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SUMMARY Y 

1,6-/7-Glucann is a key component of the cell wall of Saccharomyces cerevisiae and Candida 

albicans.albicans. Several genes have been cloned which affect the levels or structure of l,6-/7-glucan 

inn the cell wall, but their precise role in the formation of mature 1,6-/?-glucan is ill 

understood.. Research in this area has been particularly hampered by the lack of a suitable 

methodd to measure 1,6-/?-glucan synthase activity in vitro. Here, non-radioactive conditions 

forr the detection of in vitro synthesis of l,6-/?-glucan are described. Crude membrane 

preparationss from S. cerevisiae were isolated, and incubated in the presence of UDP-glucose 

andd GTP. Using antibodies directed against 1,6-/?-glucan, the increase of the amount 1,6-/?-

glucann in time could be visualized either qualitatively by using a dot blot assay, or 

quantitativelyy by using an inhibition enzyme immunoassay. The specificity of the antibodies 

wass validated by competition experiments, using pustulan (a 1,6-/?-glucan) and other 

polysaccharidess such as laminarin (a l,3-/?-glucan) and yeast mannan. The identity of the 

reactionn product was also confirmed by its sensitivity to a recombinant 1,6-/?-glucanase. The 

optimall  pH in MES buffer for the enzyme was 6.5. This approach may allow the 

identificationn of the gene product(s) that is/are responsible for l,6-/?-glucan synthesis and its 

regulation,, and the development of new antimycotics based on specific inhibition of 1,6-/?-

glucann synthesis. 
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INTRODUCTION N 

Thee cell wall of S. cerevisiae and C. albicans consists of four different components, 

whichh are kept together by covalent linkages (Kollar et al, 1997; Kapteyn et ai, 1999; Kli s et 

al,al, 2001). The outer layer of the cell wall consists of heavily glycosylated mannoproteins, 

mostt of which are interconnected to the l,3-/?-glucan network through a 1,6-^-glucan moiety. 

1,6-/?-Glucann thus plays a central role in the molecular organization of the yeast cell wall. In 

S.S. cerevisiae, the mature form of l,6-/?-glucan is heavily branched and consists of about 130 

glucosee residues (Orlean, 1997). In C. albicans and some other pathogenic fungi l,6-/?-glucan 

synthesiss has been shown critical for survival (James et al, 1990; Chaffin et al, 1998). In 

addition,, the cell wall contains minor amounts of chitin (Orlean, 1997; Kli s et al, 2002). 

Thee synthesis of the various cell wall components in S. cerevisiae takes place at 

differentt cellular locations. Mannoproteins are synthesized and processed throughout the 

secretoryy pathway (Orlean, 1997). l,3-/?-Glucan and chitin, on the other hand, are synthesized 

att the cell surface. The putative l,3-/?-glucan synthase catalytic subunits, the homologues 

Fkslpp and Fks2p, are multispanning transmembrane proteins located at the plasma 

membrane.. The activity of the l,3-/?-glucan synthase complex is regulated by the intracellular 

GTP-bindingg protein Rholp (Cabib et al, 1998). The three chitin synthases are also 

predominantlyy found at the plasma membrane, while minor amounts are present in 

specializedd intracellular vesicles known as chitosomes (Cabib et al, 1996; Chuang and 

Schekman,, 1996). Biochemical assays have been devised for measuring the in vitro activity 

off  both l,3-y?-glucan synthase (Cabib and Kang, 1987; Shedletzky et al, 1997) and chitin 

synthasee (Cabib et al, 1987). 

Muchh less is known about the synthesis of 1,6-/?-glucan. Bussey and co-workers used 

aa genetic approach to study the synthesis of 1,6-/?-glucan by exploiting the Kl killer toxin. 

Sincee 1,6-/?-glucan serves as a receptor for this toxin, several gene products that affect 1,6-fi-

glucann levels were identified by their effect on the sensitivity to the toxin (reviewed in 

Shahiniann and Bussey, 2000). 

