
712 Specialia EXPERIENTIA 23/9 

A N e w  Q u a n t i t a t i v e  R e l a t i o n  B e t w e e n  I n t e r n a l  
and E x t e r n a l  S t e a d y - S t a t e  C o n c e n t r a t i o n s  in  

Act ive  T r a n s p o r t  

P r o b a b l y  t h e  m o s t  c o m m o n  mode l  for  ac t ive  t r a n s p o r t  
i n to  t i s sues  or  cells is t he  c o m b i n a t i o n  of a n  u p t a k e  pro-  
cess w h i c h  obeys  Mic hae t i s - Men t en  kinet ics ,  a n d  a n  ex i t  
p rocess  w h i c h  obeys  t h e  laws of s imp le  dif fusion,  a l t h o u g h  
i t  m a y  i n v o l v e  a ca r r i e r / .  T h e  r a t e  l aw for  t h i s  mode l  is 

dC~ V ~  Co 
+ h D (C 0 -  Ci) (1) 

dt Co+ K. ,  

w h e r e  Ct is t h e  i n t e r n a l  c o n c e n t r a t i o n ,  C o is t h e  e x t e r n a l  
c o n c e n t r a t i o n ,  Vmo # a n d  / ( , ,  a re  t h e  m a x i m u m  ve loc i t y  
a n d  t h e  Michael is  c o n s t a n t  for  t h e  u p t a k e  processes,  a n d  
k~ is t h e  r a t e  c o n s t a n t  for  t h e  ex i t  process .  A t  s t e a d y  
s ta te ,  where  dCi/dl = O, t h e  r e l a t i o n  b e t w e e n  Ci a n d  C o is 

Ci---- C o + K i n  + 1 Co (2) 

This  c an  be  t r a n s f o r m e d  in to  3 e q u i v a l e n t  l inear  e q u a t i o n s  

11(¢i - Co) --- kv/V~o~ + K~hDIVm.,Co (2a) 

ColCCi-  Co) = KmkD/Vm.~ + CokD/Vm~ (2b) 

( c ~ -  Co) lC .  = v , . ° 2 ~ D  ~c,~ - (c~ - C o ) / K . ,  (2c) 

P u b l i s h e d  d a t a  for  t h e  s t e a d y - s t a t e  c o n c e n t r a t i o n s  of 
t he  n o n - m e t a b o l i z a b l e  a m i n o  ac id  ana logs  ~t-aminoiso- 
b u t y r i c  ac id  a n d  ¢ydopentane- l -amino- l -carboxyl ic  acid 
in  m o u s e  b r a i n  slices ~, a n d  for L-h is t id ine  in r a t  sma l l  
i n t e s t i n e  a were  t e s t e d  for  a g r e e m e n t  w i t h  th i s  model .  
C o n c e n t r a t i o n s  in  b r a i n  t i ssue  were  r e p o r t e d  as  Fmoles  
a m i n o  ac id  ana log/m1 t o t a l  t i s sue  wate r ,  a s s u m i n g  t i ssue  
d r y  w e i g h t  to  be  200/0 of f ina l  t i s sue  w e t  we igh t .  Befo re  
t e s t i n g  these  da t a ,  t i s sue  c o n c e n t r a t i o n s  were  c o n v e r t e d  
to /~moles  a m i n o  acid a n a t o g / m l  i n t r ace l l u l a r  w a t e r  b y  t h e  
r e l a t i on  C i = (0.8 C -- 0.48 C0)/0.36, whe re  Ci is t h e  con-  
c e n t r a t i o n  in  i n t r ace l lu l a r  wa te r ,  a n d  C is t h e  r e p o r t e d  
c o n c e n t r a t i o n  in t o t a l  t i s sue  wa te r .  Th i s  expres s ion  is 
b a s e d  on  16% d r y  w e i g h t  a n d  4 8 %  ex t r ace l lu l a r  w a t e r  
( ' inu l in  space ' )  in  we t  r a t  b r a i n  Mices *. T he  i n t r a c e l l u l a r  
c o n c e n t r a t i o n  is qu i t e  i n sens i t i ve  to  m o d e r a t e  changes  in 
t he  a s s u m e d  % d r y  w e i g h t  a n d  ex t r ace l l u l a r  water .  I f  
b r a i n  t i s sue  is a s s u m e d  to  c o n t a i n  20% d r y  w e i g h t  a n d  
58% ex t r ace l lu l a r  w a t e r  ~, t h e  c o m p u t e d  c o n c e n t r a t i o n  in 

