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Abstraet. Respiratory metabolism of the cultures of algae ChloreUa pyrenoidosa (82) and Scene- 
desmus obliquus (125) was investigated. One part of algae were cultivated on a mineral nutrient 
solution, another two parts on the solution with glucose and on the solution with glucose and 
yeast decoction. Individual steps of respiratory metabolism -- endogenous as well as in the 
presence of exogenous sugars -- were estimated according to the response to the following 
inhibitors: monoiodacetate, NaF, NaN 3, and 2,4-DNP. In the last two cases, fructose, glucose- 
-6-phosphate and fructose-l,6-diphosphate were applied in parallel for comparison. Na-mono- 
iodacetate was found to inhibit the respiration of both endogenous and exogenous (with glucose) 
substrates, NaF (concentrations up to 2.5. 10-2M) stimulated the O 2 uptake. The effect of sodium 
azide and 2,4-DNP depended in both strains on previous cultivation. On the basis of the results 
obtained, the presence of particular respiration pathways in the dissimilation of glucose is 
discussed. The following catabolic processes are to be considered: a) direct oxidation (with both 
autotrophlcally cultivated strains and with the Chlorelb~ cultivated on glucosecontaining medium), 
b) the process similar to glycoiysis, which, however, does not necessarily involve the enolase (it 
is not inhibited by NaF), c) pentosephosphate cycle (ChlareUa), and d) glycolysis, in which both 
algae can operate when sugars previously phosphorylated are applied. 

T h e  p r e s e n t  w o r k  is a c o n t i n u a t i o n  O f a p r e v i o u s  p a p e r  ( D v o h X K o v X - H L A D -  
E L  1966) i n  w h i c h  g l u c o s e  w a s  f o u n d  t o  b e  a n  e x c e l l e n t  g r o w t h  s u b s t r a t e  fo r  
t h e  t e s t e d  a l g a e  Chlorella ~gyrenoidosa a n d  Scenedesmus  obliquus.  G l u c o s e  
c a n  s e r v e  as  a s o u r c e  o f  e n e r g y  as  we l l  as  c a r b o n  s o u r c e  m a i n l y  u n d e r  h e t e r o -  
t r o p h i c  c o n d i t i o n s  (in t h e  d a r k ) .  A s  is s een  f r o m  a n o t h e r  p a p e r  (DVO~/~KOV~.- 
HLADK~ 1967),  t h e  p r e s e n c e  o f  e x o g e n o u s  g l u c o s e  i n c r e a s e s  Qo 2, e s p e c i a l l y  
in  c u l t u r e s  c u l t i v a t e d  a u t o t r o p h i c a l l y  f a r  m o r e  t h a n  c o u l d  b e  a c c o u n t e d  fo r  
b y  t h e  r e a l  c o n s u m p t i o n  o f  t h i s  s u g a r .  

R e s p i r a t o r y  m e t a b o l i s m  d e p e n d s ,  a m o n g  o t h e r s ,  on  t h e  c o m p o s i t i o n  a n d  
a m o u n t  o f  e x o g e n o u s  s u b s t r a t e .  T h e  l i g h t  r e g i m e  (FR~NC~,  K o ~ N  a n d  TXNG 
1934) a n d ,  g e n e r a l l y ,  c u l t i v a t i o n  c o n d i t i o n s  ( K A ~ D L E ~  1954) a f fec t ,  t h e r e f o r e ,  
t h e  a l g a l  m e t a b o l i s m .  I n  a d d i t i o n ,  t h e  d i f f e r e n t  Qo~ v a l u e  in  t h e  c o u r s e  o f  
d e v e l o p m e n t a l  p h a s e s  ( S o ~ o x I N ,  MYERS 1957) a p p e a r s  t o  b e  p a r t l y  d u e  t o  
t h e  g r a d u a l l y  d e c r e a s i n g  s u p p l y  o f  e n d o g e n o u s  s u b s t r a t e  in  d a r k  p e r i o d s .  T o  

* Address: Praha 2, Vini6uh 5. 

58 



CATABOLIC PATHWAYS OF SUGARS 59 

avoid this complication, I measured the Qo~ uptake with cultures of the same 
age under identical conditions except for the composition of nutrient solution. 
The metabolism of algae cultivated under autotrophic, mixotrophie and 
auxotrophic conditions is being compared. 

The aim of the present work is to ascertain the metabolic pathways in the 
presence of exogenously applied glucose. 