Interestingly,, many of the corresponding gene products were found to be localized 

throughoutt the secretory pathway. This led to the hypothesis that the synthesis of 1,6-/?-

glucann begins in the endoplasmic reticulum, that the product is extended in the Golgi, and 

thatt the final processing steps take place at the cell surface (reviewed in Shahinian and 

Bussey,, 2000). However, we found no evidence for the presence of intracellular l,6-/?-glucan, 

andd concluded that its synthesis predominantly takes place at the plasma membrane (Montijn 

etet a/., 1999, Chapter 3), Further progress in this area would strongly benefit from the 

developmentt of suitable in vitro assays for the various proteins that have been shown to be 

directlyy or indirectly involved in the biogenesis of 1,6-/?-glucan. In particular, an in vitro 

methodd for measuring 1,6-/?-glucan synthase activity directly is urgently needed. Here we 
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describee two non-radioactive, immunological methods to meet this requirement. Using 1,6-fi-

glucann antibodies, we developed (I) a simple, qualitative assay based on dot blot analysis, and 

(II )) an inhibition enzyme immunoassay that allows quantification of the amount of product 

formed. . 
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MATERIALSS AND METHODS 

Yeastt strain and medium. For this study, yeast strain FY834 (MATa his3A200 ura3-52 

leu2Alleu2Al lys2A202 trp!A63) was used (Winston et al, 1995). This strain was grown in YEPD 

(1%% [w/v] yeast extract, 2% [w/v] Bacto Peptone, and 2% [w/v] glucose) at 30°C. For solid 

media,, 2% [w/v] Bacto Agar was added. Yeast extract, Bacto Peptone, and Bacto Agar were 

purchasedd from Difco Laboratories, Detroit Mich. (USA) 

Reagents.. Preparation and characterization of anti- 1,6-/?-glucan antibodies used in this study 

wass described by Montijn et al. (1994). Pustulan was purchased from Calbiochem, San Diego 

California.. Laminarin was purchased from Fluka. GTP, UDP-glucose, MES, yeast mannan, 

andd BSA were from Sigma. Zymolyase 100T was purchased from Seikagaku, Tokyo. 

Membranee preparation and /?-glucan synthase conditions. The isolation of membranes 

andd subsequent l,3-/?-glucan synthase assays were carried out as described before (Ishiguro et 

al,al, 1997). For 1,6-/?-glucan synthase assays, membrane extracts were prepared as described 

beforee (Ishiguro et al., 1997), with minor modifications. In short, yeast cells were grown to 

earlyy logarithmic phase, collected, and washed in 50 mM Tris-Cl, pH 7.5. Cells were 

resuspendedd in the same buffer, and subsequently broken with glass beads in a FastPrep 

FP1200 instrument (Qbiogene). After collection of the broken material, cell debris was 

removedd by low speed centrifugation (3,000 xg, 5 min at 4°C). The supernatant was 

centrifugedd at 36,600 xg for 30 min at 4°C, and the pellet was resuspended in 50 mM Tris-Cl, 

pHH 7.5, with 33% (v/v) glycerol and stored at -70°C. Protein content of the membrane extract 

wass measured using the Bradford protein assay (Bio-Rad), using BSA as a standard 

(Bradford,, 1976). The 40 ul assay mixture consisted of 25 mM UDP-D-glucose, 150 \\M 

GTP,, 2.1 mM EDTA, 0.75% (w/v) BSA, 4.1% (v/v) glycerol, and 100 mM MES at pH 6.5 

unlesss stated otherwise. For pH optimization, 75 mM NaAc at pH 4.0, 5.0, and 6.0, 25 mM 

sodiumm phosphate at pH 6.0, 7.0, and 8.0, 25 mM MES pH 5.5, 5.75, 6.0, 6.25, and 6.5, 50 

mMM MES at pH 6.2, 6.3, 6.4, 6.5, 6.6, and 6.7 were tested. To terminate the reaction, samples 

weree heated for 15 min at 75°C for detection with dot blot assay. In case of detection by 

inhibitionn Enzyme ImmunoAssay (EIA), ethanol was added to a final concentration of > 90% 

(v/v).. Samples were incubated on ice for at least 2h, and subsequently centrifuged at 15,000 x 

gg for 15 min at 4°C. Pellets were suspended in 220 ul PBS, and then 110 ul was taken and 

dilutedd 1:1 in PBS. One hundred microliters of either dilution was applied per well. 

