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Abstract — A set of glycosylinositol-phosphoceramides, belonging to a family of glycosylphosphatidyl-inositols (GPIs) synthesized in a cell-free system prepared from the free-living protozoan Paramecium primaurelia has been described. The final GPI precursor was identified and structurally characterized as: ethanolamine-phosphate-6Manα1-2Manα1-6(mannosylphosphate) Manα14glucosamine-inositol-phospho-ceramide. During our investigations on the biosynthesis of the acid-labile modification, the additional mannosyl phosphate substitution, we observed that the use of the nucleotide triphosphate analogue GTPγS (guanosine 5’-O(thiotriphosphate)) blocks the biosynthesis of the mannosylated GPI glycolipids. We show that GTPγS inhibits the synthesis of dolichol-phosphate-mannose, which is the donor of the mannose residues for GPI biosynthesis. Therefore, we investigated the role of GTP binding regulatory ‘G’ proteins using cholera and pertussis toxins and an intracellular second messenger cAMP analogue, 8-bromo-cAMP. All the data obtained suggest the involvement of classical heterotrimeric G proteins in the regulation of GPI-anchor biosynthesis through dolichol-phosphate-mannose synthesis via the activation of adenylyl cyclase and protein phosphorylation. Furthermore, our data suggest that GTPγS interferes with synthesis of dolichol monophosphate, indicating that the dolichol kinase is regulated by the heterotrimeric G proteins. © 2001 Société française de biochimie et biologie moléculaire / Éditions scientifiques et médicales Elsevier SAS. All rights reserved. dolichol / dolichol monophosphate / Dol-P-man / glycosylphosphatidyl-inositol / Paramecium primaurelia



1. Introduction The structure and biosynthesis of GPI-anchor precursors have been elucidated in protozoa and mammalian cells [1–6]. The evolutionary conserved glycosylphosphatidyl-inositol (GPI) core glycans consist of a trimannosyl glucosamine structure linked to ethanolamine phosphate: ethanolamine-PO4-6Manα1-2Manα1-6Manα1-4GlcNH2. The matured GPI precursor is then transferred to the nascent protein via a pseudo transamidase reaction [7]. Since the synthesis and attachment of GPI is crucial for the maturation and transport of GPI-anchored proteins to the cell surface, it is essential to understand the regulation of the biosynthetic pathway leading to the formation of GPIs. Despite a vast amount of structural data, little is known about the enzymology and regulation of GPI *Correspondence and reprints. E-mail address: [email protected] (R.T. Schwarz). Abbreviations: GPI, glycosylphosphatidyl-inositol; Dol, dolichol; Dol-P, dolichol monophosphate; Dol-P-man, dolicholphosphate-mannose; TLC, thin layer chromatography; TLCK, Nα-tosyl-L-lysine chloromethyl ketone; GTPγS, guanosine 5''O-(thiotriphosphate).



biosynthesis. None of the enzymes involved in the GPI biosynthesis have been purified to homogeneity. However, some biochemical studies have been reported on partially purified GlcNAc-PI deacylase [8] and some genes involved in different steps of GPI biosynthesis have been cloned from mammalian cells, yeast and parasitic protozoa [9–15]. In mammalian cells, GTP but not the nonhydrolysable analogues of GTP can stimulate the deacetylation of GlcNAc-PI in vitro, and the possible role of GTP binding proteins in this stimulation was not ruled out [16, 17]. Some evidence for the involvement of adenylyl cyclase/cAMP system and protein phosphorylation in the regulation of protein glycosylation have been reported. Treatment of JEA-3 choriocarcinoma cells with 8-bromocAMP, a cell permeable analogue of cyclic AMP, increases N-glycosylation by stimulating the dolichol/ dolichol-phosphate pathway [18, 19]. Dol-P-man is the donor for mannose residues not only for GPI biosynthesis but also for N-glycosylation. Banerjee et al. [20] showed that the presence of a cAMP-dependent protein kinases stimulates the activity of Dol-P-man synthesis in vitro. Furthermore, in mammalian cells, stimulation of protein kinase C by phorbol-12-myristate-13-acetate enhances GPI biosynthesis [21].



