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based on the  ini t ia l  n i t rogen pressure,  and the  ra te  of ne t  
loss of n i t rogen  will  decrease as t he  in te rna l  pressure 
drops, whereas,  assuming the  oxygen  is ut i l ized by  the  
cells, its ra te  of en t ry  will r emain  unchanged.  

In  order  to overcome the  possibi l i ty  of uncontro l led  
leakage of oxygen  into cul ture  flasks, T15 flasks were 
modif ied as shown in the  Figure,  t he  ground jo in ts  being 
lubr icated wi th  h i g h - v a c u u m  silicone grease. W h e n  such 
flasks were tes ted  by  the  m e t h o d  described above,  no re- 
colorizat ion of the  me thy lene  blue was observed,  even  
af ter  e ight  days,  a l t hough  as soon as" t he  flasks were 
opened to air  the  color re turned.  Less t h a n  2 izt of O2 
therefore  had  en te red  such a flask dur ing  this t ime,  even  
after  a l lowance for the  reverse  (reduction) react ion.  A 
rubber  band  fas tened to the  ' r abb i t  ears '  insured a t igh t  
seal when  the  flasks were used a t  a higher  t empera tu re  
(37 o C) in the  incubator .  

Because  we know so l i t t le  abou t  the  respi ra t ion  and 
g r o ~ t h  of cells cu l tured  a t  reduced  oxygen  tensions, i t  is 
clear t h a t  s t a t emen t s  regard ing  the  abi l i ty  of cells to  sur- 
v ive  and  grow in the  absence of oxygen  are no t  va l id  un-  

less i t  can  be shown t h a t  t r u ly  anaerobic  condi t ions  h a v e  
been main ta ined .  I t  is qu i te  possible t h a t  the re  exists  a 
m i n i m u m  oxygen  tension,  a t  which  cells m a y  respire 
submaximal ly ,  where  g rowth  is no t  inhibi ted,  and t h a t  
below this  po in t  g rowth  is progress ively  slowed and 
even tua l ly  s topped,  whereupon  cell dea th  ensues. In  a 
fur ther  paper  ev idence  in suppor t  of this  v iew will be 
presented  for cul tures  of adu l t  mouse  fibroblastsg.  

Zusammen/assung. Eine  kr i t i sche Un te r suchung  ver -  
schiedener  Methoden  ffir anaerobe  Gewebsku l tu r  zeigte, 
dass in den  meis ten  E in r i ch tungen  die Anwesenhe i t  yon  
Sauers toff  n icht  ausgeschlossen werden  kann.  E ine  Modi- 
f ikat ion des s tandardis ier ten  Kulturgef~sses  wurde  ent-  
wickelt ,  die das Ha l t en  der  Ku l tu r en  un t e r  v611igem Luf t -  
abschluss m6glich macht .  
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Serienbestimmung der Phospholipase- 
A-Aktivittit in chromatographischen Fraktionen 

Zur  Auswer tung  chromatograph i scher  Trennungen  von  
t ier ischen Gif ten en twicke l ten  wi t  ein einfaches, fiir 
Ser ienbes t immungen  geeignetes Verfahren zum Nach-  
weis yon Phosphol ipase  A. In  unserer  Methode m a c h t e n  
wir  uns die E n t d e c k u n g  yon  HANAHAN 1 zunutze,  dass 
Phosphol ipase  A auch in i i therischer L6sung aus Lec i th in  
eine Fet tsEure  abspal te t .  Das en ts tehende  Lysolec i th in  
ist  in _~ther schwer 16slich und  f~llt aus. 

Von  den zu un te r suchenden  F rak t ionen  werden  0 ,01-  
0,02 ml  in Reagenzgli iser  p ipe t t i e r t  und  1 ml  einer Atheri- 
schen Leci th in l6sung zugeffigt.  Nach  Durchmischen  wird 
die Serie der  R6hrchen  in b e s t i m m t e n  Zei tabs t~nden be- 
obach te t  und verzeichnet ,  welche R6hrchen  eine Tr i ibung 
du tch  ausgefallenes Lysolec i th in  zeigen. Markier t  man  die 
posi t iven R6hrchen  auf  e inem D i a g r a m m  mi t  e inem 
Kreuz and  kreuz t  man  bei jeder  neuen Ablesung auch die 
schon vo rhe r  posi t iv  gewesenen R6hrchen  wieder  an, so 
erhXlt m a n  eine Dars te l lung,  die das  M a x i m u m  und  die 
Ver te i lung  des Fe rmen te s  in der  Frakt ionsser ie  e rkennen 
l~sst (Figur). 