For the investigation of metabolic pathways of sugars the conventional 
inhibitors were used (NaF, Na-monoiodacetate, Nal~ 3, 2,4-dinitrophenol) so 
as to be able to compare the data obtained with those from the literature. As 
reported by Ross et al. (1961), NaF inhibits most probably the enolase (when 
the catabolism of glucose proceeds via glycolysis). According to HACXETT 
(1960), among the inhibitors attacking thiol group monoiodacetic acid is most 
frequently applied to different objects and is supposed to be a rather specific 
inhibitor of triosephosphate dehydrogenase. NaN 3 and 2,4-DNP act as un- 
couplers of the macroergic and cytochrome steps of metabolism. The dif- 
ferences in the participation of different respiratory pathways in dependence 
on trophie conditions of alga~ were determined by the application of the two 
last inhibitors. 

KA~DLv.~ (1955) found that  monoiodacetate, ~TaN3 and 2,4-DNP have 
a more pronounced inhibitory effect in dark than in light. He also found 
(KANDLEI~ 1958) that  2,4-DNP increases endogenous respiration and that  
the dissimilation of endogenous substrate in the presence of 2,4-DNP stops 
after the addition of glucose. MosEs and Su (1955) found a stimulation 
of endogenous respiration by Nal~ 3 and 2,4-DNP in mixotrophic alga Chlorella 
vulgaris cultivated on glucose. TAYLOR (1950) did not find any effect of Nai~ 3 
and 2,4-DNP on the glucose oxidation in Scenedesmus obliquus. 

Material and Methods 

All experiments were carried out on two algae strains from the Collection 
of Cultures of Autotrophic Organisms of the Institute of Experimental Bo- 
tany in Prague: Chlorella pyrenoidosa CRICK (strain 82) and Scenedesmus 
obliquus ( T ~ P . )  K ~ G ~ R  (strain 125). Both algae were cultivated on Ben- 
son's nutrient solution (Dvof~4KOV~-HLADK~ 1967). The culture cultivated 
autotrophically is in figures designated by the strain number and the abbre- 
viation of the medium (e.g. 82 B, 125 B); the cultures cultivated mixotrophi- 
eally are designated by initial letters of the name of substrate (e.g. BG denotes 
the alga cultivated on Benson's medium + 0.05 M glucose, BGY -- alga 
cultivated on the BG medium + 80 ml of yeast decoction per 1000 ml (Dvo- 
R/~KOV/~-I-ILADK~, BASLEttOVJ~ 1957). 

The determination of the effect of particular inhibitors on the 02 uptake 
was carried out by direct Warburg method in dark at 25 ~ Control samples 
were placed in 0.015 M phosphate buffer of pH identical with that  of the 
inhibitor. The application interval and pI-I of the inhibitors were chosen 
individually. 
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NaF was applied at several different concentrations. According to JAMES 
(1953) it inhibits at  the concentration 10-3•, while lower concentrations have 
a rather  st imulating effect on the respiration (MCI~VLTY and Lo~Ds 1960). 
The final NaF concentrations used in the present investigation of its effect on 
endogenous respiration were therefore 0.25, 0.625, 1.25, 1.88, 2.5.10-e)t ,  
water being used as the control. The inhibitor was added to algae suspension 
in 0.015 ~ phosphate buffer (pH 6.8) 6 hours before the start  of the measure- 
ment.  During this interval the suspension was lighted and shaken. Then the 
endogenous respiration was measured for 1 hour, glucose added (final con- 
centration 0.16 ~) and the respiration measured for another hour. The in- 
hibitor was thus proportionally diluted, its final concentration at the substrate 
respiration measurement being 0.21, 0.525, 1.58, and 2.1 . 10-2~ (see the shift 
of experimental points in Figs. 3 and 4). 

As reported by JAMES (1953), the effective concentration of l~a-monoiod- 
acetate is 10-4~t. In the present experiments, increasing concentrations were 
applied as follows: 0.67, 1-6, 3.3, 5.0, 6.7. 10-3~ monoiodacetic acid neutra- 
lized par t ly  with I~aOH. Water  was used as a control. For the measurement 
manometric flasks with one sidearm were used. Because of the acidic nature  
of the inhibitor (SIMo~ and BEEVE~S 1952), algae suspension was placed in 
0.015 M phosphate buffer (pH 4.5). This pH seems to be most suitable for the 
respiration of Chlorella (EMERSON and GI~]~E~ 1938). The measurement 
interval and the final concentration of glucose added were the same as with 
NaF. Final concentrations of the inhibitor at the substrate respiration 
measurements were 0.5, 0-12, 0.25, 0.375, 5.0. 10-2~ (see Figs. 1 and 2). 

According to HAI~TI~EE (1957) and HAC~ETT (1960), the respiration of  
intact  cells is inhibited by NaN3 at pH 3 to 8 with a maximum effect in acid 
medium. In this work a 0.015 ~ phosphate buffer of pH 5.3 was therefore used. 
Algae suspension was placed in the central well of a Warburg flask. In one 
group of the flasks the substrate (glucose, fructose, G-6-P or F-1,6-diP), in 
the other azide, was added to the central well. The respiration was measured 
for one hour at  10-min. intervals, then azide was added to the first group and 
the substrate to the second one, and the respiration measurement continued 
for 1 hour. The final concentration of inhibitor was 3-10-3~ (KT.]~I~ZELLV,~ 
et al. 1954), and tha t  of sugars 0-16 M. 

