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SUMMARY 

I. Addition of glucose to Ehrlich ascites tumour cells is able to release partially 
the inhibition by rotenone of the endogenous respiration in the hyperdiploid strain, 
but  has almost no effect on the rotenone-blocked respiration of the hyperdiploid 
Lettr6 mutan t  strain. 

2. Measurements of redox changes of cytochromes b, c and nicotinamide-adenine 
nucleotides in the rotenone-inhibited cells indicate that,  upon addition of glucose, 
(a) a translocation of glycolytic reducing equivalents to themitochondrial cytochromes 
does occur in the hyperdiploid strain and (b) a reversal of mitochondrial electron 
transport  is stimulated by the increase in the glycolytic phosphate potential in the 
Lettr6 mutant .  

3. Analysis of a-glycerophosphate dehydrogenase activity in the two strains 
shows that  the level of this enzyme is low in the hyperdiploid Lettr6 cells and much 
higher (about 20 times) in the hyperdiploid cells. Consequently, upon addition of 
glucose to rotenone-treated cells, ~-glycerophosphate is formed in quantities adequate 
for the operation of the a-glycerophosphate shuttle only in the latter cells. These 
findings suggest that  the operation of the a-glycerophosphate shuttle is mainly 
responsible for the aerobic oxidation of glycolytic reducing equivalents found in 
the wild strain. On the other hand, during glucose breakdown in the presence of 
rotenone only slight differences are found in the lactate accumulation between the 
two strains. 

4. I t  is concluded that  the high rate of aerobic glycolysis in ascites cells cannot 
be dependent, as suggested by other authors, on the lack of a system for the transfer 
of glycolytie NADH to the respiratory chain beyond the first phosphorylation site. 

INTRODUCTION 

The high aerobic glycolysis in tumour cells has been ascribed to the lack of 
systems for the intramitochondrial oxidation of cytosolic reducing equivalents 1-8. 
Among these systems the c~-glycerophosphate shuttle has been extensively studied, 

Abbreviations : H cells, Ehrlich hyperdiploid ascites turnout cells ; H-L cells, Ehrlieh hypero 
diploid Lettr6 ascites tumour cells; TTFB, 4,5,6,7-tetrachloro-2-trifluoromethylbenzimidazole. 

* Postal address: Via Pineta Sacchetta 644, oo 168 Rome, Italy. 
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and a low activity of the cytosolic enzyme involved in this shuttle, the ~-glycero- 
phosphate dehydrogenase, has been considered typical of tumours with high rates of 
aerobic glycolysis (see ref. 4 for review). The observations, however, that in some 
strains of Ehrlich ascites tumour cells ~-glycerophosphate can be produced during 
anaerobic glycolysis 5 or in the presence of rotenone n, and that some rat hepatomas 
can form this glycolytic intermediate from glucose 6-phosphate 7, have suggested a 
re-investigation of the problem. 

In earlier studies 8-11 on Ehrlich ascites cells we observed that glucose reactivates 
by about 30-40 % the endogenous respiration blocked by rotenone in the hyperdiploid 
strain but has almost no effect in the hyperdiploid Lettr6 strain. The glucose- 
dependent respiration of the rotenone-treated hyperdiploid strain was found to 
be sensitive to antimycin A and sulphide. 

In the present work the effect of the addition of glucose to rotenone-inhibited 
Ehrlich ascites cells from the two tumour strains has been further investigated. 
The results obtained confirm that the intramitochondrial transfer of glycolytic 
reducing equivalents, which can be oxidized beyond the rotenone-inhibited site, is 
considerable in the hyperdiploid strain but is negligible in the Lettr6 mutant.  Further, 
this transfer is closely dependent on the operation of the ~-glycerophosphate shuttle 
and does not appear to be a significant factor in the control of the rate of aerobic 
production of lactate in these cells. 

M A T E R I A L S  A N D  M E T H O D S  

Two strains of Ehrlich ascites tumour cells, the hyperdiploid (H) and the hyper- 
diploid Lettr6 mutant  (H-L), were grown in albino Swiss mice. The cells, with- 
drawn 7-8 days after the inoculation, were washed in an isotonic saline medium 
(154 mM NaC1, 6.2 mM KC1, i i  mM sodium phosphate buffer (pH 7.4)) TM and re- 
suspended in the same medium for the experiments. When slightly haemorrhagic, 
the ascitic fluid was freed from haemoglobin by differential centrifugation. Samples 
with gross contamination by erythrocytes were discarded. 