Enzymaticc treatments. Assay reaction mixtures were stopped by heating for 15 min at 75°C. 

Sampless were digested with 150 mU/ml Laminarinase (Sigma; L-5272, lot nr. 50H0078) in 

1000 mM MES pH 5.5 o/n at 30°C. Alternatively, samples were treated with 60 U/ml 
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recombinantt 1,6-/?-glucanase (Bom et al. 1998) in 50 mM NaAc, pH 5.0, at 30°C. For 

Zymolyasee 100T treatment, samples were digested in 8.7 U/ml Zymolyase 100T in 50 mM 

sodiumm phosphate, pH 7.0, o/n at 30°C. 

Dott blot assay. Unless stated otherwise, for each assay two microliters of reaction mixture 

wass spotted onto nitrocellulose membranes, and allowed to dry for at least 30 min. Since this 

materiall  was only loosely associated with the membranes, the dot blots required gentle 

handling.. Membranes were blocked in 5% (w/v) non-fat milk powder in PBS, and probed 

withh anti 1,6-yS-glucan antibodies at a dilution of 1:50,000 in PBS with 3% (w/v) BSA. For 

thee detection of l,3-/?-glucan, PVDF membranes were used to limit background staining. 

Thesee membranes were blocked in 3% (w/v) BSA in PBS, and probed with anti 1,3-/?-glucan 

antibodiess at a 1:25,000 dilution in PBS with 3% (w/v) BSA. Subsequently, membranes were 

probedd with anti-rabbit IgG peroxidase at a dilution of 1:10,000 PBS with 3% (w/v) BSA. 

Thee blots were visualized with ECL Western blotting detection reagent (Amersham). 

Competitionn experiments were carried out with pustulan, laminarin, yeast mannan, and starch 

inn a final concentration of 0.5 mg/ml. 

l,6-/?-Glucann detection by inhibition EIA. Detection of 1,6-/?-glucan was based on a 

methodd developed by Douwes et al. (1996). Wells of a 96-wells microtiter plate (Greiner; 

6555 092; batch number 99220103) were coated with 200 ul of a 2 ug/ml pustulan solution in 

PBS,, pH 7.0, overnight at 4°C. Prior to use, the pustulan solution was extensively boiled to 

dissolvee the material completely. In order to avoid problems caused by static electricity, 

platess were stored in the refrigerator and all handling was performed on pre-wetted towels. 

Platess were washed three times with 0.05% (v/v) Tween 20 in PBS (PBT), and subsequently 

blockedd with 300 ul of 0.5% (w/v) gelatin in PBT (PBTG). Test samples or pustulan 

standardss were applied in a volume of 100 ul per well, and mixed with an equal volume of 

antii  1,6-/?-glucan antibodies in a dilution of 1:100,000 in PBTG. After incubation for lh, the 

wellss were thoroughly washed and incubated with 200 ul of goat anti-rabbit peroxidase 

antibodiess diluted 1:5,000 in PBTG. After thorough washing, the wells were incubated with 

2000 ul of o-phenylenediamine (2 mg/ml) in a O.05 M citrate-phosphate buffer, pH 5.5, with 

0.015%% (v/v) hydrogen peroxide. After 10 min, the reaction was terminated by adding 50 ul 

off  2 M HCl. The absorbance at 490 nm was measured in a SpectraCount microplate reader 

(Packardd BioScience), and data were processed with I-Smart (Packard BioScience) using the 