Steady-state concentration of amino acids in mouse brain slices a 

Amino acid C o , C, Ci, 
~mole/ml ~umole/ml ~mole/ml 
medium tissue intracellular 
water water water 

i n t r ace l l u l a r  w a t e r  will be  u n i f o r m l y  decreased  7%.  T h e  
p u b l i s h e d  a n d  rev i sed  c o n c e n t r a t i o n s  a re  g iven  in t he  
Table .  T h e  va lues  for r a t  i n t e s t i n e  were  used  as p u b l i s h e d  
because  t h e  neces sa ry  i n f o r m a t i o n  for  cor rec t ions ,  if 
needed ,  was  n o t  ava i lab le .  G r a p h s  of 1/(Ci -- Co) vs  i/Co, 
Co/(C i -- Co) vs  Co, a n d  (C f - Co)/C o vs  (C~ -- Co), wh ich  
c o r r e s p o n d  to  e q u a t i o n s  2a, 2b, a n d  2c respec t ive ly ,  were  
c o n s t r u c t e d  for M1 3 se ts  of s t e a d y - s t a t e  c o n c e n t r a t i o n s .  
F r o m  t h e  g r a p h s  i t  was  obv ious  t h a t  t h e  mode l  is n o t  
app l icab le .  Surpr i s ing ly ,  g r a p h s  of log Ci vs  log C o for  
these  3 s y s t e m s  a re  l inea r  w i t h  a s lope of less t h a n  1 
(Figures  1 a n d  2), showing  t h a t  t h e  s t e a d y - s t a t e  concen-  
t r a t i o n s  fol low t h e  well  k n o w n  FR~UNDLmH a d s o r p t i o n  
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Fig. 1. Steady-state concentration of amino acid analogs in mouse 
brain slices (data from LAaIRI and LAJTNA=). O-----~ ~-aminoiso- 

butyric acid, • ...... • cyclopentane-l-amino-l-carboxylie acid. 
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Fig. 2. Steady-state concentration of L-histidine in rat  small intestine 
(data from AGAR, HInD and SIDHUS). 

0~-Amino/sobutyric 0.23 3.34 7.12 
acid 0.57 5.47 11.4 

1.09 11.8 24.8 
3.57 23.8 48.1 
7.52 42.0 83.3 

14.1 63.0 121.2 

Cyclopentanc- 0.27 3.51 7.44 
1-amino-I- 0.63 4.57 %32 
carboxylic acid 1.33 9.16 18.6 

3.48 22.7 45.8 
15.1 46.2 82.5 

a Ci calculated from C O and C data by LamgI and LAJTHA 2. 

z Typical references include: E. HmNz, J. biol. Chem. 211, 781 
(1954)'; A. KEPES and J. Mo~oD, C. r. hebd. S6anc. Acad. Sci., 
Paris 24d, 809 {1957); E. HEinz and H. A. MARIANI, J. bioL 
Chem. 228, 97 (1957); A. KEPIS, Bi0chim. biophys. Acta 40, 70 
(1960); H. AKEDO and H. N. C~RIST~NSE~, J. biol. Chem. 237, 118 
(1962); S, SEGAL, A. BLAIR and L. E. ROSENB]$RG, Biochim, 
biophys. Acta 71,676 (1963). 
S. LAmgI and A. LaJTIIA, J. Neurochem. /[ ,  77 (1964). 