Oxygen uptake was measured polarographically with a Clark oxygen electrode. 
Redox changes of cytochromes b (43o-41o nm) and c (550-54 ° n m )  were measured 
at room temperature in a dual wavelength/split-beam Aminco-Chance spectro- 
photometer. Nicotinamide-adenine dinucleotides were measured at room temperature 
in an Eppendorf photometer with the fluorescence attachment. Excitation was at 
313-366 nm (primary filter), and the emitted fluorescence was recorded at 430-3000 
nm (secondary filter). Lactate dehydrogenase (L-lactate: NAD oxidoreductase, 
EC 1.1.1.27) and ~-glycerophosphate dehydrogenase (L-glycerol 3-phosphate: 
NAD oxidoreductase, EC 1.1.1.8) activities were determined in cell-free extracts 
obtained by Ultra-Turrax (Janke and Kunkel K.G) disintegration at o ° (6 times for 
4 sec) and centrifugation (twice at 16oo × g for 5 rain and once at 26000 × g for 
15 rain). The enzymic activities were measured by following the rate of NADH 
oxidation at 366 nm, in the presence of excess pyruvate or dihydroxyacetone 
phosphate, using an Eppendorf photometer. 

Mitochondria were prepared by the method of KOBAYASHI et al. 13 with slight 
modifications. The respiratory control ratios 14 with succinate and rotenone were 
3.03 and 3.25 for mitochondria from H and H-L strains respectively (average of four 
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experiments) .  ~-Glycerophosphate  oxidase ac t i v i t y  was measured  b y  the  me thod  of 
KADENBACH 1~ in submi tochondr ia l  par t ic les ;  the  par t ic les  were ob ta ined  b y  subjec t ing  
mi tochondr ia  to  Ul t r a -Tur rax  d is in tegra t ion  for 8 periods of 15 sec each, a t  in te rva l s  
of 30 sec. Dur ing  the  d is in tegra t ion  procedure  mi tochondr ia  were he ld  in tubes  im- 
mersed  in an i ce -sa l t  m ix tu re  (about  - -15°) .  

~-Glycerophosphate  and l ac ta t e  were measured  in neut ra l ized  perchloric  acid  
ex t rac t s  b y  enzymic  methods  G. Prote ins  were de te rmined  b y  the  b iure t  me thod  16. 

The 4 ,5 ,6 ,7- te t rachloro-2- t r i f luoromethylbenzimidazole  (TTF]3) was k ind ly  
suppl ied  b y  Dr. R. ]3. ]3eechey of Shell Research  Ltd . ,  Mils tead L a b o r a t o r y  of Chemi- 
cal Enzymology ,  S i t t ingbourne ,  Ken t  (Great  Bri ta in) .  Enzymes ,  coenzymes and 
subs t ra tes  for me tabo l i t e  and  enzymic  ac t iv i ty  de te rmina t ions  were ob ta ined  from 
]3oehringer and  Soehne (Mannheim).  Rotenone  was purchased  f rom K and K Lab.  
Inc.,  Plainview, New York.  All o ther  chemicals  were produc ts  of Sigma (St. Louis) 
or E. Merck (Darmstad t ) .  

RESULTS AND DISCUSSION 

The effect of glucose on rotenone-inhibited respiration 
Fig.  i shows a compar ison of the  effect of IO mM glucose on the  rotenone-  

inh ib i ted  respi ra t ion  in the  two s t ra ins  of ascites cells. In  the  H cells (A) the  add i t ion  
of glucose causes a release of about  30 % of the  endogenous respira t ion,  whereas  in 
the  H - L  cells (B) i t  elicits only  a sl ight  effect (less than  5 % react iva t ion) .  F u r t h e r  
add i t ion  of 25 mM ~-glycerophosphate  causes no effect on H cells and  only a doubl ing 
of the  rotenone- insensi t ive  respi ra t ion  in H - L  cells. Resul ts  for a number  of expert-  
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Fig. i. Polarographic measurements of oxygen consumption in Ehrlich ascites turnout cells from 
normal hyperdiploid (H) and Lettr6 mutant (H-L) strains. Rotenone strongly inhibits endogenous 
respiration in both strains. The subsequent addition of glucose stimulates the respiration in H 
cells (A), but has almost no effect in H-L cells (B). The glucose-induced respiration is then slightly 
increased by ~-glycerophosphate (DL-C(-glycerophosphate, ~-GP) only in H-L cells, o. 3 1111 cell 
suspension, containing 18.2 mg and 17.6 mg dry weight of H and H-L cells respectively, was 
added to 1. 7 ml of isotonic phosphate medium (pH 7.4) (for composition see MATERIALS AND 
METHODS). Temperature, 25 °. The numbers along the traces indicate 02 consumption in nmoles 
per min. 
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TABLE I 
R E A C T I V A T I O N  B Y  G L U C O S E  A N D  ~ - G L Y C E R O P H O S P H A T E  OF T H E  E N D O G E N O U S  R E S P I R A T I O N  I N H I -  