55 PL curve fitting preset. 
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RESULTS S 

l,6-/7-Glucann is not synthesized under l,3-/?-glucan synthase conditions 
Inn the usual assay for in vitro l,3-/?-glucan synthase activity in fungi a crude 

membranee preparation is used to which radioactively labeled UDP-glucose is added as 

substratee donor and GTP as activator. This assay is carried out at alkaline pH (Shematek et 

al,al, 1980; Shematek and Cabib, 1980). The reaction is terminated by the addition of TCA to a 

finall  concentration of 10%. To remove the unreacted substrate, the reaction mixture is filtered 

overr a glass fiber filter, which retains the reaction product. As a first step, we investigated 

whetherr 1,6-/?-glucan was formed during the in vitro synthesis of l,3-/?-glucan. Previously, 

whenn using C. albicans extracts, Frost et al. (1994) found that about 20% of the reaction 

productt was resistant to Zymolyase 100T digestion, an enzyme preparation with 1,3-/?-

glucanasee and protease activity. In contrast, laminarinase, a l,3-/?-glucanase preparation with 

somee 1,6-/?-glucanase activity, could fully degrade the reaction product (Frost et al., 1994). 

Wee verified these results using Saccharomyces cerevisiae extracts. Again, about 20% of the 

reactionn products formed in the l,3-/?-glucan synthase assay resisted digestion by Zymolyase 

100T.. However, both the total and the l,3-/?-glucanase resistant fraction of the 1,3-/?-glucan 

synthasee reaction product also proved insensitive to a recombinant l,6-/?-glucanase (Figure 

1A). . 

Subsequently,, we analyzed the product formed in the l,3-/?-glucan synthase assay 

usingg antibodies raised against 1,3-/?-glucan and l,6-/?-glucan. A dot blot assay was used, in 

whichh the reaction mixture is spotted onto a nitrocellulose membrane and allowed to dry 

beforee probing the spots with antibodies. The advantage of this method compared to the 

previouss one is that loss of reaction products is minimized. Using antibodies directed against 

l,3-/?-glucan,, an increase of l,3-/?-glucan in time could clearly be detected. However, when 

usingg antibodies directed against l,6-/?-glucan, no increase in l,6-/?-glucan in time was seen 

underr these conditions (Figure IB). Therefore we conclude that under the conditions used for 

thee in vitro synthesis of l,3-/?-glucan, no detectable amount of l,6-/?-glucan is formed. 

Inn vitro synthesis of l,6-/?-glucan 
Thee results of the described dot blot experiments prompted us to further exploit this 

methodd for the detection of in vitro 1,6-/?-glucan synthesis. A possible reason why this 

approachh did not yield the production of 1,6-/?-glucan under the given conditions was the use 

off  a suboptimal buffer or pH or the presence of EDTA. We tested various buffers such as 

sodiumm acetate (pH 4 - 6), sodium phosphate (pH 6 - 8), and MES-NaOH (pH 5.5 - 6.7) in the 

absencee of EDTA and found that the use of MES buffer resulted in optimal activity at about 

pHH 6.5 (Figure 2A). The reaction was dependent on the presence of UDP-glucose and GTP 
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(Figuree 2B). It was also stimulated by the addition of EDTA. This chelator was therefore 
includedd in all further experiments. 

100 0 

B B 
timee (min) 0 15 30 60 90 120 

1,6-p-glucann pAbs 

1,3-p-glucann pAbs »»  * «

Figuree 1 Under l,3-/?-glucan synthase conditions 1,6-/?-glucan is not synthesized. (A) l,3-/?-Glucan synthase 

assayss were performed using UDP-[14C]-glucose for 1 hr at 30°C, heat inactivated (15 min at 75°C), and next 

thee reaction products were subjected to various enzymatic treatments. The residual material after enzymatic 

treatmentt is expressed as percentage of the untreated sample. (1) Untreated sample, (2) Zymolyase 100T treated 

sample,, (3) sample treated by Zymolyase 100T followed by 1,6-/?-glucanase, (4) sample treated by 1,6-/?-

glucanase.. Mock incubations showed no decrease in residual material. Error bars indicate standard deviation 

(n=2).. (B) l,3-/?-Glucan synthase assays were carried out and stopped at different time points by heat 

inactivation.. Samples (5 ul) were spotted onto a nitrocellulose membrane for probing with anti 1,6-/?-glucan 

antibodies,, and onto a polyvinylidene fluoride (PVDF) membrane for probing with anti l,3-/?-glucan antibodies. 

