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Abstract

Dictyostelium discoideum form groups of ~2 × 104 cells. The group size is regulated in part by a 

negative feedback pathway mediated by a secreted multipolypeptide complex called counting 

factor (CF). The CF signal transduction pathway involves CF-repressing internal glucose levels by 

increasing the Km of glucose-6-phosphatase. Little is known about how this enzyme is regulated. 

Glucose-6-phosphatase is associated with microsomes in both Dictyostelium and mammals. We 

find that the activity of glucose-6-phosphatase in crude microsomes from cells with high, normal, 

or low CF activity had a negative correlation with the amount of CF present in these cell lines. In 

crude cytosols (supernatants from ultracentrifugation of cell lysates), the glucose-6-phosphatase 

activity had a positive correlation with CF accumulation. The crude cytosols were further 

fractionated into a fraction containing molecules greater than 10 kDa (S>10K) and molecules less 

than 10 KDa (S<10K). S>10K from wild-type cells strongly repressed the activity of glucose-6-

phosphatase in wild-type microsomes, whereas S>10K from countin− cells (cells with low CF 

activity) significantly increased the activity of glucose-6-phosphatase in wild-type microsomes by 

decreasing Km. The regulatory activities in the wild-type and countin− S>10Ks are heat-labile and 

protease-sensitive, suggesting that they are proteins. S<10K from both wild-type and countin− 

cells did not significantly change glucose-6-phosphatase activity. Together, the data suggest that, 

as a part of a pathway modulating multicellular group size, CF regulates one or more proteins 

greater than 10 KDa in crude cytosol that affect microsome-associated glucose-6-phosphatase 

activity.

Much remains to be understood about how organisms regulate the size of multicellular 

structures. The social amoeba Dictyostelium discoideum provides an excellent model system 

to study size regulation, for these cells form evenly sized groups of ~2 × 104 cells. 

Dictyostelium cells grow on soil surfaces as individual amoebae and feed on bacteria (for 

review, see Refs. 1 and 2). Upon starvation, cells secrete a cell-density sensing factor called 

conditioned medium factor (3–5). As more and more cells starve, the local conditioned 

medium factor concentration reaches a threshold level. This allows cells to aggregate using 
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relayed pulses of cyclic AMP as a chemoattractant and form dendritic aggregation streams 

(for review, see Refs. 2 and 6). Each aggregate forms a fruiting body consisting of a 

spherical spore mass held atop by a rigid stem of stalk cells. The purpose of these structures 

is to facilitate spore dispersal. If a fruiting body is too small, the spore mass will be too close 

to the ground for optimal spore dispersal. On the other hand, if a spore mass is too big, it 

will slide down the stalk, or the fruiting body will fall over. Therefore, the fruiting body size 

is of great importance. There are several mechanisms Dictyostelium cells use to regulate the 

size of aggregates and the fruiting bodies, such as causing excessively large aggregation 

streams to fragment into groups of ~2 × 104 cells (7–9).

We previously identified a 450-kDa protein complex called counting factor (CF)2 that is 

involved in group size determination in Dictyostelium (10, 11). CF causes aggregate streams 

to fragment by increasing cell motility and decreasing cell-cell adhesion, thereby repressing 

group size (12, 13). Disruption of the smlA gene causes the oversecretion of CF, resulting in 

the formation of extensively fragmented aggregate streams and many small fruiting bodies 

(10). When a component of CF is disrupted, cells secrete essentially undetectable levels of 

CF activity (11, 14, 15). In these cells, the aggregation streams seldom break and coalesce 

into large fruiting bodies which tend to collapse. Starving cells in the presence of 

recombinant components of CF including countin, CF50, or CF45-1 mimic the effect of CF 

and cause streams to fragment and form small fruiting bodies (14–16).

CF regulates cell-cell adhesion and motility by repressing internal levels of glucose, and that 

glucose is a part of the CF signal transduction pathway (17). To understand how CF 

regulates glucose, we examined the effect of CF on enzymes involved in glucose 

metabolism (18). CF has little effect on amylase or glycogen phosphorylase, enzymes 

involved in glucose production from glycogen. Glucokinase activity (the first specific step 

of glycolysis) is repressed by high levels of CF but is not affected by an 8-min exposure to 

recombinant countin. The second enzyme specific for glycolysis, phosphofructokinase, is 

not regulated by CF. The gluconeogenic counterpart of phosphofructokinase, fructose-1,6-

bisphosphatase, is not regulated by CF or recombinant countin, whereas glucose-6-

phosphatase (the gluconeogenic counterpart of glucokinase) is regulated by both CF and an 

8-min exposure to recombinant countin. The countin-induced changes in the Km and Vmax of 

glucose-6-phosphatase causes a decrease in glucose production that can account for the 

countin-induced decrease in glucose levels (18).