B I T E D  B Y  R O T E N O N E  I N  H A N D  H - L  C ~ L L S  

Ascites cells (5-IO mg dry weight/ml) were treated with io/~M rotenone. O 3 uptake was measured 
polarographically at 25 °. Glucose, io mM; c¢-glycerophosphate, 25 raM. For other conditions 
see Fig. I. Results are expressed as mean 4- S.E. (number of observations). 

Addition % Reactivation 

H cells H-L cells 

Glucose 32.4 ± 1.61 (5) 6.17:6 0.36 (7) 
Glucose + 

a-glycerophosphate 31.2 4- 2.15 (5) lO. 7 4- 0.08 (7) 

a-Glycerophosphate 8.81 4- 0.85 (io) 6.42 4- 0.82 (ii) 
x-Glycerophosphate 4- 

glucose 39.6 4- 4.17 (7) io.i ± 1.16 (8) 

ments of this type are summarized in Table I. The purpose of adding a-glycero- 
phosphate to intact cells was to test the possibility that an exogenous supply of 
this substance could compensate for its deficient endogenous production by H-L 
cells (cf. Fig. 5), and so give a release of the rotenone-inhibited respiration analogous 
to that obtained by glucose addition in H cells. The limited ability of added ~- 
glycerophosphate to stimulate the respiration in the H-L cells may be due to a 
permeability barrier of the ascites cell membrane to this metabolite. This is suggested 
by two observations: (I) the stimulation by a-glycerophosphate of the rotenone- 
blocked respiration in H-L mitochondria (003* at 25 ° = 37.7 ~- 4.0 (5)); and (2) the 
low a-glycerophosphate accumulation inside the H-L cells after they have been 
incubated for different time intervals in the presence of this substance and of anti- 
myein A to prevent its intramitochondrial oxidation (O. DIONISI, G. GELMUZZI, 
T. GALEOTTI AND T. TERRANOVA, unpublished results). 

Redox changes of  cytochromes b, c and nicotinamide-adenine dinucleotides in  rotenone- 
inhibited cells 

Fig. 2 shows steady state changes of cytochrome b (43o-41o m#) in intact 
Ehrlich ascites tumour cells from the two strains. Addition of 6. 7 #M rotenone causes 
oxidation of the pigment in both types of cell, as indicated by the downward deflection 
of the trace. The extent of the oxidation corresponds to lO.2 and 13.7 nmoles/g dry 
weight for H and H-L cells respectively. Subsequent addition of 3-3 mM glucose 
reduces in H cells 75 % and in H-L cells 4 ° % of the cytochrome b oxidized by 
rotenone. The reduction of cytochrome b by glucose in H-L cells is preceded by a small 
oxidation, as observed previouslyn, TM. The further addition of oligomycin (6. 7 
/~g/ml) causes an opposite effect in the two strains : it potentiates the effect of glucose 
in H ceils, but completely reverses such effect in H-L cells. 

This observation suggests that a different mechanism should be invoked for 
explaining the glucose-induced reduction of cytochrome b in the two kinds of cell. 
Oligomycin at the concentration used here inhibits the endogenous respiration by 
about 80 % (81.0 % 4- 1. 7 (II)) and the rotenone-insensitive, glucose-dependent, 

* /~10Jmg protein per h. 
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respiration by about 20 % (2o.8 % ~- 1.3 (12)) in H cells indicating that  the latter 
is loosely coupled. Thus the oligomycin effect in H cells is probably due to reduced 
electron flow through phosphorylation sites between cytochrome b and 0 2. On the 
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Fig. 2. Spectrophotometric measurements of cytochrome b in H and H-L ascites cells. The final 
concentrations o5 cell suspension were 7.15 and 6.84 mg dry weight/ml for H and H-L cells, 
respectively. 

