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From a study of the metabolism of radioactive sugars by tobacco leaf disks PORTER 
AND MAY 1 concluded that  when starch formation is induced by introducing hexoses 
or sucrose into the cell in sufficient quanti ty the starch and the carbon dioxide (COl) 
simultaneously formed in the dark derive from'a common pool formed from the sugar. 
Formation of this pool requires equilibration of the fructose and glucose structures, 
since these contribute in equal measure to both starch and CO 2 when sucrose or 
invert sugar are substrates. Coupled with the well known fact that  synthesis of 
sucrose from hexose or of starch from sugar in the dark, by leaf tissue depleted of 
carbohydrate,  requires the presence of oxygen, these observations might be explained 
by assuming that  an equilibrium mixture of the phosphorylated hexoses provided 
the common pool of material. Oxygen might then be required for the coupled re- 
actions leading to phosphorylation of free sugar. If this were so then starch formation 
and presumably glycolysis should proceed in the absence of oxygen if sugar phos- 
phates were provided as substrates. Such a hypothesis cannot be tested directly 
because these esters will not penetrate the cell (PORTER2). An alternative means would 
be the use of an uncoupling reagent designed to restrict phosphorylation of free sugars 
after they had entered the tissue. The result should be first, inhibition of starch 
formation, followed by inhibition of CO o output if the further supposition of PORTER 
AND MAY 1 is correct that  respiration requirements are preferentially met before starch 
synthesis occurs. I t  is widely stated (SEATER 3) that  2:4 dinitrophenol (DNP) un- 
couples the oxidative phosphorylation accompanying the operation of the terminal 
oxidase system. Accordingly the effects of DNP upon respiration and utilization of 
carbohydrate by tobacco leaf disks have been studied, using both starch-containing 
disks and starch-free disks supplied with sucrose. 

The results are consistent with the hypothesis that  phosphorylation of free sugar 
is the first step in its incorporation into the cycle leading to starch synthesis, but 
they are by no means definitive. Moreover they show that  the action of DNP on 
leaf disks has features differing from those reported for other tissues, and suggest 
that  the pathway of sugar utilization in this system may be more ccmplex than 
formation of a hexose phosphate pool, with subsequent synthesis of starch and 
oxidation of sugar by routes depending on accepted enzyme mechanisms. A brief 
account of these experiments has been presented to the Biochemical Society 4. 
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MATERIAL AND METHODS 

Tobacco  p l an t s  were grown u n d e r  the  condi t ions  described by  PORTER AND MARTIN 5. Leaf  disks, 
I cm  diameter ,  were cu t  f rom fully e x p a n d e d  leaves on t he  p lan t s  e i ther  af ter  a period of exposure  
to l ight ,  w h e n  s t a rch  c o n t e n t  was  high,  or a f te r  a period of da rk  to deplete  t h e m  of s t a rch  and  
sugar .  Samples  of x2 disks  were floated on I or 2 ml  of wa te r  or  5 % sucrose so lu t ion  and  o x y g e n  
u p t a k e  was  de t e rmined  over  24 hou r  periods a t  25 ° C and  in an  a t m o s p h e r e  of oxygen,  u s ing  
the  W a r b u r g  technique .  The  to ta l  ca rbon  dioxide (CO2) evolved by  each  sample  was re leased  
f rom the  ca rbona te  in t he  cen t re  wells of the  W a r b u r g  flasks and  i ts  v o l u m e  m e a s u r e d  us ing  
t he  a p p a r a t u s  des igned by  RUNECKLES s. S tarch  and  suga r  con ten t s  of t he  disks  were also est i-  
ma ted .  The  effect upon  m e t a b o l i s m  of D N P  was s tud ied  by  add ing  to t he  flasks app rop r i a t e  
a m o u n t s  of D N P  to  produce  t he  desired range  of concen t ra t ions  before in t roduc ing  t he  leaf disks.  
W h e n  rad ioac t ive  sucrose was  used as subs t r a t e  t he  s ta rch  formed was  isolated for c o u n t s  of 
ac t iv i ty  a n d  the  suga r s  sepa ra ted  by  paper  ch roma t og raphy .  The  aqueous  ex t rac t s  p repa red  f rom 
the  e thano l  e x t r a c t  of disks were m a d e  to 5 or  IO ml  if sugars  were e s t ima ted  chemica l ly  w i t h o u t  
separa t ion ,  and  to 2 ml  for separa t ion  on paper .  The  t r e a t m e n t  of the  leaf disks and  ana ly t i ca l  
p rocedure s  were those  described by  PORTER AND MAY 1. 

