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1. Introduction

During 1845 and 1846 the late blight caused by Phytophthora infestans totally destroyed
Irdand's staple potato crop. The most immediate effects were poverty and mass darvation,
which led to profound socid and economic changes in tha country and to the emigration of
large numbers of people to the United States and dsewhere. It is estimated that Irdland lost
one fourth of its e@ght million inhabitants to Sarvation and emigratiion. Perhaps no other
sngle plant disease has resulted in such widespread human suffering and sociologica impacts
(Erwin and Ribero, 1996). Still nowadays world-wide losses due to late blight are estimated
to exceed two hillion US-dollars annudly (Kamoun et d., 1999). Another economicaly
important member of the family that caused the disaster in Irdland, is Phytophthora sojae,
which causes the root and stem rot in soybean (Erwin and Ribeiro, 1996). In Ohio (United
States) done, Phytophthora root rot of soybean causes a 50 million US-dallars annud loss to
growers (McBlain et al., 1991a, b).

A better undergtanding of the pathogen characteridtics, the plant host defense mechanisms
and the plant-pathogen interactions should result in the development of devices for contralling
or minimizing the pernicious effects of these plagues.

1.1. Plant pathogens and plant defense

Pants are resgant to most potentia pathogens in their environment. In fact, relatively few
true hogt-pathogen pairs exist in which the plant is susceptible and the pathogen virulent (Ebd
and Schedl, 1997). Plant disease resstance can be defined as the ability of the plant to prevent
or redrict pathogen growth and multiplication (Benhamou, 1996). In functiona terms, the
chan of molecular events condituting criticd seps of plant-pathogen interactions, can be
divided into three steps (Ebel, 1998):

1. Generation and recognition of Sgna compounds
2. Inter- and intracellular sgnd converson and transduction
3. Activation of Sgnd-specific responses of target cells

The extracdlular sgnd compounds involved in triggering defense reections are commonly
known as dicitors. In a generd modd, dicitors of plant defense responses fdl into two
categories depending on their source: exogenous and endogenous signas. Exogenous dicitors
can be condgdered the primary dgnds in plant-pathogen interactions, while endogenous
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eicitors are of plant origin and arise as a result of the interaction with the aggressor (Ebd and
Cosio, 1994).

Severd facts suggest the involvement of receptors in dicitor recognition (Ebe and Sched,
1997):

cultivar or species specificity of purified dicitors

the diverse chemical nature of dicitors

the ability of dicitorsto induce various plant responses at low (nanomolar) concentrations

the icitor dose/response relationships

high degree of sgnd specificity observed for dicitor activity.

Following pathogen recognition, a subsequent intracdlular signal propagation occurs. As in
animd cdls different dasses of membrane-localized receptors may operate as activators of
ion channels, protein kinases, or pathways generdting intracdlular sgnd compounds. There
are, nevertheless, cases of intracelular receptors for bacterid (Sessa and Martin, 2000) and
fungd (Jaet d., 2000) dicitors.

Typicd dements of the multicomponent defense response include the hypersengtive
reaction, the production of reactive oxygen species, the activation of defense-related genes,
dructurd changes of the cdl wadl, and the synthess of phytodexins. In addition to these
locdized defenses, systemic acquired redgstance, which increases the plant's resstance
sysemicdly to subsequent pathogen attack, is activated in many plants and can be induced by
certain elicitors (Ebel, 1998).

Two types of plant resistance response to potentiad pathogens @n be distinguished: the nor+
host resstance response (frequent), and the race/cultivar-specific resstance response
(comparatively rare). The later is geneticdly defined by the direct or indirect interaction
between the product of a dominant or semi-dominant mgor plant resstance gene (R) and the
complementary product of the corresponding dominant pathogen avirulence (avr) gene. Nor:
host resgance (basc incompetibility) is exhibited by dl plant species that respond to
potentid pathogens without apparent R/avr gene combinations. Apart from this distinction,
however, the biochemical processes occurring in host and non-host resstance are very smilar
(Somssich and Hahlbrock, 1998).
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1.1.1. Typesof dicitors

In terms of its chemica characteridics dicitors can be classfied into two main groups (Ebd
and Mithofer, 1998):
1. (glyco)peptides and proteins
2. oligosaccharides
The firg group includes the dicitins, smdl extracdlular proteins that are secreted by most
Phytophthora species. A 42-kDa glycoprotein secreted by P. sojae dicted phytodexin
production in pardey; a 13 amino acid-long part of its sequence was shown to be necessary
and sufficient for dicitor activity (Ebel and Sched, 1997).
Four major classes of dlicitor-active oligosaccharides have been identified (Ebel, 1998):
oligoglucan
oligochitin
oligochitosan
oligogdacturonide (plant origin)
Glucans with the ability to simulate the production of phytodexins were initidly detected
in culturefiltrates of P. sojae (Ayerset d., 1976).

1.2. Phytophthora sojae

1.2.1. Thegenus

The name of the genus Phytophthora is derived from the Greek that literaly means phyto
(plant) and phthora (destroyer) (Webster, 1980). Phytophthora is a genus tha is mainly, if not
entirely, paradtic on various plant hosts. Some species are host specific and others have broad
hogt ranges. It occupies aamdl but pathologicaly sgnificant niche in Oomycota

The phylum Oomycota had been previoudy classfied in Mycetese (fungi), but sudies of
metabolism, cdl wal composition and rRNA sequence (Figure 1) indicate that oomycetes are
more properly classfied together with chrysophytes, distoms, and brown agee (Judelson,
1997) and should be included in the Chromigta kingdom (Erwin and Ribero, 1996) or in the
Stramenopiles (Qutob et al., 2000; taxonomy browser on NIH).

The thdlus of Phytophthora, as in red fungi, is cdled mycdium (Greek mykes, a fungus,
-lium, after epithedium). It is composed of hyaine, branched, coenocytic (nonseptate)
filaments, except in old cultures where septa can sometimes be seen. In young cultures, the
cytoplasm flows fredy within the mycdium. The diangter of the mycdium (58 pm) is
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variable and dependent of the physica and chemica nature of the medium and on whether the
mycdium is on the surface, aerid, submerged, or within host cells. Hyphae (sngle branches
of the mycdium) branch a nearly right angles. Some species (P. sojae among them) show
hyphd swdlingsin-chains or clusters, noted most readily in liquid cultures.

animals

— chytrids

— basidiomycetes

ascomycetes

green algae

——— higher plants

brown algae

diatoms

oomycetes =

ciliates

cellular slime
molds

0.1

Figure 1. Phylogeny based on amdl-subunit rRNA sequence similarities. Incorporates data
from (top to bottom) Homo sapiens, Blastocladiella emersonii, Aureobasidium pullulans,
Neurospora crassa, Clamydomonas reinhardtii, Zea mays, Ochromonas danica, Skeletonema
costatum, Phytophthora sojae, Paramecium tetraurelia, and Dictyostelium discoideum. The
horizontal bar indicates the distance representing 10 changes per 100 nucleotides (figure taken
from Judelson, 1997)

Asexud  gporangium  development (Figure 2) is the means of most rapid reproduction.
Sporangia (Greek spora, a seed; angeion, a vessel) are asexua spores that are produced on
stalks called sporangiophores, which differ dightly or not at al from vegetative hyphee.

Biflagdlate zoospores are reniform to pyriform in shape; the anterior end is tapered, and
there is a deep longitudind groove on one sde. Two flagela of unequa length emerge from
the groove, one of the whiplash type, and the other of thetinsd type.
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The sexud process in the Phytophthora life cycle involves the production of the femde
oogonium (the sac in which the oogpore is formed) and the antheridium (the mae Sructure),
both of which emanate from mycdid tips that make contact. Oospores are thick-waled
sexud dructures formed dfter the antheridium and oogonium fuse, nucde from the
antheridium flow into the oogonium, and the antheridid and oogonid nude fuse in the

oogonium. The oospores of homothalic (sdf-fertile) species (P. sojae among them) form in
agar or liquid mediaand in infected plant tissue.

release of
zoospores (2n)
encystment

f\ and infection
o __'- ke @ Yoo

germ sporangium
> .. (2n)

SEXUAL

oospore
(2n)

Figure 2: Disease (asexud) and sexud cycles of Phytophthora. Figure taken from Judelson
1997. P. sojae is homathdic, thus, no mating event occurs,
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1.2.2. Phytophthora sojae

Formerly known as Phytophthora megasperma var. sojae or P. megasperma f. p glycinea,
Phytophthora sojae is the causd agent of root and stem rot of soybean (Glycine max L.). The
host range is relatively narrow; soybean isthe mgor host (Erwin and Ribeiro, 1996).

P. sojae is homothdlic, and thus may reproduce sexudly by the development of oospores
trough sdf-fertilization or by outcrosses between different strains.

Zoospores encyst and germinate on the root or hypocotyl surface, and the resulting germ

tube may swell to form an gppressorium-like gructure a the point of penetration into host
tissues. In susceptible interactions, large, water-soaked lesons develop as the pathogen
rapidly invades the host. P. sojae spreads through the intercdlular matrix of the plant and
forms haugtoria for intimate contact with host cells.
Phytophthora root and stem rot develops rapidly at temperatures between 25 and 30°C,
paticularly in aress with poorly drained, heavy soils and after heavy rainfdl. P. sojae infects
laterd roots and progresses into the taproots and hypocotyls in susceptible cultivars, but in
resstant cultivars the fungus is limited to the cortex and dele of lateral roots. Sporangia and
zoospores form on infected roots, and zoospores are transgported in free water.

Cultivars with race-gpecific redstance are not affected by P. sojae until a new pathologic
(physiologic) race develops in high enough population to cause disease. Fortunately, plant
breeders and plant pathologists have been able to sdect a wide array of resstant genes that
have been incorporated into agronomically adapted soybean cultivars.

Egimations of genome size of P. sojae vary from 62 to 97 Mb. The average G + C content
is 58% (Qutab et a., 2000).

1.3. Thecell wall of Phytophthora

Cdl wdls have two mgor roles protection and morphogenesis. In addition to dlowing an
organiam to safely generate high metabolite concentrations in its cytoplaam to sugtan high
growth rates, the wal can be moulded into the diversty of shapes tha characterize the
vegetative and reproductive dructures found in the life cycle of P. sojae. This morphologica
plasticity is a key pat of an adaptive capacity with which an organism can successfully meet
awide assortment of ecologica chalenges.

The cdl wals of Phytophthora are made principaly of b-linked glucose polymers. These
b-glucans comprise about 80-90% of the wall dry weight (Bartnicki-Garcia and Wang, 1983).
The cdl wadls dso contan smal amounts of protein, lipid, and other polysaccharides, in
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which mannose and glucosamine gppear to be main sugar components, and are probably part
of surface glycoproteins (Ayers et d., 1976; Bartnicki-Garcia, 1966).

Cdl wdl b-glucans are highly insoluble polymers. Two different types of glucans can be
diginguished in the cdl wdl of Phytophthora: cdlulose and noncelulosc glucan. The latter
is much more abundant, about two to tenfold more than the cdlulosic glucan. The cdlulosc
glucan contains the typicd b-1,4-linked chains of glucose, but this cdlulose is poorly
cayddline and does not give any shap reflections upon X-ray diffraction (Bartnicki-Garcia,
1966). The noncdlulosc glucan is manly a highly branched (1® 3)-b-glucan with (1® 6)-
b-linkages a the branching resdues. In addition, about 10% of the glucose units in the
noncdlulosic glucan were found to be joined by (1® 4)-b-linkages (Bartnicki-Garcia and
Wang, 1983)

1.4. Theb-glucans

Glucars, with the (1® 3)-b-glucogdic linkage as mgor feature, are present in most of the
higher plants, in many lower plants aswell asin micro-organisms (Stone and Clarke, 1992).

Prokaryotic organisms, such as the bacteria and blue-green dgee, synthesize a vaiety of
polysaccharides as components of capsules and other extracdlular products. These
polysaccharides include (1® 3)-b-glucans, (1® 2)-b-glucans, and cdlulose (Stone and
Clarke, 1992).

Glucans containing (1® 3)- and (1® 6)-b-glucosdic linkages are important components of
cdl wadls and secretions of fungi in classes within the Ascomycotina, Basidiomycotina and
Deuteromycotina. The (1® 3),(1® 6)-b-glucans are usudly highly branched. They ae often
present as an inner wal layer and sometimes associated covaently with other wal polymers,
paticularly polysaccharides such as chitinn As mgor wal components, they and the
appropriate  (1® 3)-b-glucan hydrolases and synthases ae involved in those wadl
modifications which occur during growth and morphogeness. The (1® 3)-b-glucan
hydrolases which depolymerize their fungd subdtrates are used commercidly in fermentation
and food processing (Stone and Clarke, 1992).

Cdlose, the (1® 3)-b-glucan present in plants, occurs in low amounts in cdl walls of intact
tissues in a limited number of locations such as Seve plaes, cdl plates of newly divided cells
and plasmodesmata (Northcote et d., 1989). It is synthesized rapidly, however, in response to
wounding, pathogen attack, and mechanica pressure and it is deposted locdly to form a
protective barrier in association with other components. It is dso deposted in pollen mother
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cdls and in pollen tubes during incompatible interactions (McCormack et d., 1997). Cdlose
congtitutes 75% (w/w) of the tota wal carbohydrates in pollen tubes of Nicotiana alata (Rae
et a., 1985)

The (1® 3),(1® 4)-b-glucans are gpparently restricted to members of the Gramineae, anong
the Angiosperms, where they are a mgor component of endosperm wals of cereds like
barley, rye, sorghum, rice and whesat (Carpita, 1996).

X-ray diffraction dudies have shown that linear (1® 3)-b-glucans obtained in vivo or
gyntheszed in vitro are aranged in a triple hdix. The individud dtrands are extensvely
hydrogen bonded; essentidly each hydroxyl oxygen atom participates in at least one hydrogen
bond (Stone and Clarke, 1991).

1.5. Glucan synthases

The synthess of (1® 3)-b-glucan in vivo is catdyzed by the enzyme (1® 3)-b-glucan
synthase (EC.2.4.1.34, UDP-glucose:1,3-b-D-glucan 3-b-D-gucosyl transferase) using UDP-

glucose as subgtrate (Figure 3).

CH20H
o}
HO H H
: |
OH o?

OH OH
CH2 OH CH20H CH20H
o] o]
HO HO HO
o) o] O
e oH L~ OH OH
— _1n

Figure 3: Diagrammatic representation of the reaction catalyzed by (1® 3)-b-glucan
synthase.
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The ealiet invedigations of in vitro b-gucan synthess were directed toward
understanding the mechanism of cdlulose synthesis in plants however, protein preparations
from a number of different plants catdyzed the incorporaion of labeed glucose from UDP-
glucose into water inoluble polymers, identified later as (1® 3)-b-glucan (Delmer, 1987,
1999). Almogt dl attempts a in vitro synthess of cdlulose with plant preparations have
resulted in the formation of exclusvely (1® 3)-b-glucans (Carpita and Delmer, 1980; Demer,
1987, 1999).

The (1® 3)-b-glucan synthase (it will be named glucan synthase in the rest of this work)
was characterized in a number of fungi and plants, but not very much work was done with
oomycetes (Stone and Clarke, 1992) even though one of the earliest successful in vitro assays
for glucan synthase activity was achieved usng Phytophthora cinnamomi (Wang and
Bartnicki-Garcia, 1976; Sdlitrennikoff, 1995).

