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Abstract-Rcguktion of the sugar content of the developing tubers of three varieties (King Edward, Maris Bard. 
Pentland Javelin) of SoIanum tuberosum was investigated. Sucrose, glucose, fructose, UDP-glucose and fructose-2,6- 
bisphospbate were measured during tuber development as were the maximum catalytic activities of acid invertase, 
alkaline invertase, sucrose syntbase, a-g&an phosphorylase, hexokinase. phospbofructokinase and pyropbospbate: 
fructose 6-phosphate l-pbospbotr~~er~ [PFK(PPi)]. Sucrose was the dominant sugar and there was less fructose 
than glucose; the amounts of all three per gram fresh weight fell during tuber development. The activity of bexokinase 
per gmm fresh weight declined during development but those of the other enzymes listed did not alter signii%zantly. No 
change in the amounts of fructose-2,6-bisphosphate or UDP-glucose per gram fresh weight were found. The above 
measurements suggest that much of the sucrose translocated to thedeveloping tuber is metabolized via sucrose syntbase 
to UDP-gluoose that is converted to glucose l-phosphate by UDP-glucose pyrophospborybuz using pyropbospbate 
generated by PFK (PPi). 

INTRODUCTION 

The aim of this work was to investigate the mechanisms 
responsible for the immediate metabolism of the sucrose 
that is delivered to the developing potato tuber. Particular 
attention was paid to steps that might influence sugar 
content. As the translocated sucrose is the starting point of 
the tuber’s metabolism, the manner in which it is par- 
titioned beteween respiration, biosynthesis and storage is 
central to the growth and metabolism of the tuber. 
Knowledge of the control of the sugar content is import- 
ant in respect of both the economy and the economic use 
of the tuber [ 11. 

Perhaps the most important initial question to be 
resotved is the relative roles of invertase (EC 3.2.1.26) and 
sucrosesyntbasc(EC2.4.1.13)inmetabolizing thesucrose 
delivered lo the tuber [2]. WC investigated this question 
by determining the relationship between the maximum 
catalytic activities of enzymes likely to be involved in 
sugar metabolism, and the contents of sugar, UDP- 
glucose and fructose-2,6_bispbosphate (Fru-2,6-Pz) 
throughout the development of three varieties of tuber. 
UDP-glucose was measured because it would be formed 
directly from incoming sucrose if the latter were broken 
down by sucrose syntbase [z]. Although sucrose syntbase 
can function with ADP it does not do so effectively in the 
presence of UDP. Sucrose synthase iscytosolic as is UDP- 
glucose pyropbosphorylase, a major enzyme using UDP. 
Thus it is highly likely that there will be sufficient UDP in 
the cytosol to ensure that UDP-glucose is the product of 
sucrose synthase in vivo. This view is supported by the 

*Present address: Department of Biochemistry, University of 
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demonstration that the enzymes for ADP-glucose metab- 
olism are confined to the plastid 123. Fru-2,~P2 was 
measured because of its known role in regulating SUTTOK 
metabolism [3]. Apart from the ones mentioned above the 
enzymes measured were: hexokinase (EC 2.7.1.1), a- 
glucan pbosphoty be (EC 2.4.1.1X pbosphofructokinase 
[PFK (ATP); EC 27.1.111. and pyropbospbate: fructose 
&phosphate I-pbospbotransferase [PFK (PPi); EC 
2.7.1.903. Estimates of some of these enxymes bave been 
published E&6]. However, we have no developmental 
picture, and the published estimates have not been shown 
to rdlect the maximum catalytic activities of the tubers. 
Such authentication is essential before comparisons may 
be made between tubers or enzymes. Tbt need is particu- 
larly pressing for potato tubers because of the clear 
demonstration that extensiveand differential inhibition of 
enzymes can occur during extraction and analysis [7]. 

RESULTS AND DISCUSSlON 

Carbohydrate content 

We relate our measurements of substrates and enzymes 
to fresh weight, and have used tuber weight as an indicator 
of development. Figure 1 provides fair evidence of a linear 
relationship between fresh weight and age for each variety 
studied. Linear regressions were 0.91, 0.80 and 0.74 for 
King Edward, Maris Bard and Pentland Javelin, respect- 
ivdy. Tbe corresponding rates of growth were 0.18.0.16 
and 0.12 g fresh wcigbt per day. 