Preliminary experiments 
T h e  effects of oxygen  tens ion  and  sucrose concen t ra t ion  on respira t ion and  s t a rch  syn thes i s  were 
d e t e r m i n e d  us ing  samples  of six s tarch-f ree  disks floated on I ml of sucrose solut ions.  One series 

of resul ts  is presented  in Fig. i. Increas ing  oxygen  

800 

606 

40C 

. •  2oc 

Q. o 

~ 1000 

BOO 

600 

400 

200 

O 

~ . ,  C0a 
/ ~ x - -  . . . .  x 

20 40 60 / 1o0 

/ . . . . . . . . . .  

~lw I I I 
1 5 10 

Sucrose concentrotion 

Fig.  I. Effects  upon  suga r  a c c u m u l a t i o n , .  
s t a r ch  format ion ,  and  CO t o u t p u t  b y  
tobacco  leaf d isks  of (a) o x y g e n  tension 
wi th  5 % sucrose,  (b) sucrose  concen t ra -  
t ion  wi th  roo % oxygen .  ST. to ta l  sugar ,  
sucrose,  f ruc tose  and  glucose. Condi t ions  

as set  ou t  in t ex t .  

(02) tens ion (a) led to increased s tarch  fo rmat ion  and  
CO 2 o u t p u t  up to 80% O z . Sugar  accumula t ion  
increased rapidly  up  to 4o% O z and  then  slowly. 
The  par t icu la r  expe r imen ta l  condi t ions  used here 
p robab ly  account  for the  fact  t h a t  respira t ion and  
s t a rch  fo rmat ion  cont inued  to increase unt i l  the  gas  

200 e n v i r o n m e n t  was a lmos t  comple te ly  O s (c[. JAMEST). 
The  disks are kep t  in con tac t  with  the  sucrose solut ion 

100 by  the  shak ing  of the  W a r b u r g  flasks and  conse- 
quen t l y  access of 0 2 is ma in ly  f rom solut ion and  so 

0 ~ is readi ly  l imited by  the  low solubil i ty.  Increas ing  
the  concen t ra t ion  of sucrose suppl ied (b) increased 
s t a rch  fo rmat ion  and  CO 2 o u t p u t  up  to 2.5 % sucrose, 

i b u t  sugar  accumula t ion  con t inued  to increase up to 
lO% sucrose. In  the  absence of sucrose subs t r a t c  
the  respira t ion quo t i en t  (R/Q) calcula ted  f rom the  

~ ,  to ta l  gas  exchange  in 24 hours  was  o.78. The"value  
rose wi th  increasing sucrose concen t ra t ions  and  
reached a m a x i m u m  of I.oz a t  2 .5% sucrose. It  is 
concluded t h a t  sucrose compe ted  successful ly  with 

200 the  non -ca rbohydra t e  subs t r a t e  util ized in its absence.  
and  displaced th is  subs t r a t e  more  effectively as the  

100 ex te rna l  concen t ra t ion  is increased,  unt i l  at  abou t  
2.5 % sucrose, suga r  becomes  the  sole respi ra tory  

0 subs t r a t e  (el. PORTER AND MAyI). 
SIMON AND BEEVERS 8 have  d rawn  a t t en t ion  to 

the  fact  t h a t  t he  a m o u n t  of a weak acid en te r ing  a 
cell is dependen t  upon  p H  and  t h a t  for m a x i m u m  
en t ry  it  is desirable to have  a h igh  propor t ion  of 
undissoc ia ted  molecules.  The  range  of D N P  concen-  
t r a t ions  used was f rom xo-VM to 5 . x o - 4 M  and  
consequen t ly  the  sucrose solut ions were buffered with 
2. i o - 3 M  ace ta te  a t  p H  4.6, in order to control  the  
dissociat ion of DNP.  Low buffer  concent ra t ions  are 
necessary  because t he  presence of sa l ts  in concen- 

t r a t ions  above  a b o u t  xo -SM in t he  ex te rna l  solut ion depresses s t a rch  fo rma t ion  (PORTER2). 
The s t a n d a r d  expe r imen ta l  condi t ions  were therefore  12 leaf disks, i cm  d iamete r  (dry 

weight  x 4 to  20 rag) in 2 ml  of 5°/o sucrose  so lu t ion  (or water)  a t  p H  4.6 in 2. I 0 - 3 M  ace ta te  in 
an  a t m o s p h e r e  of O s a t  25 ° C, for 24 hours .  T he  condi t ions  were modified only  by  add i t ion  of 
appropriate amounts  of DNP .  