802 We have described a biosynthetic pathway for a polar glycolipid which is destined to anchor the P. primaurelia GPI-anchored proteins [22, 23]. The core glycan of this glycolipid is modified by mannosyl phosphate which is added to the core glycan in two steps: phosphorylation of the trimannosyl intermediate prior to the addition of the mannose linked to phosphate [23]. We investigated the phosphorylation reaction using different nucleotide triphosphates and their corresponding analogous. We demonstrate that the use of GTPγS interferes with the synthesis of the mannosylated GPI intermediates in vitro. We show that the primary effect of GTPγS is due to the lack of Dol-P-man which is the donor of mannose residues that constitute the core glycan of GPI. Therefore we followed the effect of GTPγS by investigating the synthesis of Dol-P-man and the transfer of mannoses residues from Dol-P-man to GPIs. Two enzymes are involved in Dol-Pman synthesis: CTP dependent dolichol kinase and DolP-man synthase. We show that GTPγS interferes with the synthesis of Dol-P from dolichol. Using cholera and pertussis toxins we prove the involvement of signaltransducing GTP binding proteins Gs and Gi in the regulation of Dol-P-man synthesis. Most of the signal transducing activities of G-proteins are associated with the state of activation of the α subunit, which is involved in GDP/GTP exchange and GTP hydrolysis [24]. Certain activated α subunit isoforms can function in stimulatory (αs) or inhibitory (αi) receptor-coupled pathways for the regulation of adenylyl cyclase [25]. Our data denote that the inhibitory effect of GTPγS is due to the activation of a Gαi subunit acting as a negative regulator for Dol-Pman synthesis.



2. Materials and methods 2.1. Materials Guanosine diphosphate-[3,4-3H]mannose (15.1 Cimmol-1) was from DuPont-New England Nuclear. Porcine Liver Dolichol, [1-3H] (10–20 Ci-mmol-1) and Dolichol, [1-3H]monophosphate (10–20 Ci-mmol-1) were from Biotrend. Vibrio cholerae toxin, Bordetella pertussis toxin, guanosine 5”-O-(3-thiotriphosphate), 8-bromoadenosine 3’:5’-cyclic monophosphate (8-bromo-cAMP) were from sigma. 1-(5-isoquinolinessulfonyl)-2-methylpiperazine, HCl (H-7, dihydrochloride), forskolin 7-deacetyl-6-(N-acetylglycyl)- and staurosporin (Streptomyces sp.) were from Calbiochem. 2.2. Preparation of P. primaurelia lysate Cells of P. primaurelia strain 156 were grown as described [22], supplemented with 10 µg/mL tunicamycin to block the N-glycosylation pathway of proteins and 0.5