Glucan synthase is, apparently, an integrd transmembrane enzyme, which makes
purification difficult. This fact, coupled with the observation that in many cases the enzyme is
not a single polypeptide but rather is composed by severd components, has made purification
by monitoring enzyme activity even more chdlenging (Sditrennikoff, 1995). Genetic
approaches led to the discovery of genes necessary for glucan synthesis but not coding for
cadytic enzymes, but for eg. nucler factors (Enderlin and Sdlitrennikoff, 1994) or podst-
trandationd modifying enzymes (Diaz et d., 1993; Inoue et d., 1999).

A putative glucan synthase gene of Saccharomyces cerevisiae was cloned independently by
severd groups using different drategies. In the first of the reports (Douglas et d., 1994), it
was shown that in Saccharomyces cerevisiae, mutations in FKSL conferred hypersengtivity to
the immunosuppressants FK506 and cyclosporin A, while mutations in ETG1 conferred
resstance to the cdl-wadl-active echinocandins (inhibitors of glucan synthase) and, in some
cases, concomitant hypersendtivity to the chitin synthase inhibitor nikkomycin Z. The FKS1
and ETGL1 genes were cloned by complementation of these phenotypes and were found to be
identical. Disruption of the gene resulted in:

pronounced dow growth phenotype

hypersensitivity to FK506 and cyclosporin A

dight increase in sengttivity to echinocandin

ggnificant reduction in (1® 3)-b-glucan synthase activity in vitro.

Simultaneoudy, the gene CWH53 was cloned (Ram et a., 1995). This gene complemented
the ca coflour white- hypersensitive mutant cwh53 and is identica to FKS1 or ETGL.
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Pardld work by Inoue et d. (1995) resulted in the cloning of the same gene by using a
biochemica approach rather than a genetic one. The b-glucan synthase from S cerevisiae was
purified up to 700-fold by product entrgpment. A 200 kDa protein was clearly observed by
SDS-PAGE of the purified fraction. This protein was digested and microsequenced, and this
information was used for cdoning two genes GSCl, which is identicd to
ETGLYFSCI/CWHS53, and GSC2, which shares 88% dmilarity at the amino acid levd with
GSC1. Hydropathy profiles of both proteins suggest that these genes encode integrd
membrane proteins which can be assumed to have gpproximately 16 transmembrane domains.

Smultaneous disruption of FKS1 and FKS2 is lethd (Inoue et d., 1995, Mazur et 4d.,
1995), suggedting that Fkslp and Fk2p are dternaive subunits with essentid overlapping
function. Expresson of FKS1 predominates during growth under optima condition. In
contrast, FKS2 expression is induced by mating pheromone, high extracdlular [C&], growth
on poor carbon sources, or in a fsk1 mutant. FKS2 expresson is induced as cdls enter
dationary phase through a SNF1-, cdcneurin-, and cdl integrity sgnaing-independent
pathway (Zhao et d., 1998).

A GTP-binding protein is required for glucan synthase activity in yeast (Mol et d., 1994)
and other fungi (Wang and Bartnicki-Garcia, 1982; Kang and Cabib, 1986). This protein was
identified as Rhol, a small GTPase (Mazur and Baginsky, 1996) and it was demongrated to
form pat of the glucan synthase complex, interacting directly with Fkslp (Drgonova et d.,
1996; Qadota et ., 1996).

FKS1 homologues were identified in other fungi like Aspergillus nidulans (Kely e 4.,
1996), Candida albicans (Douglas et d., 1997), Cryptococcus neoformans (Thompson et d.,
1999) or Paracoccidioides brasliensis (Pereira et d., 2000). Recently, a FSK1 homologue
was identified in Pneumocystis carinii (Kottom and Limper, 2000) with a predicted molecular
mass correlating wedl with a peptide that immunoprecipitates with the glucan synthase
activity, if an antibody rased agang a synthetic peptide derived from the gene sequence is
used.

Until now, no functiond heterologous expresson of any of these putative glucan synthase
genes has been reported.

1.6. Objectives

The am of this work was to identify and isolae the (1® 3)-b-glucan synthase of

Phytophthora sojae and to clone the genes or cDNAs coding for the protein or proteins
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regponsble for glucan synthess. This required the characterization of the enzyme's
biochemicd and kinetic properties as wdl as the identification of possble cofactors or
inhibitors.  This knowledge should then be used for optimizing culture conditions and
purification methods. As the glucan synthase activity is membrane-bound, a solubilization
method should be established.

After isolation of one or severad proteins involved in glucan syntheds, their polypeptides
should be microsequenced. With the information contained in the peptide sequences derived
from the proteins, degenerated oligonucleotides should be designed, in order to obtan PCR
products, using cDNA of P. sojae as template. These PCR products should be used as a probe
for screening a cDNA phage library of P. sojae. Resulting cDNAs, possbly coding for
proteinsinvolved in glucan synthes's, should be identified and sequenced.
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2. Materials

2.1. Organisms

2.1.1. Phytophthora sojae

Phytophthora sojae, race 1 and 3 (previoudy named Phytophthora megasperma f. sp.
glycinea), was obtained from E. Ziegler, Aachen.

2.1.2. Escherichia coli srans

JM 109: Allows blue-white screening, cloning and amplification.
Genotype: recAl, endAl, gyrA96, thi, hsdR17 (rk-,mk+), relAl, supEd4, D(lac-proAB), [F,
traD36, proAB, lacl9%ZDM15]; Promega.

DHb5a : Allows blue-white screening, cloning and amplification.
Genotype: recAl, endAl, gyrA96, thi, hsdR17 , reAl, supE44, lac[F’, proAB, lacl%DM15,
TN, (Tet")]®; Gibco BRL

Y 1090(ZL): Used for phage infection
Genotype: merB hsdR; Gibco BRL.

DH10B(ZIP): Used for in vivo excison
Genotype: FmcrA, D(mrr-hsdRMS-mcrBC), f 80dlacZDM 15, DlacX 74, deoR, recAl, endAl,
araD139, D(ara, leu)7697, galU, galK, | ‘rpsL nupG; Gibco BRL.

2.1.3. Saccharomyces cerevisiae

INV Sc2: Used for heterologous expression, ideal for pY ES2 vector.
Genotype MATa, his3D1, leu2, trpl-289, ura3-52; Invitrogene.
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2.2. Chemicals

Table 1: Lig of chemicds

Name Qudity Company Catalogue no.
a-Amylase Sgma A-6255
a - D-Glucose monohydrate Roth 6887.1
b-Sitosterol 60% Fluka 85451
2-Propanal p.a Roth 6752.1
Acstic acid p.a Roth 3738.1
Acrylamide 30% acrylamide, Roth 3029.1
0.8% bisacrylamide
Adenine 99% Sgma A8026
Agar-agar <13.9% Roth 5210.2
Agarose Sava 86556
peqGold Universa peglab 35-1020
Aldolase p.a Serva 400006
Amonium peroxydisulphate p.a Roth 9592.2
(APS)
Ampicillin, sodium st 99% Appligene 69-52-3
Amylase p.a Sgma A-8781
Anthrone p.a Merck 3125985
Apoferitin p.a Sgma A-3660
Bacto-peptone Difco 0118-17-0
Bacto-tryptone Difco 0145-6-0
Bacto-yeast extract Difco 0127-17-9
BioRad protein assay Dye reagent BioRad 500-0006
concentrate
Bromophenol blue Roth A512.1
BSA >96% Roth 3452
p.a Sgma A-8531
CaCO3 p.a Merck 1544
Cacium chloride (CaClk-2 H,0) p.a Merck 2382
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Name Qudity Company Catalogue no.
Casamino acids Difco 0230-15-5
CHAPS 99% Cabiochem 220201
Chloroform p.a Roth 7342.1
Citricacid Ph. Eur. Roth 6490.1
CuSO4-5 H,O p.a Roth 8175
DEPC Roth k028.1
D-Gaactose p.a Serva 22020
DMSO puriss. Fuka 41648
Molec. Biol Sgma D-8418
DTT p.a Roth 6908.2
EDTA-disodium p.a Serva 11280
EGTA p.a Roth 3054.3
Ethanol p.a Roth 9065.4
Ethidium bromide 10 mg/ml Roth 2208.1
Ficall type 400 Sgma F-4375
Fish sperm DNA Appligene 161641
Formaldehyde 35% Roth 4980
Formamide p.a Roth 6749.1
Gdaine BioRad 9000-70-8
Gentiobiose Sgma G-3000
Glass beads 0.45-050 um B. Braun 8541701
Glycerine 99.5% Zdfa Z.7530.5
Glydne p.a Roth 3908.3
H,SO4 p.a Roth 4623.1
HCI Roth 3633.1
Hexadecyltrimethylammonium 99% Sgma H-5882
(CTAB)
HPTLC plates Merck 1.05547.0001
IPTG peglab 37-2020
Iron sulfate (FeSO,4-7H,0) p.a Merck 9018173
Isoamyl dcohal p.a JT. Baker 8010
K2HPO4 p.a Roth 6875.1
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Name Qudity Company Catalogue no.
KAc 99% Roth 4986.1
KCI p.a Roth 6/781.1
KH2PO4 p.a Roth 3904.1
Laminaribiose Sgma L-9384
Laminarinase Sgma L-9259
L-agnine USP grade GibcoBRL 21008-032
L-asparagine p.a Merck 23431
LiAc p.a Roth 5447.1
Lima bean agar Difco 0117-17-1
L-Tryptophan cdl culture Sgma T-0271
Methanol HPLC Roth 7342.1
Methylene Blue 82% Sgma M-9140
MgCh-6H,0 p.a Roth 2189.1
MgCl,-6H,0 p.a Roth 2189.1
MgSO4-7H,0 p.a Roth P027.2
MnCl;-2H,0 p.a Merck 6854
Myoglobin equine p.a Serva 29895
N&aCOs3 99% Roth 8563.1
NaMo00,-2H,0 p.a Merck 135793
NaAc p.a Roth 3742.1
NaCl p.a Roth 3957

NaF p.a Sgma S-7920
NaOH 99% Roth 6771.1
NH4;OH 25% Roth 6774

Octyl glucosde 98% Sgma 08001
Orange G 60% Sgma 0-1625
Ovabumin p.a Serva 11840
PEG 4000 p.a Roth 0156.1
PEG 6000 p.a Roth 0158.1
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Name Qudity Company Catalogue no.
Phenol p.a Roth 0038.1
Phenal:chlorophorm: 25:24:1, TE Roth A156.1
isoamila cohol <turated

Palivinylpyrrolidone (PV P) Sgma P-5477
Scintillation cocktall Roth 4355.2
Siver nitrate 99% Sgma S-8157
Sodium citrate p.a Roth 1264-1
Sodium dodecyl sulphate (SDS) 99% Roth 4360.2
Spermidine mol. bidl. Sgma S-0266
(3-Mercaptoethanol p.a Roth 4227.1
Sucrose Ph. Eur Roth 4661.2
TEMED p.a Roth 2367.3
Thiamine-HCI Merck 8181
Thiourea ACS Sgma T-8656
Thyroglobulin p.a Sgma T-9145
Tinopd Sgma F-3543
Tris-(hydroxymethyl)- p.a Roth 4855.2
aminomethane

Tryptophane 98% Sgma T8659
UDP-glucose 98% Sgma U-4625
X-Gd 99% Roth 2315.3
Y east nitrogen base Difco 0919-15
ZnS0y4-7TH,0 p.a Merck 8883
Zwittergent 3-12 99% Cabiochem 693015
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Table 2: Radiochemicds

Activity Company
Uridine diphospho-D-[U-"*C]glucose 7.4 GBg/mmol Amersham-Pharmacia
Deoxycytidine 5 -[a->?P]triphosphate 110 TBg/mmol Amersham-Pharmacia
Table 3: Enzymes for molecular biology
Enzyme unitsul company Ca. no
Taqg polymerase 5 Appligene 120187
T4 ligase 1 MBI EL0015
Pst | 10 MBI ERO0611
Smal 10 MBI ERO0661
Ecl 136 11 12 MBI ERO0251
Sl 10 MBI ERO0641
Eco 521 10 MBI ERO331
Aat |1 5 MBI ER0991
Bal Il 15 Pharmacia E1021Y
Kits

Clean-A-Gene DNA purification kit; Renner GmbH, Danngtadt.

The QlAexpressionist; Qiagen GmbH, Hilden
PolyATtract mRNA isolation systems, Promega, Mannheim

Packagene Lambda DNA Packaging System; Promega, Mannheim

SuperScript lambda systemGibcoBRL ; Life Technologies GmbH, Karlsruhe

Prime-A-Gene, Promega, Mannhem

Jetstar; Genomed GmbH, Bad Oeynhausen
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2.3. Plasmids and oligonucleotides

2.3.1. Plaamids

PYES2 59 kb shuttle vector designed for inducible expresson of genes in Saccharomyces
cerevisiae. The plasmid contains a GAL1 promoter for high levd inducible protein expression
in yeast by gadactose and represson by glucose, a CYCL transcription termination sgnd, a
pMB1 origin for mantenance and high copy replication in E. coli, an ampicillin resgtance
gene for sdection in E. coli, an URA3 gene for sdection of yeast trandformants in uracil-
defident medium, and a 2 p origin for mantenance and high copy replication in yeed.
Source: Invitrogen, Catalogue no. V825-20

pQE30, pQE31, pQE32: Vectors for expresson in E. coli of recombinant proteins with a
6 Histag a the N-terminus Incdudes an ampicillin resstance gene for sdection. Three
different open reading frames. Source: Quiagen, catalogue no. 32149

pGEM -T: Vector for cloning PCR products in E. coli. It is a linearized plasmid with an added
3 termind thymidine to both ends, incdludes an ampicillin ressance gene, a multiple cloning
gte within the gene for b-gadactosdase and an origin of replication. Source: Promega,
catalogue no. A362A

2.3.2. Oligonuclectides

Table 4: Non-degenerated oligonucleotides

name sequence 5® 3

56up_ac_pmg TTCCGCAATTTGCTGCCAAGCC
891 acanti_pmg ATGGTAGAGCCACCGGAGAGTA
iy377fw CATGAACAACCTGGACAC
iy277rev GTGTCCAGGTTGTTCATG
iy736fw GGCAACTACTGGTTCTCA
iy736rev TGAGAACCAGTAGTTGCC
iy1081fw GAGATGTACAACGAGCTG
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name sequence5® 3

iy1081rev CAGCTCGTTGTACATCTC
iy1434fw CTGCTGTAAGCGTGTGTA
iy1434rev TACACACGCTTACAGCAG

Table 5: Degenerated oligonucleotides

name sequence5® 3

litsense GCNCTBGARTAYACBYTBTAYYT
litanti ARRTAVARVGTRTAYTCVARNGC
tndsense TAYACBAAYGAYGTNGGNCARAT
tndanti ATYTGDCCNACRTCRTTVGTRTA
vigsense GTNATYGGNGAYACBGTNGGNGA
viganti TCNCCNACVGTRTCNCCRATNAC
vaassense GTNGCNGCNWCNY TNGARMGN
vaasanti GTNCKYTCNARNGWNGCNGCNAC
dafsense ATHGTNMGNGAYGCNTTYGAYCA
dafanti TGRTCRAANGCRTCNCKNACDAT
rasense ATHCCNYTNGAYGTNAAY GARGG
raanti CCYTCRTTNACRTCNARNGGDAT
evesense AAYACBGGNGTNGGNATYGARGT
eveant ACYTCRATNCCNACNCCVGTRTT
yensense TAYTAYGARAAYCAYAAYCCNYT
yenanti ARNGGRTTRTGRTTYTCRTARTA
igarsense ATHCARGCNMGNGTNCARGGNGA
igaranti TCNCCYTGNACNCKNGCYTGDAT