Reterences p. xo8. 



lO2 H. I~. PORTER, V. C. RUNECKLES VOL. 20 (z956) 

" RESULTS 

Oxygen consumption and carbon dioxide output 

The Oz consumption of starch-free disks supplied with sucrose at four DNP concen- 
trations is shown in Fig. 2. In the absence of DNP 0 2 uptake increased for 8 to IO 
hours as the sucrose penetrated across the disks, after which a steady state was 
reached. At 5" I0 -SM DNP an increased rate of uptake was established during the 
first hour, followed by a further increase presumably due to increasing sugar content 
up to about 8 hours, after which a steady state above that of the control samples 
was maintained. At 2. Io-4M and 5" Io-4M DNP there was also an initial increase 
in uptake but this was quickly followed by a fall to a new steady state or at 5" Io -4M 
to nearly zero. At the higher concentrations therefore there is progressive damage 
to the respiratory system. 
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Fig. 2. Hour ly  u p t a k e  of oxygen  by  tobacco 
l ~ f  d isks  in the  presence of DNP.  Con- 

d i t ions  as set  ou t  on p. xoi .  
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Fig. 3. Oxygen  u p t a k e  in 2 4 hours  by  tobacco leaf 
disks  in the  presence of DNP.  i ,  2, 3 = Starch-free 
disks  f loated on sucrose. 4, 5 = Starch-free disks  
f loated on water .  6, 7 = S ta rch-con ta in ing  disks  
f loated on water .  Condi t ions  as set  out  on p. lOl.  

With starch-containing disks or starch-free disks not given a sucrose substrate, 
the rates of O, uptake in the absence of DNP were constant or fell slightly throughout 
the 24 hour period. The effects of DNP were similar to those illustrated in Fig. 2 
but superimposed on a constant and not a rising respiration rate. It  is clear therefore 
that low concentrations of DNP increased respiration rates, but at higher concen- 
trations it was progressively inhibited. The mean effects over 24 hours for seven 
experiments are shown in Fig. 3. Curves I, 2 and 3 are for starch-free disks supplied 
with sucrose, curves 6 and 7 for starch-containing disks, and curves 4 and 5 for disks 
without carbohydrate substrate. All three types of disks responded in a similar 
manner to DNP. Oxygen consumption was enhanced at low concentrations, and a 

Re#fences p. Io8. 
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max imum was reached between lO -5 and Io-4M.  At higher concentrat ions it was 
inhibited and finally suppressed. The respiration rate in the absence of D N P  for the 
three experiments in which disks were supplied with sucrose were v e r y  different and 
reflect differences between plants, leaf age and such factors not here controlled. 
There was also a considerable difference for the two experiments with starch-con- 
taining disks, but  in the absence of carbohydrate  substrate the two experiments 
recorded showed less variation. The increased respiration induced by  D N P  did not 
appear  to be closely related to the basic rate, and was of the same magni tude for 
disks without  carbohydrate  substrate as those supplied with sucrose but  for starch- 
containing disks the mean value was double tha t  for the other two types. The basic 
rates and m a x i m u m  increases due to D N P  are shown in Table I. 

TABLE I 
M A X I M U M  I N C R E A S E S  OF O X Y G E N  U P T A K E  B Y  TOBACCO L E A F  D I S K S  IN P R E S E N C E  OF 2:4 D I N I T R O P H E N O I .  

Maxima between io -5 to 8. Io-SM DNP (see Fig. 3). Standard conditions as set out on p. ioi. 

