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ABSTRACT

6-phosphofructo-1-kinase (phosphofructokinase; PFK) activity from Rhodnius prolixus, a haematophagous insect which

is usually a poor flyer, was measured and compared in two metabolically active tissues – flight muscle and fat body.

The activity of this important regulatory glycolytic enzyme was much more pronounced in muscle (15.1 ± 1.4 U/mg)

than in fat body extracts (3.6 ± 0.4 U/mg), although the latter presented higher levels of enzyme per protein content, as

measured by western-blotting. Muscle extracts are more responsible than fat body to ATP and fructose 6-phosphate, both

substrates of PFK. Allosteric regulation exerted by different effectors such as ADP, AMP and fructose 2,6-phosphate

presented a singular pattern for each tissue. Optimal pH (8.0-8.5) and sensitivity to pH variation was very similar, and

citrate was unable to inhibit PFK activity in both extracts. Our results suggest the existence of a particular PFK activity

for each tissue, with regulatory patterns that are consistent with their physiological roles.
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INTRODUCTION

The flight muscle of insects is described as a highly

oxidative tissue when compared to the skeletal muscle

found in other animals, and some insects present a

50-100 fold increase on their glycolytic rate upon the

initiation of flight (Weis-Fough 1952, Krammer and

Heinrich 1978, Wegener 1996). In insects such as

Rhodnius prolixus, which presents relatively sedentary

habits, although capable of sustained flight for periods

longer than 1 hour (Ward and Baker 1982, Ward et al.

1982), carbohydrates may represent important sub-

strates for oxidation on flight muscle. The majority of the

carbohydrates from this tissue comes from glycogenol-

ysis, as well as from the haemolymph, being originated
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directly from diet or released by the fat body (Candy

and Kilby 1959, Candy et al. 1997). The fat body seems

to accumulate functions of both liver and adipose tissue

(Keeley 1985). This tissue represents the main storage of

amino acids, glucose, trehalose and lipids in insects, and

may be responsible for some degree of homeostasis of

these metabolites on haemolymph (Becker et al. 2001).

6-phosphofructo-1-kinase (PFK; phosphofructoki-

nase; ATP:D-fructose-6-phosphate-1-trans-ferase; EC

2.7.1.11) catalyzes the phosphorylation of fructose-6-

phosphate to fructose-1,6-bisphosphate and is a key en-

zyme on the regulation of glycolysis. Consequently, its

activity might reflect on carbohydrate metabolism in both

flight muscle and fat body. In diverse living systems, in-

cluding insects, this enzyme is known to be modulated by

ATP, ADP, AMP and fructose 2,6-bisphosphate, among
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several other effectors (for a review see Uyeda 1979,

Newsholme and Leech 1983, Schirmer and Evans 1990).

Khoja (1991) has shown that fructose 2,6-bisphosphate

is one of the most potent activators of PFK activity in the

flight and leg muscles of in the insect Poekilocerus bufo-

nius, as well as in other of its tissues, such as the hindgut

and midgut. However, several reports indicate that some

well known modulators of mammal PFK activity, such

as NH+
4 and citrate, may have none or little effect on the

insect enzyme (Walker and Bailey 1969, Newsholme et

al. 1977, Leite et al. 1988, Khoja et al. 1990).

In order to provide more information on the carbo-

hydrate metabolism in insects, in this study we com-

pare the PFK activity of extracts obtained from both

flight muscle and fat body from the blood-feeding insect

Rhodnius prolixus, and their regulatory behavior related

to the most important effectors with physiological rele-

vance on these tissues.

MATERIALS AND METHODS

MATERIALS

ATP, ADP, AMP, Tris, fructose 6-phosphate, fructose

2,6-bisphosphate, NADH and the coupled enzymes al-

dolase, triose-phosphate isomerase and α-glycerophos-

phate dehydrogenase were obtained from Sigma Chem-

ical Co. (St. Louis, MO, USA). Anti-mouse secondary

IgG for the western blotting assay was obtained from

Santa Cruz (CA, USA). Other reagents were of the higher

purity available.