2.3.3. Equipment and other materia

FPLC, with pumps P-500, fraction collector Frac-100, Superloop, LKV UV-MlIl,

conductivity monitor, controller LCC-501 Plus; Pharmacia LK B, Freiburg (D)

Spectrophotometer Ultrospec 3000; Pharmacia LK B, Freiburg (D)
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Centricon-30, Millipore GmbH; Eschborn (D)
Ultracentrifuge, rotors 45Ti, SW40, SW28; Beckmann, Palo Alto (USA)
Tabletop ultracentrifuge Beckman Optima TLX rotors 100.3 and 100.4; Beckmann, Pdo
Alto (USA)
Centrifuge Sorvdl RC-5B, Rotor SS34, GSA; Kendro Laboratory Products GmbH,
Belin (D)
Centrifuge 3k12, SSGMA Laborzentrifugen GmbH; Osterode am Harz (D)
Microcentrifuge, Eppendorf; Hamburg (D)
Perigatic pump Minipuls 2; Gilson, VilliersLe Bd (F)
Electrophoresis apparatus, BioRad minigdl; Bio-Rad Laboratories GmbH, Miinchen (D)
agagd Mini, Biometra, Gattingen (D)
Hand-held UV lamp; Renner GmbH, Danngtadt (D)
Ultraviolet crosdinker; Amersham Pharmacia Biotech, Freiburg (D)
Phosphorescence Imager; Fujifilm BAS-1500
Video imaging: Gedocumentation sysem; MWG Biotech, Ebersberg (D); Gd
electrophoress Photosystem QuickShooter QSP, Kodak 1BI, New Haven, CT (USA)
Thermocycler Uno II; Biometra, Géttingen (D)
Electroporation unit, Gene Pulser 1l dectroporator; Bio-Rad Laboratories GmbH,
Mnchen (D)
Electroporation cuvettes, 0.1 and 0.2 cm; Bio-Rad Laboratories GmbH, Miinchen (D)
Nylon membranes. Hyborn N+, 0.45 um; Amersham Pharmacia Biotech, Freiburg (D)
Nitrocellulose membrane: Protran BA 85, 0.45 um; Schleicher & Schudll
Spin columns, S-200, Amersham Pharmacia Biotech, Freiburg (D)

2.4. Software and Internet resour ces

2.4.1. Computer software

SigmaPlot 5.0; 1986-1999, SPSS Inc.

Windows98; Microsoft Corporation

Microsoft word; Microsoft Corporation

Tina2.10g; 1993 raytest | sotopenmef3geréte GmbH

Netscape Navigator 4.0; 1994- 1998 Netscape Communications Corporation
Chromas 1.5; 1998 Techneysum Pty Ltd
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2.4.2. \WWeb resources

Blast: http:/mwww.nchi.nim.nih.gov/blagt/blast.cgi ?Jform=1

Blast two sequences: http:/mww.nchi.nim.nih.gov/gorf/bl2.htm

Taxonomy browser: http:/AMww.nchi.nim.nih.gov/Taxonomy/taxonomyhome.html/
Phytophthora initiative: http/Awww.ncgr.org/research/pgi/
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3. Methods

3.1. Phytophthora cultures

3.1.1. Growth on s0lid medium

Phytophthora sojae (previoudy known as Phytophthora megasperma f. sp. glycinea), race 1
and race 3, was grown on Lima bean agar Recipe 1, 20-25 ml per plate) in plagtic 9 cm Petri
dishes. For inoculation of new plates, approximately 1 cnf of the growing edge of a previous
culture was cut and transferred asepticdly to a fresh plate with the mycdium in contact with
the agar. Plates were incubated at 26°C in the dark for 1 week when used for maintaining the
line, or 10 days or longer when used for inoculation of liquid medium. Cultures on solid

medium could be stored up to 8 weeks at 4°C.

Recipe 1: Limabean agar

23 ¢/l Lima bean agar
autoclave

3.1.2. Growthinliquid medium

Culture in liquid medium was performed mainly as described by Ayers et d. (1976) based
on the methods of Erwin and Kazndson (1961) and Keen (1975). The medium was
optimized by doubling the concentration of b-stosterol and K,HPO,4, and reducing that of
KH2PO, to one half.

The following components were poured into a 1.8 | Fernbach flask in this order: 25 g
CaCOg, 400 ml of liquid medium (Recipe 2) and 1 ml of the stock solution of b-sitosteral,
followed by autoclaving. One fourth to one third of a 10 days old culture plate was used for
inoculation. Incubation was carried out a 26°C in the dark without dirring. A sngle gentle
shake was given to the flasks after one week of growth to bresk dightly the mycdium and
thereby simulate further growth. Usudly, 3 weeks were sufficient for maximum yield.
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Recipe 2: Modified Erwin synthetic medium

Stock concentration Amount per|Find concentration
liter
D (+)-Sucrose - 15¢ 159 It
L-Asparagin - 29 2qg I
FeS0,4-7H,0 - 1mg 1g I
MgSO,-7H,0 100¢ I 2ml 02g It
CaClp-2H,0 10g I'' 1mil 0.01g I''
Thiamine-HCI 1g It 1ml 1mg It
K,HPO, 95g It 20 mi 1.9g It
KH,PO,4 104 g I 10ml 1.04¢ I
ZnS0,-7H,0 439g I't 1ml 439 mg I
CuSO4-5H,0 79mg It iml 9ug It
Na,M00,-2H,0 53mg It 1ml 53pg’ I
MnCh-2 H,O 70mg It iml 70ug It
Insoluble components:
R-sitosterol 20 g I'* in dichloromethane 25ml 0.05¢ I'*
CaCO3 - 25gper Not soluble
flask

3.2. Microsome preparation

After 3 weeks of growth, the mycelium was poured onto a flat surface and washed with cold
tap water in order to diminate the agar and the cacium carbonate. The mycdium was then
collected on a 300 um nylon mesh to continue the washing with tgp water and findly didtilled
water. The washed mycdium was ether frozen and sored a —-20°C or processed
immediately.

To prepare microsomd fractions, the mycdium was homogenized in a Waring blender with
5 volumes of Micosome Buffer (Recipe 3). The homogenate was checked by light
microscopy to ensure at least 80% disruption of the mycelium.

The homogenate was filtered through a 300 um nylon mesh and centrifuged a 3,500" g for
20 min (4,500 rpm in a GS-3 rotor at £C). The supernatant was collected and centrifuged at
40,000" g for 45 min (20,000 rpm in a SS-34 rotor at 4°C). The supernatant was discarded and
the pellets collected, frozen in liquid nitrogen and stored a -80°C until used. No loss of
activity was detected after even 6 months of storage at —80°C.

Before any further step, membrane pellets were washed by resuspension in buffer A Recipe
4) and centrifuged at 40,000" g for 45 min at 4°C.



Methods 24

Recipe 3: Microsome Buffer

Amount for 1 liter

50 mM Tris-HCl, pH 7.5 69
1M Sucrose 342.39
10mM EGTA 389
10 mM NaF 042¢g
5mM MgCh 19
Filtrate through 0.22 um membrane

Recipe 4: Buffer A

Amount for 1 liter

50 mM Tris-HCl, pH 7.5 69
1M Sucrose 342.39g
10 mM NaF 0429
Filtrate through 0.22 pm membrane

3.3. Glucan synthase assay

Glucan synthase activity was assayed as previoudy described by Cabib and Kang (1987),
with minor modifications. The incorporation of radioactivity from UDP-[**C]glucose into
acid-insoluble product was measured.

A find volume of 40 pl was used. Usudly 36 pl of the mixture to be tested was
complemented with 4 pl of GS master mix (Recipe 5), leading to a find concentration of
5 mg/ml BSA and 5 mM UDP-[**C]glucose (7.4 MBg/mol).

The reaction was carried out for 1 h at RT, terminated by the addition of 0.5 ml of cold 20%
(whv) trichloroacetic acid and filtrated through 25 cm Whaman GF/B filters The filter with
the insoluble product was washed once with 10 ml water and transferred to a scintillation vid.

Theb emisson was measured in presence of 4 ml of scintillation cocktail per vid.
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Recipe 5: GS magter mix

Equd volumes of:
100 mg/ml BSA
0.1 M UDP-[**C]glucose (7.4 MBg/mmol, see Recipe 6)

Recipe 6: 7.4 MBg/mmol UDP-[**C]glucose

1vol. 0.5 M UDP-glucose
4 vol. 925 kBg/ml UDP-[**C]glucose (stock)

3.4. Solubilization of glucan synthase activity

Membrane pelets were washed by resuspenson with a tissue homogenizer in buffer A
(Recipe 4) and centrifuged at 40,000" g for 45 min a £ C. The pdlets were resuspended in the
same buffer and the amount of protein was determined. The suspenson was then adjusted to a
find concentration of 3 mg/ml CHAPS and 2 mg/ml protein. After 1 h of gentle sirring a
4°C, followed by 1 h of dow shaking on an ice tray, the suspenson was centrifuged at
180,000" g for 50 min a 4°C (40,000 rpm in a Beckman 45Ti rotor). The supernatant was
collected and the pdlet re-extracted under the same conditions in a third of the initid volume
with buffer A containing 3 mg/ml CHAPS. The later solubilized materid was caled second
extraction quaity and was used for analytical purposes.

For solubilization tedts, the reaction with different detergents and concentrations was
performed with 0.5 to 1 ml find volume, in 2 ml polypropylene tubes, with 1 h dow shaking
on ice, followed by 30 min ultracentrifugation a 80,000 rpm in a TLA 100.3 rotor (Beckman)
at 4°C.

The solubilized materid was filtered through a 045 pm pore membrane, frozen in liquid
nitrogen and stored at —80°C until used. No loss of activity was detected after 6 months of
storage.
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3.5. Product analysis

3.5.1. Preparation of radioactively |abeed product

A detergent-solubilized protein fraction (0.1 mg protein) was incubated for 2 h with 5 mM
UDP-[**C]glucose (7.4 MBg/mmol) as done for a glucan synthase assay (section 3.3), in a

tota reaction volume of 250 pl. The reaction was terminated by hesting & 100°C for 10 min.
The sample was then centrifuged a 15000 g for 20 min a room temperaure. The
supernatant was discarded and the pdlet (white and gdatinous) was washed 3 times by
resugpenson in 1 ml of didilled water and centrifugation a 15,000" g for 10 min. The find
pellet was resuspended in 250 pl of water.

3.5.2. Preparation of non-radioactive product

A detergent-solubilized protein fraction was incubated for 2 h with 10 mM UDP-glucose.
Glucans were collected by centrifugation at 15,000 g for 20 min a RT. The glucan pellet was

washed extensively (3 or 4 times) with 2 M NaCl followed by 10 washing steps with didtilled
water and was then freeze dried.

3.5.3. Quantification of carbohydrates

A modified anthrone reaction as described by Dische (1962) was used for measuring the
amount of carbohydrates. The sample (0.2 ml find volume) was mixed with 1 ml of anthrone
reagent Recipe 7), incubated for 15 min a 100°C, and after cooling down the sample to RT,
absorption was measured a 620 nm. As the anthrone method is incompatible with the
presence of DM SO, water-insoluble glucans were completely dissolved in 0.36 % NaOH.

Recipe 7: Anthrone reagent

63 mg anthrone
1.25 g thiourea
90 ml HSO4
30 ml H,O

The components were mixed dowly, keeping the flask on ice, to minimize heat generation.
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Methods
The dandard curve was determined with glucose dissolved in 0.36% NaOH (w/v)

(Figure 4). Five microliters of the serid dilutions were used.

Abs 20

20

o 5 10 15

ng glucose

Figure 4: Glucose determination using the anthrone assay. Data are means of two
independent experiments. Abs=0,0232" g glucose

3.5.4. Enzymdic digestion of products

Aliquots of 50 pl esch of radioactively labded glucan (section 3.5.1) were incubated with

additiona 50 pl consgting of ether:
2 mg/ml laminarinase solution in 20 MM sodium acetate buffer, pH 5.0, or
10 mg/ml a-amylase solutionin 25 mM Tris-HCI pH, 7.5, or

- only buffer for controls.
After incubation a 37°C for 2 h, the mixtures were centrifuged a 15,000 g for 10 min & RT

and 10l diquots of the supernatants were spotted onto HPTLC plates (section 3.5.5).
Additiona 5 pl diquots were used for measuring radioactivity by scintillation counting.

3.5.5. TLC andydssof carbohydrates

Carbohydrate standards and digestion products of the enzymaticaly-formed glucan were
loaded onto 20" 20 cm Merck slica gd 60 duminum-backed HPTLC plates. Separation was
carried out in butanol/acetone/water (4:5:2 (v/vIv)) (Monschau et d. 1997).

The non-radioactive standards of glucose, laminaribiose and gentiobiose were visudized by
goraying the plate with 5% H,SO,; in methanol and incubating a 180°C until the charred
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compounds became visble. For radioactive samples, the plates were ar dried and scanned
usng a Ryjifilm BAS-1500 phosphorescence image analyzer.

3.5.6. NMR andysis of the product of the glucan synthase

NMR andysis was caried out by Dr. Norbet Hertkorn at the Ingtitut fur Okologische
Chemie, GSF Forschungzentrum fir Umwelt und Gesundheit (Munich, Germany).

NMR spectra were recorded with a Bruker DMX 500 spectrometer (proton fregquency:
500.13 MHz) using an inverse geometry 5 mm probehead (90 °: 10.8 ps H; 10.0 ps *3C)in
DMSO-ds at 30°C (*H/*3C: 2.49/39.50 ppm). The *C-NMR spectrum was recorded with
broad band decoupling and an acquisition time of 825 ms (relaxation ddlay d1: 1 s). Gradient
enhanced absolute value HH-COSY and phase sensitive (TPPI) HMQC spectra were acquired
using Bruker standard software (gradient pulses 1 ms, gradient recovery: 450 us HMQC: ag;:
102 ms, sw: 5040 Hz, d1: 2's, 1J /CH): 145 Hz, *C GARP decoupling: 70 ps, number of
increments in F1: 257; HH-COSY: ag: 117 ms, sw: 4370 Hz; 512 increments in F1). The FID
of the HMQC spectrum was multiplied by a p/2 shifted sne bdl in F2 and by an unshifted
gne bdl in F1 dimenson; the HH-COSY spectrum was processed with unshifted [square
(F2)] dne bells; both spectrawere zero filled providing a1k © 1k data matrix.