Azzouz et al. mM 2-deoxy 2-fluoro-glucose. After 1 h at 37 °C, cells were hypotonically lysed using the method described by Masterson et al. [26]. Briefly, cells were resuspended in ice cold water containing 0.1 mM TLCK and 1 µg/mL leupeptin prior to disruption with 50 strokes in a Dounce homogenizer. An equal volume of 100 mM Na-Hepes (pH 7.4), 50 mM KCl, 10 mM MgCl2, 0.1 mM TLCK, 1 µg/mL leupeptin and 20% glycerol was added to the cell lysate prior to freezing at –80 °C. The cell lysate was used for in vitro labeling experiments. 2.3. Biosynthesis and extraction of GPI glycolipids in vitro The lysate (106 cell eq.) was washed (three times) with 50 mM Na-Hepes (pH 7.4), 50 mM KCl, 10 mM MgCl2, 0.1 mM TLCK and 1 µg/mL leupeptin (buffer A). After centrifugation (Beckman J21, 10 000 rpm, 20 min at 4 °C), the pellet was resuspended in buffer A supplemented with 5 mM MnCl2, 0.2 µg/mL tunicamycin (Calbiochem), 1 mM ATP, 1 mM CoA and 2 µCi of [3H]-labeled nucleotide sugars or 1 µCi [3H]-labeled dolichol or 1 µCi [3H]-labeled dolicholmonophosphate. [3H]-labeled dolichol and [3H]-labeled dolicholmonophosphate were solubilized in 1% Triton X-100. The final concentration of Triton X-100 in incubation mixtures was 0.1% preventing any transfer of mannose from newly synthesized [3H]Dol-P-man to GPIs [23]. Assays were supplemented with 1 mM UDP-N-acetyl glucosamine for experiments involving GDP-[3H]mannose. For experiments involving [1-3H]dolichol, and [1-3H]dolicholmonophosphate, 1 mM GDP-mannose and 1 mM UDPN-acetyl glucosamine were added. After a period of incubation, labeled glycolipids were extracted in one step with chloroform/methanol/water (C/M/W, 10:10:3, by volume) and analyzed by TLC. In experiments involving GTPγS, cholera toxin, pertussis toxin, phosphodiesterase inhibitors and kinase inhibitors, treated and not treated membranes were first incubated with these components for 10 min followed by the addition of radioactivity containing differents labeling ingredients (ATP, CoA, tunicamycin). 2.4. Thin layer chromatography Labeled glycolipids recovered in the C/M/W extracts were dried and partitioned between water and watersaturated n-butanol. The glycolipids recovered in the butanol phases were analyzed on silica 60 plates (Merck), using solvent system A: chloroform/methanol/0.25% KCl (10:10:3, by volume) or B: chloroform/methanol/NH4OH (65:35:5, by volume). After chromatography, the plates were dried and scanned for radioactivity with a Berthold LB 2842 automatic scanner.
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3. Results 3.1. Inhibition of Dol-P-man synthesis by GTPγS Glycolipids were labeled in vitro with GDP[3H]mannose using P. primaurelia membranes. Membranes were prepared from cells pre-incubated with tunicamycin and 2-deoxy-2-fluoro-D-glucose. The latter is known to deplete the endogenous pool of Dol-P-man and Dol-P-glucose [27] leading to higher labeling efficiency of Dol-P-[3H]man synthesized via GDP-[3H]mannose. The labeling was stopped by adding C/M (1:1, by volume) to the incubation mixture to give a final concentration of C/M/W (10:10:3, by volume). Thin layer chromatography (TLC) analysis, using silica 60 plates (solvent system A), showed a spectrum of glycolipids (I to VII) and Dol-Pman (figure 1A) labeled with GDP-[3H]mannose. All glycolipids have been structurally identified as glycosylinositol-phosphoceramides [22, 23]. The core glycan of the polar glycolipids I and III were shown to be modified by mannosyl phosphate linked to the mannose adjacent to the non-acetylated glucosamine molecule. Dol-P-man is the donor of all mannose residues that constitute the P. primaurelia GPIs core glycan [23]. In the course of our investigations on the regulation of GPI-anchors biosynthesis, we found that GTPγS interferes with the synthesis of GPIs. Incubation of membranes for 10 min with 4 µM GTPγS, prior to adding GDP-[3H]mannose for additional 30 min, blocks the synthesis of mannose labeled GPIs (figure 1B), as compared to the incubation in the absence of GTPγS (figure 1A). In the same concentration range GTPγS has no effect on the biosynthesis of the early GPI intermediates, GlcNAc-Inositol-P-ceramide and GLcNinositol-P-ceramide glycolipids, (not shown). The incorporation of [3H]mannose into Dol-P-man and GPIs was 80% less efficient in the presence of GTPγS. The effect of GTPγS on mannosylated GPIs was observed at a concentration of about 2 µM, reaching maximum at 5 µM, and could only be partially prevented by adding 10 µM GTP (not shown). GTP was unable to prevent the inhibition by GTPγS probably due to a competitive inhibition of the binding of GDP-man to Dol-P-man synthase as it was shown for P. falciparum [28]. The use of ATPγS in the same concentration range even at higher concentration (10 µM) has no effect on the synthesis of the Dol-P-man [23]. In the presence of GTPγS, no Dol-P-man could be detected in the C/M/W extracts (figure 1B). This led us to conclude that its synthesis is inhibited. As Dol-P-man is the donor for mannose residues that constitute the GPI core glycan, the synthesis of mannosylated GPI intermediates is therefore inhibited. The possibility that GTPγS may interfere with the synthesis of GDP-man could be ruled out, since we supplemented directly with labeled GDP-mannose in these experiments.