Active concentration of 2,4-dinitrophenol is 5-10-a~ (KLEINZELLER e t a ] .  
1954), which was also used in this work. Central wells of the flasks were in 
the first group supplied with water, in the second one with 2,4-DI~P. In both 
series the respiration substrate (glucose, fructose, G-6-P, F-1,6-diP) was 
placed in the sidearms. The flasks were kept in a tempered ba th  for 2 hours 
at  25 ~ (all measurements were carried out at this temperature).  In the 
first group the endogenous respiration and in the other the effect of 2,4-D:NP 
in the absence of sugar was then measured. The sidearms were then emptied 
into the main parts and the respiration measured in the presence of exogenous 
substrate. The final sugar concentration was 0.16 M. The measurement was 
carried out for 1 hour. The measurements with NaN3 and 2,4-DNP were done 
in parallel and pH was therefore the same, i.e. 5.3. 

All results were evaluated by means of the t-test,  the number  of measure- 
ments being at least 8 (experiments were repeated two or three times). 

In the work, the following abbreviations are used: 2,4-DNP (2,4-dinitro- 
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phenol), G-6-P (glucose-6-phosphate), F-1,6-diP (fructose-l,6-diphosphate), 
NADP (nicotinamide adenosine dinucleotidephosphate ----- co-dehydrogenase 
II), MIA (monoiodacetic acid). 

Results and Diseussion 

Glucose is generally used as an effective growth and respiration substrate. 
However, the details of its catabolic pathways in certain algae under given 
conditions are still not known. FoGG (1953) summarized, according to a 
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Fig. 1. The effect of concentra t ion  monoiodaceta te  on Qo~ in C h l o r e U a  p y r e n o i d o s a .  - - - -  en- 
dogenous subs t ra te ,  exogenous glucose (cone. 0.16 M). B �9 -- au to t rophica l ly  
cul t ivated alga, B G Y  �9 -- mlxot rophica l ly  cul t ivated alga wi th  0.05 ~ glucose and  
yeast  decoction. Abscissa: concentra t ion  of  inhibi tor  in 10-a~; Ordinate:  a --  in per  cent 
of endogenous respirat ion,  b -- in per  cent  of  subs t ra te  respirat ion.  After  adding the sub-  
s t ra te  the  inhibi tor  becomes diluted -- see methods .  The shift  of  values due to the  
dilution. 

number of different papers, that  hexoses can act as direct respiration substra- 
te. They take part in subsequent metabolic processes involving i) glycolysis, 
ii) oxidation of glycolytic products. The respiration is mediated by enzymes 
of flavoprotein nature resistent to cyanide. EMEI~so~ (1926) assumes, on the 
other hand, that  the stimulation of respiration by glucose is mediated by the 
cytochrome system. Thus far, the cyanide-resistent enzyme system, catalyzing 
the  endogenous respiration, is not known. RV, AZI~ (1956)proved that  the res- 
piration of algae Ochromonas corresponds with the EMP pathway with a direct 
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oxidation. Similarly, OAKS (1962) found an oxidation of glucose via glycolysis 
and pentosephosphate cycle in Chlorella ellipsoidea. This leads to the con- 
clusion tha t  algae can operate by  various systems according to the internal 
conditions (e.g. development of trophic factors). 

I t r ied to solve this problem using inhibitors of specific enzymatic re- 
actions. 
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Fig. 2. Qo2 in S c e n e d e s m u 8  o b l i q u . u s  ~t different concentrations of monoiodacetate, Otherwise 
i n d i c a t e d  a s  i n  F i g .  1 .  

Monoiodacetate inhibits endogenous as well as substrate respiration of 
both algae. In  Chlorella (Fig. 1) the inhibitory effect slightly increases with the  
rising concentration up to 1.6. 10-3M, fur ther  increase of the concentration 
to 6.7. 10 -~ does not  affect the inhibition. The concentration 1.6. 10-3M 
seems thus to be sufficient to block the systems at tacked by  the inhibitor. 
Especially the systems operating in the consumption of exogenous substrate 
or act ivated by  its presence are more sensitive to monoiodacetate than  
endogenous systems; after the addition of exogenous substrate the inhibition 
increases (even as compared with endogenous respiration -- see Fig. la). 
Endogenous respiration of algae cultivated mixotrophically on glucose is also 
more inhibited by monoiodacetate. A similar situation is in Scenedesmus (Fig. 2). 
The inhibitory effect, however, seems to increase up to the highest concentra- 
tion used (6.7.10-a•). No differences were found between particular con- 
centrations. Significant differences are only between the concentrations differ- 
ing by  one order of magnitu de(0.67 and 6.7.10-~M). An inexplicable decrease 
of the inhibition of endogenous respiration occurred at the concentration 
5.0.10-3~.  The decrease was perceptible also in the substrate respiration. I t  
occurred regularly and significantly in all the three experiments repeated  
(a total  of eight measurements). 
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In either case the percentages of inhibition in autotrophic and mixotrophic 
variants do not coincide in the range of concentrations used (i.e. the inhibition 
of BGY variant at the concentration 0-5 is higher than that  of B variant 
at 6-7). 