Glucose-6-phosphatase is an important enzyme in the control of glucose homeostasis (19–

25). Glucose-6-phosphatase catalyzes the last biochemical process of gluconeogenesis and is 

a key step in glycogenolysis in which it hydrolyzes glucose 6-phosphate to glucose and Pi. It 

is made of multiple transmembrane components, with the active site in the lumen of the 

endoplasmic reticulum. Some of the components transport glucose 6-phosphate from the 

crude cytosol into the endoplasmic reticulum, and others transport glucose and phosphate 

out. However, very little is known about whether or how glucose-6-phosphatase is regulated, 

and the enzyme has never been purified. In humans, defects in glucose-6-phosphatase cause 

glycogen storage disease (26). Many efforts have been made to decrease serum glucose 

2The abbreviations used are: CF, counting factor; WT, wild type.
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levels by temporarily repressing glucose-6-phosphatase as a possible therapeutic treatment 

for hyperglycemia and diabetes (for review, see Ref. 27).

To determine how CF regulates the activity of glucose-6-phosphatase to decrease internal 

glucose levels in Dictyostelium, we measured the activity of the enzyme in several different 

conditions. Because glucose-6-phosphatase activity is associated with microsomes, the 

enzyme was semipurified by fractionating cell lysates by ultracentrifugation (28). We find 

that CF appears to regulate at least two different components in crude cytosol to decrease the 

activity of the glucose-6-phosphatase in crude microsomes.

MATERIALS AND METHODS

Cell Culture

D. discoideum Ax4 wild-type, smlA− (HDB7YA), and countin− (HDB2B/4) cells were 

grown in HL5 media (with maltose as the carbohydrate source) and starved in PBM buffer 

(20 mM KH2PO4, 10 μM CaCl2, 1 mM MgCl2, pH 6.1) at 5 × 106 cells/ml as previously 

described (10, 11, 17, 18). At 6 h of development, cells were collected as previously 

described (17, 18). The pellets were lysed by freezing in dry ice/ethanol and thawing on ice. 

1.5 ml of PB (3.2 mM Na2HPO4, 7.0 mM KH2PO4, pH 6.5) was added to the pellets obtained 

from 100 ml of shaking starvation culture, and the lysate was clarified by centrifugation at 

19,000 × g for 2 min. 2 μl of clarified cell lysates were used for protein determination.

Preparation of Liver Homogenates

Crude microsomes from rat liver were prepared following Mithieux et al. (29). The liver 

was rinsed with ice-cold 0.15 M NaCl and homogenized in a 6× volume of PB using a tissue 

homogenizer (Tekmar, Cincinnati, OH). Clarified liver homogenate was obtained by 

centrifugation at 19,000 × g for 20 min at 4 °C twice. 2 μl of clarified liver homogenates 

were used for protein determination.

Glucose-6-phosphatase Assays

Because glucose-6-phosphatase activity is associated with microsomes, we fractionated 

clarified Dictyostelium lysates and liver homogenates by ultracentrifugation at 100,000 × g 

for 1 h at 4 °C (28). The resulting supernatant (crude cytosol) was removed. 2 ml of PB was 

gently added to the wall of the ultracentrifugation tube, the tube was swirled gently, and the 

PB was removed without disturbing the pellet. Where indicated, crude cytosol was further 

fractionated using 10-kDa cutoff Amicon spin filters (Millipore, Hercules, CA) at 2000 × g 

for 30 min. This generated a fraction that contained molecules retained by the 10-kDa cutoff 

spin filter (S>10K) and a second fraction that contained molecules that passed through the 

10-kDa cutoff spin filter (S<10K). Before use, the S>10K fraction was brought up to the 

original volume of the crude cytosol by adding PB. For some experiments, reconstituted 

crude cytosol was prepared by resuspending the S>10K fraction in the associated S<10K 

fraction rather than in PB. Where indicated, the pellet from the ultracentrifugation (crude 

microsomes) was resuspended in PB, crude cytosol, fractionated crude cytosol, or 

reconstituted crude cytosol. To compare the enzyme activities in the crude microsomes 

resuspended in different fractions, we measured the glucose-6-phosphatase activity (at 
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different glucose 6-phosphate concentrations) of the crude microsomes resuspended in PB, 