Figure 1. GTPγS interferes with synthesis of Dol-P-man. TLC analysis of the P. primaurelia glycolipids: glycolipids were labeled in vitro via GDP-[3H]mannose in the absence (A) or presence of 4 µM GTPγS (B). Glycolipids were then extracted in one step by adding C/M (1:1, by volume) to the incubation mixture to give a final concentration of C/M/W (10:10:3, by volume). The C/M/W extracted glycolipids were dried and partitioned between water and water-saturated n-butanol. The glycolipids were analyzed on silica TLC plates using solvent system A: C/M/0.25% KCl (10:10:3, by volume). Radioactivity was scanned using a TLC-scanner (Berthold LB 2842). The structure of the characterized glycolipids is indicated in A (see [22, 23]). E, ethanolamine phosphate; M, mannose; GalN, N-acetylgalactosamine; P, phosphate; GIPC; glucosamine inositol-phosphoceramide.



3.2. GTPγS interferes with dolichol phosphate synthesis Two enzymes are involved in the synthesis of Dol-Pman: CTP dependent dolichol kinase and Dol-P-man synthase. Therefore, we investigated the effect of GTPγS on these two enzymes. First, we established a TLC system able to separate dolichol, Dol-P and Dol-P-man using
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Figure 2. Effect of GTPγS on Dol-P synthesis. 1 µCi of Dol or Dol-P was added to P. primaurelia membranes in the presence of 1 mM GDP-mannose and 1 mM UDP-N-acetyl glycosamine. The experiments were done in the absence of GTPγS (A, B) or in the presence of GTPγS (B, D). After a period of incubation of 30 min the C/M/W (10:10:3, by volume) extracts were analyzed on silica TLC plates using solvent system B: C/M/NH4OH (65:35:5, by volume). Radioactivity was scanned using a TLC-scanner (Berthold LB 2842).



solvent system B: CHCl3/CH3OH/NH4OH (65:35:5, by volume). In contrast to Dol-P, which remains closly at the origin (Rf 0.16), the dolichol migrates to the front (Rf 0.7). Both compounds are separated from TLC purified P. primaurelia Dol-P-[3H]man (Rf 0.32). Membranes were then incubated with labeled Dol or Dol-P solubilized in Triton X-100. As shown in figure 2A, in the absence of GTPγS the addition of Dol-P leads to the formation of Dol-P-man but also in the presence of GTPγS (figure 2C), indicating that the Dol-P-man synthase is not affected by GTPγS. Labeling with dolichol in the absence of GTPγS leads to the formation of Dol-P and Dol-P-man (figure 2B). However, in the presence of GTPγS no Dol-P or Dol-P-man could be detected (figure 2D). The data suggest that GTPγS interferes with the synthesis of Dol-P, indicating that dolichol kinase is the enzyme which is affected by GTPγS. Therefore we followed the effect of GTPγS on dolichol kinase by identifying the absence or