Die Leci th inl6sung bes teh t  aus ) [ ther  (] 00 vol), Picol in 
(10 vol) und  4,5 mmola r  wi~ssriger L6sung yon CaC12 
(1 vol). In  100 ml  dieser Mischung werden  1 g gereinigtes 
Leci th in  gel6st. Zur I~einigung wurde  Ovo-Lec i th in  
(Merck) in Chloroform-Methanol  (1: 1) gelSst und an Al~O8 
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(Woelm, neutral)  ch romatograph ie r t  2. Bei ki ihler  und 
dunkler  Aufbewahrung  ist  die L6sung p rak t i sch  unbe-  
g renz t  brauehbar .  Schwier igkei ten kiSnnen dann  auf-  
t re ten,  wenn  ftir die Chromatograph ic  der  Phosphol ipase  
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A b t r e n n u n g  v o n  P h o s p h o l i p a s e  A ans  e inem vorgere ln ig~en Bienen-  
gift an Sephadex G 75 (50 × 1,5 em S~ule) in Wasser. Abszisse: Zahl 
der Fraktionen h 2 ml. Ausgezogene Linie: Proteinmenge nach 
Folin-Lowrya Kreuze: Positiver Ausfall des Phospholipase-A-Tests. 
Bei der Ablesung nach 2 rain waren positiv ROhrchen 21-27, nach 
5 rain auch Rohr 29 und schliesslich nach 2 halle weiteren RShrchen 

bis  Nr ,  37. 
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A so s tarke  S~lzl6sungen benu tz t  wurden,  dass die Salze 
in dem ~ t h e r a n s a t z  ausfallen und dadurch  eine e twaige  
Lysolec i th inbi ldung vor t~uschen  oder  verschleiern.  I n  
solchen F~llen mfissen die P roben  durch Ul t r a f i l t r a t ion  
(Kollodiumhiilsen) oder  Gelf i l t ra t ion entsa lz t  werden.  
Natr iumchtor idkr is ta l te  lassen sich al lerdings recht  gu t  
von  dem amorph  aussehenden Lysolec i th in  differen- 
zieren. 

f ract ion is added  to  1 ml  of a 1% solut ion of pur i f ied 
leci thin in e ther  (100 vol) - picoline (10 vol) - 4.5 m m o l  
CaC1, (1 vol). The  presence of phosphol ipase  A is indi- 
ca ted  by  the  appearance  of a t u r b i d i t y  due  to  prec ip i ta-  
t ion of lysolecithin.  The  lag per iod unt i l  p rec ip i ta t ion  
occurs gives an  indica t ion  of the  re la t ive  concen t ra t ion  of 
enzyme  present .  

\ ¥ .  VOGT und H.  STEGEMAI~N 

Summary .  A simple assay is described for phospho-  Medizinische Forschungsanstalt der Max-Planck-Gesell-  
lipase A in chromatograph ic  fract ions.  0.01 ml  of the  scha/t, G6ttingen (Deutschland), 16. Dezember 1953. 

T H E O R I A  

C o m m e n t  on  the  App l i cab i l i t y  of  C o m p a r t m e n t  
T h e o r y  to  I n t e r a c t i n g  B i o c h e m i c a l  S y s t e m s  

Dur ing  the  pas t  two  decades considerable  progress has 
been made  in b iochemis t ry  and in pha rmaco logy  due to 
deve lopment  of the  ' c o m p a r t m e n t  theory '  x-4. The  ma the -  
mat ica l  discussion of the  di f ferent  phenomena  which occur  
dur ing metabo l i sm of drugs or  of b iochemica l  compounds  
p roved  to be useful as a tool of analysis.  