Thee difference of membranes explains the dissimilarity in the spot shapes. 

Next,, we characterized the reaction product in two ways. First, we did competition 

experimentss and found that the signal was only sensitive to the presence of pustulan (a 

commerciallyy available 1,6-/?-glucan), but not to the presence of laminarin (a commercially 
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availablee l,3-/?-glucan), mannan, or starch (Figure 3A). Second, the reaction product was 

sensitivee to treatment with 1,6-/?-glucanase (Figure 3B). This indicates that in our assay 1,6-

/?-glucann was a reaction product. The presence of Zymolyase in a dot blot assay resulted in a 

veryy high background signal, which rendered it impractical in these experiments (Figure 3C). 

B B 

imee (min) 

pH5.5 5 

pHH 5.75 

pH6.0 0 

pH6.25 5 

pH66 5 

pHH 6.75 

0 0 

s s 

0 0 

» » 

1 1 

, , 

30 0 

« « 

60 0 120 0 

t t 

# # 

180 0 

w w 

I I 

timee (min) 0 180 

controll

w/oo UDP-GIc

w/oo GTP 

withh EDTA I

Figuree 2 In vitro synthesis of 1,6-/?-glucan at various pHs. Two microliters of a reaction mixture were spotted 

ontoo a nitrocellulose membrane. After drying, membranes were probed with anti l,6-/?-glucan antibodies and 

subsequentlyy with peroxidase-labeled secondary antibodies. The signal was visualized by ECL. (A) pH 

dependencyy of 1,6-/?-glucan synthase activity in MES-NaOH. (B) l,6-/?-Glucan synthase activity in MES-NaOH 

att pH 6.0 without UDP-glucose or GTP, or in the presence of EDTA. 

AA quantitative method for the detection of in vitro synthesized l,6-/?-glucan 
Ass the dot blot assay was difficult to quantify, we developed an inhibition enzyme 

immunoassayy based on the method developed by Douwes and co-workers (1996) for the 

detectionn of l,3-/?-glucan. Figure 4A depicts a schematic representation of the inhibition 

enzymee immunoassay. Pustulan was used to coat the wells of a 96-well microtiter plate. The 

wellss were blocked with gelatin, and the samples were applied in the presence of the anti 1,6-

/?-glucann antibodies. For calibration, a two-fold dilution series of pustulan ranging from 1,000 

too 1.9 ng/ml was used in each microtiter plate. Enzyme-linked secondary antibodies were 

usedd to visualize the primary antibodies bound to the coated l,6-/?-glucan. A typical 

inhibitionn dilution curve is shown in Figure 4B; the absolute absorption values, however, 

variedd between experiments. The working range of the assay was arbitrarily set between 15 to 

85%% inhibition (dashed lines), corresponding to approximately 5 to 400 ng/ml pustulan. 

Laminarinn did not compete in this assay up to concentrations of 1 mg/ml (data not shown), 
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indicatingg that the assay is specific for l,6-/?-glucan. Using this method for the quantification 

off  1,6-/?-glucan under our assay conditions, we found that already at t = 0 some 1,6-/?-glucan 

wass present, varying between 100 and 200 pg, in agreement with the results of the dot blot 

assay.. This could be explained by the fact that the membrane extract used, contained some 

celll  wall debris as could be shown by staining with calcofluor white (data not shown). The 

amountt of 1,6-//-glucan present at t = 0 was subtracted from the levels found at other time 

points.. Without the presence of UDP-glucose as sugar donor, no increase in 1,6-/?-glucan 

levelss was seen (Figure AC). However, in the presence of UDP-glucose, a clear increase 

couldd be noticed. From 15 minutes onwards, the signal appeared to increase linearly. In this 

particularr experiment, the specific enzyme activity in the linear range was approximately 26 

pg/ugg protein/min pustulan equivalents. 