3.6. Protein purification

3.6.1. Anion exchange chromatography

3.6.1.1. DEAE andyticd scde

Andyticd chromatography was carried out on 1 ml of Fractogd EMD-DEAE equilibrated
a 4°C with MBC buffer (Recipe 8). Three milliliters of solubilized protein (second extraction
qudity, see section 3.4) were loaded. The column was washed with 2 ml of MBC buffer.
Elution was done in two steps. a firg step with 2 ml of MBC buffer containing 0.25 NaCl, and
asecond one with 2 ml of MBC buffer with 0.5 M NaCl.
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Recipe 8: MBC buffer

Amount for 1 liter

50 mM Tris-HCl, pH 7.5 69
1M sucrose 342.39g
10mM EGTA 3.8¢
10 mM NaF 0429
5mM MgCh 1lg

3 mg/ml CHAPS 39
Filtrate through 0.22 pm membrane

3.6.1.2. DEAE preparative scde

Chromatography in preparative scale was carried out on a prepacked 10" 150 mm Fractogel
EMD-DEAE Superformance cartridge (Merck). A detergent-solubilized sample (20-30 mg
protein) was diluted 1.1 with didilled water and loaded onto a column equilibrated with
buffer C (Recipe 9). The column was then washed with 30 ml buffer C containing 0.2 M
NaCl. Elution of the active fraction was caried out usng a 50 ml gradient from 0.2 M to
06 M NaCl in buffer C. The flow rae was 1 mi/min. UV absorbance a 280 nm was
monitored on line. One milliliter fractions were collected and protein content and glucan
gynthase activity were edtimated as described in sections 3.7.1 and 3.3, respectively. The
fractions containing the enzyme activity were pooled for further purification.

Recipe 9: Buffer C

Amount for 1 liter

25mM Tris-HCI, pH 7.5 39
0.5M sucrose 1719
10 mM NaF 0429
2 mg/ml CHAPS 29

Filtrate through 0.22 pm membrane




Methods 30

3.6.1.3. Resource-Q chromatography

The column (1 ml Resource-Q, Pharmacia) was equilibrated in buffer C (Recipe 9)
supplemented with 0.2 M NaCl a 0.5 ml/min. A 5 ml portion of the pool generated in section
3.6.1.2 was diluted 1:1 with buffer C and loaded. The column was washed with 5 ml of buffer
C containing 0.25 M NaCl. Enzyme activity was euted by usng a 10 ml gradient from 0.25
to 0.6 M NaCl in buffer C a a flow rate of 0.5 ml/min. Fractions of 0.25 ml were collected
and protein content and glucan synthase activity were estimated as described in sections 3.7.1

and 3.3, respectively.

3.6.1.4. Mono-Q chromatography

The column (1 ml Mono-Q, Pharmacia) was equilibrated as described in section 3.6.1.3 and

run under the same conditions.

3.6.2. Sizeexcduson chromatography

A Superose 12 (Pharmacia) column was equilibrated with 0.1 M NaCl in buffer C Recipe
9) a aflow rate of 0.4 ml/min. When Superose 6 was used, the matrix was equilibrated in the
same buffer but a a lower flow rate (0.2 mi/min). As standards for cdibration myoglobin
(17.8 kDa), ovabumin (45kDa), BSA (66 kDa), ddolase (161 kDa), amylase (200 kDa),
gpoferritin (443 kDa) and thyroglobulin (669 kDa) (each 500 pg in 100 pl) were used. The
cdibration curves derived from the eution of the molecular mass markers are shown in
Figure 5. Thelinear regressons were caculated by using SigmaPiot 5.0.

The sample to be tested was prepared by concentrating the pool generated in section 3.6.1.2
by ultrefiltration in Centricon30. A portion of 100 pl was loaded onto the column. UV
absorbance at 280 nm was monitored on line. Fractions of 0.4 ml were collected and protein

content and glucan synthase activity were estimated as described in sections 3.7.1 and 3.3,
respectively.
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Figure 5: Cdibraion curves with molecular mass markers on a Superose 12 (pand A) and a
Superose 6 (pand B) columns.

3.6.3. Sucrose density-gradient centrifugetion

3.6.3.1. SW28rotor

For large-scale preparations, linear 17-40% (w/v) sucrose gradients (29 ml) were poured
above 4 ml cushions of 60% (w/v) sucrose in centrifuge tubes. All sucrose solutions were
prepared with 50 mM Tris-HCI, pH 7.5, 25 mM NaF, 2 g/l CHAPS. The solubilized fraction
was diluted and adjusted to a content of 15% sucrose. Approximately 5 ml of the diluted
sample was layered on top of the gradient. After centrifugation (27,000 rpm, 41 h, £C; SW28
rotor), 2 ml diquots were collected from the bottom of the gradient using a glass capillary
pipette carefully placed a the bottom and sucking usng a perigdtic pump. Fractions were
assayed for protein content and glucan synthase activity as described in sections 3.7.1. and

3.3, respectively.

3.6.3.2. SWA40 rotor

For gmdl-scde preparations, linear 17-40% (w/v) sucrose gradients (11 ml) were poured
above 1 ml cushions of 50% (w/v) sucrose in centrifuge tubes. The solutions and the sample
were prepared as described in section 3.6.3.1. Approximatdy 1.5 ml of the sample was
layered on top of the gradient. After centrifugation (36,000 rpm, 40 h, £C; SW40 rotor), 1-ml
aiquots were collected as described in section 3.6.3.1. Protein content and glucan synthase
activity were assayed as described in sections 3.7.1 and 3.3, respectively.
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3.6.4. PEG precipitation

Solubilized protein fractions (0.4 ml) were mixed with different amounts of 50% PEG 6000
or PEG 4000 in 25mM Tris-HCl, pH 7.5, yielding fina concentrations from 5 to 30%, and
adjusted to 1ml with 25 mM Tris-HCI, pH 7.5. The samples were placed on ice for 1 h and
then centrifuged for 30 min at 60,000 rpm in a TLA 100.3 rotor. The pellets were resuspended
in 0.3 ml of MBC buffer (Recipe 8).

3.6.5. HiTrap Blue chromatography

A 5 ml HiTragp Blue (Pharmacia) column was equilibrated with buffer C a a flow rate of
1 m" mint. Solubilized protein fraction (2 ml) was loaded onto the column. The column was
washed and duted using the following program:

10 ml buffer C

1 ml gradient from 0 to 0.25 M NaCl in buffer C

10 ml 0.25 M NaCl in buffer C

1 ml gradient from 0.25to 0.5 M NaCl in buffer C

10 ml 0.5 M N&Cl in buffer C

1 ml gradient from 0.5 M to 1 M NaCl in buffer C

10 ml 1 M NaCl in buffer C
The dution was monitored by UV absorbance a 280 nm. Protein pesks (3 to 9 ml, 20 to
25ml, 36 to 39 ml and 51 to 53 ml) were pooled and assayed for glucan synthase activity and
protein content as described in sections 3.3 and 3.7.1, respectively.

3.6.6. HiTrap heparin chromatography

A 5 ml HiTrap heparin column (Pharmacia) was equilibrated at a flow rate of 1 mi/min with
buffer C (Recipe 9). Two milliliters of solubilized fraction were loaded. The column was then
washed with 10 ml of buffer C and duted in 4 steps, usng solutions of 0.15, 0.3, 0.5 and 1 M
NaCl in buffer C. The eution was monitored by UV at 280 nm. The protein peaks (3 to 11 ml,
17 to 24 ml, 27 to 33 ml, 36 to 44 ml and 47 to 51 ml) were pooled and assayed for glucan
synthase activity and protein content as described in sections 3.3 and 3.7.1, respectively.
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3.6.7. Concanavdin A chromatography

Two milliliters of Concanavdin A-Sepharose 4B (Sigma) were equilibrated with buffer C
containing, additiondly, 1 mM MgSO, and 0.1 mM MnSO,4. Two milliliters of the solubilized
fraction contaning 1 mM MgSO4 and 0.1 mM MnSO, were loaded. The column was washed
with 4 ml of buffer C containing 1 mM MgSO; and 0.1 mM MnSO, and euted with 4 ml of
the washing <olution supplemented with 05 M mehyl a-D-mannopyranosde. The
chromatography was done by gravity flow.

3.6.8. Product entrapment

Product entrapment was carried out as described by Inoue et a. (1995) and Turner et a.
(1998) with minor modifications. The crude solubilized protein fraction or other pre-purified
pools (eg. the DEAE purified pool, section 3.6.1.2) was incubated with 10 mM UDP-glucose
for 1h a 25°C when used for andytica purposes, or 2 to 3 h when used for preparative
purposes. The syntheszed glucan, containing entrapped protein, was collected by
centrifugation a 4,000" g for 10 min a RT and the pellet was washed twice by resuspension
in buffer C containing 5 mM UDP-glucose and centrifugation as described before. The pellet
was resuspended in buffer C (without UDP-glucose) and centrifuged at 200,000" g for 10 min.
The pdlet was then resuspended again in buffer C and used directly for glucan synthase
assay. For SDS-PAGE, the pellet was homogenized in 1° SDS loading buffer (Recipe 15)
usng a Potter-Elvehjem homogenizer with a Teflon pestle, incubated a 100°C for 5 min, and
centrifuged at 200,000" g for 10 min a 15°C. The supernatant was loaded onto a 8% or 7%
polyacrylamide gd for anaytical or preparaive SDS-PAGE (see section 3.7.2), respectively.
The remaining pellet could aso be loaded onto SDS-PAGE gels with the hdp of a smdl and
thin spatula

3.6.9. Native dectrophoress and in-gel assay

Native eectrophoresis was carried out as described by Kudlitka and Brown (1997) with
some modifications. The gds were cast in a Biorad minigd gpparatus. The separating gd (6%
polyacrylamide) and the stacking gel (3%) are described in Recipe 10. No pH discontinuity
was used. The chambers were filled with running buffer adapted to native eectrophoresis
(Recipe 11). A solubilized protein fraction with few crystas of bromophenol blue was used
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for native eectrophoresis separation. As a control, a solubilized protein fraction incubated at

100°C for 30 min was used.

Recipe 10: Gdsfor native dectrophoress

Stacking ge

4.03 ml H,O

0.33ml L.5mM Tris-HCI, pH 8,8

0.5 ml 30 % acrylamide/bisacrylamide (29:0.8)
0.1 ml 30 mg/ml CHAPS

10 ul TEMED

50 pl 10% APS

Separating gel

7.1 ml H,O

0.66 ml 1.5 mM Tris-HCI, pH 8,8

2 ml 30 % acrylamide/bisacrylamide (29:0.8)
0.2 ml 30 mg/ml CHAPS

10 yl TEMED

50 pl 10% APS

Recipe 11: Running buffer for native eectrophoresis

Amount for 1 liter

192 mM glycine 1449
0.6 g/l CHAPS 06g
25mM Tris-HCI, pH 8.3 39

The eectrophoresis was performed a 4°C and a constant 20 mA per gd (voltage was
garting a 80 and finishing a 200 V) for 25 h. Theredfter, the gd was incubated in 10 ml of
reection buffer (Recipe 12) for 3 h with gentle agitation & 26°C. The gd was then quickly

rinsed with water and incubated for 20 min in dye buffer (Recipe 13). Subsequently the gel
was washed severa times with water until the background dissppeared. The glucan was

visudized with UV light (365 nm).
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Recipe 12: Reaction buffer for in-gd assay

Amount for 1 100 ml
1M sucrose 34,29
25 mM NaF 105 mg
50 mM Tris-HCI, pH 7.5 5ml 1M Tris-HCl, pH 7.5
0.6 g/l CHAPS 60 mg
5mM UDP-glucose 305mg
Recipe 13: Dye buffer for in-gdl assay
Amount for 1 100 ml
50 mM K2HPOQOy, pH 8.2 871 mg
0.01% Tinopa 10mg

3.7. Basc methodsfor protein biochemistry

3.7.1. Protein etimation

Protein concentration was determined using the method described by Bradford (1976).
Routindly, BioRad protein assay reagent was used. The sample was diluted to 800 pl with
water and after adding 200 pl of reagent and mixing, absorbance was measured a 595 nm.
Bovine serum abumin was used as standard.

3.7.2. SDS-Polyacrylamide gd dectrophoress (SDS-PAGE)

For protein separation, the method of Laemmli (1970) was used. The compostions of the
stacking and separating gels are described in Recipe 14. Gels were usudly poured to a sze of

711 cm and 0.75 mm thickness for andytica and 1.5 mm thickness for preparative purpose,
usng a BioRad minigel gpparatus. Liquid samples to be andyzed by SDS-PAGE were mixed
with 1/5 volume of 6" SDS loading buffer (Recipe 15). Pellets of product entrgpment or
acetone precipitation were resuspended or re-dissolved in 1 SDS loading buffer. Samples
precipitated with TCA (find concentration 10% w/v, 10 min on ice and centrifuged at
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14,000" g for 10 min) were resuspended in the same buffer, containing, in addition, N&CO3
(Recipe 16). Once the samples were dissolved in the desred buffer system, they were
incubated for 2 min a 100°C, spun for 5 min and loaded into the gel dots with the hep of a
Hamilton syringe Unless further gpecified, electrophoress was peformed a  room
temperature, after filling the chambers with SDS-PAGE running buffer (Recipe 17), a 100 V
until the samples reach the separating gel, and then continued a 200 V. Commercidly

available mixtures of protein molecular markers were used as reference.

Recipe 14: Gdsfor SDS-PAGE

Stacking ge Amount for 10 ml

4% acrylamide 1.25 ml 30 % acrylamide/bisacrylamide (29:0.8)

125 mM Tris-HCI, pH 6.8

1.25ml 1M Tris-HCI, pH 6.8

0.1% SDS 100 pl 10% SDS

0.1% (viv) TEMED 0u

0.04% APS 40 pl 10% stock solution
Separating gel Amount for 20 ml

7 or 8 or 10 % acrylamide 4.67,5.33 or 6.67 ml 30 %

375 mM TrisHCI, pH 8.8
0.1% SDS

0.05% TEMED

0.05% APS

acrylamide/bisacrylamide (29:0.8)
5ml 1.5M Tris-HCI, pH 8.8
200 pl 10% SDS

0u

50 pl 10% stock solution

Recipe 15: 6" loading buffer for SDS-PAGE

Amount for 10 ml

60 mM Tris-HCI, pH 6.8
12% SDS

30% glyceral

02M DTT

0.001% bromophenol blue

0.1 ml 1 M Tris-HCI, pH 6.8

129 SDS

3 ml 100% glycerol
039

0.1 mg (few crygas)
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Recipe 16: 1" loading buffer for TCA proteins after TCA precipitation

Amount for 10 ml
0.1 M N&COs3 106 mg
2% SDS 2ml 10% SDS
02M DTT 039
5% glycerol 0.5 ml 100% glyceral
0.001% bromophenol blue 0.1 mg (few crygas)

Recipe 17: 10" running buffer for SDS-PAGE

Amount for 1 liter

192 mM glycine 144 g glycine
25mM Tris-HCI, pH 8.3 30gTris
0.1% SDS 100 ml 10% SDS

3.7.3. Slver ganing of SDS-PAGE géls

Viaudization of proteins in SDS-PAGE was done according to the method of Wray et 4.
(1981). The gel was first soaked in 50% reagent grade methanol for a leest 1 h or overnight
for thicker gels. Then the gd was incubated for 15 min in daning olution (Recipe 18) with
gentle agitation followed by washing in didilled water for 5 min. The gd was then soaked in
developing solution (Recipe 19) until bands gppeared (usudly less than 10 min). The reaction
was immediatedly stopped by washing the gd with 45% methanol/10% acetic acid solution
(Vv). After equilibration in 10% (viv) glycerol in water, the gds were dried in between
cdllulose-acetate sheets and stored at RT.

Eventudly, the gels were totdly destained by soaking the gels in a solution of few grains of
commercid film cleaning solution (Tetend) in water or until the background was minimized.
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Recipe 18: Staining solution

Solution 1: 0.8 g slver nitrate dissolved in 4 ml didtilled water
Solution 2: 21 ml of 0.36% NaOH mixed with 1.4 ml of 14.8 M NH,OH

Solution 1 was added dropwise into solution 2 with congant stirring, and then volume was
increased to 100 ml with water. To be used immediatdy.