01 oxygen/I2 disks24kours 

Sucrose Starch Carbohydrate None 
substrate 

No D N P  Increase No DNP Increase No D N P  Increase 
DNP  DNP D N P  

4.* 6/ 7•54. 856 I447 59I 3- 4112/53 . I158 1789 631 6. 3/3154. 698 I44o 792 
5- 31/I2[54 • 884 1264 380 2.101 5/54" 2112 2542 43 ° 7. IO[3/54. 1206 2409 1203 

I. 6[ 7[54" 2668 2987 319 
Mean increase . 485 460 997 

* Numbers are those of curves of Fig. 3. 

The similarity of the response to D N P  of disks without  carbohydra te  substrate 
and those supplied with sucros, e together with the observation (see Fig. 2) tha t  
increased 0 2 uptake  was manifested during the first hour  while increases due to 
sucrose persisted for 8 hours or more suggest tha t  non-carbohydra te  material  may  
supply the substrate for the extra respiration in the presence of DNP. The much 
greater response when starch was the substrate might  then be explained by supposing 
tha t  such material  was present in greater amounts  in leaves tha t  had not  been sub- 
jected to the ra ther  long periods of darkness necessary to remove starch before cut t ing 
the disks. Some support  for this view comes from calculations of R/Q from the total  
gas exchange in 24 hours. In  the absence of carbohydrate  the R/Q is about  o.75 
and the value remained unchanged at all D N P  concentrations. When either sucrose 
or starch were substrates all values were a little greater than  I.O with a mean of 
about  I.O3. As the max imum CO s output  was reached the R/Q began to fall and 
over the inhibitory phase fell to  0.85. There is therefore evidence of a change in 
the substrate for oxidation consistent with the increasing use of non-carbohydrate  
substrate,  at  a lower level of oxidation. 

PORTER AND MAY 1 have shown in similar experiments tha t  when radioactive 
sugars are supplied the relative specific act ivi ty of the evolved COt is equal or nearly 
so to tha t  of the sugar substrate  and concluded therefrom tha t  in the presence of 
sugar, oxidation of non-carbohydra te  material  was suppressed. If  therefore increasing 
concentrat ion of D N P  progressively inhibits the Use of sugar, the al ternative sub- 
strate might  compete successfully for the respiratory centres and  specific act ivi ty  

Re/erences p. xo8. 
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of CO o would fall. The total activity moreover should show if sugar consumption 
was restricted. 

The results of an experiment in which sucrose uniformly labelled with 14C was 
supplied are presented in Fig. 4. Over the range of DNP concentrations at which 
CO= output is rising both total activity and relative specific activity fall, and the 
falls are maintained over the inhibitory range; so that at Io-4M DNP by calculation 
from the activity data the proportion of CO= derived from sugar has fallen to 54%. 
It is recognised that the curves of activity show rather large fluctuations, but it 
seems at least justified to conclude that in the presence of DNP sugar consumption 
is not increased, and that some CO o derives from an unlabelled substrate. 
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Fig. 4. Ou tpu t  and relative total  and specific 
activities of CO 2 evolved by  tobacco leaf disks 
floated on sucrose uniformly labelled with 14C 
and in presence of DNP.  Conditions as set out  

on p. IOi. 

Chemical analyses 
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Fig. 5. Loss of starch and sugar, and CO= ou tpu t  
of  tobacco leaf disks f loated on water  for  2 4 
hours, in presence of  DNP.  I n i t i a l  starch con- 
ten t  284 /Jg/disk, sugar  content  86 t~g/disk. 

Conditions as set out  on p. IOI. 

The losses of starch and sugar from leaf disks and the CO, output calculated as 
hexose on the assumption that it is derived from starch (see p. IO3) are presented 
in Fig. 5. The data are from the experiment whose 00 uptake is recorded in curve 4 
of Fig. 3. The initial starch content was 248 t~g per disk and total sugar 86 v-g per 
disk. In the absence of DNP about half the starch was lost in 24 hours at 25°C 
and there was a small increase in sugar content. At low DNP concentrations the 
loss of starch corresponded reasonably well with the carbon dioxide output and 
starch was obviously the main respiratory substrate. As COo output rose however 
the starch loss did not rise also but became increasingly inhibited between io-SM 
and IO-4M and then rapidly prevented. At low DNP concentrations there was a 
small loss of sugar followed by loss of virtually all the sugar over the range at which 
starch loss was strongly inhibited. The increased loss of sugar was not sufficient to 
account for the extra CO o , so that the chemical data here lead to the same conclusion 
as the data for gas exchange, namely that DNP stimulates oxidation of non-carbo- 
hydrate substrate. 