Tbe amount of starch per tuber increased linearly at 
least until the tubers reached 25 & For plots of starch per 
tuber against tuber weight r was 0.99.0.84 and O.% for 
King Edward, Maris Bard and Pentland Javelin, respaz- 
ively. The average starch contents over the period of 
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Fig. 1. Relationship between age and fresh weight of developing 
tubcrsofvariety Kin&Edward (0). MarisBard(O)and Pcntbnd 
Javelin (Ah). Tubers of initial fr. wt OS1.5g were tagged, 
harvested after varying times and weighed to give increase in 

tuber weight. 

development shown in Fig 1 were (means rt s.e.m. from 
I1 tubers of each variety): King Edward, 73 f 5; Maris 
Bard, 53 f 6; Pet&and Javelin, 83 f 6 mg starch per g 
fresh weight. From these values and the data in Fig 1 we 
calculate the following rates of starch accumulation (nmol 
anhydrohexose/min per g fresh weight): King Edward, 47; 
Maris Bard. 32; Pentland Javelin, 47. 

The methods that we used to measure sugar content 
(Fig. 2) have been shown to be reliable Cl]. We draw the 
foltowing conclusions from our measurements of sugars, 
and from comparable data published for other tubers 
[8,9 and references therein]. First, our results in par- 
ttcular show that there may be very considerable variation 
in the sugar content of tubers of a given variety at the same 
stage of development. Thus analyses should be based on a 
sufficient number of samples to relIect this variation. 
Second, sucrose is the major sugar, and there is more 
glucose than fructose. Third, the sugar content of the 
tubers, unlike that of starch, does not increase throughout 
the period of development. In our experiments the 
amounts of all three sugars per g fresh weight declined as 
the tubers grew larger. FinaIly, although the above 
conclusions seem to be generally applicable, the precise 
relationship between the three sugars varies widely be- 
tween dilTerent varieties. For example, we found that 
Pcntland Javelin contained half as much sucrose and 
twice as much glucose as the other two varieties. Further, 
we found no convincing evidence that the relative 
amounts of sucrose and reducing sugar altered during 
development, nor did we find the very high ratios of 
glucose to fructose recnttly reported for Maris Piper 
tubers [93. Collectively, the above strongly suggests that 
the sugar contents of the tubers are regulated during 
development. 

Enzyme activities 

We investigated the reliability of our assays as follows. 
For each enzyme we optimized the concentration of each 
component, and the pH, of the assay mixture, and we 
showed that activity was lineariy related to time and 
amount of extract. For invertase we homogenized tissue at 
pH 8, centrifuged the homogenate at 32 000 g for 30 mitt, 
and then measured activity in the supernatant over the pH 
range 3.5-8.0. We found peaks of activity at pH 5.0 and 
7.5, which we attribute to acid and alkaline invertase, 
respectively. There was no detectable acid invertase in the 
sediment obtained at 32000g. We also showed that no 
measurable hexokinase was discarded in the sediment 
formed when homogenates were centrifuged at looO@. 
The assay for hexokinase was optimixed for fructose and 
for glucose; similar rates were obtained for the two sugars. 

Loss of activity during preparation of the extracts was 
checked by either recovery or recombination experiments 
[ 11. Each type of experiment was carried out with samples 
that were mixtures of material from all three varieties of 
tuber. Estimates of the recovery of pure enzymes from 
such samples were: a-glucan phosphorylase, 81%; PFK 
(ATP), 103 %; PFK (PI?), 81%; hexokinase, 142 %. In the 
recombination experiments we prepared three samples, 
one of potato, one of material from a club of Arum 
macdatum L., and one that was a mixture of the two 
tissues The activity in the mixture is expressed as a 
percentage of the value predicted from measurements 
made on the separate components of the mixture. The 
results were: acid invm 96 %; alkaline invertase, 1 I 1%; 
sucrose synthase, 90”/ PFK (PPi), 110%; hexokinase, 
97%. We argue that our estimates of enzyme activities 
reflect the maximum catalytic activities of the tubers. 