Recipe 19: Deveoping solution

1 ml 1% citric acid
100 pl 38% formadehyde

water was added to afina volume of 200 ml

3.7.4. Coomassie ganing of SDS-PAGE gds

After dectrophoress, the gels were soaked in Coomasse solution (0.1% Coomasse
brilliant blue in water/methanol/acetic acid (40:50:10 (v/iviv))) for 30min & RT. The gds
were then destained with destaining solution (water/methanol/acetic acid (40:50:10 (VIVIV)))
until the background disappeared. The gels were equilibrated in 10% glyceral (v/v) and dried.

Gds used for proten sequencing were saned with 0.3% Brilliant blue R in
water/methanol/acetic acid (40:50:10, (v/v/v)) and destained with 10% acetic acid.

3.7.5. 2D-dectrophoresis

2D-€electrophoresis was performed by Dr. B. Miller a the Botanisches Inditut der LMU
(Munich).

For the IEF separation, precast strips of pH 3 to 10 were used. After the first dimension was
performed, the strip was placed over a 8% polyacrylamide SDS-PAGE gd and the second

dimension separation was done. Three hundred micrograms of protein were used per sample.

3.7.6. Protein extraction from yeast

Fifteen milliliters yeast culture grown for 48 h (see section 39.14) were centrifuged a
2,000" g for 5min a 4°C. The supernatant was discarded and the cdll pellet resuspended in



Methods 39

2ml of diguption buffer (Recipe 20). The cdls were transferred into a 15 ml polypropylene
tube and an equa volume of glass beads (200 pum) was added. Then the cells were strongly
shaken for 30 sec followed by 30 sec on ice, repeating the cycle 10 times. The disruption of
the cells was controlled by light micrascopy.

The glass beads were dlowed to sdttle at the bottom of the tube and the supernatant was
collected. The glass beads were washed five times with 1 ml of disruption buffer and the
supernatant of each wash was collected and combined.

The supernatant was centrifuged at 1,500" g for 5 min at #C in order to remove unbroken
cdls and cdl debris. The supernatant was collected and centrifuged at 100,000" g for 30 min
at 4°C. The supernatant was collected and the microsome pellet was resuspended in 1 ml of
diguption buffer. Protein content and glucan synthase eactivity were edimated in the
supernatant and in the microsoma fraction.

For 2D-dectrophoress, the microsoma fraction was used directly after centrifugation for
20 min a 20,000" g. The soluble protein was precipitated by adding 4 volumes of acetone and
incubation for 30 min a -20°C. The precipitate was collected by centrifugation for 15 min a
15,000 g at 4°C, and dried for 2 min in avacuum dryer.

Recipe 20: Disuption buffer

Amount for 200 ml
50 mM Tris-HCl, pH 7.5 5ml 1M Tris-HCI, pH 7.5
5% glycerol 5 ml 100% glycerol
1 mM EDTA 0.2ml 0.5M EDTA, pH 8

3.8. Protein sequencing

Protein sequencing was performed by Dr. F. Lottspeich (Max Planck Ingtitut fir Biochemie,
Martingried). Proteins with an apparent molecular mass of 108 kDa and 50 kDa were cut from
the gels after preparative SDS-PAGE (section 3.7.2), and cleaved into peptides by trestment
with LysC. The peptides were separated by HPL C and sequenced.
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3.9. Methodsin molecular biology

3.9.1. Electrophoresisof DNA

The DNA sample to be analyzed (in water or any buffer) was mixed with one tenth volume
of DNA loading buffer Recipe 21). The samples were separated in submerged agarose gels in
1" TAE buffer containing ethidium bromide. The concentration of agarose varied depending
on the samples to be run: 0.6% for digested genomic DNA, 0.8 to 1.4% for average size
fragments, 2% for samdl fragments (250 bp or less). Electrophoress was started a 30 mA
until the samples had moved into the gd, and then the separation was carried out a 50 mA.

Recipe 21: DNA loading buffer

600 pl 50% glycerin
20l 50" TAE
380 ul water

afew crysas of Orange G

Recipe 22: 50° TAE

Amount for 1 liter

2M Tris 242 g
1 mM acdlic acid 57.1 ml acetic acid
50 mM EDTA 100 ml 0.5 M EDTA, pH 8.0

3.9.2. Electrophoresis of RNA

In a gerile 1.5 ml microcentrifuge tube, RNA (2-3 pg totd RNA for ganing, 20 ug totd
RNA for hybridization) was mixed with one fifth of the volume of 6" RNA loading buffer
(Recipe 24, according to Pellé and Murphy (1993)). The mixture was incubated at 75°C for
5min, immediately placed on ice, and then loaded onto the agarose gd. Routindy 1.2%
agarose gels were used (Recipe 23). RNA was dectrophorezed usng 10 mM  sodium
phosphate buffer, pH6.8. Constant re-circulaion of the buffer was mantaned udng a
perigdtic pump to prevent the formation of an undesrable pH gradient which can lead to
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degradation of the RNA during eectrophoress. Ethidium bromide was usudly not included,
neither in the buffer nor the gdl. Electrophoresis was performed at not more than 50 mA.

Recipe 23: Gelsfor RNA dectrophoresis

Amount for 100 ml

1.2% agarose (RNase free)
10 mM sodium phosphate, pH 6.8

129
1 M sodium phosphate, pH 6.8

autoclave

Recipe 24: 6° RNA loading buffer

Amount for 10 ml

30% glyceral
1.2% SDS
60 mM sodium phosphate, pH 6.8

3 ml 100% glycerol

1.2 ml 10% SDS

0.6 ml 1 M sodium phosphate, pH 6.8
afew crygtds of bromophenal blue

filter gerilized

3.9.3. DNA preparation from P. sojae

DNA was prepared according to the method of Sacks et d. (1995). Frozen two week old P.

sojae mycdium from liquid cultures was ground to a fine powder with quartz sand in liquid

nitrogen usng a mortar. TES buffer (Recipe 25) was added to the powder to a find
concentration of 2 mg/ml. Proteinase K was added to a find concentration of 200 pg/ml and

the mixture incubated for 45 min a 56°C. The mixture was extracted once with phenal, three
(25241, vi) and another time with
chloroform/isoamyl alcohol (24:1, viv). DNA was precipitated by adding 0.04 volume of 5 M
NaCl and 0.8 volume of 2propanol. After 10 min of centrifugation a 5,000 rpm in a SS-34
rotor, the pellet was dissolved overnight in TE buffer (Recipe 26).

times with phenol/chloroform/isoamyl
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Recipe 25: TES buffer

Amount for 1 liter

100 mM Tris-HCl, pH 8.0 1219
10 mM EDTA 25ml 0.5M EDTA, pH 8.0
2% SDS 200 ml 10% SDS

Recipe 26: TE buffer

Amount for 1 liter

10 mM Tris-HCI, pH 8.0 1219
1 mM EDTA 0.2ml 0.5M EDTA, pH 8.0
autoclaved

3.9.4. RNA preparationfrom P. sojae

RNA was isolated according to the method of Chang e d. (1993), with minor
modifications. RNA extraction buffer (12 ml) Recipe 27) was warmed up to 65°C in a 50 mi
polypropylene tube, and then 2 to 3 g of ground tissue were added and mixed completely by
inverting the tube The mixture was then extracted two times with 12 ml of
chloroform:isopamyl acohol (24:1 viv) (carefully reeasing the excess of pressure by opening
briefly the tube). Separation of the phases was achieved by centrifugation in a 30 ml Corex
tube at 10,000 rpm in a SS34 rotor at room temperature.

After callecting the aqueous phase, the RNA was precipitated by adding one third volume
of 8M LiCl and incubatiing overnight & 4°C. RNA was collected by centrifugation a
10,000 rpm in a SS-34 rotor for 20 min a £C. The pelet was dissolved in 500 pl of SSTE
(Recipe 28) and extracted one more time with chloroformiisoamyl acohol (24:1 viv). RNA
was precipitated by adding two volumes of ethanol and incubeting for a least 30 min a
-80°C. The precipitate was collected by 20 min of centrifugation in a microcentrifuge. The
pellet was dried and resuspended in autoclaved DEPC-trested water (Recipe 29).
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Recipe 27: RNA extraction buffer

Amount for 200 ml
2% CTAB 29
2% PVP 29
100 mM Tris-HCl, pH 8.0 121g
2.0 M NaCl 119¢
25mM EDTA 5ml 0.5M EDTA, pH 8.0
0.25 g/L spermidine 25mg
Mixed and autoclaved
2% [3-mercaptoethanol (add immediatdy prior to use)

Recipe 28: SSTE

Amount for 200 ml
1.0 M NaCl 5.89
0.5% SDS 5ml 10% SDS
10 mM Tris-HCl, pH 8.0 1ml 1M Tris-HCI, pH 8.0
1mM EDTA 0.2ml 0.5M EDTA, pH 8.0
autoclaved

Recipe 29: DEPC-treated water

0.1% DEPC in didtilled water
dirred overnight in afume-hood

autoclaved

3.9.5. DNA purification from agerose gels

DNA purification from agaose geds was peformed usng the CleatA-Gene DNA

purification kit.

After visudizing the DNA in an agarose gd, the band to be purified was excised from the
gd and trandferred into a 1.5 ml microcentrifuge tube. The weight was edtimated and three

volumes of binding buffer (including chaotropic agents) were added. Then, the agarose was
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melted at 55°C for 5 min with occasond mixing. The mixture was dlowed to reach room
temperature, and 5 pl of binding matrix were added. The mixture was incubated a RT for
5min or longer with occasond mixing. The matrix-DNA complex was peleted for 10 sec in
a microcentrifuge. The supernatant was removed, 1 ml of washing buffer was added and the
matrix resuspended by whirling the tube, followed by centrifugation for 10 sec. The washing
sep was repeated two more times. Fifteen microlitres of sterile water, TE buffer or 10 mM
TrissHCl, pH 7.5, were added to the matrix to eute of the DNA. The matrix was
resuspended in the eution volume, incubated for 3 min a 48°C and centrifuged for 30 sec.
The elution step was repeated once more and the two € ution supernatants were combined.

3.9.6. Smdl scde plasmid preparation

3.9.6.1. Alkdinelyss

The method described by Birnboim and Doly (1979) was followed. A 1.5 ml diquot of an
overnight culture of E. coli was centrifuged in 1.5 ml gterile microcentrifuge tibes for 30 sec.
The supernatant was discarded and the pellet centrifuged again in order to remove any trace of
medium.

The becterid pelet was resuspended in 50 pl solution | (Recipe 30) by whirling and
incubated 5min & RT. Then, 100 yl of solution Il (Recipe 31) were added to the cells and
mixed carefully. The lysate was chilled 5 min on ice. Then, 75 pl of solution Il Recipe 32)
were added, mixed immediately and incubated on ice for 5 min.

The mixture was centrifuged for 10 min a 4°C a maximum speed of a tabletop centrifuge.
The supernatant (200 pl approximately) was transferred into a new microcentrifuge tube and
extracted with 200 pl phenol/chloroform/iscamyldcohol  (25:24:1, viviv). After 5 min
centrifugation & RT, the upper phase was transferred to a new microcentrifuge tube, mixed
with 500 ul ethanal, incubated 10 min a RT and centrifuged for 10 min. The pdlet was then
washed with 200 pl 70% ethanol, dried and dissolved in 25 - 50 pl of water or TE buffer
(Recipe 28)
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Recipe 30: Solution | for plasmid preparation

Amount for 1 liter

50 mM D-glucose 9¢g

25mM Tris-HCl, pH 8 39

10mM EDTA 20ml 0.5M EDTA, pH 8.0
autoclaved

Recipe 31: Solution Il for plasmid preparation

Amount for 1 liter

195 $DS 169
0.2 N NaOH 8¢

Recipe 32: Solution I11 for plasmid preparation

Amount for 1 liter

3 M potassium acetate, pH 4.8 294459

filter gerilized

3.9.6.2. Smdl and midi-scae plasmid preparation

When good qudlity of plasmid preparation was required (e.g. for sequencing), the Jetstar kit
from Genomed was used, following the indications of the provider.

3.9.7. PCR

The Polymerase Chan Reaction (PCR) was used in order to amplify DNA from different

sources. Plasmid DNA, genomic DNA, cDNA or a bacterid colony picked directly from an
agar plate could be used as templates for the reaction. To avoid contamination, al solutions
used for PCR were exclusvely pipetted using tips containing cotton stoppers.
The oligonucleotides used for PCR were custom-made (usualy by Metabion) and provided
lyophilized. The oligonuclectides were dissolved in water to 1 nmol/ul and from this stock
solution a 50 pmol/ul working solution was prepared. A typica 15 pl PCR reaction was
performed in @200 pl tube adding the following components (Recipe 33).
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Recipe 33: Standard PCR

For a15 pl reaction

Template

1.5 yl 10" Taq Buffer (Appligene) (100 mM Tris HCI, pH 9.0, 500 mM KCI, 15 mM MgCh,
1% TritonX-100 and 2 mg/ml of BSA)

0.3 pl 50 mM MgCh

0.3l 10 mM dNTPs

0.3-05ul Primer 1

0.3- 0.5 pl Primer 2

0.375 units Tag DNA Polymerase (Appligene)

Reactions were performed a 15 or 1 pM primer concentration when degenerated
oligonucleotides or not-degenerated oligonucleotides were used, respectively. The reaction
was carried out in a thermocycler with heating lid set to 110°C. The reaction mixtures were
not seded with oil. The programs used had a 3 min incubation step a 94°C before sarting the
cycle. Anneding was performed at 5C beow the mdting point of the primers for 45 sec and,
if degenerated oligonucleotides were used, anneding temperature was increased in every
round. The next step in the cycle was an incubation at 72°C for 1 min (1.5 min if the fragment
to be amplified was longer than 1 kbp), and the last step was for 1 min a 94°C. The cycle was
repeated 35 times and the program finished with 10 min incubation & 72°C. The samples
could be used directly for eectrophoresis.

3.9.7.1. Colony PCR

Colony PCR was used to detect the presence of a vector with the desired insert after ligation
and transformation. Each colony from a plate was dightly touched with a derile pipette tip
and the bacterid cdls on the tip were introduced into a 200 pyl PCR tube by touching the
bottom. The same tip could be used to inoculate a preculture with the gppropriate medium and
antibiotic for sdection. Fifteen microlitres of the PCR reaction mixture were added to the
tube, and the PCR reaction was performed as described before but with 4 min at 94°C prior to
the cycle and only 30 cycles. The samples could be andyzed directly by electrophoresis.
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3.9.7.2. PCRof P. sojae actin cDNA

PCR was peformed as described in section 3.9.7, uang 04 pl of cDNA library (section
3.10.3, Table 4) and 0.3l of each “56up ac pmg’ and “891 acainti pmg” primers (section
2.3.2) The PCR program with congant a 54°C anneding temperaure and 35 cycles of
amplification was chosen.

Preparative PCR was performed under the same conditions as described above in a total
volume of 100 .

3.9.7.3. PCR with PS0-derived primers

A 288 bp fragment was generated by PCR usng the primer oligonucleotides “igarsense”
and “yenanti” (section 2.3.2, Table 5). The reaction was caried out with 35 cycles and a
temperature gradient for annealing from 45 to 49.9°C, using the P. sojae cDNA astemplate.

