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The DPN content of mitochondria isolated 

from ascites.tumour cells treated with a carcinostatic ethyleneimine 

Carcinostatic ethyleneimines inhibit the glycolysis of tumours under conditions in 
which respiration is little affected x,*. This inhibition of glycolysis has been shown 
to be due to a marked decrease in the DPN + content of the cells, probably brought 

T A B L E  I 

D P N *  CONTENT OF ASCITES CELLS AND TOTAL DPN CONTENT OF ASClTES-CELL mTOCHONDRIA 
ISOLATED FROM T R E N I M O N - T R E A T E D  A N D  CONTROL CELLS 

Ehrlich ascites cells from 15-2o mice were collected in Ioo ml o.9 % NaC1 plus t mM EDTA (pH 7) 
and washed free from ascites serum and e ry throcytes  by  centr i fuging 2 or 3 t imes  a t  low speed 
a t  room tempera tu re  in Ringer solution.  The cells were then  taken  up to  25o ml in Ringer-- 
bicarbonate buffer which had been equil ibrated wi th  5 % COa-'95 % O~ (final p H  7.4) and dis- 
t r ibutcd  between four 3oo-mi er lenmeyers  (4 t imes  6o ml) and  shaken in it Warbu rg  ba th  at  37 ° 
under cont inuous gassing. Mter  t o - t 5  rain. 6 ml of a freshly prepared Tren imon solution ( t .o  g/l 
R inge r -b i ca rbona te  in E.xpt, 3 att<l o.5 g/l in other  experiuleuts)  and o.0 ml 4 ° O~/o glucose were 
rapidly added to  cr lenmeyers R and -', while 6 ml Ringer-- b icarbonate  and 0,6 ml 4 ° % glucose 
were added to et lenmcyers  3 and 4, The incubat ion was cont inued under  cons tan t  gassing until  
definite inhibition of aerobic glycolysis, which was tuea~zred semi -quan t i t a t ive ly  by  manomet ry ,  
was 9bserved. The cells were then rapidly cooled to o ° and  left a t  t ha t  t e m p e r a t u r e  during all 
subsequent manipulat ions.  Trcn imon- t rea ted  and control  cells were t rea ted  ident ical ly and, where 
possible, 'handicd simultaneously,  The  cells were centr i fuged a t  high speed, t aken  up in two lots 
o! ,15 ml o. 25 M sucrose, and resuspended by  hand with  the  aid of a Pot ter - -Elvehjem homogenizer.  
Samples (3 nil) were removed for D P N  + de te rmina t ion  and kept  in ice. The cells were recentrifuged 
a t  high speed and af ter  discarding the  superna tan t ,  mi tochondr ia  were prepared  in 0.25 M sucrose 6, 
using the Servall  au toma t i c  refr igerated centrifuge for dil terential  centr i fugat ion.  At the momen~ 
tha t  the cells were homogeni-~ed the  corresponding sample  for DPN ÷ de t e rmina t ion  was de- 
protein,lzed by  adding o,5 mi 4 ° ?g tr ichloroacetic  acid. In Expts ,  2, 3 and 4 the  mi tochondr ia l  
preparat ion was incubated with o.2 mM 2,4-dinitrophenol, 5 mM nicot inamide  and o.ol  M phos- 
pha te  buffer (pH 7.4) for 5 miu a t  room t empera tu re  to  conver t  the D P N H  present  in the prepa-  
rat ion into I )PN * (cf, ref. 7) af ter  which 4 ° % tr iehioroacet ic  acid was added to  a final concen- 
t ra t ion  of 4 %. In Expt ,  t this pre incubat ion was omi t t ed  and the tr ichloroacet ic  acid was added 
at  once, I )PN + was determined in the  neutralized acid ex t r ac t s  in e i ther  of two ways:  In  the  
cell ex t rac t s  DI 'N  * was determined in duplicate  in a react ion mix ture  conta in ing 4 % ethanol 
and o.1 M Tris ace ta te  bulier (pH 1o.1). The DIJN4 conten t  of the sample  was calculated f rom 
tile absorbancy change af ter  addi t ion of }'east alcohol dehydrogenase  (EC I, I. I. t), measured with  
an  Eppendorf  pho tome te r  a t  3~0 ml~, In the  mi tochondr ia l  ex t r ac t s  of Expts .  3 and 4 the same 
proct,~lure was followed lint readings were. made on a Zeiss spec t ropho tomete r  a t  34 ° m # ,  in  
Expts,  t and z the  I ) I 'N  ~ content  of the  mitochondrial  ex t r ac t s  was determined by  an e n z y m i c -  
fluorometric methud  ~. Readings were made on the Eppendor f  pho tomete r  with f luorometric  a t t ach-  
meat ,  Protein was determined by  the  biuret  method wi th  egg a lbumin as s t andard  ~. Packed 

cell volumes were es t imated  wi th  a Kafka  tube. "l 'renimon was obta ined  f rom Bayer  A.G. 