We measured enzyme activities in tubers that weighed 
1, 5, 10.15 and 20 g, except that the last stage was omitted 
for hexokinase and a-glucan phospborylase. Table 1 
presents data for the first, third and final weights of tuber; 
values from the intermediate stages did not differ signili- 
cantly from the preceding stage shown in Table 1. In 
nearly all instances enzyme activity increased linearly with 
tuber weight so that activity per g fresh weight did not 
alter during development. There were two exceptions. In 
all three varieties hexokinase activity did not increase as 
much as tuber weight so that activity per g fresh weight fell 
by as much as 57 %, In Maris Bard the activity of sucrose 
synthase per g fresh weight fell once the tubers reached 
15 g. Neither of these exceptions was related to any 
obvious change in sugar content. The enzyme activities 
showed some variation between the threevarieties but the 
variation is not great and does not appear to be related to 
differences in sugar contents (Fig. 2). The lack of any 
discernible correlation between sugar content and the 
maximum catalytic activities of the enzymes lead us to 
suggest that coarse control by these enzymes is not 
primarily responsible for regulating the sugar content of 
the developing tuber. 

Our results indicate how the tubers metabohze the 
sucrose delivered by the translocation stream Such 
sucrose must supply the demands for the synthesis of 
structural and storage polysaccharide plus the demands of 
the respiratory pathways. The latter will include a signti- 
cant need for carbon for the biosynthesis of amino acids 
and organic acids. Sucrose could be converted to struc- 
tural polysaccharidesdirectly via UDP-glucose formed by 
sucrose synthase. To meet the remainder of the above 
demands it is probable that the sucrose is converted to 
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Tabk 1. Maximum catalytic aetivitiea of auymea of sugar metabolism during the develop 
man1 of tubers of thra varieties of Potato 

Enzyme 

Acid invertaae 

Alkaline invertaaa 

Sucrose synthase 

Hcxokinase 

PFK (ATP) 

PFK (PPi) 

a-Glucan 
phosphorykse 

variety 
of tuber 

King Edward 
MarisBard 
Pentknd Javelin 
King Edward 
MarisBard 
Pentland Javelin 
King Edward 
Mark Bard 
Pentland Javelin 
King Edward 
Maris Bard 
Pentland Javelin 
King Edward 
Maria Bard 
Pentland Javelin 
King Edward 
Maria Bud 
Pentland Javelin 
King Edward 
MarLSBard 
Pentland Javelin 

Enxyme activity (nut01 pet mitt/g fr. wt) 
at the following stages* 

18 108 208 

II f4 9f2 Ilk2 
l4*6 3&t 3 f 0.4 
2fl 2 f 0.3 3kO.i 

II &4 g&2 l6& I 
l4&2 721 7 *0.2 
l2*4 7*1 8 f 0.2 

160*30 100*20 lOOf 
360&80 210*20 130* IO 
340* 10 220*30 220*20 
&o&l4 56k6 52*4t 
73 f 2 60*10 59 f 8t 
78 f IO 43 f 5 43 f 5t 
57 f IO 63 f 8 53*5 
%&50 l30& I5 87 f 5 
88kII 78&10 75&7 

790* I50 650* I50 520*40 
82Ok320 1000~70 840&70 
810+40 710* 70 86Of70 
460*30 350*50 330& lot 
44Ok80 390*60 400*4Ot 
600~100 370&50 380*2Ot 

*Each value is the mean f sent. of estimates from 35 tubers. 
tTbcae values are from tubas of I5 g fr. wt. 

formed by sucrose synthase, could beconverted to glucose 
l-phosphate by UDP-glucose pyrophosphorylase, an 
enzyme known to catalyse a readily reversible reaction in 
oitro [ 161. The conviction that the cytosol contained too 
little pyrophosphate (PPi) to permit this reversal may be 
challenged by the recent evidence that plant tissues contain 
appreciable amounts of PH [ 17,181, and that acid [ 191 
and alkaline [20] pyrophoephatase (PPase) are located in 
the vacuole and the plastid, respectively. We investigated 
the above hypothesis further by determining whether the 
maximum catalytic activity of UDP-glucose pyrophos- 
phorylase was high enough to mediate sucrose breakdown. 
The activity, 3 1.4 f 1.3 pmol/min per g fresh weight (mean 
f s.e.m. of values from six Pentland Javelin tubers at the 
10 g stage), is well in excess of the estimates of sucrose 
breakdown. This very high activity, also found in other 
tissues [21], is consistent with UDP-glucose pyrophos- 
phorylase being on the main pathway of sucrose break- 
down, and is diihcult to reconcile with a role for the 
enzyme that is confined to the formation of the relatively 
small amount of UDP-glucose needed for the synthesis of 
structural polysaccharides in potato tubers. No significant 
activity of UDP-glucose phosphorylase was found in 
potato tubers [22]. 