the presence of Dol-P-man (Dol-P-man synthesis) after labeling with GDP-[3H]man. Since the labeling with GDP-Man does not require the presence of detergent in contrast to labeling with dolichol. 3.3. The involvement of regulatory ‘Gi’ in the inhibition of Dol-P-man synthesis GTPγS is known to irreversibly activate guanine nucleotide binding proteins [24]. The data directed our investigation towards the possible regulation of the Dol-P-man synthesis by heterotrimeric ‘G’ proteins. We investigated the possible involvement of ‘Gαi’ by adding B. pertussis toxin, known to inactivate the ‘Gαi’ subunit via ADPribosylation [29, 30]. We used in the following experiments membranes which were pretreated with pertussis toxins, activated in the presence of 1 mM dithiothreitol for 10 min, prior to the incubation with 4 µM GTPγS for an
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additional 10 min. GDP-[3H]mannose was then added to the incubation mixtures. TLC analysis of glycolipids is shown in figure 3. Pertussis toxin acting as antagonist prevents the inhibition of Dol-P-man synthesis by GTPγS, as determined by the higher incorporation of [3H]mannose into all GPI glycolipids (figure 3C, D), compared to the incubation in the presence of GTPγS (figure 3B). Furthermore, membranes pretreated with the pertussis toxin not only reverse the effect of GTPγS but also stimulate the incorporation of [3H]mannose into GPI glycolipids by a factor of 1.5 at 5 µg/100 µL (figure 3C) and by a factor of 5 at 10 µg/100 µL, compared to the incubation in the absence of the toxin and GTPγS (figure 3A). The fact that Dol-P-man as well as the early GPI intermediates were poorly detected in pertussis treated membranes indicates that the transfer of mannose residues into GPI is also stimulated. The data obtained in the presence of pertussis toxin suggest the involvement of the inhibitory regulatory ‘Gαi’ protein, the inhibitory regulatory component of adenylyl cyclase, in the regulation of Dol-P-man synthesis. 3.4. The involvement of regulatory ‘Gs’ in the stimulation of Dol-P-man synthesis The inhibitory effect of GTPγS on the synthesis of Dol-P-man suggest the activation of the Gαi subunit. However, the Dol-P-man synthesis has been also shown to be stimulated via cAMP dependent phosphotyrosine kinase [20]. Therefore, we tested the involvement of ‘Gαs’ GTP binding proteins, the stimulatory regulatory component of adenylyl cyclase. Membranes were pretreated with cholera toxin which is known to activate adenylyl cyclase by stimulating the subunit ‘Gαs’ of the GTP binding protein via ADP-ribosylation, by maintaining it in an activated state. Membranes were first incubated with different concentrations of V. cholera toxin for 10 min then incubated for 30 min, in the presence of GDP[3H]mannose. TLC analysis of the glycolipids extracted from membranes treated with cholera toxin shows a concentration-dependent increase of [3H]mannose incorporation into Dol-P-man and GPIs (figure 4B, C). The incorporation of [3H]mannose is stimulated by a factor of 2 and 3 when membranes were pretreated with 5 µg/100 µL and 10 µg/100 µL, respectively (figure 4D), compared to the incubation in the absence of the cholera toxin. The data suggest a stimulation of Dol-P-man synthase by this toxin, implying that the stimulatory ‘Gαs’ protein is involved in the stimulation and regulation of Dol-P-man synthesis. However the incorporation of [3H]mannose into GPI is limited compared to a higher incorporation of [3H]mannose into Dol-P-man. We speculate that it is due to another mechanism that could regulate the intracellular pool of the mannosylated GPI intermediates. Furthermore, in membranes which were pretreated with 8-bromocAMP, a nonhydrolysable permeable analogue of cAMP,