OBTAINING FAT BODY AND FLIGHT MUSCLE

HOMOGENATES

Adult male Rhodnius prolixus kept in our departamen-

tal colony at 28◦C, 70% humidity and fed at 28 days

intervals were used in this study. Ten days after feed-

ing, fat body and flight muscle from 10 individuals were

dissected, weighted and homogenized with a glass ho-

mogenizer in a solution containing 50 mM Tris-HCl,

30 mM KF, 4 mM EDTA and 15 mM 2-mercaptoetha-

nol, pH 7.5. The preparation was then centrifuged at

6400 rpm and the protein content of the supernatant was

measured according to Lowry et al. (1951).

ASSAY OF 6-PHOSPHOFRUCTO-1-KINASE ACTIVITY

PFK activity from fat body and flight muscle homogen-

ates were measured as previously described (Sola-Penna

et al. 2002, Meira et al. 2005) in a reaction media con-

taining 50 mM Tris-HCl pH 7.4, 0,2 mM NADH,

10 mM MgCl2, ATP and fructose 6-phosphate in the

concentrations indicated in the figures, plus the cou-

pled enzymes aldolase (0.25 U/mL), triose phosphate

isomerase (1 U/mL) and α-glycerophosphate dehydro-

genase (4 U/mL). Reaction was started by the addition

of a volume of homogenate containing 10 µg of protein,

and the oxidation of NADH was monitored by 10 minutes

in a spectrophotometer at 340 nm, and the linear phase

was identified for each experiment. A molar extinction

coefficient of 6,220 ×106 M cm2 was used for the cal-

culation of the fructose 1,6-bisphosphate concentration.

WESTERN BLOTTING

Polyclonal antibody raised against mammalian PFK was

obtained in our laboratory (Meira et al. 2005) by the

subcutaneous injection of 45 days old rats weighting ap-

proximately 100 g with 250µL of a solution containing

1 mg purified rabbit skeletal muscle PFK and complete

Freund´s adjuvant. A second immunization was made

15 days after by the injection of 70µL of incomplete

Freund´s adjuvant and 1 mg/mL PFK. IgG was colleted

from 30 mL blood extracted at day 45, after centrifuga-

tion by 30 minutes at 1500 rpm. For the western blotting,

samples of fat body and flight muscle homogenates con-

taining 150µg of protein were separated with SDS-PAGE

(10%) and transferred to a nitrocellulose membrane, as

confirmed by staining with Ponceau Red. The membrane

was blocked, washed and incubated with 1:1000 purified

anti-PFK IgG and 1:800 anti-mouse secondary antibody

(Santa Cruz, CA, USA). The membrane was developed

with BCIP/NBT developer (Meira et al. 2005). Rab-

bit muscle PFK and a set of molecular mass standards

was from Sigma Chemicals Co. (St. Louis, MO, USA)

were used in order to determine the molecular mass of

R. prolixus PFK, in a parallel SDS-PAGE.

KINETIC AND STATISTICAL ANALYSIS

Kinetic parameters for the substrate curves were calcu-

lated by non-linear regression using the software Sigma-

Plot (Systat, CA, USA). Presented values are the mean
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±standard errors of the parameters calculated fitting the

equations bellow to the experimental data for, at least, 4

independent experiments.

V = Vmax ∗ Sn

(K n
0.5 + Sn)

, (1)

where V is the enzyme rate at a given substrate concen-

tration (S), K0.5 is the apparent affinity constant and n is

the cooperativity index.

V = Vo ∗ K n
i

(K n
i + Sn)

, (2)

where V is the enzyme rate at a given substrate concen-

tration (S), Ki is the apparent inhibition constant and n

is the cooperativity index.

Statistical differences were calculated by Student’s

t-test using the software SigmaStat (Systat, CA, USA).

A P<0.05 was considered as statistically different for all

experiments.

RESULTS

EFFECTS OF PH

The PFK activity from R. prolixus is dependent on the

H+ concentration on both tissues studied. Figure 1A

shows the activity of the enzyme measured in different

pH, at fixed ATP and fructose-6-phosphate concentra-

tions (2 and 5 mM, respectively). The activity on both

extracts, after normalized by the maximal activities ob-

tained (Fig. 1B), presented a very similar response to

pH, with maximal activity found at pH values above 8

(8.2 muscle, 8.4 fat body), and a pronounced decrease

at pH values lower than 7. At pH 7.4, both tissues

presented more response to allosteric regulation than in

optimal pH, as previously tested, and then it was used

in the experiments of allosteric regulation presented in

this paper.