If the above view of sucrose catabolism is correct then 
the latter will be dependent upon a supply of cytosolic PPi. 
The very high activities of PFK (PPi) that we found in alI 
tubers are consistent with this enzyme, known to be 
confined to the cytosol 1233, providing this PPi. 

Metabolfte measurements 

We investigated whether the amounts and behaviour of 
PPi, UDP-glucose and Fru-Z&P1 in developing and 

mature tubers werecompatible with theabove hypothesis. 
Wedid recovery experiments to investigate whether losses 
occurred during killing and extraction. For each exper- 
iment we prepared duplicate samples of tissue. One was 
freeze-clamped, killed and extracted in the usual way; the 
other was treated similarly except that a measured amount 
of the compound in question was added to the freeze- 
clamped tissue. Comparison of the two samples permitted 
calculation of the percentage of the added compound that 
had survived killing and extraction. The amounts of added 
compounds were comparable to those found in the tissue 
samples. 

Our assay for PPi will detect as little as 2 nmol/g fresh 
weight [ 173. For mature tubers (Maris Piper) recovery of 
added PPi was 86 f 8 % (mean f s.e.m. of values from six 
tubers). We detected no PPi in any of these six tubers and 
conclude that they contain less than 2 nmol PPi/g fresh 
weight. As the mature tubers were detached and not 
receiving sucrose, a low content of PPi is consistent with 
our hypothesis. With developing tubers we were unable to 
either detect PPi in the extracts or to recover any of the 
added PPi. We attribute the latter to an inability to inhibit 
PPase by methods that did not lead tochemical hydrolysis 
of PPi. The question of whether developing tubers 
contain PPi thus remains open, though we stress that 
appreciable amounts of PPi have been demonstrated in 
other tissues in which there is massive conversion of 
translocated sucrose to starch [22,24]. 

Recoveries of UDP-glucose from developing (Peotland 
Javelin) and mature (Maris Piper) tubers were satisfac- 
tory, 91 f 2 and 84 f 6% (means f s.e.m. of estimates 
from six tubers), respectively. We detected no change in 
the amounts of UDP-glucose per g fresh weight through- 
out development (Fig. 3). The amount present in the 
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Fig 3. Content of fwtosc-2,&bispho@a~e (0) and UDP- 
gluaxc (0) in developing tubers of variety Pen&d Javelin. 
JZach point rcprmfmts measurements made on 8 single tuber. 

mature tubers (Tabk 2) was appreciably kss than that in 
the developing tubers. This is consistent with UDP- 
glucose acting as a major product of sucrose breakdown. 

The reveries of Fru-2,dP~ from developing and 
maturetubm,werc68fSand68rt:2%(means faam. 
of values from six tubers), respectively. Our valuf~ arc thus 
underestimates but the degree of undmestimation was 
constant.Again,wedetectednochangeintheamouatsper 

g fresh weight during development (F&3). Thcsc 
amounts are well above those required for PFK (PPi) 
activity [2sl. 

The rok we sugpst for PFK (PPi)contrasts with recent 
proposals that it acts glyWytk@ and synthes&s 
fructose-l,i&bisphosphate [26,27]. In an attempt to dis- 
cover the direction of PFK (PPi) &I uiw, we determined 
the elfects of anoxia and chill@ on the amounts of UDP- 
glucose and Fru-2+P, in developing (Pentland Javelin) 
and mature (Maris Piper) tubers frabk 2) Anoxia stimu- 
lates glycolysis, at least in part, via the reaction that 
converts fructose dphosphate to fructosC%l,6- 
bisphosphate [ts]. Chilling preferentially inhibits the 
entry of hexose phosphate into the respiratory pathways 
and leads to an aczumulation of sucrose (7,123. Removal 
of developing tubers from the plant was used as a mums of 
rapidly reducing the supply of sucrose to the tuber. 