S>10K, or S<10K and then subtracted the glucose-6-phosphatase activity (at the same 

glucose 6-phosphate concentrations) of the resuspension media. In some cases the 

microsomal preparation was resuspended in PB with 0.1% Triton X-100 to measure the 

activity of the catalytic subunit of the glucose-6-phosphatase complex. For all the assays, 

100 μl of sample was used for a glucose-6-phosphatase assay, and 2 μl of sample was used 

for a Bio-Rad protein assay with bovine serum albumin as a standard. Glucose-6-

phosphatase activity was measured as previously described (18). The Vmax and Km of 

glucose-6-phosphatase were measured by varying the concentration of glucose 6-phosphate 

in the assay. For unknown reasons we were unable to reproducibly measure glucose-6-

phosphatase activity at glucose 6-phosphate concentrations below 0.1 mM. Nonlinear 

regressions to fit the activity to the Michaelis-Menten equation used the Prism software 

package (Graph-Pad, San Diego, CA).

Supernatant Treatments

To determine the nature of the glucose-6-phosphatase-inhibiting activity of wild-type 

S>10K and the stimulating activity of countin− S>10K, we subjected wild-type or countin− 

S>10K to various treatments. After fractionating crude cytosol, S>10K was brought up to 

half of the original volume of the crude cytosol by adding PB, and the S>10K was separated 

into aliquots in Eppendorf tubes. Tubes were incubated at 37 and 55 °C for 30 min and 100 

°C for 5 min. After incubation at 55 and 100 °C, the S>10K was clarified by centrifugation 

at 19,000 × g for 2 min. In addition, the S>10K was treated with DNase I (Sigma) at 0.5 

μg/μl, RNase A (Sigma) at 15 ng/μl, or proteinase K agarose beads (Sigma) at 0.1 mg/μl for 

30 min at 37 °C. The proteinase K-agarose beads were removed by centrifugation at 19,000 

× g for 5 min, twice. Wild-type crude microsomes were resuspended in half of the original 

volume by adding PB. Resuspended wild-type crude microsomes were mixed with an equal 

volume of treated countin− S>10K, and glucose-6-phosphatase activities were measured as 

described above.

RESULTS

Cell Lines with Different Extracellular CF Levels Have Different Glucose-6-phosphatase 
Activities in Crude Microsomes and Crude Cytosols

We previously found that CF decreases internal glucose levels by decreasing the activity of 

glucose-6-phosphatase in crude cell lysates (17, 18). Glucose-6-phosphatase is a 

multicomponent enzyme associated with microsomes in yeast, Dictyostelium, rats, mice, and 

humans (30–33). To determine how CF regulates glucose-6-phosphatase, we measured the 

activity of the enzyme in crude microsomes (Fig. 1A, Table 1). We have previously 

observed that high concentrations of glucose 6-phosphate can sometimes cause the lysates of 

Dictyostelium cells, especially countin− cells, to become highly turbid.3 We were, thus, 

unable to reproducibly measure the activity of glucose-6-phosphatase at high substrate 

concentrations in countin− crude microsomes. We normalized the activities of glucose-6-

phosphatase in crude microsomes by the amount of protein present in both crude 

3T. Gao and R. H. Gomer, unpublished result.

Jang and Gomer Page 4

J Biol Chem. Author manuscript; available in PMC 2015 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



microsomes (Fig. 1) and cleared lysates (Table 1). In both cases, compared with the activity 

in wild-type crude microsomes, glucose-6-phosphatase activity in crude microsomes from 

smlA− cells had a low Vmax and a slightly low Km, whereas the glucose-6-phosphastase 

activity in crude microsomes from countin− cells had a high Vmax and a low Km. At the 

physiological level of glucose 6-phosphate observed in wild-type cells (~114 μM), smlA− 

crude microsomes had a slightly lower glucose-6-phosphatase activity, and countin− crude 

microsomes had a higher glucose-6-phosphatase activity compared with wild-type crude 

microsomes (Table 2).