:Na-monoiodacetate inhibits triosephosphate dehydrogenase which acts in 
the glycolysis of glucose but does not occur in the pentose cycle (JAMv.S 1953). 
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F i g ,  3. Q o ,  i n  Chlorel$a pyrenoldosa a t  d i f f e r e n t  c o n c e n t r a t i o n s  of  N a F .  C o n c e n t r a t i o n  of  i n h i b i t o r  
i n  10-2M. O t h e r w i s e  i n d i c a t e d  as  i n  F ig .  1. 

If  the consumption of glucose proceeds via glycolysis, the process should be 
inhibited by monoiodacetate. Glycolysis itself is not attached to the oxygen 
consumption but can be followed by other aerobic oxidative systems. Accord- 
ing to the results obtained with monoiodacetate we can say that  endogenous 
respiratory systems of both the algae involve a system which is inhibited by 
monoiodacetic acid. Similarly, the systems mediating the oxidation of exo- 
genous glucose at its long-term application during the cultivation (BGY -- 
the inhibition always higher) as well as during the respiration measurements, 
involve apparently an intermediate with SH-group, probably triosephosphate 
dehydrogenase. In both cases the systems appear to be identical. They are 
activated by exogenously applied glucose (Dvofci~ov~-HLADXA 1967). From 
this we can assume that glucose is an endogenous respiration substrate, its 
catabolism providing at least 30 to 40% of the electrons transported to 
oxygen. 
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NaF is another inhibitor of glycolysis. Its effect implies the presence of 
enolase in the respiration process. The results a.e given in Figs. 3. and 4. In 
neither case an inhibition was found; on the contrary, endogenous respiration 
of Chlorella is significantly stimulated. The absence of inhibition cannot be 
accounted for by low concentrations of the inhibitor (McNvnTr, LORDS 1960' 
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Fig. 4. Qo2 in Scenedesmus obllquus at different concentrations of NaF (see Fig. 3). Otherwise 
indicated as in Fig. 1. 

since between the individual variants there is no significant difference (save 
for 82B variant  -- concentration 1.875. 10-~M). Even at a ten times higher 
concentration of the inhibitor there is no inhibitory tendency (neither the 
unspecific one, e.g. inhibition of other phosphorylation processes). The 
increase of respiration may  be due to salt effect because the same increase 
may  be brought about by equimolar (0.67 and 0.5. 10-~M) NaC1 used as 
a control in this experiment. The effect is demonstrated in the course of 
oxygen consumption in autotrophically cultivated Chlorella (Fig. 5). 

NaN 3 and 2,4-DNP have a similar effect as to the blocking of oxidative 
phosphorylation (KLEINZELLE~ e t a l .  1954). 

The application of NaN S enabled us to explore another part of aerobic dis- 
similation of glucose in which NADP -- cytoehrome system is employed. 
This oxidative system involving active Fe 2+ and Fe S+ ions is inhibited by  
azide, in contrast to the oxidases of a flavine nature.  The effect of 2,4-DNP, 
uncoupling the macroergic metabolism, is manifested by increased Qo~ in 
the system where the macroergic phosphate formation is a controlling factor 
of the respiration rate. The Qo~ increase was observed in Saccharomyces cere- 
visiae by  STOPPAEI e t a l .  (1961) who proved, by  means of it, the different 
metabolism of glucose and pyruvic acid. 
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Fig.  5. Qo2 in Chlorella pyrenoidosa du r i ng  6 -hour  ac t ion  of  NaC1 a n d  N a F .  Absc issa :  t i m e  in  
m i n u t e s ;  Ord ina te :  ~tl O~. O - -  effect  of  N a F  on endogenous  resp i ra t ion ,  [ ]  - -  t h e  
s a m e  w i th  NaC1, �9 - -  effect  of  N a F  on  s u b s t r a t e  (glucose) resp i ra t ion ,  �9 - -  t he  s a m e  
w i th  NaC1. 

To explore the catabolic pa thways  of exogenous glucose more in detail, 
the  effect of both the  inhibitors on previously phosphorylated sugar was 
investigated. The pairs: glucose G-6-P and fructose F-1,6-diP were there- 
fore applied in parallel. 