KINETIC BEHAVIOR

In order to compare the 6-phosphofructo-1-kinase activ-

ity from R. prolixus flight muscle and fat body we mea-

sured the kinetic parameters for the two enzyme sub-

strates, fructose-6-phosphate and ATP. The kinetic pa-

rameters were determined measuring the initial velocity

of enzyme catalysis in the function of substrate concen-

tration. All velocity measurements were performed fol-

lowing the product formation in the function of time.
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Fig. 1 – pH dependence of PFK activity from fat body and muscle

homogenates. PFK activity of flight muscle (filled triangles) or fat

body (filled triangles) was measured as described on Materials and

Methods, in the presence of 1 mM ATP, 2 mM fructose 6-phosphate and

MOPS-Tris buffers in the different pHs indicated. Values are means

± SE of at least six independent experiments. Panel A: activity is

expressed as absolute activity in U/mg. Panel B: activity is expressed

as relative activity to the maximal activity observed.

The slope of product formation during the initial linear

phase of the reaction was used to determine initial veloc-

ity, and is expressed as U/mg. One U was considered as

the formation of one µmol product per minute. Figure 2

shows the curves of the initial velocity of PFK versus

fructose-6-phosphate concentration for the both tissues.

The enzyme velocity responds in an allosteric manner

to fructose-6-phosphate and the parameters of the equa-

tion 1 were best fitted to the experimental data. The

flight muscle presents a higher specific activity of the en-

zyme (p<0.05), comparing to the fat body homogenates

(15.14 ± 0.63 U/mg and 5.3 ± 0.7 U/mg, respectively;

P< 0.05, Student’s t-test). In addition, we observed that
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the K0.5 for fructose-6-phosphate is lower in the flight

muscle comparing to the fat body (0.81 ± 0.11 mM and

1.61±0.25 mM, respectively; P<0.05, Student’s t-test).

fructose-6-phosphate (mM)
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Fig. 2 – Effects of fructose 6-phosphate on PFK activity from fat

body and muscle homogenates. PFK activity of flight muscle (filled

triangles) or fat body (empty circles) was measured as described on

Materials and Methods, in the presence of 1 mM ATP and different

fructose 6-phosphate concentrations. Values are means ± SE of at

least six independent experiments.

Figure 3A shows that the enzyme responds in a

very similar pattern to lower concentrations (up to 3 mM)

of its other substrate, ATP. In both extracts, the enzyme

initial velocity responds in an allosteric manner to ATP.

The parameters shown in Table I, obtained with the best

fitting of experimental data to equation 1, revealed that

the muscle homogenate, once again with a higher spe-

cific PFK activity, also has the lower K0.5 for this sub-

strate (0.68 ± 0.29 U/mg versus 0.95 ± 0.51 U/mg, for

the fat body homogenate; P< 0.05, Student’s t-test). At

higher concentrations (Fig. 3B), ATP becomes a potent

inhibitor of PFK activity on both tissues, although with

more pronounced effects on fat body extracts. In this

tissue, 6 mM ATP reduced PFK activity to 25% of its

maximal velocity, while the muscle homogenate, sub-

mitted to the same conditions, presented about 40% of

the Vmax. However, the best fitting of experimental data

to equation 2 revealed a lower Ki for ATP at higher con-

centrations to the muscle enzyme, as shown in Table I.

Although both extracts presented some degree of cooper-

ativity toward ATP, we were unable to identify significant

differences between them.
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Fig. 3 – Effects of high and low ATP concentrations on PFK activ-

ity from fat body and muscle homogenates. PFK activity of flight

muscle (filled triangles) or fat body (filled triangles) was measured as

described on Materials and Methods, in the presence of 5 mM fruc-

tose 6-phosphate and different ATP concentrations. Panel A shows the

activation exerted by lower ATP concentrations. Panel B shows the

inhibition promoted by higher ATP levels. Values are means ± SE of

at least six independent experiments.

RESPONSE TO ALLOSTERIC REGULATION

In different tissues, PFK is submitted to a tight regulation,

as a result of interactions between substrates and several

allosteric inhibitors and activators. Citrate is described as

potentiating the inhibitory effects of ATP in several ani-

mal tissues, providing an explanation to the glucose-fatty

acid-ketone body cycle. In R. prolixus, both muscle and

fat body homogenates presented no change on their PFK

activity (Fig. 4) as a function of increasing sodium citrate

concentrations. However, other allosteric effectors, such
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TABLE I
Kinetic parameters for ATP and fructose-6-phosphate activation of PFK from fat body and muscle homogenates.