The fractionation procedure we used separated the cleared lysate into crude microsomes and 

crude cytosol fractions. To determine how much glucose-6-phosphatase activity is in the 

crude cytosol, we measured the rate of glucose 6-phosphate hydrolysis in the crude cytosol 

(Fig. 1B and Table 1). Compared with the activity in wild-type crude cytosol, the glucose-6-

phosphatase activity in the crude cytosol of smlA− cells had a higher Vmax and Km, whereas 

the glucose-6-phosphatase activity in the crude cytosol of countin− had a lower Vmax and 

Km.

At the physiological level of glucose 6-phosphate in wild-type cells, the glucose-6-

phopshatase activity in smlA− crude cytosol was higher than that of wild-type and countin− 

crude cytosols (Table 2). Comparing the activities at this glucose 6-phosphate concentration 

in crude microsomes and crude cytosol, smlA− cells had a high percentage of activity in 

cytosol, wild-type cells appeared to have roughly equal amounts in crude microsomes and 

crude cytosol, and countin− cells had most of the glucose-6-phosphatase activity in crude 

microsomes (Table 2). A comparison of the sum of the activities in crude microsomes and 

the activity in crude cytosol with the previously observed activity in cleared lysates (at the 

time the glucose-6-phosphatase activities were measured in the cell fractions, the activities 

in cleared lysates were also measured, and this latter activity matched previously published 

cleared lysate activity) suggests that separating crude cytosol from crude microsomes causes 

activity in one of the fractions to increase slightly (Table 2). This could be due to a 

component in the crude microsomal fraction inhibiting the activity of a phosphatase in the 

crude cytosol fraction or vice versa. However, if we consider the error at 114 μM glucose 6-

phosphate to be roughly equal to the S.E. of the mean in our assays at 100 μM glucose 6-

phosphate (Fig. 1 and Ref. 18), the difference is not statistically significant.

Detergent Increases the Vmax of Glucose-6-phosphatase in countin− Crude Microsomes

Because glucose-6-phosphatase is a multicomponent enzyme with catalytic and transporter 

subunits and with the catalytic subunit inside the lumen of the endoplasmic reticulum, one 

way to measure the activity of the catalytic subunit itself is to measure the glucose-6-

phosphatase activity in detergent-disrupted microsomes (34). We treated crude microsomes 

with detergent (0.1% Triton X-100) to determine whether the differences in the enzyme 

activity in crude microsomes of the three cell lines with different levels of CF accumulation 

are due to regulation of the transporter subunits. In smlA− cells, the discernable activities of 

the enzyme were quite similar with or without Triton X-100 treatment (Fig. 2A). Wild-type 

cells also had no discernable differences in the activity of the enzyme with or without Triton 

X-100 treatment (Fig. 2B). In countin− cells, treatment with Triton X-100 increased the Vmax 
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of the glucose-6-phosphatase (Fig. 2C). Together, the data suggest that in smlA− and wild-

type cells, detergent treatment to allow direct access of glucose 6-phosphate to the catalytic 

subunit does not increase enzymatic activity, suggesting that in these cell lysates the glucose 

6-phosphate transporter does not limit enzyme activity. In countin− crude microsomes, the 

detergent treatment did increase glucose-6-phosphatase activity, suggesting that in this cell 

line the glucose-6-phosphatase activity is limited by the transporter.

Fractionated Crude Cytosols from Wild-type and countin− Cells Affect the Glucose-6-
phosphatase Activity of Wild-type Crude Microsomes

Having established that the glucose-6-phosphatase activities of smlA−, wild-type, and 

countin− cells are different when measured in crude microsomes, we then asked whether 

there exists any factors in the crude cytosol that regulate the glucose-6-phosphatase activity 

in crude microsomes. To identify CF-regulated components that affect the activity of 

glucose-6-phosphatase in the crude cytosol, we fractionated the crude cytosol by using 10-

kDa cutoff spin filters to generate S<10K and S>10K fractions and then measured the 

activities of glucose-6-phosphatase in crude microsomes with or without fractionated crude 

cytosol. Crude cytosol from smlA− cells was not used, since it had a very high glucose-6-

phosphatase activity (Fig. 1B). The S<10K and the S>10K fractions from both wild-type and 

countin− cells had essentially undetectable glucose-6-phosphatase activities (data not 

shown). The glucose-6-phosphatase activity of wild-type crude microsomes resuspended in 