A fundamen ta l  p rope r ty  of l iving organisms is t h a t  
there  exis t  chemical ly  defined c o m p a r t m e n t s  represented 
by  compounds  wi th  ' ca ta ly t ic '  propert ies ,  i.e. compounds  
inf luencing the  react ions  t ak ing  place  in another  com- 
p a r t m e n t - s y s t e m  5 as, for instance,  in the  case of a g iven  
hormone  or  enzyme  which  represents  t he  end-compar t -  
m e n t  of one sys tem of synthes is  and s imul taneous ly  in- 
f luences t he  kinet ic  reaction(s) be tween  two  or  more  com- 
pa r tmen t s  of ano ther  system. 

I f  we express t h i s / a c t  in m a t h e m a t i c a l  t e rms  by  means  
of the  symbols  used in the  c o m p a r t m e n t  theory*,  we can 
designate  t he  compa r tmen t s  of one sys tem Y as 
Y~, Y2 . . . . .  Yn . . . .  , Ym and the  compa r tmen t s  of a second 
sys tem X as x x, x~ . . . . .  x~, . . . ,  xn. The funct ions express- 
ing the  a m o u n t  of metabol i tes  in the  x and in the  y com- 
p a r t m e n t s  are  x = x(t) and y = y(t) respect ively .  The  reac-  
t ions schemes  are then  

h~,,:, h~,~,, 
y~, ~ y~,, and x~, , ~ x~,, 

hn,, n, k~,,~, 

Such systems,  as X and Y, can be solved wi th  a sys tem of 
ordinary l inear different ial  equa t ions  wi th  cons tan t  coeffi- 
cients.  

In  t he  general  case, i.e. if  all  the  c o m p a r t m e n t s  of Y in- 
f luence the  kinet ic  coefficients k of the X system, we m a y  
wri te :  

h~,~,, = / r e '  (Y. Y~ ..... Y,~) 

where the funct ion  / indicates,  in the  s implest  s i tuat ion,  
l inear funct ions of the  y(t) functions.  Such a case would  
be for a set of enzymat ica l ly  control led react ions whose 
rates  are propor t ional  to the  amount s  of react ing enzymes.  

The  solutions of the  sys tem Y are represented  by  mult i -  
exponen t ia l  funct ions of the  t ime.  By  subs t i tu t ing  for 
t he  h the  corresponding ] funct ions,  we ob ta in  a sys tem 
of n l inear  different ial  equat ions ,  bu t  no longer  a sys tem 
wi th  cons tan t  coefficients. This  system, however ,  can be 
solved by  the  classical ana ly t ica l  methods .  

I f  we consider  two  compar tmen t - sys t ems  be tween  
which exis t  such re la t ions  as descr ibed above,  we m a y  
wr i te :  

Y = ~ . X  

where  the  double  ar row represents  the  dependence  of the  
t ransfer  ra tes  of the  sys tem X upon the  funct ions  y(t). 

This  re la t ion can be ex tended  s t ra igh t fo rward ly  to the  
general  case of E compar tmen t - sys t ems  which in te rac t  
one wi th  ano ther  by  a wel l -known and defined set  of 
functions.  I f  the  c o m p a r t m e n t  sys tem X~. of the  sys tem E 
possesses he0 compar tmen t s  the  to ta l  number  of k func- 
t ions of X~ 0 will be  n~. (n, , --  1). 

Because  the  to t a l  n u m b e r  of c o m p a r t m e n t s  of E is 
E 
27 n,, eve ry  h of the  X , .  sy s t em will be expressed as a func- 

t ion of n~ -- n~. funct ions  of the  t ime.  By  subs t i tu t ing  

for eve ry  h of  eve ry  c o m p a r t m e n t  the  cor responding  ex-  
E 

pressions, one obta ins  a sys tem of 27 n, o rd inary  non-l inear  
e = l  

different ial  equat ions  solved for the  der iva t ive .  
Such an in te rp re ta t ion  m a y  p rove  to be useful in 

describing the  in te rac t ion  phenomena  be tween  several  
metabol ic  chains or  be tween  several  endocr ine  glands ; or, 
in general,  in the  descr ipt ion of eve ry  homeos ta t i c  mech-  
anism. 

Riassunto. Viene t r a t t egg i a t a  r i a s sun t ivamente  l ' im-  
pos taz ione  m a t e m a t i c ~  del  p r o b l e m ,  del l ' in teraz ione  fra  
pifl s istemi a compar t iment i .  
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