Kinetic parameters were calculated for the curves presented in Figures 1 and 2. Values are means of at least
six independent experiments.

Vmax (U/mg) Apparent K0.5 (mM) Hill coefficient Ki (mM)

ATP
Fat Body 4.33 ± 0.672* 0.95 ± 0.51* 3.61 ± 2.7 4.50 ± 0.27*

Flight muscle 10.67 ± 1.22* 0.68 ± 0.29* 1.90 ± 0.49 3.52 ± 0.48*

Fructose 6-phosphate
Fat Body 5.03 ± 0.68* 1.62 ± 0.22* 1.44 ± 0.32 –

Flight muscle 15.14 ± 0.63* 0.81 ± 0.13* 1.37 ± 0.14 –

* indicates that values are different comparing the fat body with the flight muscle (P< 0.05, Student’s t-test).

as nucleotides, were able to markedly affect PFK activity.

Figure 5 shows that ADP is able to increase the enzyme

activity on both extracts, but at different potencies. At

5 mM ADP, fat body PFK activity was 6 times higher

than that observed in the absence of effector, compared

to an activation of 3 times found in the muscle.
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Fig. 4 – Effects of sodium citrate on PFK activity from fat body and

muscle homogenates. PFK activity of flight muscle (filled triangles)

or fat body (filled triangles) was measured as described on Materials

and Methods, in the presence of 5 mM fructose 6-phosphate and 4 mM

ATP. Values are means ± SE of at least six independent experiments.

Differences between fat body and flight muscle be-

came evident again when the allosteric regulator studied

was AMP (Fig. 6). This effector was able to activate PFK

on both extracts, but the pattern found was dependent on

the conditions tested. Figure 6A shows the effects of

different AMP concentrations on the PFK activity of fat

body homogenate where it can be seen that AMP was

much more potent as activator at an inhibitory ATP con-
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Fig. 5 – Effects of ADP on PFK activity from fat body and muscle

homogenates. PFK activity of flight muscle (filled triangles) or fat

body (filled triangles) was measured as described on Materials and

Methods, in the presence of 5 mM fructose 6-phosphate and 5 mM

ATP. Values are means ± SE of at least six independent experiments.

centration (5 mM) than when the substrate was present at

a saturating stimulatory concentration (2 mM; P< 0.05,

Student’s t-test). However, the same experiment per-

formed with the flight muscle homogenates showed that

AMP was able to activated PFK, but no differences were

observed when the experiment was performed at differ-

ent ATP concentrations (Fig. 6B; P > 0.05, Student’s

t-test).

This dependency on ATP concentration was also

found on the effects of fructose-2,6-bisphosphate, one

of the most potent activators of PFK already described.

At the saturating stimulatory ATP concentration (2 mM),

fructose-2,6-bisphosphate was unable to activate the

muscle homogenate activity (Fig. 7A, circles), while a
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Fig. 6 – Effects of AMP on PFK activity from fat body and muscle homogenates.
PFK activity was measured as described on Materials and Methods, in the presence

of 5 mM fructose 6-phosphate and 5 mM ATP. Values are means ± SE of at least six

independent experiments. Panel A: fat body. Panel B: flight muscle.

small but significant activation (P < 0.05, Student’s t-

test) was observed in the fat body (Fig. 8A, circles).

However, at the inhibitory ATP concentration (5 mM),

fructose-2,6-bisphosphate promotes a very potent acti-

vation of the enzyme in both tissues (Fig. 7A and 8A

for flight muscle and fat body, respectively). For better

visualization of the fructose-2,6-bisphosphate activation

on PFK activity of the insect tissues, the data presented

on panels A of figures 7 and 8 were recalculated relative

activation (Fig. 7B and 8B). As it can be seen, this acti-

vation is more pronounced on fat body (10 times) than

in flight muscle (4 times).

WESTERN-BLOTTING ANALYSIS

As it is shown in Figure 9, probing insect tissues

extracts with antibodies against muscle PFK from rab-

bit caused the recognition of a specific band after elec-

trophoresis. Although both lanes presented staining, it

was markedly higher in fat body homogenates, in all

western-blotting assays performed. By comparison, and

the electrophoretic mobility with several standard pro-

teins and rabbit muscle PFK, we were able to calculate

to these bands a molecular mass of 86 kDa per monomer

(data not shown).