E . t p t .  

g ~ 3 4 

f~lcuk, l/iml l e i th  'rrolo~um ( ~P* in  ~ ..~ ~ t~. ¢ .~t ~8 

ll'h,de cells : 
DPN ~ (l~molcs/ml packed cells) - -  o . z o  o . z  3 o.t  3 o.~o 
DI~N ~ (/imoles!g pr . te in)  .... z.6~i I. 74 i. ! 4 I 73 
l ) l 'N ~ (/qmolcs/g protein! + o . , o  o. 15 o.oO 0.44 
Change (%) ---8o - -o l  --05 --75 

,1 l itt, choudria  : 
I) PN (~ltuoles/g protein) - -  1.8 2.2 4.2 (J. 2 
I )PN (/m~oles/g protein) + t .9 2. i 2.9 5,3 
Change (%) + 0  --4 --31 - - t 4  

.kbbreviation : Trenimon, 2,3,5-tris(ethyleneinfino)-1,4-benzoquinone. 
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about by  an inhibition of DPN synthesis s. The fact that respiration is not inhibited 
could be explained in two ways: 

(a) The oxidation of endogenous substrates (mainly fat) requires very little DPN. 
(b) The decrease in cellular DPN + is due to a decrease of extramitochondrial 

DPN +, while the mitochondrial DPN + is little affected 4. This would imply that  the 
membrane of ascites-tumour mitochondria is relatively impermeable to DPN not only 
in vitro, as demonstrated previously 5, but in the intact  cell as well. 

Support for the second possibility has now been obtained in exveriments summa- 
rized in Table I. Ascites cells were aerobically incubated in Ringer-bicarbonate in 
the presence of Trenimon, a new ethyleneimine which has an effect on tumours similar 
to t ha t  of the other ethyleneimines studied in this laboratory (for a summary, see 
ref. 8). After inhibition of glycolysis had set in, the DPN + content of the cells and 
the total  DPN content of mitochondria isolated from them were determined and 
compared with corresponding values of untreated controls. I t  is clear from tile results 
that  the mitochondrial DPN content is little affected even though the DPN + content 
of tile whole ceils decreases 75-~5 %. 

lO-15 % of the total DPN pre,~ent in ascites cells is located in the mitochondria 
(cf. refs. 9 and IO). Thus, a 9 ° % decrease in the total DPN content of ascites cells 
is equal to a complete disappearance of DPN from the extra-mitocltondrial com- 
partment.  WI,ether this has acttlally been reached in our experiments cannot be 
calculated since we have measured only DPN +, and not the total .DPN in the whole 
cells. However, an estimate can be made from the few observations reported in the 
literature. In ascites cells incubated mlacrobically with A 139 [2,5-bis(methoxy- 
ethoxy)-3,6-bis(ethyleneimino)-i,4-benzoquinone ] SCRIBA n found a decrease of 71% 
in the total  DPN content while the DPN + content decreased 80 o,, In addition HILZ / O  " 

et al. 12 mention that  the fall in DPN + content after irradiation of ascites cells is also 
accompanied by a fall in the DPNH content. It seems probable therefore that  in 
our Expts. 1-3 practically all the DPN + left in the cells after incubation with 
Trenimon must have been in the mitochondria. 

Our results provide an explanation for the biphasic curve obtained by HILZ et al. 12 
for the loss of DPN + in ascites cells treated with Trenimon under aerobic conditions. 
Within the first zo min, 80-85 % of the DPN is lost and the sub:,equent loss of DPN+ 
proceeds slowly at a rate less than one-tenth of that  observed in the first 20 min. 
I t  seems reasonable to conclude l hat the rapid phase represents the loss of DPN + 
from the extra-mitochondrial compartment while the slow phase represents the slow 
leakage o f  DPN + from the mitochondria. If this interpretation is correct a more 
extensive analvsi., of the slow phase of DPN loss might give some information on 
the rate of turnover of mitochondrial DPN in intact ascites cells. 
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