s W. T. AGAR, F. J. R. HIRI~ and G. S. SIDHV, Biochim. biophys. 
Acta 14, 80 (1954), 

4 G. LEVZ and A. LAJTI~A, J. Neurochem. 12, 639 (1965). 
R. BLASBERC and A. LAJTHA, Archs Biochem. Biophys. 112, 361 
(1965). 
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isothermS. The  'FREUNDLICH' s t eady-s ta te  equa t ions  are:  
C., = 19 Co o.~ for x - a m i n o i s o b u t y r i c  acid  in mouse  b ra in  
slices; C i =  15 Co °.vo for c y c l o p e n t a n e - l - a m i n o - l - c a r -  
boxylic  acid in mouse  bra in  slices; and  C i = 5.5 Co ° '~  
for L-histidine in ra t  small  intest ine,  w i th  all concent ra-  
tions in /~moles/ml water .  The  ag reemen t  w i th  the  
~REUNDLICH adsorp t ion  i so therm is ahnos t  cer ta in ly  
coincidental ,  as i t  is mos t  unl ikely t h a t  ac t ive  t r anspor t  
has any  f u n d a m e n t a l  physical  resemblance  to adsorpt ion.  

A l though  the 'FREUNDLICH' s t eady-s t a t e  equa t ion  for 
ac t ive  t r anspo r t  is s t r ic t ly  empir ica l  and is no t  fol lowed 
by  all systems,  when  appl icable  i t  p rov ides  a conven ien t  
expression for the  re la t ion  be tween  in terna l  and ex te rna l  
.steady-state concentra t ions .  Fur the rmore ,  and equa l ly  
Impor tant ,  t he  fact  t h a t  cer ta in  sys tems obey this re la t ion 
ra ther  t h a n  equa t ion  2 shows t h a t  the  model  of a combi-  
na t ion  of a Michael is-Menten p u m p  and simple diffusion 
is inadequa te  for some examples  of  ac t ive  t r anspor t  and 
suggests t he  possibi l i ty  of r egu la to ry  mechan isms  con- 
trol l ing uptake ,  exit ,  or  both.  E v i d e n c e  for regula t ion  of 
influx by  the  in terna l  concen t ra t ion  has recent ly  been 
found by  RING and  HEINZ in their  s tudy  of the  up take  of 
c ~ - a m i n o i s o b u t y r i c  acid by  S t r e p t o m y c e s  h y d r o g e n a n s  ~. 

Z u s a m m e n / a s s u n g .  I m  ak t i ven  Transpor t  der Amino-  
s~iureanalogen (e-Aminoisobut tersAure und  Cyc lopen tan-  
1-aminocarbonsgure)  in Gehi rnschn i t t en  folgt  das  Ver-  
h~ltnis  im s ta t ion~ren Zus tand  zwischen der  intrazel lu-  
li iren I~onzent ra t ion  und der  L6sungskonzen t ra t ion  der  
FREUNDLICH Adsorp t ion iso therme,  Ci = A C e  n. Dieses 
Verhii l tnis  s t i m m t  ni i t  d e m  Modell  einer ak t iven  Pumpe ,  
die der  Michael is-Menten Iginet ik  folgt  und m i t  einer 
pass iven  Ausdiffusion ausgegl ichen ist, n icht  fiberein. Es  
wird vernautet ,  dass eine Kont ro l l e  des ak t i ven  Trans-  
por ts  durch  in t ra -  und extrazel lulAre Konzen t r a t i onen  
regut ier t  wird.  

S. l-~. COHEN 

N e w  Y o r k  S ta te  R es ea r ch  I n s t i t u t e / o r  N e u r o c h e m i s t r y  
a n d  D r u g  A d d i c t i o n ,  W a r d ' s  I s l a n d ,  N e w  Y o r k  
( N e w  Y o r k  10035,  U S A ) ,  3rd  M a r c h  1967.  

a I~[. F R E U N D L I C t l ,  Coltoi~l and Capillary Chemistry (translated from 
3rd German edn by It. S. HXTF~ELD; E. P, Dutton and Co,; 
New York 1926), p. 111. 

v K. Rn~o and E. H~n~z, Biochem. Z. 34td, 446 (1966). 