Table 1 gives the results with the two inhibitors and with all substrates 
used, in Chlorella precult ivated in different ways. The 0 2 consumption is 

Table  1 

Effect  o f  inh ib i to r s  on  r e sp i r a t ion  in  t h e  presence  of  d i f ferent  s u b s t r a t e s  in  Chlorella pyrenoidosa 
(82). Exp re s s ive  va lues  a re  s igni f icant  w i t h  r e spec t  to  t h e  va lue s  o f  e n d o g e n o u s  re sp i ra t ion  (first 
co lumn)  or o f  u n i n h i b i t e d  s u b s t r a t e  r e sp i ra t ion  (second co lumn) .  

I nh ib i t o r  NaN S 2 ,4 -DNP 

S u b s t r a t e  % endog.  % subs t .  % endog.  % subs t .  

82 B endogenous  
glucose 
G-6-P 
fructose 
F-l,6-diP 

82 B G  e n d o g e n o u s  
glucose 
G-6-P 
f ruc tose  
F - l , 6 - d i P  

224.5  
193 

81.8 
190 
281.5  

134.5 
183 

90.5 
44 

119 

147 
64 

194 
149 

179 
88 
25.5  
70  

129.5  
135 

95 
125 
333 

70 .6  
174 

99 
73.5 
74 

109.5 
74.5 

152 
175 

170 
91.5 
69 

124 

82 B G Y  e n d o g e n o u s  
f ruc tose  
F-  1,6~diP 

83 
67.5  

108 

128 
130.5 

95 
60 129 

111 91.5 
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given partly in per cent of endogenous respiration, and partly in per cent of 
substrate respiration in the absence of an inhibitor. 

In autotrophically cultivated Chlorella (82B), both inhibitors act only in 
the presence of glucose phosphorylated to the first degree. Other substrates 
stimulate Qo 2. The non-phosphorylated sugars seem thus to be metabolized 
by a process different from glycolysis. The catabolism of endogenous substra- 
tes does not proceed via the pathway involving G-6-P, either (except in the 
case of a direct conversion of the pool polysaceharide into G-1-P and further 
to G-6-P without the intermediate step of non-phosphorylated glucose). 

Table 2 
Effect of inhibitors on respiration in the presence of different substratcs in Scenedesmus obliquus 
(125). Expressive values are significant with respect to the values of endogenous respiration 
(first column) or of uninhibited substrate respiration (second column). 

Inhibitor NaN s 2,4-DNP 

Substrato % endog. % subst. 

125 B endogenous 
glucose 
G-6-P 
fructose 
F-1,6-diP 

~/oendog. ~/osubst. 

150 
124.5 91 
156 11,8 
208 166 
144 56 

136 
136 
64,5 

203,5 
226 

98 
48,7 

158 
85 

125 BG endogenous 
glucose 
G-6-P 
fructose 
F-1,6-diP 

\ 
63,7 
67 
49,7 
78 
52,5 

62 
32 
44 
28 

160 
67,2 
49,7 

226,5 
133 

125 BGY endogenous 
fructose 
F-1,6-diP 

78.5 
25 
25,5 

14,6 
22 

144,5 
207 
165 

117 
43,7 

147 
75 

147 
105 

The endogenous respiration of mixotrophically cultivated algae is inhibited 
only by 2,4-DNP. The exogenous fructose catabolism involves the steps 
which can be inhibited by both the inhibitors. On the other hand, the respir- 
ation in the presence of glucose is stimulated by the two inhibitors whereas 
in the presence of phosphorylated sugars the inhibitors are almost inef- 
fective. The only exception is 2,4-DNP in the presence of F-1,6-diP which 
increases endogenous respiration of BG variant. The metabolic pathways of 
the two isomeric sugars are thus different. The regularly observed stimulation 
of the respiration in the presence of NaN3 is in keeping with the data of MOSES 
and SYRETT (1955) on the respiration of Chlorella vulgaris in the presence of 
glucose. This may be due to uncoupling the oxidative phosphorylation similar 
to that  of 2,4-DNP, or to the substitution of Fe-systems in the presence of 
NaN 3 by other terminal oxidases. 

There are differences between the comparable data in the mixotrophic 
cultures BG and BGu In BGu culture the respiration is inhibited by NaN3 
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but  not  by  2,4-DNP. Similarly, Qo~ is decreased b y  l~aN 3 in the presence of 
fructose; 2,4-DNP inhibits only the respiration of phosphorylated fructose. 
The yeast  may  have saturated the alga with co-factors of different enzymes 
(e.g. vi tamins B 1, B2 etc.) so tha t  other systems could contr ibute to the 
process. These systems could be suppressed in the absence of an autotrophic 
source, especially in the mixotrophic BG culture with a high growth energy 
(I) v0f~iKO Vi- H5 AD K .~_ 1966). 