Figure 3. The effect of GTPγS is abolished by pertussis toxin. Glycolipids were labeled for 30 min via GDP-[3H]mannose in vitro using P. primaurelia membranes pretreated for 10 min with pertussis toxin (C, D) prior to the incubation with 4 µM GTPγS for an additional 10 min before adding the labeling mixture. Glycolipids were extracted as described in figure 1 and analyzed on silica TLC plates using solvent systems A. The top panels show the TLC radioactivity profile of lipids synthesized in vitro using membranes not pretreated with pertussis toxin, preincubated for 10 min without (A) and with 4 µM GTPγS (B).
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Azzouz et al. [3H]mannose incorporation into Dol-P-man and therefore GPI glycolipid biosynthesis was stimulated by a factor of 1.5 and 3 when membranes were pretreated with 2 µM and 4 µM, respectively (figure 5A). Labeling with GDP[3H]mannose, using membranes pretreated with forskolin, an adenylyl cyclase stimulator, showed a dose-dependent increase of [3H]mannose incorporation into GPI and Dol-P-man over a concentration range from 0.5 µM to 2 µM (figure 5B). In contrast, [3H]mannose incorporation is inhibited in a dose dependent manner when membranes are pre-incubated in the presence of increasing concentrations of [1-(5-isoquinolinesulfonyl)-2-methylpiperazine HCl] (H-7 dihydrochloride) and staurosporine, inhibitors of protein kinases, (figure 5C, D). These data suggest the involvement of ‘Gαs’ in the regulation of Dol-P-man synthesis, through dolichol kinase via the activation of the adenylyl cyclase and cAMP-dependent protein kinases. 4. Discussion



Figure 4. Cholera toxin stimulates GPIs biosynthesis. Glycolipids were labeled for 30 min via GDP-[3H] mannose in vitro using P. primaurelia membranes, pretreated for 10 min with cholera toxin (B, C). Glycolipids were processed as described in figure 1 and analyzed on silica TLC plates using solvent systems A. A. TLC radioactivity profile of lipids synthesized, using untreated membranes. Profiles of three separate experiments were integrated and the amount of radioactivity incorporated in all GPI glycolipids and Dol-P-man was calculated (D), using the Chroma software (Berthold LB 2842).



Heterotrimeric G proteins are not only present at the plasma membranes but also on a variety of intracellular membranes, including Golgi membranes [31], ER membranes [32], and the nucleus [33]. Intracellular G proteins are involved in the regulation of vesicular transport at multiple steps [34–37], such as the transport from ER to Golgi membranes [32] or intra-Golgi transport [38]. We report here that such proteins may be involved in the regulation of the transport of GPI-proteins by regulating the biosynthesis of GPI precursors at the ER. We have used P. primaurelia as a model to study the biosynthesis of glycosylphosphatidyl-inositol anchors [22, 23]. The core glycan of the Paramecium primaurelia polar glycosyl-inositol-phosphoceramides is modified by a mannosyl phosphate unit, linked to the mannose adjacent to glucosamine via a phosphodiester bond. Since the three mannose residues that constitute the GPI core glycan in Paramecium are derived from dolichol phosphate mannose, it was of interest to investigate the biosynthesis of the mannosyl phosphate modification which occurs in two steps: The first step involves the phosphorylation of the Man3-intermediate followed by the mannosylation of the phosphate group via a complex mechanism involving a GalNAc-containing intermediate [23]. Using different nucleotide triphosphates (ATP and GTP) and their corresponding non hydrolyzable analogous (ATPγS and GTPγS), we found that GTPγS inhibits the synthesis of the mannosylated GPIs by inhibiting the synthesis of Dol-P-man. The biosynthesis of the early GPI intermediates, GlcNAc-inositol-phosphoceramide and GlcNinositol-phosphoceramide, is not affected by GTPγS as in the case of mammalian cells [16]. GTPγS inhibits also in vitro the synthesis of GPI glycolipids in the parasitic protozoa Plasmodium falciparum and Trypanosoma brucei (unpublished data) and thus seems to be of broader
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Figure 5. Involvement of adenylyl cyclase and cAMP dependent protein kinase. Glycolipids were labeled via GDP-[3H] mannose for 30 min in vitro, using P. primaurelia membranes pretreated for 10 min with 8-bromo-cAMP (A), forskolin (B), H-7-dihydrochloride (C), and staurosporin (D) at different concentrations, as indicated in each figure. Labeled glycolipids were extracted as described in figure 1 and analyzed by TLC. Profiles from three separate experiments were integrated as in figure 5 and the amount of radioactivity incorporated in all GPI glycolipids and Dol-P-man is reported.