S<10K was not significantly different from the activity of wild-type crude microsomes 

resuspended in PB (data not shown). However, when wild-type crude microsomes were 

resuspended in S>10K from wild-type cells, the Km increased, and the Vmax of the enzyme 

decreased (Fig. 3A, Table 3). When unfractionated crude cytosol or reconstituted crude 

cytosol (a mixture of S>10K and S<10K) from wild-type cells was added to wild-type crude 

microsomes, glucose-6-phosphatase activities were restored to roughly the cleared lysate 

level (Fig. 3B). The data suggest that there is one or more factors in wild-type S>10K that 

decrease glucose-6-phosphatase activity and another factor(s) in wild-type S<10K that 

suppresses the activity of the factors in wild-type S>10K. The presence of S<10K from 

countin− cells did not alter the glucose-6-phosphatase activity of wild-type crude 

microsomes (data not shown), whereas S>10K from countin− cells decreased the Km of 

glucose-6-phosphatase in wild-type crude microsomes but had little effect on Vmax (Fig. 3C 

and Table 3). This effect was also seen using crude cytosol from countin− cells (data not 

shown). At the physiological level of glucose 6-phosphate in wild-type cells (~114 μM), 

S>10K from countin− cells increased the activity of wild-type crude microsomes by ~6-fold 

compared with the activity of wild-type crude microsomes resuspended in PB.

The Factors in Wild-type and countin− S>10K That Affect Microsomal Glucose-6-
phosphatase Activity Are Destroyed by Heat or Protease Treatments

To determine the nature of the factors in the wild-type and countin− S>10Ks, we subjected 

the S>10K from wild-type or countin− cells to a variety of treatments. The treated wild-type 

or countin− S>10K was then added to wild-type microsomes. There was no decrease of the 

wild-type S>10K activity (the ability of the wild-type S>10K to decrease wild-type 

microsomal glucose-6-phosphatase activity at 10 mM glucose 6-phosphate) after 30-min 

treatments at 37 °C or 37 °C with DNase. There was an ~70% decrease of the wild-type 
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S>10K activity upon treatment of wild-type S>10K at 55 °C. When wild-type S>10K was 

heated to 100 °C for 5 min or treated with proteinase K agarose beads at 37 °C for 30 min, 

the wild-type S>10K activity was abolished. We were unable to measure the effect of RNase 

on wild-type S>10K, as this treatment caused severe turbidity when mixed with wild-type 

microsomes.

There was no decrease of the countin− S>10K activity (the ability of the countin− S>10K to 

stimulate wild-type microsomal glucose-6-phosphatase activity at 0.1 mM glucose 6-

phosphate) after treatment at 37 °C or at 37 °C with DNase or RNase. There was an ~50% 

decrease of the countin− S>10K activity upon treatment at 55 °C for 30 min. The stimulating 

activity in the countin− S>10K was completely abolished with treatment at 100 °C for 5 min 

or incubation with proteinase K agarose beads at either 55 or 37 °C for 30 min. Together, the 

data suggest that the glucose-6-phosphatase-modulating activities in the wild-type and 

countin− S>10K are heat-labile proteins.

Fractionated Crude Cytosols from Wild-type and countin− Cells Affect the Glucose-6-
phosphatase Activity of Crude Microsomes from Rat Liver

To find out whether Dictyostelium S>10K has similar effects on mammalian glucose-6-

phosphatase, crude microsomes from rats were resuspended in PB, wild-type S>10K, or 

countin− S>10K. The addition of wild-type (WT) and countin− S>10 to rat liver crude 

microsomes significantly decreased the Vmax and Km of the rat liver glucose-6-phosphatase 

(Fig. 4 and Table 4). However, the countin− S>10K decreased the Km more than the WT 

S>10K decreased the Km, suggesting that CF regulates a component in Dictyostelium S>10K 

that affects the Km of mammalian glucose-6-phosphatase.

DISCUSSION

Glucose-6-phosphatase is a crucial enzyme involved in glucose homeostasis. It catalyzes the 

final step of both glycogenolysis and gluconeogenesis, where its substrate, glucose 6-

phosphate, serves as a branching point for many biochemical reactions (for review, see Refs. 

19 and 20–25). The activity of glucose-6-phosphatase can be regulated through gene 

expression and/or biochemical inhibition (35–39). Due to the importance and implication in 

diseases, considerable effort has been made to identify the regulation mechanism of this 

enzyme. However, the exact nature of glucose-6-phosphatase regulation is still largely 

unknown.