Fig. 3- Spectrophotometric measurements of cytochrome c in H ascites cells. The final cell sus- 
pension concentration was 6.05 mg dry weightiml. 

other hand, as reported previously 11, the oligomycin sensitivity of the cytochrome b 
reduction by glucose in the Lettr6 cells may be attributed to the inhibition of the re- 
versed electron transport induced by the cytosolic phosphate potential (ATP/ADP- Pi) 
generated during the glycolysis. The final addition of the uncoupler TTFB at 6.7 #M 
concentration oxidizes completely cytochrome b in H cells and has obviously almost 
no effect on H-L cells. 

Table II summarizes the effects of oligomycin and TTFB, as well as that of 
other inhibitors of oxidative phosphorylation and glycolysis, upon the reduction of 
cytochrome b induced by glucose in rotenone-inhibited hyperdiploid ascites cells. 
Results with pyruvate are also included in this table. The glucose-induced reduction 
is abolished by TTFB, iodoacetate, fluoride and cyanide, and inhibited nearly 80 % 
by pyruvate and 7 ° % by antimycin A. In the presence of oligomycin the inhibitory 
effects of fluoride and pyruvate is are less evident, whereas that  of iodoacetate is 
unchanged, indicating that the former two agents are unable to block completely 
the availability to the respiratory chain of glycolytic reducing equivalents, as iodo- 
acetate does. 

Measurements of redox changes of cytochrome c (550-54 ° nm) in H cells are 
shown in Fig. 3- After oxidation by rotenone, the glucose addition causes a small 
reduction which is, even for this pigment, potentiated by oligomycin. An oxidation 
of cytochrome c was, instead, observed upon glucose addition to rotenone- or amytal- 
treated H-L cells ll, 19. 

Fig. 4 A shows the response of nicotinamide-adenine dinucleotides to the addition 
of rotenone and glucose to H and H-L cells. In both kinds of cell rotenone causes 
reduction of the coenzyme, which is presumably mainly mitochondrial. The lower 
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TABLE II 

EFFECT OF DIFFERENT AGENTS UPON THE REDUCTION OF CYTOCHROME b INDUCED BY GLUCOSE IN 

ROTENON]E-INHIBITED HYPERDIPLOID CELLS 

6. 7/zM rotenonc was present in all the experiments. Substrates and inhibitors were added before 
(iodoacetate, NaF) or after rotenone at the following final concentrations: 3.3 mM glucose, 
6. 7 pg/ml oligomycin, 6. 7/~M TTFB, 1.7 mM iodoacetate, 16. 5 mM NaF, 3.3 mM sodium pyruvate, 
6. 7 /,g/inl antimycin A and 1. 3 mM KCN. The final dry weight for I ml of cell suspension (H 
strain) in the cuvette was 4-7 mg. The cytochrome b concentration was calculated by using 
Ae (43o-41o n m ) =  18o mM-l.cm -1 (ref. 17). 

Expt. Substrate of inhibitor Cytochrome b 
No. reduction 

(nmoles/g dry weight) 

i Glucose 7.9 
+ oligomycin I 1.3 
+ TTFB o.o 
+ oligomycin + TTFB o.o 

2 Glucose 8.5 
+ oligomycin I 1.9 
+ iodoacetate o.o 
+ NaF o.o 
+ iodoacetate + oligomycin o.o 
+ NaF + oligomycin 5.8 
+ NaF + oligomycin + TTFB o.o 