3.9.8. Northern blotting

After electrophoresis (section 3.9.2), the agarose gd was placed on Whatman paper soaked
with 20" SSC Recipe 34) that was in contact with the same buffer in a chamber beow. A
nitrocellulose membrane was placed over the gd avoiding bubbles, covered by two sheets of
Whatman paper, and more drying paper placed on top. The set was dightly pressed overnight,
and then the transferred RNA was crosdinked to the membrane by UV light irradiation. The
markers were cut out, incubated for 15 min in 5% acetic acid with gentle shaking and then
incubated for 15 min in RNA ganing solution (Recipe 35). The membrane was washed with
water until the background disappeared.

Recipe 34: 20° SSC

Amount for 1 liter

3 M NaCl 17549
0.3 M sodium citrate, pH 7.2 88.2¢g

filtrate and autoclave
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Recipe 35: RNA ganing solution

Amount for100 ml
0.5 M sodium acetate, pH 5.2 419
0.04% Methylene Blue 4mg

3.9.9. *Plabeling of DNA probes

The prime-a-Gene Labdling System (Promega) was used routindy. The DNA sample to be
labeled (25 ng) was dissolved in 13 pl water, placed in a microcentrifuge tube, denatured by
heating a 100°C for 2 min and immediately placed on ice. To the sample 5 pl of labding
5 buffer (containing random primers) was added, followed by 1 pl of a mixture of
deoxynucleotides exduding dCTP a 20 uM, 1 pl 400 pg/m BSA, 2 pl of deoxycitidine
5 -[a-**Pltriphosphate and 05 pl of the Klenow fragment of the DNA polymerase |
(2.5 units). The mixture was gently mixed and incubated for 1 h a room temperature. A 0.5 pl
diquot was collected for scintillation counting. The reaction mixture was then loaded onto a
S200 spin column (Pharmacia) (prepared by 1 min centrifugation a 3000 rpm in an
Eppendorf microcentrifuge prior to use) and centrifuged 2 min a 3000 rpm. This diminated
non incorporated nucleotides and smal DNA fragments. The euate was collected, the volume
edimated and an diquot of 0.5 pl measured by scintillation counting. The incorporation yield
of 3P was usualy between 30 to 50%.

The sample to be usad for hybridization was hested 2 min in a boiling water bath and
chilled immediatdy on ice. After cooling down and centrifugetion, the radioactively labeled
probe was added to the pre-hybridization buffer.
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3.9.10. Hybridization of membrane-bound nucleic acids

For pre-hybridization, the membranes (from Northern blots or from the transfer of bacteria
or phages) were incubated in a hybridization glass tube with 4 ml of hybridization buffer
(Recipe 36) for 4 to 6 h a 42°C with congant rotation. After pre-hybridization, the
radioactive probe was added to the buffer (find 1 to 3" 10° cpm/ml), gently mixed and
incubated overnight. The membranes were then washed two times with 2° SSC supplemented
with 0.1% SDS a RT and incubated two times with 1" SSC supplemented with 0.1% SDS
during 20 min eech a 42°C with congtant rotation. The membranes were then washed with
1" SSC until the SDS was completely diminated, placed in a seded plastic bag and exposed
to aFyjifilm BAS-1500 phosphorescence image andyzer.

Recipe 36: Hybridization Buffer

Amount for 100 mi:

45 ml buffer N

5ml buffer N2

45 ml deionized formamide

5 ml 2 mg/ml sdmon sperm DNA (passed severd times through a narrow needle and hegted
5 minat 100°C).

Recipe 37: Buffer N

Amount for 200 ml
1.8 M NaCli 1059
0.1 M NaH2PO4 129
10 mM EDTA 2ml 05M EDTA, pH 8

autoclaved, supplemented with 0.2% SDS

Recipe 38: Buffer N2

dissolvein 5 ml TE Buffer:
100 mg PVP-40

100 mg Ficoll-400

100 mg BSA
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3.9.11. Preparation of electrocompetent E. coli cdls

Eignty milliliters of LB medium (Recipe 39) were inoculated with 2 ml of an overnight
culture of E. coli and incubated at 37°C with shaking until the ODggo reached 0.6 to 0.8. The
cdls were then trandferred into gterile 50 ml polypropylene tubes (from then on work was
carried out a 4£C) and centrifuged for 5 min a 5,000" g in a swing out rotor. The supernatant
was discarded and the cdlls resuspended in 40 ml Sterile digtilled water. The resuspended cells
were centrifuged again and the whole process repeated two times more. The volume of the
cdl suspenson was estimated and glycerol added to a finad concentration of 10%. The cedls
were trandeared into gerile microcentrifuge tubes in 40 wl diquots, frozen in liquid nitrogen
and stored at —-80°C.

Recipe 39: LB medium

Amount for 1 liter

1% Bacto-Tryptone 109
0.5% Bacto-Y east extract 59
0.5% NaCl 59

pH adjusted to 7.5; autoclaved

3.9.12. Trandformation of competent E. coli cdls

Up to two pl of plasmid solution was used for trandforming a 40 pl diquot of E. coli
electrocompetent cells (see section 3.9.11). The plasmid was dissolved in water or in a buffer
with low ionic strength. The competent cdls were thawed on ice and the plasmid solution
added with gentle giring with the pipette tip. The mixture was then transferred to a cold
(below O°C) eectroporation-cuvette (0.1 to 0.2 cm width) taking care that the cells stayed on
the bottom and there were no bubbles. The cuvette was then placed in the eectroporator
chamber and a current pulse was given (200 W, 25 pF, 25 kV). The cdls were immediately
resuspended in 1 ml of 42°C warmed SOC medium (Recipe 40) and shaken for 45 min at
37°C. The cells were streaked out on the gppropriaie selection medium.
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Recipe 40: SOC medium

Amount for 200 ml
2% Bacto-Tryptone 29
0.5% Bacto-yeast extract 0.5
10 mM NaCl 54 mg
2.5mM KCI 18.6 mg

autoclaved, complemented with filter sterilized stock solutionsto:

10 mM MgCh 1ml 1M MgCh
10 mM MgSOq4 1ml 1M MgSOy
20 mM glucose 1ml 2 M glucose

3.9.13. Generation and transformation of competent Saccharomyces cerevisiae cdls

One colony of the yeast (Saccharomyces cerevisiae) strain INV Sc2 was picked from a YPD
agar plate (Recipe 42) for inoculation of 10ml of YPD medium Recipe 41). The yeast cdls
were incubated at 30°C with shaking until the OD at 600 nm reached 0.5 units. The cells were
then trandferred into a sterile 50 ml Falcon tube and centrifuged for 10 min a 5,000 g a RT.
The supernatant was discarded and the cdls resuspended in 5 ml of derile water. The yeast
cdls were then centrifuged for 5 min a 5,000 g, the supernatant discarded and the cdls
resuspended in 25ml 0.1 M lithium acetate in TE buffer. The cdls were then centrifuged 5
min a 3,000" g, the supernatant discarded and the cell pellet resuspended in 250 pl of 0.1 M

lithium acetate in TE buffer. The cdls were trandferred into sterile 2 m microcentrifuge tubes
in 50 pl diquots.

Recipe 41: YPD medium

Amount for 1 liter

2% Bacto peptone 2049
1% Y east extract 109
2% glucose 209

autoclaved
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Recipe 42: YPD agar medium

Amount for 1 liter

2% agar-agar 209
2% Bacto peptone 209
1% Y east extract 109
2% glucose 209
autoclaved

One microlitre of the plasmid DNA for transformation and 5 pl of sdmon sperm DNA
(2 mg/ml, denatured by incubation a 100°C for 5 min followed by chilling on ice) were
added to the yeast cdl suspenson. The mixture was whirl-mixed and incubated for 7 min a
30°C with gentle sheking. Three hundred microliters of LIPEG (Recipe 43) were added, and
the sample was mixed and incubated for 15 min a 30°C with shaking. Then, 36 pl of DMSO
were added and the mixture was incubated for another 15 min at 30° C with shaking.

Recipe 43: LIPEG

Amount for 100 ml
40% PEG 4000 409
0.1 M lithium acetate 1g
10mM Tris-HCI, pH 7.5 1ml 1M Tris-HCI, pH 7.5
1 mM EDTA 0.2ml 0.5M EDTA, pH 8.0

The mixture was placed in a water bath at 42°C for 15 min (heat shock). One milliliter of
YPD medium Recipe 41) was added and the mixture centrifuged a 1,000" g for 2 min a RT.
The supernatant was discarded, the pdlet resuspended in 1 ml of YPD medium and
centrifuged again a 1000 g for 2 min a RT. The cdls were resugpended in 200 pl erile
water and plated onto a YnbCasGlc agar plate (Recipe 44). The plates were incubated at 30°C
until yeast colonies gppeared, usudly after three days. The plates were then stored at 4°C.
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Recipe 44: Y nbCasGlc agar medium

Amount for 1 liter

0.1% casamino acids 19

0.67% yeast nitrogen base w/o amino acids 6.79
2% glucose 209
2% agar-agar 2049

autoclaved and complemented with

0.01% adenine (filter serilized) 10 ml 1% adenine (filter Serilized)
0.005% tryptophan (filter sterilized) 10 ml 0.5% tryptophan (filter Sterilized)

3.9.14. Heterologous expresson in S, cerevisiae

One yeast colony from a YnbCasGlc agar plate was transferred to 2 ml of YnbCas glucose
medium (Recipe 45) and incubated overnight & 30°C with shaking. The cdls were then
tranderred to a 2 ml microcentrifuge tube and centrifuged for 5 min a 1500 g. The
supernatant was discarded and the cdlls were resuspended in 1 ml of derile water and
centrifuged for 5 min a 1,500" g. The cdls were then resuspended in 0.5 ml of YnbCas
gdactose medium (Recipe 46) and transferred to 25 ml of YnbCas galactose medium. The

ODgop of an diquot was measured and an aiquot corresponding to one unit of absorbance was
centrifuged, the supernatant discarded and the cdls frozen a -80°C for further andyss The
culture was incubated a 30°C with shaking for 48 h. Aliquots of one unit of absorbance were
taken a different times during incubation.
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Recipe 45:Y nbcas glucose

Amount for 1 liter

0.1% casamino acids
0.67% yeast nitrogen base without
amino acids

2% glucose

1g

6.79
209

autoclaved and complemented with

0.01% adenine (filter sterilized)
0.005% tryptophan (filter sterilized)

10 ml 1% adenine (filter Serilized)
10 ml 0.5% tryptophan (filter serilized)

Recipe 46: Expresson medium (Y nbcas galactose AdeThr)

Amount for 1 liter

0.1% casamino acids
0.67% yeast nitrogen base w/o amino acids
2% gaactose

1g
6.79
209

autoclaved and complemented with

0.01% adenine (filter Serilized)
0.005% tryptophan (filter sterilized)

10 ml 1% adenine (filter Serilized)
10 ml 0.5% tryptophan (filter sterilized)

3.9.15. Ligation of DNA fragments

Severd ligation procedures were gpplied during this work. Unless otherwise indicated, T4

ligase (MBI) was used. Usudly 25 ng of vector DNA were ligated to 3 to 8 equimolar amount
of insart. The conditions of the reaction aso varied depending on the kind of DNA to be

ligated: low temperatures (4°C) for blunt-ended DNA and higher temperatures (16°C to RT)

for DNA with cohesive ends. The incubatiion was caried out overnight, however, shorter

incubation times are possible for intramolecular reactions. The reaction was peformed in a

fina volume of 5 or 10 pl and, once the reaction was concluded, the volume was taken to
50 pl with water. The DNA was then precipitated by adding 5 ul 3 M sodium acetate, pH 5.2,
and 165 pl ethanol followed by 2 h incubation a -80°C. After 30 min centrifugation a
15,000" g at 4°C and washing the pellet with 70% ethanol, the DNA was dissolved in water or

50 mM Tris-HCI, pH 7.5.
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3.9.16. DNA sequencing

DNA sequencing was done by members of Professor R. Hermann's group (Botanisches
Indtitut der LMU, Munich) usng the ABI377 system. The samples were supplied in a volume
of 8 yl including 0.5 g of DNA to be sequenced and 5 pmol of the oligonuclectide primer.

3.9.17.Filling of DNA ends by the use of Klenow enzyme

To aDNA pdlet the following components were added:
19 ul H,0
3 ul Klenow buffer (MBI)
4pl 01M DTT
3l 10mM dNTPs
1l Klenow enzyme (MBI, 1 unit” ™)
The mixture was incubated for 30 min at 30°C and then used for ligation procedures.

3.9.18. Generation of deletion clones

Severa ddetion clones of pZL-1Y were generated in order to obtain overlgpping partia
sequences. In generd, 1 pg of pZL-1Y was digested with different redtriction enzymes. When
two enzymes were used for a double digestion and any of the DNA ends were gticky, Klenow
filling to the end was done (section 3.9.17).

After ligation (section 3.9.15) the mixture was incubated for 10 min a 70°C. One microliter
of the reaction mixture was used directly for dectrotransformation of DH5a cels (section
3.9.12) and stregked out on LB plates complimented with ampicillin (200 pg/ml).

Sngle colonies were used for inoculation of liquid medium and after overnight incubation
used for plasmid isolation using the Jet-star kit (section 3.9.6.2).

The following redriction enzymes or enzyme combinaions were used for generating
different deletion clones of pZL-1Y:

Pst |

Smal

Ecl136 11 + Sl |
Bgl Il + Xl |
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Eco52 |
Aat 1l

3.10. Generation of a cDNA library of P. sojae

3.10.1. Tota RNA extraction

RNA was extracted from 10 and 14 day old mycdium as indicated in section 3.9.4. The
RNA extracted from the 10 days mycdium had a find concentration of 14.7 mg/ml and a
260/280 nm ratio of 1.98. The RNA from 14 days old mycdium fad a find concentration of
7.98 mg/ml and a 260/280 ratio of 1.86.

3.10.2. Messenger RNA isolation

Two milligrams of totd RNA derived from each 10 and 14-days-old mycdium were used
for isolation of MRNA, usng the PolyATract mRNA Isolation Sysem from Promega with
minor modification of the indructions of the manufacturers. One milligram of totd RNA was
placed per 2 ml microcentrifuge tube and diluted to a volume of 500 pl with DEPC-treated
water. The tube was placed in a 65°C heating block for 10 min. Three microliters of
Biotinylated-Oligo(dT) Probe and 13 pl of 20" SSC were added to the RNA. The sample was
gently mixed and alowed to reach room temperature.

The Streptavidin-Paramagnetic Particles (SA-PMPs) were resuspended by gently flicking
the bottom of the tube until completely dispersed and were captured by placing the tube in a
magnetic sand until the SA-PMPs have collected at the side of the tube. The supernatant was
removed and discarded. The SA-PMPs were washed three times with 0.5° SSC (0.3 ni per
wash), each time capturing them using the magnetic sand and removing the supernatant. The
SA-PMPs were resuspended in 0.1 ml 0.5° SSC and added to the RNA tube. The mixture was
incubated a RT for 10 min, the SA-PMPs captured by placing the tube in the magnetic stand
and the supernatant was removed. The particles were washed 4 times with 0.1° SSC (0.3 ml
per wash).