The observation that glucose-6-phosphatase activities in crude microsomes from smlA−, 

wild-type, and countin− cells are different from the previously observed glucose-6-

phosphatase activities in cleared lysates of the three cell lines suggested that there may exist 

factors or other nonspecific glucose-6-phosphatase activities in the crude cytosol and that 

interactions between factors in the crude cytosol and crude microsomes may regulate 

glucose-6-phosphatase activity in these cell lines.

Numerous cytosolic phosphatases other than glucose-6-phosphatase such as alkaline 

phosphatase hydrolyze glucose 6-phosphate (for review, see Ref. 25). The high glucose-6-

phosphatase activity observed in the clarified lysates of smlA− cells and the glucose-6-
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phosphatase activity observed in the crude cytosol from wild-type and countin− cells may, 

thus, be due to cytosolic enzymes such as alkaline phosphatase or may be due to ineffective 

separation of the microsomes from the crude cytosol or solubilization of glucose-6-

phosphatase.

The finding that the presence of detergent (Triton X-100) increased glucose-6-phosphatase 

activity in countin− cells by increasing Vmax suggests that glucose-6-phosphatase, glucose, 

or phosphate transporter subunits limit the activity of glucose-6-phosphatase in countin− 

cells and that the amount or Vmax of the catalytic subunit in countin− cells is higher than in 

wild-type or smlA− cells. This then suggests that CF regulates the amount or Vmax of the 

glucose-6-phosphatase catalytic subunit as well as the Km.

We previously showed that internal glucose levels are elevated in countin− cells (17). 

Because glucose increases the expression levels of glucose-6-phosphatase mRNA in 

mammals (for review, see Ref. 24), it is possible that the increased activity of glucose-6-

phosphatase in countin− cells is due to the elevated levels of internal glucose up-regulating 

glucose-6-phosphtase expression. In addition, metabolites of the glycolytic/gluconeogenic 

pathway can play an important role in the expression and inhibition of glucose-6-

phosphatase (34), and we observed that cell lines with different levels of CF accumulation 

had different levels of metabolites (18). Finally, the activity of glucose-6-phosphatase is 

inhibited by the presence of phosphatidylinositol kinase and its metabolites (33), and the 

levels of one such metabolite, inositol 3,4,5-trisphosphate, are affected by CF.4 Therefore, it 

is possible that some of the differences in the activities of glucose-6-phosphatase in smlA−, 

wild-type, and countin− cells are due to differences in the amount of the enzyme present in 

cells or due to metabolites regulating the activity of the enzyme.

We observed that S>10K from wild-type cells decreased the Vmax and increased the Km of 

glucose-6-phosphatase in wild-type crude microsomes, whereas crude cytosol or 

reconstituted cytosol from wild-type cells did not have such effects. In addition, wild-type 

S<10K did not have any significant effect on wild-type crude microsomes. Together, the 

data suggest that there is a factor in S>10K from wild-type cells that decreases Vmax and 

increases Km of glucose-6-phosphatase in wild-type crude microsomes, and the effect of this 

factor is suppressed by another factor in S<10K from wild-type cells. S>10K from countin− 

cells strongly decreased the Km of wild-type crude micro-somes with little effect on the 

Vmax. Heat and protease treatment of the S>10Ks indicated that the activities are heat-labile 

proteins. There is, thus, a protein in the S>10K fraction of countin− cells that increases the 

activity rather than the level of glucose-6-phosphatase. Rat liver crude microsomes have a 

higher glucose-6-phosphatase activity than Dictyostelium crude microsomes. The addition of 

Dictyostelium wild-type and countin− S>10K greatly decreased the Vmax and Km of the rat 

liver glucose-6-phosphatase. However, the presence of countin− S>10K decreased the Km of 

mammalian glucose-6-phosphatase more than wild-type S>10K, suggesting that the CF-

regulated protein in Dictyostelium S>10K that decreased the Km of Dictyostelium glucose-6-

phosphatase is also effective on a mammalian glucose-6-phosphatase. Our working 

hypothesis is, thus, that extracellular CF inhibits the presence or activity of at least one 