B B 

tim ee (min ) 0 15 30 70 97 

pustula n n 

laminarmm 0

mannann O  *

starc hh  « c m 

tim ee (min ) 0 15 30 

moc k k 

1,6-P-glucanas e e 

tim ee (min ) 0 15 30 

Zymolyas e e 
^ ^ ^^  ^KF ^^^ 

Figuree 3. Characterization of the in vitro synthesized 1,6-/?-glucan. (A) Reactions were stopped at different 

timee points, and spotted onto nitrocellulose membranes. The anti 1,6-/?-glucan antibodies were probed in the 

presencee of either pustulan, laminarin, yeast mannan, or starch. (B) Reactions were stopped at different time 

points,, and subsequently either mock incubated, incubated with recombinant 1,6-/?-glucanase, or precipitated 

withh 10% TCA. (C) Reactions were stopped at different time points, and incubated with Zymolyase 100T. 
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1,6-p-glucann in sample 
++ primary Ab 

secondaryy Ab 

ighh 1,6-)J-glucan concentration 

VV o^ 

OO 1,6-P-glucan 

—<< primary antibody 

4—'' secondary antibody 

B B 

100 100 1000 

ng/m ll  pustula n equivalent s 
10000 0 

•++ UDP-GIc 
-- UDP-GIc 

200 30 

tim ee (min ) 

Figuree 4. In vitro synthesis of 1,6-/?-glucan measured by an inhibition enzyme immunoassay. (EIA). (A) 

Schematicc representation of an inhibition EIA: wells of a microtiter plate are coated with 1,6-/9-glucan 

(pustulan),, and blocked afterwards. Samples or standards are applied in the presence of anti 1,6-/?-glucan 
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antibodies.. The number of antibodies that bind to coated 1,6-/f-glucan is inversely related to the concentration of 

addedd l,6-/?-glucan. Antibodies bound to 1,6-/J-gIucan are visualized by enzyme-labeled secondary antibodies. 

(B)) A typical pustutan standard curve. The dashed horizontal lines indicate 15% and 85% inhibition, 

respectively.. (C) Time course of 1,6-/?-glucan synthesis. Closed circles represent time points in the presence of 

UDP-glucosee and closed squares represent time points in the absence of UDP-glucose. 
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DISCUSSION N 

Becausee in vitro synthesis of l,6-/?-glucan could not be detected when a conventional 

l,3-/?-glucann synthase assay was used, a dot blot technique was exploited. Using UDP-

glucosee as sugar donor, we found maximal 1,6-/?-glucan synthesis at pH 6.5 in MES-NaOH 

bufferr in the presence of EDTA. When during the blotting step the antibodies against 1,6-fi-

glucann were incubated in the presence of pustulan, a commercially available 1,6-/7-glucan, the 

signall  was lost, whereas addition of laminarin (l,3-/?-glucan), yeast mannan, or starch had no 

effect.. This confirmed that the antibodies specifically recognized l,6-/?-glucan. This was 

furtherr supported by the observation, that the signal was lost upon preincubation of the 

reactionn products with 1,6-/?-glucanase. However, the dot blots required gentle handling, as 

vigorouss washing resulted in the dissociation of the epitope from the blot. The signal also 

appearedd to be rapidly saturated, suggesting that the linear range of the signal was limited. 

Thiss might be the result of the limited binding capacity of the nitrocellulose membrane for 

thee 1,6-/?-glucan produced in vitro. These limitations prompted us to explore another method 

forr the quantification of in vitro synthesized 1,6-/?-glucan. 