Although we found striking changes in the metabolites 
that arc consistent with our hypothesis, they do not 
demonstrate it (Table 2) The effect of anoxia on UDP- 
glucose, a fall by SO “/, is almost exactly that demonstrated 
previously 1283 for the hexose 6-phosphates. This sug- 
gests near equilibrium between UDP-glucose and the 
hexose phosphates, a condition expectaj on our hypo- 
thesis. The fall in hexose phosphates and rise in Fru-2,t% 
Pz in anoxia is evidence of a glyc~lytic role for PFK (PPi). 
However, these obswatioas are just as readily explainad 
by the proposaI that the increase in Fru-2.6.Pa stimulates 
the formation of PPi by PFK (PPi) to provide the 
substrate required for the accekrated glycolysis Transfer 
of the developing tubers to 4” involved severing them 
from the plant, so the appropriate controls arc the tubers 
kept at 20” for the same kngth of time The rise in UDP- 
glucose on cooling coincides with a comparable rise in 
hexose monophosphates [29] and adds further to the 
evidence of near equilibrium between UDP-glucose and 
hexose monophosphates in potatoes. The fall in Fru-2,6- 
Pt could r&act either a decline in the need for PPi or the 
reduced rate of glycolysis. FinaUy we note that severance 
of the tubers from the plant led to a fall in UDP-glucose 
and FnL?,W,. Both falls woukl be expected if PFK (PPi) 
produced the PPi needed for the metabolism of UDP- 
glucose formed from sucrose. 

Table 2. EtYeaa of diEa& physiolo~ treatments on amounts of UDP-glucose and 
FruG,CP, io d&aping and mature potsto tubera 

~P_3uax(nmol/g fr.wt) Fru-Z&P, (pmol,‘g fr.wt) 

Dcvcwng Mawe Dcvcloping Mature 

Prbrtostutoftluanalt I 
StoragcinN1for90mioat#pII 
storsgc in air for. 12 hr at 4O III 
storagcinairfor12hr8t#pIv 
FiiPntua 
I M II 
I vs. III 
IVLIV 
III va. Iv 

105f9 29i3 34.9 f 5.1 36.8 i7.1 
49*10 16*1 782 f 1.2 83.7 f 7.0 
83&14 24i2 3.9k1.2 - 
45f3 - 18.2*2.1 - 

< o.Doz 
N.S 

< O.Wl 
CQOS 

< 0.001 < o.oot < 0.001 
N.S. < 0.001 - 

< o.a2 - 
- <O.ool - 
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conclusions 

Our failure to find any evidence of coarse control of 
sugar content of the developing tubers suggests that line 
control is responsible for determining the relative 
amounts of sucrose, glucose and fructose. The central 
position of these sugars in the tuber’s metabolism means 
that a wide variety of factors could affect sugar content 
and is likely lo explain the marked variation seen between 
d&rent varieties and different stages of development. 

The available evidence strongly suggests that sucrose 
synthase, rather than either of the invertases, plays the 
major role in metabolizing the s~ose delivered lo the 
developing tuber. As a tentative working hypothesis as lo 
how this may occur we suggest the pathway shown in 
Scheme 1. Each of the enzymes shown in Scheme 1 is 
present in the cytosol and we envisage the complete 
sequence occurring in the cytosoL For each molecule of 
sucrose metabolized through the pathway one molecule of 
fructose &phosphate would be converted by PFK (ATP) 
lo fructose-1,Bbisphosphate that would act as a substrate 
for PFK (PPi) in the generation of PPi. The fructose 6- 
phosphate formed by PFK (PPi) is envisaged as re- 
entering glycolysis via PFK (ATP). Thus for each mol- 
ecule of sucrose broken down one molecule of fructose 6- 
phosphate would have lo cycle through PFK (Al?) and 
PFK (PPi) before being broken down in glycolysis Our 
hypothesis would allow Fru-2,6-P2 to play a major role in 
the partitioning of sucrose delivered to the tuber. 

EXPERIMENTAL 

Marcrid. Enzymes, cofactors and substrata were from 
Boehringer except that pcroxidase, PFK (PPiX fructose 6- 
phosphate, fructose2,bbisphospbate, glucose-1,bbisphosphate 
and UDP-glucose were from Sigma. Mature tubers, So/unum 
ruberosum L. cv. Maris Piper. were bought locally and stored at 
lo” for no more than 8 weeks before use. For studies of 
developing tubers we bought Al grade sad tubers (cv. King 
Edward, Maris Bard and Pentland Javelin), allowed tbcm to 
sprout for 3 w&s. covered them with moist compost (Fison’s 
Levington) and grew tbcm for a further 4 weeks. Then WC excised 