4Y. Tang and R. H. Gomer, unpublished data.
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protein in crude cytosol (Fig. 5). When extracellular CF levels are low, this factor increases 

glucose-6-phosphatase activity by decreasing the Km of the enzyme. Thus, at low CF levels, 

the high glucose-6-phosphatase activity increases intracellular glucose levels, which in turn 

increases cell-cell adhesion and decreases cell motility. An increase in CF levels would then 

cause glucose-6-phosphatase activity to decrease, and the resulting decreased cell-cell 

activity and increased motility would lead to stream breakup and allow a regulation of group 

and fruiting body size.
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FIGURE 1. Cell lines with different CF accumulation have different glucose-6-phosphatase 
activities in crude microsomes and crude cytosols
smlA−, Ax4 (WT), and countin− cells were starved by shaking in buffer, harvested at 6 h of 

starvation, and lysed by freezing/thawing. Cell lysates were then clarified by centrifugation, 

and the clarified lysates were further fractionated by ultracentrifugation to yield crude 

microsomes and crude cytosol. The activities of glucose-6-phosphatase in the crude 

microsomal fraction and crude cytosol fraction were then measured. The lines show 

Michaelis-Menten equations fit to the data using nonlinear regression. A, glucose-6-

phosphatase activities were measured in crude microsomes normalized to the protein 

concentrations of crude microsomes from the three cell lines. Values are the means ± S.E. 

from seven independent assays. B, glucose-6-phosphatase activities were measured in crude 

cytosol fractions and normalized to the protein concentrations of the crude cytosol fractions 

from the three cell lines. Values are the means ± S.E. from seven independent assays. 

Arrows indicate the physiological concentration of glucose-6-phosphatase in wild-type cells 

(114 μM).
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FIGURE 2. Treatment with 0.1% Triton X-100 affects glucose-6-phosphatase activity in 
countin− cells
Crude microsomes were prepared from smlA−, Ax4 (WT), and countin− cells The crude 

microsomes were resuspended in buffer with or without 0.1% Triton X-100, and the 

activities of glucose-6-phosphatase were measured as in Fig. 1. The lines show Michaelis-

Menten equations fit to the data using nonlinear regression. A, glucose-6-phosphatase 

activities were measured in crude microsomes from smlA− cells with or without Triton 

X-100. The presence of Triton X-100 did not significantly alter Vmax and Km. Values are the 

means ± S.E. from four independent assays. B, glucose-6-phosphatase activities were 

measured in crude microsomes from wild-type cells with or without Triton X-100. The 

treatment of Triton X-100 did not significantly alter the activity of the enzyme. Values are 

the means ± S.E. from four independent assays. C, glucose-6-phosphatase activities were 

measured in crude microsomes from countin− cells with or without Triton X-100. The 

presence of Triton X-100 significantly increased the glucose-6-phosphatase activity at 0.1, 

0.25, 0.5, and 0.75 mM substrate concentrations (paired t test, p < 0.05). Treatment of 

countin− crude microsomes with Triton X-100 did not affect the Km of glucose-6-

phosphatase. Treatment of countin− cells with Triton X-100 increased the Vmax, but did not 

affect the Km of glucose-6-phosphatase. Values are the means ± S.E. from five independent 

assays.
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FIGURE 3. The effect of different cell fractions on the glucose-6-phosphatase activity of wild-
type crude microsomes
WT and countin− cells were starved by shaking in PBM, harvested at 6 h of starvation, and 

lysed by freezing/thawing. Cell lysates were then clarified by centrifugation, and the 

clarified lysates were fractionated by ultracentrifugation. The supernatants from the 

ultracentrifugation were further fractionated by using 10-kDa cutoff spin filters. Wild-type 

crude microsomes were resuspended in S>10K, crude cytosol, or reconstituted crude cytosol 

from wild-type and countin− cells, and the activities of glucose-6-phosphatase were 

measured. The lines show Michaelis-Menten equations fit to the data using nonlinear 

regression. A, glucose-6-phosphatase activities were measured in crude microsomes 

resuspended in PB (control) or wild-type S>10K. Values are the means ± S.E. from six 

independent assays. B, glucose-6-phosphatase activities were measured in crude microsomes 

from wild-type cells resuspended in PB (microsomes), WT crude cytosol (microsomes + 

crude cytosol), or reconstituted WT crude cytosol (microsomes + S<10K + S>10K). Values 

are the means ± S.E. from seven independent assays. C, glucose-6-phosphatase activities 

were measured in WT crude microsomes resuspended in PB (control) or S>10K from 

countin− cells. The presence of S>10K from countin− cells significantly increased the 

glucose-6-phosphatase activity at the physiological level of glucose 6-phosphate in wild-

type cells (~114 μM) (paired t test, p < 0.05). Values are means ± S.E. from 10 independent 

assays.
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FIGURE 4. The effect of WT and countin− S>10K on the glucose-6-phosphatase activities of rat 
liver crude microsomes
Rat liver crude microsomes were resuspended in PB (control), WT S>10K, or countin− 