Douwess et al. (1996) developed an inhibition enzyme immunoassay for the 

quantificationn of 1,3-/?-glucan. We adapted this procedure, and used it for the quantification 

off  l,6-/?-glucan. In this method, the 1,6-/?-glucan content of a sample is expressed in pustulan 

equivalents,, i.e. the level of inhibition produced by a sample is expressed in the amount of 

pustulann that results in the same level of inhibition. To roughly estimate how much glucose is 

incorporatedd into 1,6-/?-glucan in our assay, the following calculation was carried out. Figure 

44 shows that in the linear range of the assay about 26 pg of pustulan equivalents per minute 

aree produced per ug protein, corresponding to about 0.16 pmol of glucose per min. If we 

definee one unit of 1,6-/?-glucan synthase activity equal to the incorporation of 1 umol glucose 

perr minute at 30°C, the extract used in our experiments had a specific activity of 0.16 mU/mg 

protein.. The specific activity of crude l,3-/?-glucan synthase extracts has been reported to 

rangee from about 15 to 35 mU/mg protein (Shematek et al., 1980). Although it is not to be 

expectedd that both enzymes have the same specific activity, this large difference suggest that 

thee current conditions for in vitro 1,6-/?-glucan synthase activity may be further optimized. 

Onee possible modification would be the application of other sugar-donors, since it has been 

suggestedd that in a crude (3-glucan synthase assay the addition of GDP-glucose results in a 

productt consisting of 1,6-/?-gIucan with some l,3-/?-linkages in the side chains (Balint et al., 

1976). . 

Inn S. cerevisiae and S. pombe, GTP-binding proteins are known to regulate in vivo 

synthesiss of 1,3-/?-glucan and a-glucan, respectively. In Schizosaccaromyces pombe it has 

beenn found that Rho2p regulates the synthesis of a-glucan (Calonge et al, 2000). 

Accordingly,, the GTP-binding protein Rholp is known to regulate l,3-/?-glucan synthesis in 

105 5 



ChapterChapter 4 

S.S. cerevisiae (Drgonova et al, 1996; Qadota et al, 1996). Interestingly, we find in vitro 1,6-

/?-glucann synthase activity also depends on the addition of GTP, which might suggest a role 

forr a GTP-binding protein in the regulation of 1,6-/?-glucan synthesis. A possible candidate 

forr the regulation l,6-/?-glucan synthesis is Rho3p, since we have found that RHÖ3 is 

involvedd in maintaining 1,6-/?-glucan levels in the cell wall (Vink et al, 2002, Chapter 2). 

Thee RH03 gene is involved in actin polarization and exocytosis (Matsui and Toh-e, 1992; 

Imaii  et al, 1996; Robinson et al, 1999; Adamo et al, 1999), and affects integrity of the 

emergingg bud in combination with its functionally related homolog RH04 (Matsui and Toh-

e,, 1992). When the RH03 gene is deleted, cells become resistant to the Kl killer toxin, and 

havee less l,6-/?-glucan in their walls. Conversely, when the RH03 gene is overexpressed, 

cellss become more sensitive to the Kl killer toxin. However, the functionally related RH04 

doess not appear to contribute to this specific function OÏRH03 (Vink et al, 2002, Chapter 2). 

Ourr in vitro assay for l,6-/?-glucan synthase provides a tool for addressing several 

importantt questions pertinent to the synthesis of 1,6-/?-glucan. First of all, it might be 

instrumentall  in the identification of the gene or genes that encode l,6-/?-glucan synthase. In 

addition,, it should provide the opportunity to definitely solve the question where 1,6-/?-glucan 

synthesiss takes place. Finally, as l,6-/?-glucan has been found as a crucial cell wall 

componentt in many pathogenic fungi, such as Candida species and Cryptococcus neoformam 

(Chaffinn et al, 1998; James et al, 1990), this method provides a tool for screening for new 

antifungals,, specifically directed against l,6-/?-glucan synthesis. 
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