DISCUSSION

It is reasonable to consider carbohydrate oxidation as an

important metabolic process in the flight muscle of in-

sects, especially those used to short-range flight activity,

and that a tight glycolytic control of PFK activity would

then be required on this tissue. It has been already shown

in one such insect, Rhodnius prolixus, a significant de-

crease on muscle glycogen storage during flight (Ward

et al. 1982).
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Fig. 7 – Effects of fructose 2,6-bisphosphate on PFK activity from

flight muscle homogenate. PFK activity was measured as described on

Materials and Methods, in the presence of 5 mM fructose 6-phosphate

and ATP as indicated. Values are means±SE of at least six independent

experiments. Panel A: relative activity. Panel B: activity normalized

by initial velocity (V0) in the absence of the modulator.

According to our data, PFK activity in the flight

muscle of R. prolixus is highly responsive to allosteric

regulation. ATP presents inhibitory effects at concen-

trations above 3 mM, higher than those described as

inhibitory for other insects (Walker and Bailey 1969,

Holden and Storey 1993), but with an estimated Ki within

the near-physiological range described previously (We-

gener et al. 1991, Wegener 1996). It is possible that,

in muscle, PFK activity remains mostly inhibited, and

dependant on the activation promoted by other effectors.
31P NMR-spectroscopy studies in vivo with Locusta mi-

gratoria indicated the absence of greater alterations of

ATP content on the flight muscle during flight (Wegener

et al. 1991). However, our data shows that, at least in

vitro, several effectors such as ADP, AMP and fructose-

2,6-bisphosphate are able to activate flight muscle PFK
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Fig. 8 – Effects of fructose 2,6-bisphosphate on PFK activity from

fat body homogenate. PFK activity was measured as described on

Materials and Methods, in the presence of 5 mM fructose 6-phosphate

and ATP as indicated. Values are means±SE of at least six independent

experiments. Panel A: relative activity. Panel B: activity normalized

by initial velocity (V0) in the absence of the modulator.

Fig. 9 – PFK content on fat body and flight muscle homogenates.

PFK content was compared in both tissues by western-blotting analysis.

Protein at a content of 150 micrograms was applied on each lane. A

molecular mass of 86 KDa was obtained by comparison with relative

mobility of several standard proteins. Picture is representative of 4

independent experiments.
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even in the presence of inhibitory ATP concentrations.

Curiously, in our experiments fructose-2,6-bisphosphate

showed little or no effects at lower ATP concentrations,

suggesting that the mechanism of activation by the com-

pound is counteracting the inhibitory effects of ATP.

A similar pattern was found on the fat body ho-

mogenates, although with some singular characteristics.

This tissue presented higher calculated K0.5 to the sub-

strates, and higher Ki to the inhibition by ATP, when

compared to muscle. While the highest levels of rel-

ative PFK activity were always obtained with muscle

homogenates, the total extent of activation promoted by

ADP, AMP and fructose-2,6-bisphosphate was markedly

higher on fat body. This sensitivity to allosteric effectors

suggests a tightly regulated glycolytic pathway, which

may be consistent with physiologic roles of the fat body.

Some insects are extremely dependent on meal carbohy-

drates to maintain trehalose levels on the haemolymph

(Thompson et al. 2001) while haematophagous insects

such as R. prolixus (exposed to poor carbohydrate, blood-

based diets) may rely on the direct synthesis at the fat

body. This process, known as trehalogenesis, requires

the regulation of several enzymes, including glycogen

phosphorylase, fructose-1,6-bisphosphatase and PFK

(Becker et al. 1996). Our data suggests fructose-2,6-

bisphosphate as a strong candidate for short-term reg-

ulation, as it is able to increase several times PFK ac-

tivity on fat body extracts, depending on concentration.

Also, the fructose 2,6-bisphosphate levels on fat body

may be altered in physiological events such as fasting

and re-feeding (Meyer-Fernandes et al. 2001). This ac-

tivator may represent a target to the regulation induced

by several hormones, including octopamine and hyper-

trehalosemic hormones.