The mRNA was duted two times from the SA-PMPs by resuspending them in 0.2 ml
DEPC-treated water and separating the matrix from the supernatant by the magnetic field.
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An amount of 10.9 pg of mMRNA was isolated from the 10 day old mycdium materid and
5.4 ug from the 14 day old mycdium materid. The 260/280 absorbance ratios were 1.99 and
2.10 respectively. Both mRNA samples were precipitated by adding 0.1 volumes of 3 M NaCl
and one volume of isopropanal, overnight incubation & —20°C, followed by centrifugation for
30 min a 14,000 g at £ C. Both pellets showed a light brownish color, probably due to the
presence of material from the magnetic beads used for the isolation. Both pellets were
dissolved in 0.45 ml DEPC-treated water each, combined, centrifuged for 30 min a 14,000" g
and the supernatant was transferred to a new Sterile tube. The concentration was 14.44 pg/ml
with a260/280 ratio of 2.10.

3.10.3. Generation of cDNA

Seven micrograms of mRNA (485 ul) were precipitated by adding one tenth volume of 3 M
NaCl and 3 volumes ethanol, followed by incubation for 1 h a -80°C. After centrifugation for
30 min a 14,000 g and washing with 75% ethanol, the pellet was re-dissolved in 5 pl of
DEPC-treasted water. Then the ingructions of the SuperScript™ Lambda System for cDNA
gynthessand | doning from Gibco were followed with minor modifications.

Two microlitresof Not | primer adapter was added to the mRNA. The tube was hested to
70°C for 10 min, and shock-cooled on ice. After a brief spin the next components present in
the kit for firs strand synthesis were added: 4 ul “5° Frs Strand Buffer”, 2ul 0.1 M DTT, 1
pl 20 mM dNTP mixture, 1yl H,O

The mixture was gently whirl-mixed, briefly centrifuged and placed for 2 min & 37 °C to
equilibrate the temperature. Then 5 pl of SuperScript 1l reverse transcriptase was added,
gently mixed and incubated at 37°C for 1 h.

For the synthesis of the second strand cDNA, the following components were added to the
firgt strand reaction mixture:

91 ul DEPC-treated water

Ol “5" Second Strand Buffer”

3l 10 mM dNTP mixture

1l E. coli DNA ligase (10 U/ul)

4l E. coli DNA polymerase | (10 U/ul)
1l E. coli RNase H (2 U/ul)

The tube was then gently mixed and incubated for 2 h & 16°C. Then 2 yl (10 units) of T4
DNA polymerase were added and the mixture was incubated at 16°C for 5min.
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The mixture was placed on ice and 10 pl of 0.5 M EDTA, pH 8.0, were added. The mixture
was then extracted with 150 pl of phenol/chloroform/isoamyl dcohol (25:24:1), whirl-mixed
and centrifuged at RT at 14,000" g for 5 min. Hundred forty microliters of the agqueous phase
were removed and placed into a new 1.5 ml microcentrifuge tube. Seventy microliters of
7.5M ammonium acetate followed by 05 ml ethanol (-20°C) were added. The tube was
mixed thoroughly, and immediately centrifuged a 14,0000g for 20 min a& RT. The
supernatant was discarded and the pdlet washed with 0.5 ml 70% ethanol and centrifuged for
2 min. The pellet was dried a 37°C.

For the Sal | adapter addition the following components were added to the ice-cooled
cDNA:

25 ul DEPC-treated water
10l “5 T4 Ligase Buffer”
10l Sal | adapters

5ul T4 DNA ligase

The reaction was mixed gently and incubated overnight at 16°C.

The reaction was extracted with 50 pl phenol/chloroform/iscamyl adcohol (25:24:1) and
45 pl of the upper phase was transferred to a fresh 1.5 ml microcentrifuge tube. The cDNA
was precipitated by adding 25 yl of 7.5 M ammonium acetate and 150 pl ethanol (-20°C),
centrifuged a 14,000 g for 20 min a RT and the pelet was washed with 70% ethanol and
dried.

The pellet was then digested with Not | by adding the following components.

41 ul DEPC-treated water
5 ul REact 3 Buffer
4l Not |

The mixture was incubated for 2 h a 37°C and then extracted with 50 pl
phenol/chloroform/isoamyl acohol (25:24:1). A 45 pl portion of the upper phase was
transferred to a new 1.5 ml tube. The cDNA was precipitated by adding 25 pl of 7.5 M
ammonium acetate followed by 150 pl ethanol (-20°C), and centrifuged at 14,000 g for
20 min a RT. The pellet was washed with 70% ethanol and dried.

For size fractionation by sze excluson chromatography, the cDNA was dissolved in 100 pi
TEN buffer (Recipe 47). The column was first equilibrated by washing 4 times with 0.8 ml
TEN buffer. The cDNA was loaded onto the column and the effluent collected into the first
tube. Hundred microliters of TEN buffer was added to the column and collected in tube 2.
Then, 100 pl diquots of TEN buffer were loaded onto the column and single-drop fractions
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were collected in different tubes. The volume of every fraction was estimated. Samples 10 to
23 (217 pl tota volume) were combined.

One-fifth (44 pl) of the cDNA was precipitated by adding 22 pl 7.5 M ammonium acetate
and 132 pl ethanol a —20°C overnight. The sample was centrifuged and the pellet washed
with 70% ethanol and dried.

Recipe 47: TEN buffer

Amount for 200 ml
10 mM Tris-HCl, pH 7.5 1ml 1M Tris-HCI, pH 7.5
0.1mM EDTA 20 ul 0.5M EDTA, pH 80
25 mM NaCl 146 mg

autoclaved

To ligate the cDNA to the vector, the following components were added to the dried pellet:
15 | ligaion buffer
2l | ZipLox Not I/Sal | ams
1 ul DEPC-treated water

1l T4 ligese
The sample was mixed gently by pipetting, and the mixture was incubated at RT for 3 h.

3.10.4.1n vitro packaging of ligated cDNA

Packagene Lambda DNA Packaging Sysem from Promega was used. The packagene
extract was thawed on ice. Then 5 ul of the ligation reaction were added to 25l of the
packaging extract (haf of what was provided in one tube) and was mixed gently by tapping
the bottom of the tube. The mixture was incubated for 3 h & RT.

220 ul of phage buffer (Recipe 48) and 25 pl of chloroform were added to the packaging
mixture. The sample was mixed by inverson and the chloroform was dlowed to settle to the
bottom of the tube.
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Recipe 48: Phage buffer

Amount for 100 ml

20mM Tris-HCI, pH 7.5 2ml TrissHCI, pH 7.5
100 mM NaCl 0589

10 mM MgSO4 120 mg

0.05% gdatin 50 mg

3.10.5. Titration of the cDNA library

One day before titer determingtion, a single colony of E. coli Y1090(ZL) from a freshly
stresked LB-agar plate (Recipe 49) was used to inoculate 3 ml of LB medium (Recipe 39)
supplemented with 0.2% matose and 10 mM MgSOs. The inoculated medium was incubated
a 37°C with agitation until the ODgoo reached 0.6 - 0.8. The cdlls could be stored at 4°C for
upto24h.

Serid dilutions (1:100; 1:1000; 1:10,000) of the packaging reaction were made with phage
buffer (Recipe 48). One hundred microliters of each dilution were added an equa volume of
E. coli sugpension in a 10 ml tube and the phages were alowed to absorb for 30 min at 37°C.

Five milliliters of molten (45°C) top agar (Recipe 50) were added to the tube and the
mixture was poured immediaiely onto fresh LB plates preewarmed to 37°C. After hardening
of the top agar, the plates were incubated at 37°C overnight. The cDNA library had 600
pfu/pl and 120,000 pfu in totd.

Recipe 49: LB-agar

Amount for 1 liter

1% Bacto-Tryptone 109
0.5% Bacto-Y east extract 59
0.5% NaCl 59
1.5% agar 15¢

pH adjusted to 7.5 and autoclaved
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Recipe 50: Top Agar

Amount for 1 liter

10% Bacto-Tryptone 109

0.5% NaCl 50

0.8% agar 89

autoclaved

after cooling to 60°C the agar was 5ml 2 M MgSOy (Sterilefiltrated)

supplemented with MgSO4 to 10 mM

3.10.6. Screening of the cDNA library

The phages, prepared as described in section 3.10.5, were transferred after cooling to
nitrocellulose membranes for screening. This was done by soeking the 90-mm diameter
nitrocdlulose membranes firg in gerile 1M NaCl and then ar drying them over a Whaman
paper. The dry membranes were placed on top of the agar for 3 min and then placed over
another sheet of Whatman paper soeked in 1.5 M NaCl, 0.5M NaOH. After 5 min the
membranes were placed over a Whatman paper soaked in 1.5 M NaCl and 1 M Tris-HCI,
pH 8.0, for 5 min. After a short wash step in 2" SSC, the membranes were incubated for 2
hours a 80°C. The membranes were then ready for hybridization as described in te section
3.9.10.

3.10.7.1n vivo excison of phages

Plaques for in vivo excison were picked up from the agar plate usng a Serile Pasteur
pipette and transferred to 250 pl of phage buffer (Recipe 48). The tube was whirl-mixed for
10 sec and incubated for 5 min a room temperature. Twenty five microliters of phage
suspension were then mixed with 100 pl of E. coli DH10B cells grown the day before in LB +
ampidllin liquid medium.

After 10 min a room temperaure, the cdls were streaked out onto plates with LB agar
complimented with ampidillin (100 pg” m™), X-gd (80 pg” mYand IPTG (05 mM). The
plates were incubated overnight at 37°C.
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4. Resaults

4.1. Optimization of theP. sojae culture

As the quantity of gating materid (i.e the mycdium of P. sojae) is one of the man
consderations in any protein purification trid, severd parameters were optimized in order to
maximize the amount, quality and growth rate of the mycdium.

The presence of CaCO;3; was fundamenta for the growth. The use of high qudity (p.a)
CaCOg;, ingead of the 95% purity used earlier, reduced the incubation time for one or two
days, and harvesting was easer and faster. Washing out completely the CaCOs turned out to
be useful for a good microsoma preparation and for the solubilization of the glucan synthase
activity.

The amount of R-Stosterol was doubled and the ratio of phosphates exchanged (previoudy
hdf of K,HPO, and double of KH,PO, was used). This increased the growth rate and the
qudity of the mycdium. The use of incubation temperatures of 25-26°C ingtead of 22°C adso
increased mycdid growth rate.

With these modifications, the growth on liquid medium was shortened to 3 weeks or less,
instead of the 4 to 6 weeksrequired in first trids.

4.2. Preparation of the microsomal fraction

The microsomd fraction, collected as a faty brownish pellet after centrifugation (see
section 3.2), contained 1 to 5 mg of membrane protein per flak of culture. Variations were
probably due more to externd factors during the manipulaion of big volumes than to changes
in mycelium compostion.

Poor glucan synthase activity was obtained when frozen mycdium was used. Therefore,
whenever possible, the microsomd fraction was prepared from freshly harvested mycdium.
After storage for 2 days a 4°C, the microsomd preparation gill showed 75% of the initid
adtivity.

4.3. Effect on glucan synthase activity

Severa subgtances were tested for their effects (activating or inhibiting) on glucan synthase

activity in micrasomd fractions of P. sojae. Some of these are summarized in Table 6.



Results 63

The substances were tested in 50 mM Tris-HCI, pH 7.5, 25 mM NaF, 1 M sucrose, 5 mg/mli
BSA (control condition).

Table 6: Effect on glucan synthase activity

Substance Concentration Activity (%)
Control 100
catt 10.0 mvl 95
Mg 10.0 mM 93
Mr?* 10.0 mvl 31
Fe?* 10.0 mvl 37
zZre* 1.0 mvl 17
10.0 mV 0
CU* 1.0 mvl 23
10.0 mM 0
EGTA 10.0 mV 100
EDTA 10.0 mM 90
DTT 125 mV 100
GTP 4.0 mM 100
GTPgS 0.05 mV 100
PPi 5.0 mV 38
UDP 10.0 mV 22
Cdlobiose 10.0 mM 108
Laminarin 5.0 mg/ml 68
Glucan DP 5 50 mg/ml 100
GlucanDP 7 5.0 mg/ml 100
Glucan DP 13 5.0 mg/mi 93
Glucan HMW 5.0 mg/m 74
a-Amylase 50.0 unitsml 100
Laminarinase 0.1 unitsml 50
Control -NaF 0 30
Control —Sucrose 0 50
Control -BSA 0 70
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The divdent cations Ca#* and Mgf*, had no effect on glucan synthesis a concentrations
tested, while Fe?*, Mrf*, Zn?* and CU?* had strong inhibiting effect. No effect was found
when cellobiose, GTP or its andogue GTPgS was included in the mixture. UDP and PP were
found to have inhibitory effects on glucan synthase activity.

No glucan synthase activity was found in the cytosolic fraction (supernatant of microsoma
preparation). Addition of cytosolic fraction to the microsoma fraction did not affect glucan
synthase activity.

4.4, Solubilization of glucan synthase activity

In oder to find the best detergent for solubilization of glucan synthase activity,
solubilizetions were done in volumes of 0.5 ml (section 34) & 2 mg/ml protein concentration
including different detergents or detergent mixtures in a concentration of 10 mg/ml. The
detergents tested were CHAPS, octyl glucosde, Zwittergent 3-12, SDS and CHAPS in

combination with octyl glucosde. The results are summarized in Table 7.

Table 7: Effects of different detergents on solubilization of glucan synthase activity and tota
protein

Detergent % protein % activity % activity in pellet
Solubilized solubilized

CHAPS 15 31 40

Octyl glucoside 48 0 0

CHAPS + Octyl glucoside 26 0 9

Zwittergent 3-12 59 0 0

SDS Not measurable”™ 0 0

" SDS interferes with the protein assay

From the data shown in Table 7 it was evident that only CHAPS was able to solubilize and
preserve glucan synthase activity from the P. sojae microsomd fraction.

Further experiments were carried out a different concentrations of protein and detergent in
order to find out the best conditions for solubilization. The fird st of experiments was
peformed usng condant protein concentration of 1 and 2 mg/ml and severa different
concentrations of CHAPS. The results are summarized in Fgure 6. Samples with higher
concentration of detergent were diluted for the activity assay, with no change in specific
enzyme activity (results not shown).
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Figure 6: Solubilization of glucan synthase activity from a P. sojae membrane fraction using
CHAPS. Pand A shows the experiments a& 1 mg/ml protein concentration and pane B a
2mg/ml  protein  concentration.  Specific activity of the solubilized fraction (e); totd
solubilized protein ().

A protein concentration of 2 mg/ml was established to be the most efficient, since the totd
amount of solubilized protein was higher (the percentage of protein solubilizated was smilar
in both cases, then, the total amount of protein solubilized was double a 2 mg/ml). More
accurate solubilization experiments were done to find out the best concentration of CHAPS.
The results of these experiments are shown in Figure 7.
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Figure 7: Solubilization of glucan synthase in the range of 0to 6 mg/ml CHAPS a 2 mg/ml
protein concentration. Specific enzyme activity (M ); tota solubilized activity (®).
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Suitable conditions for solubilization a preparative scade were, thus, established a 2 mg/ml
protein concentration and 3 mg/ml CHAPS as a compromise between a high totd activity and
high spedific activity.

The membrane pdlet remaning dfter solubilization was re-extracted with CHAPS as
described in section 2.4. Solubilized materid obtained at the second extraction had a specific
activity of one forth to one third of the firs one, and was only used for test experiments and
never mixed with materid of afirg extraction.