Transplantation of  N u c l e i  and Mitochondria of  

P h y s a r u r n  p o l y c e p h a l u m  b y  Plasmodial  
Coalescence ~ 

The p lasmodia  of t he  coenocyt ic  sl ime mold,  P h y s a r u m  
p o l y c e p h a l u m ,  when grown on semi-defined l iquid med ium 
on the  surface of fi l ter paper  ~, are  comparable ,  for experi-  
menta l  purposes,  to giant,  mul t inuc lea ted  'cells '  in which 
all nuclei  d ivide in synchrony  a,~. W h e n  p lasmodia  are 
brought  into con tac t  wi th  one another ,  t h e y  coalesce 
spontaneouslyS, ~. Once commun ica t i on  be tween  t h e m  is 
established, p lasmodia l  s t rands  are  formed which ex tend  
from one p l a smod ium into the  other,  and rap id  exchange  
of components  is b rought  abou t  by the  wel l -known proto-  
plasmic s t reaming  of this organism. This  phenomenon  can 
be employed  for studies requi r ing  t r ansp lan ta t ion  of 
p lasmodial  components .  Two prerequis i tes  h a v e  to be 
fulfilled for such an  exper iment ,  namely,  (1) t h a t  only  a 
small  a m o u n t  of mate r ia l  f rom the  donor  is t aken  up by  
the  host,  and  (2) t h a t  those  componen t s  of t he  donor  
which we wish to s t udy  (e.g. nuclei, mi tochondr ia)  r emain  
identif iable e i ther  by  morphologica l  cr i ter ia  or  otherv~ise, 
for some t ime  af ter  t ransp lan ta t ion .  If, for example,  
nuclei are  t r ansp lan ted  a t  a s tage in the  mi to t i  c cycle" 
Which is different  f rom t h a t  of the  nuclei  of the  host,  
morphological  cr i ter ia  m a y  be used for thei r  ident i f ica t ion 
during a shor t  per iod af ter  t ransplanta t ionS.  F o r  longer  
periods, or  if o ther  p lasmodia l  components ,  such as mi to-  
chondria,  are  involved,  ident i f icat ion by  label wi th  a 
radioact ive  isotope migh t  be necessary.  

M e t h o d .  Coalescence of 2 p lasmodia  can be conven ien t ly  
obta ined by  sandwiching,  Fo r  this  purpose,  the  p lasmodia  
are first placed, toge ther  wi th  the  under ly ing  fi l ter paper ,  
on non-nu t r i en t  agar.  Being  depr ived  of nut r ients ,  the  
p lasmodia  soon begin to  rap id ly  spread over  t he  agar.  
ApProx imate ly  30 rain before coalescence is desired, a 
Small piece (donor) of one p lasmodium is placed, upside 
down (Figure 1), toge ther  wi th  some of the  adher ing  agar, 

on a considerably  larger  piece (host) of the o ther  plas- 
m e d i u m .  The  small  piece of agar  adher ing  to t he  donor  
provides  jus t  enough  pressure to  p romo te  d o s e  con tac t  
be tween  the  2 p lasmodia l  pieces. 

W h e n  con t ac t  is es tabl ished the  beginning  of  coales- 
cence can be  easily de te rmined  by  the  gradual  fo rmat ion  
of p lasmodia l  s t rands  ex tend ing  th rough  donor  and 
recipient  (host) p lasmodium.  I f  bo th  donor  and hos t  
nuclei  a t  the  t ime  of coalescence are  a t  different  s tages 
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Fig. 1. Two plasmodial pieces sandwiched between agar. Both donor 
(upper) and host plasmodium (lower) are on non-nutrient agar. 
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