The results of analogous experiments with Scenedesmus are presented in 
Table 2. When comparing the results regarding the respiration with the same 
substrate without  inhibition, we find that  both inhibitors affect the respiration 
of both phosphorylated sugars in the autotrophically cult ivated alga. We can 
again assume that  the alga can metabolize non-phosphorylated sugars b y  a 
process different from glycolysis. With  phosphorylated sugars, this process 
is missing (see the effect of monoiodacetate).  The oxidation pathways  of 
endogenous as well as of both  exogenous non-phosphorylated sugars are thus 
obviously different. 

With both mixotrophic variants (BG, B G u  the respiration of Scenedesmus 
is inhibited by  sodium azide independent  of the presence of yeast  extract  
and the type  of substrate.  The effect of 2,4-DNP on the culture is not  un- 
ambiguous. I t  can, therefore, be assumed that  pr imary as well as secondary 
phosphorylation of endogenous and both exogenous substrates,  too, may  
occur in mixotrophically cult ivated Scenedesmus. 

According to TAYLOR (1950)neither hTaN~ nor 2,4-DNP affect the glucose 
oxidation in Scenedesmus obliquus. He used a higher concentration of sodium 
azide (1-5 • and lower concentration of 2,4-I)I~P (5 • 

The scheme of glycolysis, involving only the steps included in the ex- 
periments, gives a number  of six possible catabolic pa thways  of sugars ap- 
plied to our two algae: 

exogenous substrate 

glucose 

glucose- 6-phosphate 

(.uetose 
fructose-l,6-diphosphate 

endogenous substrato 

glucose 5 --~ 
I 

�9 NaNs; 2,4-DNP 
G-6-P 4 

I 
$ �9 NAN3; 2,4-DNP 

2 P  

F- 1,6-diP 

(1,3-diphosphoglyceraldehyde) 

�9 MIA 

(phosphoenolpyruvic acid) 
I �9 NaF 

1 
TCA-eyele 

M I A . . .  rnonoiodacetio 
acid 



68 J. DVOI~kKOVA-HLADKA 

On t h e  basis  o f  t h e  i n h i b i t i o n  e x p e r i m e n t s  t h e  fo l lowing  p a t h w a y s  are  t o  
be  c o n s i d e r e d :  

1) Classical  g lyco lys i s ,  p o s s i b l y  l i n k e d  t o  K r e b s  cyc le  
2) G lyco lys i s  t o  enolase  s t e p  ( N a F  does  n o t  i nh ib i t  - -  poss ib le  ro le  o f  

c a r b o x y l a t i o n  a n d  j o i n i ng  T C A - c y c l e  b y  m e a n s  o f  o t h e r  a c e t y l  sources  - -  
TINO, DUGGER 1965) 

3) G lyco lys i s  t o  t r i o s e p h o s p h a t e  d e h y d r o g e n a s e  s t ep ;  m o n o i o d a c e t a t e  does  
n o t  i n h i b i t  (possible  j o i n i ng  t h e  p e n t o s e p h o s p h a t e  cycle)  

4) G - 6 - P  is n o t  i n h i b i t e d  b y  N a l q  3 a n d  2 , 4 - D N P ;  c o r r e s p o n d s  t o  p e n t o s e -  
p h o s p h a t e  cycle  

5) D i r e c t  o x i d a t i o n  o f  g lucose  is n o t  i n h i b i t e d  b y  N a N  3 a n d  2 , 4 - D N P ,  
e i t h e r  (REAZIN 1956) 

6) F r u c t o s e  p a t h w a y ,  p r e s u m a b l y  s imi la r  t o  (5) 
T h e  s u b s t r a t c  t h a t  h a v e  n o t  b e e n  a pp l i e d  e x o g e n o u s l y  are  in  b r a c k e t s .  

T h e  r e su l t s  o f  all e x p e r i m e n t s  w i t h  i n h i b i t o r s  are  s u m m a r i z e d  in  T a b l e  3. 
F o r  b o t h  t h e  a lgae  t h e  las t  c o l u m n  g ives  t h e  p a t h w a y  t h a t  c an  be  d e r i v e d  
f r o m  t h e  p r e c e d i n g  s c h e m e  a c c o r d i n g  t o  t h e  resul ts .  

As  can  be  seen f r o m  T a b l e  3, d i f fe ren t  c u l t i v a t i o n  causes  g r e a t e r  d i f fe rences  
t h a n  t h e  a p p u r t e n a n c e  t o  d i f f e ren t  species.  A s u b s t a n t i a l  d i f fe rence  in  c u l t i v a -  

Table 3 
Respiration pathways deduced from the scheme according t o  t h e  inhibition of r e s p i r a t i o n  
in the presence of different s u b s t r a t e s .  