3 Glucose 5.3 
+ oligomycin lO.9 
+ pyruvate i. i 
+ pyruvate + oligomycin 6. 4 

4 Antimycin A 18.2 
Glucose 8.6 
+ antimycin A 21.1 

5 CN- 23. 7 
Glucose 7. i 
+ CN- 23. 7 

ex ten t  of reduct ion  in H-L  than  in H cells m a y  be due to  the  ini t ial ,  more  h igh ly  
reduced  s t eady  s ta te  of r e sp i ra to ry  carriers,  under  the  condi t ions  of endogenous  
metabol i sm,  in the  former cells (cf. Fig. 2, for cy tochrome b). On add i t ion  of glucose a 
fur ther  reduct ion  is observed,  due to the  format ion  of N A D H  at  the  g lycera ldehyde-3-  
phospha te  dehydrogenase  level, as ind ica ted  b y  the sens i t iv i ty  to iodoace ta te  (not 
shown). The  kinet ics  of the  glucose-induced NAD* reduct ion  are different  in the  two 
strains.  In  H cells a more reduced s t eady  s ta te  of the  coenzyme is reached i m m e d i a t e l y  
af ter  the  add i t ion  of glucose, whereas  in H - L  cells a large ini t ia l  reduct ion  is fol lowed 
b y  a pa r t i a l  reoxida t ion  of N A D H .  As shown in Fig. 4 B, the  phase of r eox ida t ion  in 
H - L  cells is abol ished b y  50 mM sodium oxamate .  This  subs tance  inhibi ts  l ac t a t e  
fo rmat ion  b y  compet ing  wi th  p y r u v a t e  for l ac ta te  dehydrogenase  2°. The biphasic  
response of N A D H  in H - L  cells may,  therefore,  be due to  i ts accumula t ion  in the  
cytosol  and  subsequent  pa r t i a l  reoxida t ion  only  at  the  l ac ta te  dehydrogenase  level 
b y  py ruva te .  On the other  hand  this  t ype  of response would be absent  in H cells, 
where reducing equivalents  can also be quickly  reoxidized b y  an act ive  shut t le  
mechan i sm opera t ing  between cytosol  and  mi tochondr ia .  

These resul ts  s t rongly  suppor t  the  earl ier  conclusions on the  different  effect 
exer ted  b y  the  glycolyt ic  react ions  on the  ro tenone- inh ib i ted  r e sp i r a to ry  chain  in 
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Fig. 4. Fluorimetric recordings of the redox changes of nicotinamide-adenine dinucleotides 
induced by rotenone and glucose in H and H-L ascites cells, in the absence (A) or presence (B) of 
sodium oxamate. The final cell-suspension concentrations were 4.73 (H) and 6.02 (H-L) mg dry 
weight/ml. The numbers along the traces represent arbitrary units (mm]mg dry weight) and refer 
to the increment of fluorescence intensity produced by each treatment. 

the  two s t ra ins  of ascites cells 9 11. In  H - L  cells the  low efficiency of a sys tem for the  
in t r ami tochondr ia l  t rans loca t ion  of g lycolyt ic  reducing equiva lents  makes  i t  possible 
for the  g lycolyt ic  phospha te  po ten t i a l  to exer t  a direct  control  on the  o x i d a t i o n -  
reduct ion  s ta te  of the  mi tochondr ia l  electron t r anspor t  chain.  On the  o ther  hand,  in 
the  H cells this  control  is exer ted  b y  the  glyeolyt ic  redox po ten t i a l  ( N A D + / N A D H  
ratio) th rough  an act ive shut t le  mechanism for the  aerobic ox ida t ion  of cytosol ic  
N A D H .  

Activities of lactate dehydrogenase, ~-glycerophosphate dehydrogenase and =-glycero- 
phosphate oxidase 

Analys is  of l ac ta te  dehydrogenase  and =-glycerophosphate  dehydrogenase  
act iv i t ies  (Table III) in cell-free ex t rac t s  from the two types  of cell shows tha t ,  
whereas  for the  lac ta te  dehydrogenase  enzyme the ac t i v i t y  is only  1. 5 t imes  higher  
in H cells t han  in H - L  cells, for a -g lycerophospha te  dehydrogenase  i t  is more than  
20 t imes  h igher  in the  former cells*. Consequent ly ,  the  l ac ta te  dehydrogenase/=-  
g lyee rophospha te  dehydrogenase  ra t io  appears  to be 15 t imes  higher  in the  H-L  

* The activities of lactate dehydrogenase ill the two strains and that of a-glycerophosphate 
dehydrogenase in H cells are comparable to those found in normal rat liver: lactate dehydrogenase, 
280.2 ± 29.8 (4); a-glycerophosphate dehydrogenase, 34.5 -L: 4.2 (4); lactate dehydrogenase/ 
~-glycerophosphate dehydrogenase ratio, 8.2 4- 0. 7 (4). 
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TABLE I I I  

C O M P A R I S O N  O F  C Y T O S O L I C  A N D  M I T O C H O N D R I A L  E N Z Y M I C  A C T I V I T I E S  I N  H A N D  H-L C E L L S  

Enzymic activities, expressed in /~moles/h per mg protein, were determined as described in 
MATERIALS AND METHODS. The values represent the means ~: s tandard error of mean; number  of 
observations in parentheses. 