Citrate, a well known modulator of this enzyme in

vertebrates (Newsholme et al. 1977) was unable to exert

the inhibition of PFK activity in both tissues. This insen-

sitivity to citrate was previously described in other stud-

ies with insects (Walker and Bailey 1969, Newsholme et

al. 1977, Leite et al. 1988, Khoja et al. 1990), although

slightly effects were described in some reports (Khoja

1991, Holden and Storey 1993). Within the fat body,

the lack of response to citrate may be correlated with the

possibility of attaining higher taxes of de novo synthe-

sis of lipids from carbohydrates. In the flight muscle, the

absence of the Randle cycle is less relevant if flight activ-

ity remains dependent on the oxidation of carbohydrates,

although Ward et al. (1982) have shown evidences that

R. prolixus depends on fatty acid oxidation during long-

term flight. In that case, other mechanisms would be

required to decrease the levels of carbohydrate oxidation

on this tissue – such as lowering the levels of fructose-

2,6-bisphosphate, for example.

It is described that PFK presents higher allosteric

responses at higher H+ concentrations, in pH values much

lower than the optimal, and known as regulatory pH.

Even though we did not investigate the allosteric alter-

ations induced by pH, our data have shown that, at fixed

ATP and fructose-6-phosphate concentrations, both ho-

mogenates presented very similar alterations on PFK ac-

tivity. This suggests that possible alterations on K0,5 and

Ki for these substrates expected at different pH values

may have similar rates in fat body and flight muscle.

However, it is not clear if the pH sensitivity found on the

flight muscle presents any physiological relevance, since

flight on insects is described as a highly oxidative activity

(Ford and Candy 1972, Candy et al. 1997, Suarez 2000),

with little or no production of lactate (the main responsi-

ble for pH alterations in muscle). In Rhodnius and other

Hemiptera the transverse tracheolar system forms large

air cavities among the mitochondria, which accounts for

an efficient oxygen supply (Wigglesworth and Lee 1982).

It remains to be told if alterations on pH or lactate con-

centration really occur on R. prolixus flight muscle.

In our work, we could not correlate the markedly

higher PFK activity found on flight muscle to greater pro-

tein contents. On the contrary, the polyclonal anti-rabbit

muscle PFK IgG detected lower levels of PFK staining in

muscle homogenates than those found in fat body in all

western blotting experiments. Since both PFK activity

and PFK content were assayed in the same kind of ho-

mogenate and normalized with the homogenate protein

content, our results strongly suggests that a more active

type of enzyme is found on flight muscle, presenting ki-

netic and allosteric properties differing from those found

in fat body.

There are three different isoforms of PFK

monomers already described – M (muscle), L (liver)

and F (fibroblast). In insects, the presence of differ-

ent isozymic forms of PFK remains to be determined.
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In this work, antibodies were raised against rabbit

skeletal muscle PFK, described as composed solely by

the M isoform. However, all isoforms present high levels

of similarity, what leads to the production of polyclonal

IgG unable to sort them. Consequently, it is possible, but

not probable, that some kind of PFK subunit remains un-

detected in our experiment. However, it becomes clear

that, regardless of those possibilities, both fat body and

flight muscle have singular profiles of glycolytic regula-

tion, which might be consistent with their specific role in

several physiological conditions, such as fasting or flight.
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RESUMO

A atividade da fosfofrutocinase (PFK) de Rodnius prolixus,

um inseto hematófago, o qual vôa somente pequenas distân-

cias, foi medida e comparada em dois tecidos metabolicamente

ativos – músculo de asa e corpo gorduroso. A atividade desta

importante enzima glicolítica regulatória foi muito mais pro-

nunciada em músculo de asa (15, 1 ± 1, 4 U/mg) do que em

extrato de corpo gorduroso (3, 6 ± 0, 4 U/mg) embora este úl-

timo tenha apresentado níveis mais altos da enzima por quanti-

dade de proteína, como medido por western-blotting. Extratos

de músculo foram mais responsivos do que corpo gorduroso

para ATP e frutose-6-fosfato, ambos substratos da PFK. A re-

gulação alostérica exercida por diferentes efetores tais como

ADP, AMP, frutose-2,6-bisfosfato apresentou um padrão sin-

gular para cada tecido. O pH ótimo (8,0-8,5) e a sensibilidade

a variações de pH, foram muito similares e o citrato foi incapaz

de inibir a atividade da PFK em ambos os extratos. Nossos

resultados sugerem a existência de uma atividade particular da

PFK para cada tecido com padrões regulatórios que são con-

sistentes com suas funções fisiológicas.

Palavras-chave: fosfotrutocinase, metabolismo, inseto, glicó-

lise, músculo, corpo gorduroso.
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