S u b s t r a t e  

Inhibitor 

B 
endogenous 
glucose 
G-6-P 
f r u c t o s e  
F-1,6-diP 

82 ChloreUa pyrenoidoaa 

mono- [ 
2,4 iod- NaF Path- NaN~ 

a c e t a -  way NaNs DNP I to I 

- -  + - -  512 
- -  + - -  5/2 
-[- + 0 o 1 
- -  0 0 6 
- -  0 0 1 

125 ~cenedesmus obliquu$ 

I n o n o  - 

2,4 iod- 
DNP aceta- 

I to 

- -  -t- 
- -  + 

+ + 0 
- -  0 
+ + 0 

I 
NaF I Path-way 

5[2 
5/2 

0 1 
0 6 
0 ? 

BG 
endogenous 
glucose 
G-6-P 
fructose 
F.1,6-diP 

+ 

+ 

+ 

1 7  + 
5 7  + 
4 + 
1 + 
1 + 

+ 
+ 

§ 

1,2 
1,2 
1 
1 ? 
? 

BGY 
endogenous q- - -  -t- - -  2 T -t- - -  -}- - -  2 ? 
glucose 0 0 -b - -  2 ? 0 0 ~- 2 
G-6-P 0 0 0 0 0 0 0 0 

I fructose -b - -  0 0 1 ? -b - -  0 0 1 
F-1,6-diP d- 0 0 ? -t- - -  0 0 ? 

~- . . .  inhibition, - -  . . .  no effect of inhibitor, 0 . . .  w a s  n o t  p e r f o r m e d ,  x]y . . .  a l t e r n a t i v e  
p o s s i b i l i t i e s ,  ? . . .  q u e s t i o n a b l e  p a t h w a y  



CATABOLIC PATHWAYS OF SUGARS 69 

tion conditions is especially between the two mixotrophic variants of  Chlo- 
rr which is, probably, due to the amount  of auxotrophic components in 
the culture cultivated in the presence of yeast extract.  I t  can be assumed 
tha t  autotrophic (B) and mixotrophic (BG) cultures are deficient in these 
components (I mentioned the  possibility of riboflavine deficiency in earlier 
work 1967) and tha t  t hey  adapt  themselves by  the formation of other cata- 
bolic pathways.  As to the adaptation, Chlorella is obviously more pliant than  
Scenedesmus, which is not  able to adapt  to the changed conditions and retains 
identical pathways in both mixotrophic variants. The different reactivity of 
both algae has been similarly mentioned in m y  earlier work (1967). 

The fructose metabolism remains still a problem. As a certain argument  
could probably serve the finding of TAVLO~ (1950) on Scenedesmus obliquus. 
He claims tha t  in this alga fructose is not  absorbed nor forms a reserve 
polysaccharide, otherwise similar to starch. 

The algae reacted to the applied sugars. However, this cannot be considered 
as a proof tha t  the sugars were at all admit ted by  the cell, and in which 
f o r m .  

Conelusions 

From the above results it can be concluded: 
1) In  view of the significant inhibition by monoiodacetate it can be assum- 

ed tha t  glucose can serve as endogenous as well as exogenous respiration 
substrate. 

2) Both algae can direct the glucose catabolism according to trophie con- 
ditions. Likewise, in the presence of the inhibitor of a particular metabolic 
pa thway another  one can be applied which is otherwise negligible. The 
following catabolic pathways are essentially involved: a) direct oxidation 
(especially both autotrophically cultivated algae and 82 BG), b) the 
pa thway  similar to glycolysis which does not  involve the enolase, being 
not  inhibited by  l~aF, c) pentosephosphate cycle (Chlorella) and d) gly- 
colysis, in which both algae can operate when sugar previously phos- 
phorylated is applied. 

3) Both algae are similar in catabolism of all substrates at autotrophio 
cultivation; t hey  differ in the response to the mixotrophic cultivation 
without supply of auxotrophie sources (yeast extract).  Chlorella is in 
this regard obviously more pretentious than Scenedesmus. 

4) The metabolism of fructose and its phosphorylated derivative in both 
algae is not  satisfactorily clear. 
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r j .  Dvof~kKOV~,-HI,AI)KI, I~s tav  e x p e r i m e n t g l n f  b o t a n i k y  ~SAV P r a h a ,  odd~leni  Sb i rka  k u l t u r  
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a ~  71, 1968. 