Ehrlich Lactate oc-Glycerophosphate Lactate o:-Glycerophosphate 
ascites cells dehydrogenase dehydrogenase dehydrogenase/ oxidase 
(strain) ot-glycer op hos p hate 

dehydrogenase 

H 3Ol.2 4- 29.8 ( 1 5 )  31.3 ± 3-3 ( 1 5 )  I I . 2  -~- 1.8 ( 1 5 )  O"251 :~ 0"033 (5) 
H-L 200.4 -4- 14.7 (15) 1.36 :L o.13 (15) 167.1 -- 21.8 (15) 0.477 :L o.o51 (5) 
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Fig. 5. o¢-Glycerophosphate (~-GP) and lactate production upon addition of glucose to H and H-L 
ascites cells inhibited by rotenone. At  t ime = o the cells were treated with io /~M rotenone. The 
glucose addit ion is indicated by the arrow. Erlenmeyer flasks containing 2o-25 ml of cell suspension 
were incubated at  25 ° under air tension in a Dubuoff shaker. Samples (i ml containing 25-3 o mg 
dry weight cells) were withdrawn at intervals. The samples were added to the same volume (i ml) 
of 6 % (w/v) ice-cold perchloric acid and centrifuged. The neutralized extracts were assayed 
enzymically as described in ref. 6. The vertical lines represent twice the s tandard error of the mean 
of 6-  7 experiments. 

cel ls  t h a n  in  H cells. F r o m  t h e s e  r e s u l t s  i t  is poss ib le  to  i n f e r  t h a t  t h e  l a ck  of t h e  

g l u c o s e - d e p e n d e n t  r e s p i r a t i o n  in  r o t e n o n e - i n h i b i t e d  H - L  cells  is l a r g e l y  d u e  t o  t h e  

low a c t i v i t y  of ~ - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e .  T h a t  t h e  r a t e - l i m i t i n g  f a c t o r  in  

t h e  o p e r a t i o n  of t h e  ~ - g l y c e r o p h o s p h a t e  s h u t t l e  in  H - L  cells is r e p r e s e n t e d  b y  t h e  low 

a c t i v i t y  of t h e  ' s o lub l e '  e n z y m e  is a lso s u p p o r t e d  b y  m e a s u r e m e n t s  of t h e  a - g l y c e r o -  

p h o s p h a t e  o x i d a s e  ( L - g l y c e r o l - 3 - p h o s p h a t e  : c y t o c h r o m e  c o x i d o r e d u c t a s e ,  E C  1.1.2.1) 

a c t i v i t y  in  t h e  m i t o c h o n d r i a  f r o m  t h e  t w o  s t r a in s .  As  s h o w n  in  T a b l e  III ,  t h i s  f lavo-  

e n z y m e  is e v e n  m o r e  a c t i v e  in  H - L  t h a n  in  H cells. 
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a-Glycerophosphate  and  lactate f o r m a t i o n  by glucose i n  ro tenone- inhib i ted  cells 

Fig. 5 shows the s teady state changes of c,-glycerophosphate (A) and the lactate 
accumulat ion (B) in the two strains upon addit ion of glucose to ro tenone- t reated 
cells (at t ime zero). The product ion of c~-glycerophosphate, as expected, is very small 
in the H-L cells, whereas in H cells it  is appreciably higher, a value equal to twice the 
initial,  endogenous level being a t ta ined within 2 rain of the addi t ion of glucose. 
However, as shown in Fig. 5B, the greater efficiency of the a-glycerophosphate 
shutt le  in H cells has only a slight influence on the rate of lactate formation in these 
cells. Indeed this product  accumulates  in almost equal amounts  in the two strains. 

From the results obta ined in this work it is possible to conclude tha t  the high 
rate of aerobic lactate product ion in Ehrlich ascites tumour  cells is largely independent  
of the abi l i ty  tha t  these cells have to reoxidize glycolytic NADH in the mitochondr ia  
beyond the first phosphorylat ion site. 
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