Re#rences p. lO8. 
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The amounts of starch formed and of CO 2 evolved when sucrose was the substrate 
are shown in Fig. 6 (b) as mean values for three experiments (c/. curves I, 2 and 3. 
Fig. 3). There was progressive inhibition of starch formation and at concentrations of 
• about lO -4 DNP it was prevented. I t  is clear 
that  the reduced formation of starch was ac- 

• companied by a rising CO~ output, but taking 
account of the gas exchange and radio activity 
data already set out it is unlikely that  this 
inverse relation can be interpreted as a simple 
diversion of sucrose from synthesis to oxida- 
tion. The amounts of sugar accumulated in 
tile disks not treated with DNP averaged 
704 t~g per disk and at the high concentrations 
of DNP 414 t~g per disk. Both values are large 
compared with amounts of sugar normally 
found, usually about IOO t~g per disk. Over the 
range of DNP concentrations used therefore 
there was present in the cell a relatively large 
amount of free sugar, so sugar supply probably 
does not at any time limit either starch syn- 
thesis or respiration. 

The effects of DNP upon sucrose uptake 
and sugar accumulation in leaf disks are shown 
in Fig. 6 (a), calculated as percentages of con- 
trol values. I t  has not been possible from such 
data to define precisely the'~ate of all the suc- 
rose entering the disks and so determine the 
effect of DNP on sugar utilization directly as 
has been done for starch. Of the IOO mg of 
sucrose supplied under the standard conditions 
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Fig. 6. (a) Loss of sugar from externM so- 
lut ion (E.S.) and  a c c u m u l a t i o n  of sugar 
in leaf d isks  (I.S.). ( b ) C O  m o u t p u t  and  
s ta rch  fo rma t ion  when  s ta rch- f ree  tobacco 
leaf d isks  are f loated on 5 %  sucrose for 
24 hour s  in the  presence  of DNP.  Mean 
va lues  for th ree  exper iments .  Condi t ions  

as set  ou t  on p. xoi.  

~ t  
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uptake in the absence of DNP for three experiments was 1392, lO78 and 1917 t~g 
per disk. Of these rather variable amounts (see also Table I) 4 ° to 5o% accumulated 
in the disks as sucrose, fructose and glucose; 25 to 30% appeared as starch and CO s 
leaving unaccounted for about 25 %. The estimates of both uptake and the undeter- 
mined fraction are subject to undesirably large errors as small differences from the 
initial IOO mg of sucrose, and thus must be somewhat uncertain. In the earlier 
experiments of PORTER AND MAY 1 the recovery was somewhat better. Bearing this 
in mind it is tentatively concluded that  both sucrose uptake and accumulation were 
not materially affected by concentrations of DNP up to Io-SM, but at high concen- 
trations both processes were increasingly inhibited. The unidentified fraction also 
remained constant up to Io-SM, but decreased at high concentrations and may have 
disappeared. Sugar utilization measured as the difference between uptake and 
accumulation did not increase as CO s output was stimulated but rather tended to 
fall, and since at the same time possible formation of an unidentified metabolite 
also fell, the chemical data  are at least not inconsistent with the conclusion reached 
from the gas exchange .and activity data that  the extra CO 2 did not derive from 
the sucrose. 

Re/erences p. Io8. 
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At present no serious a t tempt  has been made to resolve the question of the 
unidentified fraction. However it can be said that  it is unlikely to be organic acid. 
I t  has been shown that  small amounts of 14C from the sucrose became incorporated 
in the organic acids of the leaf disks, and as well that  the acid levels fell during 
the 24 hours experimental periods, but the amounts involved are too small to provide 
any solution to the question. 