significance. Therefore, we investigated the effect of GTPγS in detail on the two enzymes involved in the synthesis of Dol-P-man: dolichol kinase and dolichol phosphate mannose synthase. We show that GTPγS greatly reduces the activity of dolichol kinase but not of Dol-P-man synthase. In the Paramecium system, the observed effect of GTPγS on the synthesis of Dol-P-man suggests that the synthesis of the donor of mannose residues, Dol-P-man, is regulated by heterotrimeric GTP binding proteins involving the adenylyl cyclase/cAMP system and protein phosphorylation. Most of the signal transducing activities of G-proteins are assumed to be associated with the state of activation of their α subunit, which is involved in GDP/GTP exchange and GTP hydrolysis [24, 39]. Certain activated α subunit isoforms can function in stimulatory (αs) or inhibitory (αi) receptorcoupled pathways for regulation of adenylyl cyclase [24].



In the Paramecium system, a stimulation of adenylyl cyclase in vitro leads to the stimulation of Dol-P-man synthesis. This was demonstrated by using cholera toxin indicating that the Dol-P-man synthase is regulated by the stimulatory Gs protein, which is the positive regulator of adenylyl cyclase/cAMP system. The involvement of adenylyl cyclase/cAMP system was further substantiated by using forskolin, an activator of adenylyl cyclase, which stimulates the incorporation of mannose residues into GPI. The involvement of the cAMP-dependent kinases was demonstrated by the use of H-7, DiHCl, a non-specific inhibitor for serine/threonine kinases. However, GTPγS described to mimic the effect of cholera toxin inhibits the synthesis of GPI. This implies that stimulation of adenylyl cyclase initiates a counter regulatory response, which includes the activation of the inhibitory Gi, a negative regulator of adenylyl cyclase/cAMP system [40]. This was



808 shown by the use of pertussis toxin known to inhibit the Gαi subunit. The predominant inhibitory effect could be explained by a difference in concentration between the two classes of G proteins. The events involving the Gi class of protein acting as a negative regulator in the adenylyl cyclase is probably present in much higher concentration than Gs. All data taken together suggest that Dol-P-man synthesis is downregulated by a mechanism that modulates adenylyl cyclase activity by the stimulatory (αs) and the inhibitory (αi) GTP-binding regulatory proteins. The involvement of intracellular G-protein, could be of the stimulatory and/or inhibitory type. Activation by an appropriate physiological signal in vivo could activate Gαs or Gαi to stimulate or inhibit the Dol-P-man synthesis. In vitro both of them could be activated by GTPγS. The synthesis of GPI is a prerequisite not only for the maturation of GPI-proteins in the ER but also for their transport through the secretory pathway. Our work suggests that the transport of GPI-proteins may also be regulated and influenced by compounds that act on the signaling pathways and thus responds to extra cellular events. The physiological in vivo signal is not yet known but could be a degradation product of GPI structures. For instance recent data indicate that the lipid portion as well as the carbohydrate moiety of GPI are involved in intracellular signaling [41, 42].



5. Conclusion In conclusion, we have demonstrated, that one of the possible signaling pathways of GPI biosynthesis is controlled by both Gs and Gi subunits. The former is a positive regulator which stimulates and the latter is a negative regulator, of Dol-P-man synthesis.
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