By l  s l edov~n  respiraSnl  m e t a b o l i s m u s  u k u l t u r  ~as Chlorel la  p y r e n o i d e s a  (82) a S c e n e d e s m u s  
o b l i q u u s  (125), k u l t i v o v a n ~ e h  j e d n a k  n a  m i n e r ~ l n i m  ~ivn6m roz toku ,  j e d n a k  n a  t6m~.e roz toku  
s g lukosou  a n a  roz toku  s g lukosou  a o d v a r e m  z kvasn ic .  Jednotliv~i s t u p n ~  r e s p i r a S n ~ o  m e t a b o -  
l i s m u  e n d o g o n n ~ o  i v p H t o m n o s t i  exogenn~ a p l i k o v a n ~ c h  eukrfi  b y l y  s t a n o v e n y  podle  reakce  n a  
i nh ib i to ry :  mono jodace t~ t ,  N a F ,  Na-az id  a 2,4 D N P .  Pro  s rovns  b y l y  para le ln~ ap l i kov~ny  
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p~i poslednich dvou inhibitorech fruk~osa a fosforylovan~ cukry glukoso-6-fosfg~t a fruktoso-l,6- 
-difosfht. Na-monojodacetht inhibuje d~chs j~k endogenulho, tak exogenniho (s glukosou) 
substrg~tu. NaF (v konc. a~ 2,5 . 10 -~ )  pHjem O~ zvy~ujo. Vliv azidu a 2,4 DNP je u obou ~as 
urSen p~edb~nou kultivacl. Na z~klad~ toho je v prgmi diskutovg~no o mo~n~ fi6usti jednotliv~ch 
respira6nlch test v dissimilaci glukosy. V zg~sad~ je mo~tno poS/tat s t~mito cestami k~tabolismu: 
a) pHmh oxid~ce (zvlg~w ob~ autotrofn~i kultivovan~ ~ s y  a Chlorella kultivovan~ na pdd~ s glu- 
kosou), b) cesta, podobns glykolyse, kters vw nutn~ nezahrnuke enols (neinhibuje NaF), 
c) pentofosfg~tov~-m cyklem (Chlorella) a ob(~ ~a.sy d) glykolyticky jsou schopny katabolovat jen 
ji~ fosforylovan~ cukr. 

1~. ~BOP~ICknOBA-I'JIA~KA, I/~HCTHTyT 3KcnepHMeHTa~bHOi 5OTaHHKH q C A t t ,  oT~eJieHHe 
K o ~ e n ~ H ~  nV~ILwyp a~TOTpO~H~X opraHH3MOB: I~ ,onpocy nyTefi KaTa60~IlaMa caxapoB 
y ae~eHblX ,o~I~)poc~ei. - -  Biol.  Plant .  10 : 58---71, ~968. 

B Hacwo~Imefi pa6oTe ~ xoTeJIa yCTaHOBHTh, I~a~Mg nyT~iMI4 MeTaSO~H3HpyeTcg r~mRoaa, 
KOTOpau ~B~AeTCU xopomHM cy6cwpawoM ~:IU pocwa H aHTHB~pyew h ~ x a ~ e  np~ ~o5aB~e~H 
Hanlte. ~JIff onpe~e~eHff~ OT~eIIbH~IX 3neHben ~ np~MeHVtzta o6hi~tn~e HHr~6HTOp~t. Hawp~i- 
MOHOio~aI~eTaT ~Hr~5~pyeT ~l~txa~e nan OH~oreHnoro Tax ~ anaoreHnoro cySc~paTa. 
OTOpHCTI~Ii HaTp~tfi (n ~ o H ~ e H T p a ~  ~IO 2,5 . i 0 - ~ )  rlol~hIinaeT noTpeS~eH~Ie 0~. B~t~Hrre 
aa~)~a ~ 2,4 DNP y oSe~x no~opoc~ei  3a~HcgT OT npe~mecTBymmei I~yZibT~aIlgg. Ha 
o c ~ o n a H ~  3TOrO B pa6oTe o 6 c y ~ a e T c ~  BO3MO)HHOe y~acT~e OT~eJIbtihIX ~xaTe~sH~X ny_ 
veil B npo~ecce ~HCCHMHJI~II~HI~I rnmno ,~ .  B n p n H ~ n e  MO~HO CqHWaWla oCylReCTBHMhIMII c~te- 
~ymm~e ny-r~ naTa6onnaMa caxapon: a) npuMoe onncneH~e (OCO6e~HO y oSenx anTOTpO/~HO 
nym, T ~ n p y e m n x  no~opocnei  rt y Chlorella nym, T n ~ p o B a ~ o i  ~m cpe~e c r~mno3ofi), 
6) n y ~  noao6H~i  r ~ n o ~ t a y  ~o He oSuaaTex~rto nn~mqammni  ~ o ~ a 3 y  (He ~Hr~6~pyeTcs 
NaF),  ~) neH~oaogpoc~avHr~M ~nnZ~oM (ChloreUa) n o S e  Boi~opocnn cnocoSH~r r) rnnnozinT~- 
~ecm~ MeTa6o~Ha~po~a~,- zmm~ ~ o c ~ o p , ~ p o n a ~ u f i  caxap.  