DISCUSSION 

Studies of the effects of DNP in metabolism of living tissue (reviewed by SIMON 9) 
show that in general synthetic processes are inhibited, while respiration rises to a 
maximum as DNP concentration is increased, and subsequently with still higher 
concentrations is inhibited and finally suppressed. The inhibition of synthesis is 
attributed to the uncoupling of oxidative phosphorylation which accompanies the 
operation of the terminal oxidase system, and provides phosphate bond energy for 
synthesis. The increased respiration is attributed to the maintenance of a resulting 
higher level of phosphate acceptor which is said to increase the glycolytic rate l°,n 
and so promote increased use of carbohydrate in respiration. The results of the 
present study suggest that  this may not be so with leaf tissue. 

Under normal conditions fully expanded leaves do not engage in active net 
synthesis of large molecules other than that of starch, so that  when sugar is supplied 
to starved leaf tissue its use is largely restricted to starch and CO 2 formation. The 
CO 2 output under the conditions of the experiments reported here, when a large 
excess of carbohydrate substrate is present, is maintained at a constant level for 
many hours at a rate which is maximal for the tissue at the given temperature as 
shown by the data of Fig. i. Using sugars labelled with 14C PORTER AND MAY 1 have 
shown that at first CO, and starch formation proceed along a common pathway so 
that  it may be postulated that these processes are limited by the amount of free 
sugar which can be incorporated in the common pool. The free sugar which accumu- 
lates then represents the excess entering the tissue which is not so incorporated. 

In a system using exogenous free sugar as substrate, therefore, the level of 
phosphate donor, above that produced by glycolysis, might be expected to determine 
the respiration rate by controlling the amount of fructose i : 6 diphosphate available. 
In tobacco leaf tissue there is no doubt that  starch synthesis is inhibited by DNP 
(see Fig. 6), but at concentrations up to about 5" Io-SM respiration is increased, as 
has been reported for- many other tissues. The behaviour differs from that of yeast 
(SIMON TM) and of corn coleoptiles (BEEVERS 11) in that  the R/Q does not rise with 
increasing respiration, but remains a little above I.O and then falls to 0.85 with the 
onset of respiratory inhibition. The high R/Q's observed in yeast and corn coleoptiles 
was attr ibuted to aerobic fermentation induced by increased glycolysis. In leaf disks 
there seems to be no evidence of such an increase in glycolysis. 

In the absence of carbohydrate substrate and in an atmosphere of O 3 the 
endogenous respiration is about 25°~1,o of that  found with sucrose, and has an R/Q 
10.2 of about 0.75. As noted (p. Ioi)  the R/Q increases when low concentrations of 
sucrose are supplied and at 2.5% sucrose reaches a maximum of about 1.o5. These 
observations suggest that leaves contain appreciable amounts of non-carbohydrate 
material which can function as a respiratory substrate and which competes with 

Relerences p~ Io8. 
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carbohydrate for the respiratory centres. In presence of large amounts of carbo- 
hydrate oxidation of the non-carbohydrate material is virtually suppressed (PoRT1.:R 
AND MAYa). If  therefore DNP, by  its uncoupling action, restricts the amount of 
phosphate donor and reduces the use of free sugar in respiration, then the alternative 
substrate might again compete successfully, a situation which would account for the 
fall in R/Q, and the fall in relative specific activity of the evolved CO 2 as DNP 
concentration was increased. This conclusion is supported by the fact that  in the 
absence of sucrose, respiration is stimulated to about the same degree as in its 
presence (Table I) without change of R/Q. Where carbohydrate substrate is not 
available, ~ynthesis will be absent and phosphate acceptor level low. The increased 
oxidation of non-carbohydrate substrate might therefore be accounted for as sug- 
gested by LARDY AND WELLMAN 12 by an increase in acceptor level due to the un- 
coupling. If this be the case then this oxidation must involve phosphorylation. 

In addition to its effects upon respiration and starch synthesis, DNP at concen- 
trations above I o - S M  reduced the amount of sugar taken up by the leaf tissue. If 
the claim of ROTHSTEIN a3 in respect of  yeast that  phosphorylation is required to 
effect uptake, be also applicable to leaf cells, then the active uptake may utilize 
phosphate donor independently of the phosphorylation within the cell. However it 
seems unlikely that  sugar supply is an important limiting factor in the present case, 
because quite large amounts of free sugar accumulate at all DNP concentrations 
employed. 

The results of the experiments where the native starch within the tissue provided 
the main substrate for respiration can be interpreted in a similar manner as those 
where sucrose was the substrate. Here there is direct analytical evidence of the pro- 
gressive inhibition of starch utilization over the phase of rising CO 2 output, accompa- 
nied by only small changes in sugar content (Fig. 5), and again there is no rise in R/Q. 

