Figure  1. The increase 
in the  ra te  of Ca ~+ up take  at  h igher  t e m p e r a t u r e s  correlates  
wi th  the  increase in the  ra te  of the  Ca2+-activated A T P  
spl i t t ing.  The smal l  var ia t ions  of the  t r a n s p o r t  ra t io  (the 
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r a t e  of Ca 2+ u p t a k e  d iv ided  by  the  r a t e  of t he  Ca 2+- 
a c t i v a t e d  A T P  hydrolysis)  a t  d i f fe ren t  t e m p e r a t u r e s  are 
w i th in  t he  e x p e r i m e n t a l  error.  T r a n s p o r t  ra t ios  ob t a ined  
f rom var ious  SR p r e p a r a t i o n s  r anged  f rom 0.7 to 0.95, 
sugges t ing  a s t o i c h i o m e t r y  of Ca 2+ u p t a k e  and  Ca 2+- 
d e p e n d e n t  A T P  hydro lys i s  of 1. S imi la r  va lues  h a v e  been  
ob t a ined  p rev ious ly  for SR f rac t ions  p r e p a r e d  f rom calves 10 
and  r a b b i t s  14, 15, wh ich  agree w i t h  t r a n s p o r t  ra t ios  r epor t ed  
f rom severa l  laborator iesb-~.  The  Ca"+-ac t iva ted  A T P a s e  
of t he  S R  f rac t ions  r ep resen t s  a b o u t  90% o5 t he  A T P a s e  
a c t i v i t y  (Figure 1) assayed  in t he  presence  of 5 m M  azide. 
Azide does no t  inf luence t he  Ca ~+ u p t a k e  of Ca~+-dependent  
A T P  sp l i t t i ng  b y  the  SR 1~ how eve r  t he  Ca2+- independent  
A T P a s e  ac t i v i t y  is pa r t i a l l y  inh ib i t ed .  

S t r a i g h t  l ines were o b t a i n e d  b y  p l o t t i n g  t he  Ioga- 
r h y t h m s  of t he  r a t e  of Ca ~+ u p t a k e  or t h e  ra tes '  o5 the  
total- ,  basic-  and  Cae+-act ivated  A T P  hydro lys i s  aga ins t  
the  rec iprocal  of the  a b s o l u t e  t e m p e r a t u r e  (Ar rhen ius  

Energies of activation for Ca 2+ uptake and ATP hydrolysis by 
cardiac S R 

Energies of activation 
(Kcal/mole-1) 

Ca l+ uptake 
Ca2+-activated ATPase 
Total ATPase 
Basic ATPase 

16.65 + 0.87 (14.04-t4.66) 
17.93 4- 0.49 (16.83-19.22) 
17.50 4- 0.67 (15.82-19.22) 
14.05 • 1.29 (!0.56-16.69} 

The values are means :k SEM obtained from 4 different SR prepara- 
tions. The minimal and maximal values are given in parentheses. 
The Ea were calculated from the equations: log V = --A/T + 13 and 
E a = R • 2, 303 • A. Arrhenius plots were prepared and the slopes 
(A) determined by regression analysis. Ea, activation energy (Keal/ 
mole-l); R, 1,987 • 10 -a Kcal/~ L 

p lo t ;  F igure  2)'. The  Ea for Ca 2+ u p t a k e  and  Ca2+-act ivated 
A T P  hydro lys i s  ob t a ined  f rom 4 d i f fe ren t  S R  p r e p a r a t i o n s  
are p rac t i ca l ly  t he  same and  s l igh t ly  lower for the  Ca 2+- 
i n d e p e n d e n t  A T P  hydro lys i s  (Table).  Since the  l a t t e r  is 
pare ia l ly  i nh ib i t ed  b y  azide, a compar i son  w i t h  t he  va lues  
ob t a ined  for Ca2+-dependent  A T P  sp l i t t i ng  is no t  war-  
r an ted .  

A close cor re la t ion  be tween  the  Ea for Ca ~+ u p t a k e  and  
Ca2+-act ivated A T P  hydro lys i s  b y  SR f rom ske le ta l  
muscle  m e a s u r e d  e i the r  in  t he  presence  or absence  of 
oxa la te  was r epo r t ed  b y  IN:ESI and  WATANAB/E a, howeve r  
the  E~ were h igher  in t he  presence  of oxala te .  E ,  for Ca 2+ 
u p t a k e  in the  absence  of oxa la te  r epo r t ed  for cardiac  SR 
(HARmAYA and  SCHWARTZS; Mil l ipore me thod)  and  for 
dog card iac  SR ( E n n t m a n n ,  Al len  a n d  Schwar tz  g; 
Murex ide  me thod)  were 10 KcaI /mole  -1 and  6.5 Kca l /  
mole -1, respect ively .  These  va lues  are c lear ly  lower t h a n  
those  ob t a ined  in the  p re sen t  s tudy .  I t  m i g h t  ind ica te  a 
d i f fe rent  r a t e  l imi t ing  s tep  of Ca 2+ u p t a k e  b y  t he  cardiac  
SR m e a s u r e d  e i the r  in  the  presence  or absence  of oxala te ,  
s imi!ar ly  as p roposed  for skele ta l  muscleS. 