at tbc tuber surf= single sb00t.s (6-7 an long) that bad only OIK 
stem and planted them. one per pot (1 I x 13 cm), in compost, 
which we moistened way othu day, alternately, with water and 
with Hoagland’s soln. Tubers began to appear after 10 weeks 
from planting the sprouts and were harvested as required. All the 
above growth procedures were carried out at 20”. 90% relative 
humidity, and 10.5~hr day length with light of minimum intensity 
of 130~olm -I see- *. The developmental stage of the tuber 
was designated mrding to fresh weight; for most experiments 

tbc wcigbts chosen were I. 5, 10, 15 and 20 g. To establish the 
relationship between tuber age and weight, plants were dug up 
carefully at the start of tuberixation and individual tubers were 
tagged. The initial fresh weight of these tubers was atimatai by 
comparison with tubers of similar dimensions that were removed 
and weighed. The plants were carefully rc-potted and the tagged 
tubers were harvested and weighed after known intervals of time. 

Enzyme assuys. Samples, d.5- I .O g fr. wt. were homogenized, 
Erst in a pestk and mortar, and then in an all-glass homogcnixer. 
The procedures for acid invertasc. &line invcrtasc. sucrose 
synthasc and a-glucan phosphorylasc are in ref. [ 11. Hcxokinase 
was extracted as described for a-glucan phosphorylasc, the 
extract was centrifuged at 1OOOg for 5 min and the supcrnatant 
assayed according to ref. [30] in a 3-ml reaction mixture that 
contained: 80mM glycylglycinc, pH 7.9, 0.43 mM NADP. 6.7 
mM MgCIX. 20mM glucose, 0.7 unit glucose&-phosphate 
dchydrogcnaq 0.024 unit t%phosphogluconatc dchydrogcnasc 
and 2.75 mM ATP. The remaining enzymes were extracted in 
100 mM Tris-HCI, 2O mM EDTA, 20 mM cysteinc-HCL 20 mM 
dicthylditbiocartmmate. pH 7.6. The homogenates were amtri- 
fugcd at IOOOOO 0 for 30 min and the supcrnatants were assayed 
according to the following refs and reaction mixtures: PFK 
(ATP) [31], SOmM glycylglycine. pH 7.9, 0.1 mM NADH, 
1.67 mM MgCIz. 0.25 mM ATP, 1 unit fructose-I$- 
bisphospbatc aldolase. 1 unit triosephosphate isornerasq 1 unit 
gly&ehyda3-phosphate dehydrogcnase, 5 mM fructose 6- 
pbospbate in 3 ml; PFK (PPi) [2SJ, 75 mM Hcpex, pH 7.6.2 mM 

MgCb. 7.5 mM fructose &phosphate, 2pM Fru-2.6P1. 
0.15 mM NADH, 0.6 mM Na.P20,, coupling enzymes as for 
PFK (ATP) in I ml; UDP-glucose pyrophosphorylasc [16], 
8OmM glycylglycinc. pH 8.0. 1 mM NGPJO,. I mM MgCl2. 
IO PM gl~l,6bisphosphte, 0.4 mM NAD, 4 units phoc 
phoglucomutasc, 1.4 unit glucose~pbospbate dehydrogcnasc 
(NADdcpcndimt from ,Quconosroc), 0.8 mM UDP-glucose in 
1.0 ml. Enxymes were extracted and kept at 4” and assayed at 25”. 

Substrate assays. Measurements were made as in the BC- 
companying refs: sugars [I], Fru-2.6P1 [24]. starch [32]. For 
PPi and UDP-glucose, samples, O.S-l.Og fr. wt. were freeze 
clamped, killed and extracted as in ref. [ 171 exrxpt that the time 
between adding the HClO* to the tissue and its removal by 
centrifugation at 25OOOg was 30min for UDP-glucose and 
60 min for PK. UDP-glucose WBS assayed as in ref. [Zl], PPi ref. 
[I73 and ‘*C ref. [21]. 
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Sucrose - I - UDP -glucose t fructose 

PPItuDP-ghlcosc - 2 - glucose 1 - phosphate + UTP 

Fructose + ATP - 3 - fructose 6 - phosphate + ADP 

Fructose 6 -phosphate + ATP - 4 - fructose . 1.6. bisphosphate + ADP 

Fructose - 1,6 . btsphosphate + Pi - 5 - fructose 6 - phosphate t PPi 

!zdume 1. Possibk pathway for NQOS brakdowm I, nrrosc syntbas~ 2. UDP-gluax pyrophospbo’yLBse; 3. 
fructokinasc; 4, PFK (ATP); 5, PFK (PPi). 
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