The results may be compared with the effects of altering respiration rate-By 
lowering the ambient temperature. In these circumstances there is an accumulation 
of sugar, mostly sucrose, so that  starch dissolution exceeds the requirements for 
respiration. Restriction of respiration does not therefore necessarily prevent the 
passage of starch breakdown products into the common metabolic pool, where it is 
assumed the fructose structure arises and leads to sucrose synthesis when glycolytic 
rate is lowered by temperature. DNP must therefore prevent incorporation into the 
pool, and the conclusion must be that  this process requires phosphate bond energy 
even when the substrate is the starch within the cell. Such a conclusion would be 
consistent with the long known fact that  starch dissolution requires the presence of 
oxygen; and raises the question as to whether there is a process other than or in 
addition to phosphorolysis by free phosphate necessarily involved in the initiation 
of the breakdown of the starch grain. 

Taking all the evidence together it is concluded that in tobacco leaf disks DNP 
does not increase glycolysis, but restricts the use of carbohydrate as a respiratory 
substrate. At the same time increased oxidation of non-carbohydrate material is 
induced perhaps by virtue of a raised phosphate acceptor level. As a result if sucrose 
is the substrate, first starch synthesis and, with increasing concentrations of DNP, 
CO s production from sugar are inhibited. Over the phase of rising respiration the 
additional CO 2 is derived from non-carbohydrate material (c/. SYRETTI~). Whether 
or not the substances in the common pool whose formation, whether starch or sucrose 
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i s  a v a i l a b l e ,  a p p e a r s  t o  r e q u i r e  t h e  p h o s p h a t e  b o n d  e n e r g y  is  a n  e q u i l i b r i u m  m i x t u r e  

o f  h e x o s e  p h o s p h a t e  e s t e r s ,  d e r i v e d  b y  d i r e c t  p h o s p h o r y l a t i o n ,  o r  w h e t h e r  m o r e  

c o m p l e x  r e a c t i o n s  a r e  i n v o l v e d  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  

S U M M A R Y  

I. Resp i r a t ion  of tobacco leaf disks in an  a t mosphe re  of oxygen  a t  25 ° C was a t  first s t imu-  
lated and  t h e n  inhib i ted  by  increasing concent ra t ions  of 2 :4  d in i t rophenol  (DNP). S tarch  was 
a t  first t he  r e sp i r a to ry  subs t ra te ,  bu t  a t  concent ra t ions  of D N P  above 8 . 1 o - 6 M  s ta rch  loss was 
s t rong ly  inhibi ted ,  a l t hough  respira t ion was  rising. 

2_ Leaf  d isks  depleted of s ta rch  and  suppl ied wi th  sucrose as subs t r a t e  showed a response  
to D N P  qua l i t a t i ve ly  s imilar  to t h a t  of disks f rom norma l  leaves as regards  respira t ion,  and  
in addi t ion  s t a rch  syn thes i s  was inhibited.  In  bo th  cases respi ra t ion quo t i en t s  (R/Q) were a lit t le 
over  i .o  and  fell as D N P  concen t ra t ions  increased over  5 '  l o -SM.  In  the  absence  of added  sucrose, 
R/Q was  a b o u t  0.75, and  respira t ion was aga in  s t imu la t ed  by  DNP.  

3. T a k e n  toge the r  the  da ta  sugges t  t h a t  ox ida t ion  of s ta rch  or sucrose was g radua l ly  inhibi ted 
by  DNP,  and  was progress ively  replaced by  the  non-ca rbohydra t e  subs t r a t e  wi th  R[Q 0.75. This  
conclus ion  is suppo r t ed  by  the  observa t ion  t h a t  when  radioact ive  sucrose was used  as subs t r a t e  
t he  re la t ive  specific ac t iv i ty  of the  COg fell wi th  increasing D N P  concent ra t ion ,  indica t ing in- 
creas ing use  of unlabel led  subs t ra te .  

4. The  resu l t s  are discussed in relat ion to the  hypo thes i s  t h a t  D N P  uncouples  ox ida t ive  
p h o s p h o r y l a t i o n .  
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