S>10K, and the activities of glucose-6-phosphatase were measured by varying the 

concentration of glucose 6-phosphate in the assay buffer. The lines show Michaelis-Menten 

equations fit to the data using nonlinear regression. The inset shows the curves for the effect 

of WT and countin− S>10K on the glucose-6-phosphatase activities of rat liver crude 

microsomes at low substrate concentrations. Values are the means ± S.E. from seven 

independent assays.
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FIGURE 5. Model showing how CF may regulate glucose-6-phosphatase, glucose, and group size
Our working hypothesis is that when CF binds to its surface receptor, this signal inhibits an 

unknown cytosolic protein. In the absence of CF this protein increases glucose-6-

phosphatase activity by decreasing the Km to produce more glucose. A protein found in 

wild-type cytosol that affects glucose-6-phosphatase may be the same cytosolic protein or 

may be a different protein. Glucose inhibits cell motility and increases cell-cell adhesion to 

increase group size. ER, endoplasmic reticulum.
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TABLE 1
The Vmax and Km of glucose-6-phosphatase activity in crude microsomes and crude 

cytosol

smlA−, Ax4 (WT), and countin− cells were starved by shaking in PBM, harvested at 6 h of starvation, and 

lysed. Cell lysates were then clarified by centrifugation, and the clarified lysates were further fractionated by 

ultracentrifugation at 100,000 × g to yield crude microsomes and crude cytosol fractions. The glucose-6-

phosphatase activities were normalized against the amount of protein present in cleared lysates. The Vmax and 

Km of glucose-6-phosphatase in cleared lysates were from Jang and Gomer (18), conservatively recalculating 

the countin− Km as <0.1 mM. For smlA−, wild-type, and countin− cells, crude microsome protein was 37% of 

cleared lysate protein, and crude cytosol protein was 63% of cleared lysate protein.

Parameter measured smlA − Wild type countin − 

Vmax (crude microsomes)
 (nmol/mg protein/min)

0.19 0.38 0.51

Km (crude microsomes) (mM) 0.40 0.65 <0.1

Vmax (crude cytosol)
 (nmol/mg protein/min)

1.5 0.21 0.069

Km (crude cytosol) (mM) 1.2 0.18 <0.1

Vmax (cleared lysate)
 (nmol/mg protein/min)

2.1 1.5 0.45

Km (cleared lysate) (mM) 2.4 2.1 <0.1
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TABLE 2
The glucose-6-phosphatase activities at the physiological glucose-6-phosphate level

The activities of glucose-6-phosphatase were calculated at the glucose 6-phosphate concentration observed in 

wild-type cells (~114 μM) using the Vmax and Km in crude microsomes, crude cytosol, and cleared lysates, all 

normalized to the protein concentration in the cleared lysates. For countin− cells, we used Km <0.1 mM (Table 

I). Values for glucose-6-phosphatase activity in lysates are from Jang and Gomer (18).

Activity

smlA − Wild-type countin − 

nmol/mg protein/min

Crude microsomes 0.03 0.05 >0.26

Crude cytosol 0.12 0.06 >0.035

Cleared lysate 0.10 0.08 >0.23
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TABLE 3
One or more factors in S>10K regulates the Vmax and Km of glucose-6-phosphatase in 

wild-type crude microsomes

The activities of wild-type crude microsomes resuspended in PB (control), wild-type S>10K, or countin− 

S>10K were measured (Figure 3). The Vmax and Km values were calculated using nonlinear regressions to fit 

the activity (as a function of the substrate concentration) to the Michaelis-Menten equation.

Control WT S>10K countin− S>10K

Vmax (nmol/mg
 protein/min)

0.96 0.22 0.90

Km (mM) 0.63 2.7 <0.1
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TABLE 4
One or more factors in S>10K regulate the glucose-6-phosphatase in rat liver crude 
microsomes

The activities of rat liver crude microsomes resuspended in PB (control), WT S>10K, or countin− S>10K were 

measured (Fig. 4). The Vmax and Km values were calculated using nonlinear regressions to fit the activity (as a 

function of the substrate concentration) to the Michaelis-Menten equation.

Control WT S>10K countin− S>10K

Vmax (nmol/mg
 protein/min)

21.4 4.9 3.6

Km (mM) 1.9 1.0 0.24
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