Zusammen/assung. Der  Ca2+-Transpor t  und  die Ca ~+- 
ak t iv i e r t e  A T P  Hydro ly se  ( A T P  ex t r a  Spa l tung)  du rch  
M e m b r a n e n  des ca rd ia len  s a r k o p l a s m a t i s c h e n  R e t i k u l u m s  
zeigen die gleiche T e m p e r a t u r a b h g n g i g k e i t .  Die Akti,vie- 
rungsenerg ie  der  Ca"+-Aufnahme u n d  der  A T P  ex t r a  
Spa l tung ,  gemessen  bei  A n w e s e n h e i t  yon  Oxala t ,  b e t r g g t  
16.65 =~ 0.87 u n d  17.93 ~ 0.49 KcaI /Mol  -~ 
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Bei trgge  z u m  S t i c k s t o f f m e t a b o l i s m u s  in gr i inen  P f l a n z e n .  I. Die  revers ib le  P l a s t i d e n u m w a n d l u n g  in 
g lucoses t imul ier ten  Kulturen yon Spirodela oligorrhiza, eine Folge yon St ickstof fman~el  

Das W a c h s t u m  yon  Spirodela oligorrhiza auf  s ter i len,  
g lucoseha l t igen  N g h r l 6 s u n g e n  is t  - ve rg l i chen  m i t  Kon-  
t ro l l en  auf  glucosefre iem Milieu - gekennze i chne t  d u r c h  
eine n a c h  15-20 Tagen  e inse tzende/~usser l iche  Verg i lbung  
u n d  eine auff/il l ige V e r g n d e r u n g  der  P las t idenSe ins t ruk-  
tur .  D a b e i  ve r l i e ren  die Ch lo rop las t en  ihre  cha rak t e r i s t i -  
sche T h y l a k o i d s t r u k t u r  u n d  gehen  u n t e r  VerXnderung  
ih re r  t y p i s c h e n  L i p i d z u s a m m e n s e t z u n g  u n d  u n t e r  An-  
h g u f u n g  yon  St~rke  schl iessl ich in A m y l o p l a s t e n  fiber 1-~. 
Bei  Zusa tz  neue r  S t icks to f fque l len  zur  v e r b r a u c h t e n  
N~hr l6 sung  f inde t  u n t e r  ~usser l icher  W i e d e r e r g r i i n u n g  
de r  P f l anzen  1 eine R e g e n e r a t i o n  des L a m e l l a r s y s t e m s  der  
P l a s t i d e n  s t a t t  ~, was  bedeu te t ,  dass  ffir die Vergi lbul lg  
p r i m g r  der  d u t c h  e inen  besch l eun ig t en  V e r b r a u c h  der  
S t icks tof fque l len  der  N~thrl6sung e n t s t a n d e n e  St ick-  
s to f fmange l  v e r a n t w o r t l i c h  ist. Ahn l i che  Ver / inde rungen  
tier F e i n s t r u k t u r  u n d  de r  s tof f l ichen Z u s a m m e n s e t z u n g  
w u r d e n  a u c h  in  P l a s t i d e n  yon  Chlorella protothecoides auf  
a c e t a t h a l t i g e m  Milieu ~ u n d  yon  Chlorella /usca und  
Ankistrodesmus braunii u n t e r  NcMange lbed ingungen  er- 
zeugt  s. 

Andere r se i t s  geh t  aus  Gaswechse lmessungen  u n d  Mar-  
k i e r u n g s v e r s u c h e n  deu t l i ch  hervor ,  dass  in  g lucoses t imu-  
l ie r ten  P f l anzen  yon  A n f a n g  an  die N e t t o a s s i m i l a t i o n  yon  
CO s h e r a b g e s e t z t  i s t l ,  u n d  dass  die a n g e b o t e n e  Glucose 

in S t~rke  e i n g e b a u t  u n d  s o m i t  auch  in den  Stoffwechsel  
e ingeschleus t  wi rd  6. Diese Vorg~nge  werden  bere i t s  u n t e r  
op t ima le r  Stickstoffern~Lhrung i nduz i e r t  u n d  s ind  als 
Anze ichen  eines Crberganges von  a u t o t r o p h e r  zu he te ro-  
t r o p h e r  Lebensweise  zu wer ten .  Da  Spi rode la  im Dun-  
keln vol ls t / indig  h e t e r o t r o p h  leben  k a n n  1, w~tre denkba r ,  
dass  u n t e r  G lueosee rnghrung  fiber geni igend lange  Zei t  
diese U m s t e l l u n g  bere i t s  u n t e r  L i c h t b e d i n g u n g e n  erfolgen 
kann ,  u n d  dass  die b e o b a c h t e t e  Ve rg i tbung  g lucoses t imu-  
l ie r ter  K u l t u r e n  somi t  ausser  auf  e inen  N-Mangel  teil-  
weise auf  eine d i rek te  W i r k u n g  der  exogenen  Glucose 
zur i ickzuf i ihren  ist. 

Zur  B e a n t w o r t u n g  dieser  F rage  h a b e n  wir  das  Ver-  
h a l t e n  yon  P f l anzen  un t e r such t ,  die u n t e r  geni igender  
N-Ern~thrung  w~hrend  l~ngerer  Zei t  auf  g lucoseha l t iger  
N g h r l 6 s u n g  gezogen wurden .  F e r n e r  w u r d e n  a n h a n d  
e l e k t r o n e n o p t i s c h e r  A u f n a h m e n  gepri if t ,  ob eine Rege-  
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