4.5. Dependence of enzyme activity on time and protein concentration

The dependence of glucose incorporaion on time and protein concentretion in the activity
assay was studied in order to determine the ranges in which the glucan synthase assay leads to
reproducible and reliable data. The results are shown in Figure 8 to 9.
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Figure 8: Time dependency for glucan synthase activity of P. sojae.
Microsomd fraction (@ ); CHAPS solubilized fraction (? ).
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Figure 9: Linear regressons of the time dependence for the glucan synthase activity of P.
sojae during the firgt hour. Microsomd fraction (@ ); CHAPS-solubilized fraction (? ).
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Figure 10: Dependence of glucan synthase activity on protein concentration, with microsoma
fraction as protein source.

When plotting time versus product formation (Figure 8), one could observe that the veocity
of the reaction decayed in the 4 h range, but remained congtant during the first hour Egure
9). The corrdaion coefficients (?) were 0.989 for microsoma fraction and 0.995 for
solubilized fraction. Based on this observation, the duration of the glucan synthase assay was
then set to one hour.
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Figure 10 shows that he reationship of product formation to protein concentration deviated
from linearity when protein concentration increesed up to (1.5 mg/ml). The proten
concentration in assays was therefore routindy kept below this vaue for both microsoma and
olubilized fractions.

4.6. Dependence of product formation on substrate concentr ation

Substrate saturation was examined in the presence of microsomd fraction and CHAPS
solubilized protein (Figure 11) in order to determine the cadytic congants Ky, and Vimax.
These were caculated from the saturation curve by nonlinear regresson using the Sgma Plot
program. Lineweaver-Burk plots (insats in Figure 11) were peformed to verify the
non-linear regressons. The saturation curves shown in Figure 11 were representative for two
independent experiments. No dgnificant differences were found in the catdytic parameters
among these experiments. Catalytic constants are shown in Table 8.
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Figure 11: Dependence of b-glucan formation on UDP-glucose concentration in the presence
of glucan synthase from P. sojae. Pand A shows product formation in the presence of the
microsomd fraction and pand B in the presence of CHAPS-solubilized protein. The inserts
represent the Lineweaver-Burk plots of the data The data points in the curves represent
means of two independent experiments.
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Table 8: Cadytic congtants for UDP-glucose of the reaction catdyzed by glucan synthase

Km (MM) | Vmax (nkat-mg protein™)

Microsomd fraction 10.6 0.4
CHAPS-solubilized protein 10.7 2.5

4.7. Product characterization

4.7.1. Edtimation of glucose content in the reaction product of glucan synthase

The amount of sugar in the product of the catadyss was estimated by the anthrone method as
described in section 3.5.3.

When 11 mg of enzymdticaly formed unlabeled glucan (section 25.2) was dissolved in
0.2ml 0.36% NaOH (w/v), and 5 ul of this solution was used in the anthrone assay, an
absorption of 0.727 was obtained. This corresponds to 0.172 umol of glucose. Congdering
that in the linear glucan one resdue of glucose has a molecular weight of 162, the glucan
sample analyzed corresponded to 0.170 pmol. It was concluded that the product of the glucan
synthase reaction consisted of 100% carbohydrate.

4.7.2. Enzymatic degradation

14C-labeled glucan produced by the P. sojae glucan synthase was degraded using two
enzymes and the radioactivity in the supernatant of the reaction mixtures was measured
(section 35.4). Degradation sudies with different glucanases gave information about the
characteristics of the enzymatically formed product.

Nether the supernatant after a-amylase treatment nor the buffer control contained
radioactivity. In contragt, the supernatant of the reaction with laminarinase contained 50% of
the initid radioactivity of the pedlet. Thus the product can be degraded a least partidly by
laminarinase but not by a -amylase.

The supernatants of the reactions were andyzed by HPTLC as described in section 2.5.5. In
the case of the laminarinase treatment, the radioactive spot had the same Ry as glucose,
thereby excluding laminaribiose and gentiobiose.
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4.7.3. NMR andysis

NMR spectroscopy is a powerful technique used for the eucidation of chemicd structures.

NMR spectra of the unlabelled glucan, dissolved in DMSO-ds, showed resonances typical
for carbohydrates (Figures 12 to 15). The 3C-NMR spectrum (Figure 13) displayed orly six
resonances, while the *H-NMR spectrum (Figure 12) showed broadened signds indicating a
ghort transverse relaxation time corresponding to a high molecular weight polymer. Two of
the low field proton resonances did not produce cross pesks in the HMQC-NMR spectrum
(Figure 14), therefore representing non (or dowly) exchanging hydroxyl groups. These could
be assgned by ther vicdnd couplings in an HH-COSY spectrum (Figure 15). The assgnment
was confirmed by HH-COSY and 'H, *C-HQMC-NMR spectra which gave chemicd shift
vaues (Table 9) dosdy resembling literature vaues for (1® 3)-3-D-glucans (Yu et d., 1993,
Miller et d., 1996; Gutierrez et al., 1996; Kottutz and Rapp, 1990).

Table 9: Chemicd shifts (d, ppm) of NMR spectra obtained from the glucan product.

Position Chemicdl shift values (d)
C OH H
from *C-NMR from*H-NMR from *H-NMR

1 103.2 -- 4.50 d J12(0p9=6.9 Hz
2 72.82 5.15 s (br) 3.30

3 86.22 -- 3.44

4 68.39 4.60 s (br) 3.20

5 76.32 -~ 3.25

6 60.85 4.58 s (br) 3.69 d Jsasb(obs =9.3 Hz

344 m

The Lorentzian tails associated with the rather high linewidth of the *H-NMR resonances
(approximately 7 Hz), combined with the low disperson of the chemica shift, precluded an
accurate estimate of impurities from the proton and HH-COSY-NMR spectra aone. However,
in both spectra no resonances were visble other than those from a (1® 3)-R-glucan. The
purity of the sample was deduced from the signd to noise ratio in the **C-NMR spectrum and
from the absence of additiond cross pesks in the *H,*C-HMQC-NMR spectrum. Both spectra
ae in accordance with those of a sngle uniform glucan with impurities and branching other

than (1® 3)-13-D-glucan not exceeding 3 to 4%.
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Figure 12: *H-NMR spectrum of the product of the CHAPS-soluhilized glucan synthase.
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Figure 13: 3C-NMR spectrum of the product of the CHAPS-solubilized glucan synthase.
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Figure 14: *H (verticd axis), *C (horizonta axis) and HMQC-NMR spectra of the product of
the CHAPS-solubilized glucan synthase.
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Figure 15: COSY-NMR spectrum of the product of the CHAPS-solubilized glucan synthase.



Results 76

4.8. PEG precipitation of glucan synthase activity

There is a vaiety of neutra water-soluble polymers with high-molecular-weight that can
cause aggregation of proteins without their denauration. Among them, polyethylene glycol
(PEG) isthe most used because of the relative low viscosity of its solutions.

In order to evduae PEG precipitation as a method for concentrating or partialy purifying

glucan synthase activity, precipitation experiments were performed as described in section
3.6.4. Theresults are summarized in Figure 16.

100 100
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Figure 16: Precipitation of glucan synthase activity with PEG 6000 (pand A) and PEG 4000
(pand B). Specific activity (@) and recovery of tota activity (@).

None of the experiments (with either PEG 6000 or PEG 4000) resulted in an increase of
specific activity. Moreover, in both cases the recovery (never higher than 50%) was too low to
congder this method suitable for partid purification or concentration.

4.9. Sucrose-dendity gradient centrifugation

Centrifugation is an effective method for separation of macromolecules. In dengty gradient
centrifugation the proteins pass through the gradient and are separated according to ther
different sedimentation coefficients.

Sucrose-gradient  centrifugetion with CHAPS-solubilized protein  was peformed as

described in section 3.6.3. The reaults of the experiment performed in the SW40 rotor are
shownin Figure 17.
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Figure 17: Sucrose-gradient centrifugation in a SW40 rotor. Protein concentration (@),
specific activity (W), tota activity (?), sucrose concentration, dotted line.

Sucrose-gradient centrifugation in a SW40 rotor resulted in a good separation of the glucan
gynthase activity: as is shown in Figure 17, the main protein pesk has its maximum at fraction
4, while the pesk of glucan synthase activity has its maximum at fraction 9. Due to the smadl
capacity of SW4O rotor tubes, further experiments were performed using abigger SW28 rotor.

The profiles of the experiments with the SW28 rotor were bascadly smilar, with the man
peek of protein content arigng in the upper third of the tube and the main pesk of activity in
the lower third, a a sucrose concertraion dightly higher than 30%. All Sx tubes in both
experiments showed the same profile. The specific activity of the mogst active fractions was
increased 5-fold compared to the crude solubilized fraction, while the total recovery was 60%.
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4.10. Anion exchange chromatography

Proteins bind to ion exchangers by dectrostatic forces between protein surface charges
(mainly) and the dense clusters of charged groups on the exchangers. Usudly, eution is done
by increesng the ionic drength and, thereby, weakening the éectrodtatic interaction between
protein and adsorbent.

The andytical scde chromatography performed in a 1 ml Fractogd EMD-DEAE column
(see section 3.6.1.1) resulted in a 1.7 fold increase in specific activity in the fraction euted
with 0.5 M and in a50% recovery of totd activity.

The results of the preparative scde DEAE chromatography are shown in Fgure 18. At
pH 7.5, the activity was retained and duted with a NaCl gradient between 0.35 and 0.45 M,
between the two main pesks of protein. A recovery of about 50% was obtained, and the
increase of specific activity was about sx fold. The fraction obtained from this sep was
one-tenth of the volume of the origind crude solubilized fraction.
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Figure 18: Anion exchange chromatography of detergent-solubilized glucan synthase, carried
out on a DEAE-Superformance column (10" 15 mm, Merck). Specific enzyme activity (M)
and protein concentration of the fraction (O). The continuous line shows the sdt gradient.
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Chromatography experiments with Resource-Q and Mono-Q (sections 2.6.3 and 2.6.4)
resulted in two- to three-fold increases in pecific activity. The activity aso duted between
0.35 and 0.45 M NaCl. The recovery of tota activity was below 50%.

4.11. Size excluson chromatogr aphy

In a sze excduson chromatography the matrix consss of an open, crosslinked, three-
dimensond molecular network. The pores within the beads are of such average Szes that are
not accessble to large molecules. In contrast, smaler molecules can penetrate al pores and
are therefore retained longer.

The experiments conducted with Superose 12 and Superose 6 columns are described in
section 3.6.2 and the standard curves for the molecular markers are shown in Figure 5.

In the experiments performed with the Superose 12 column, the pesk of glucan synthase
activity was didributed in fractions duting & 7.6 ahd 80 ml. This corresponded to an
gpparent molecular mass of about 1000 kDa. The peak of activity in the case of experiments
with Superose 6 column, was digributed in the fractions between 7.6 to 84 ml dution
volume, corresponding to an apparent molecular mass of about 2000 kDa. In both cases
activity duted out of cdibraion range and the molecular masses are extrapolations from the
cdibration curve presented in Figure 5. In both cases, the pesk of activity overlapped with the
only peak of absorbance at 280 nm.

4.12. HiTrap Blue chromatography

Some enzymes, namely nucleotide-binding enzymes, have the ability to bind some dyes in a
semi-specific way. To explore this posshility, chromatography on a HiTrap Blue column was
performed.

After loading the column, a firg washing step was followed by three steps of eution with
0.25, 0.5 and 1.0 M NaCl, respectively (see 3.6.5). The pesk of activity appeared in the
washing fraction with a specific activity that was 1.5 times higher than that of the crude
solubilized fraction loaded onto the column. The tota recovery was 66%.

4.13. HiTrap heparin chromatography

Heparin is a sulfated polysaccharide, highly negatively charged, and it is used as pseudo-
affinity ligand and ion exchanger.
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After heparin chromatography (section 3.6.6), the activity pesk euted in the washing
fraction (without NaCl) with a loss of specific activity of more than 50%. A smdl amount of
activity was didributed in the fractions euting from 015 to 0.5 M NaCl, having lower

specific activity.

4.14. Concanavalin A chromatography

Concanavdin A, a lectin, is a manose- and glucose-binding protein. Many glycoproteins
have exposed mannose residues, which interact srongly with Concanavdin A, and dution is
achieved by displacement with a buffer containing methyl a-dD-mannopyranoside.

Chromatography was performed with solubilized fraction on Concanavain A-Sepharose 4B
(section 3.6.7). Enzyme activity was present only in the firs two fractions (from washing the
column) and not in the fraction with 0.5 M methyl a-D-mannopyranoside. There was no

increase of gpecific activity and totd recovery of activity was 66%.

4.15. Product entrapment

Product entrgpment relies on the fact, that some enzymes have dfinity to ther own
products, and when these are insoluble, enzymes can be recovered by centrifugation.

Product entrgpment reactions were carried out a either preparative or andytica scde (as
described in section 3.6.8). In a typica andyticd experiment, up to 10 ml of crude solubilized
fraction or DEAE purified fraction were used. Glucan synthase activity could not be relessed
from the glucan pelet after product entrgoment even after removing the sucrose from the
washing buffer, adopting a high-sdt regime, or usng chaotropic agents such as lithium
acetate. For this reason, proteins bound to the glucan pellet were extracted by SDS treatment
and hesting to 100°C. The proteins so obtained could be andyzed by SDS-PAGE as shown in
Figure 19.
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Figure 19: Silver ganing of proteins after SDS polyacrylamide g dectrophoress of crude
detergent-solubilized proteins from P. sojae membranes and fractions after  afinity
purification usng product entrgoment. Lane A contains CHAPS-solubilized proteins used for
product entrgpment, lane B contans proteins extracted from the pelet after product
entrgpment with crude solubilizate, lane C contains proteins extracted from the product
entragpment pellet that was obtaned with an enzyme fraction patidly purified by anion
exchange chromatography, lane D contans the pelet remaning after denauration and
extraction with SDS buffer that was directly gpplied to the gdl.

Glucan synthase activity could be measured in situ after product entrapment by
resuspending the pedlet in buffer C, adding UDP-glucose and using the standard glucan
gynthase assay. The glucan synthase activity recovered in the glucan pelet was only 5% of
the total activity used for the product entrapment reaction.

Protein esimation in the glucan pellet was not possble because the glucan binds the dye
used in the Bradford assay. Therefore, an approximate estimation of the rdative amount of
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protein could only be made by evauation of the SDS-gd (Figure 19). Thus the purification
factor attributable to product entrapment could not be determined.

Two man protein bands were observed to copurify with the glucan synthase activity by
product entrgoment (Figure 19, lane B). One of them had an gpparent molecular mass of
108 kDa, while the other was more abundant and had an gpparent molecular mass of 50 kDa
Semiquantitative denstometric analyss suggested an enrichment of the 108 kDa band by at
least two orders of magnitude.

Preparative product entrapment reactions (100 ml) were done in order to enrich the 50 and
108 kDa proteins. The same procedure as for the andyticad scde was followed and the find
sample was loaded onto a gd of 1.5 mm thickness, to run SDS-PAGE. The Coomasse-
dained gd isshown in Figure 20.

The protein bands a 108 kDa and 50 kDa were excised from the gedl. Protein sequencing d
the two polypeptides was performed as described in section 3.8. Bands of three of such gels

were provided for sequencing.

<4— 108
| 4— 50

Figure 20: Andyss of proten sample by SDS-page after preparative product entrapment.
The arows indicate the bands cut for protein sequencing, with their apparent molecular
masses (kDa).
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4.16. Native gel electrophoresisand in-gel assay

Proteins and protein complexes can be separated as an active form by native gd
electrophoresis. Enzyme activities can then be detected in-gdl.

Gels were prepared and developed as described in section 3.6.9. One sample to be run was
CHAPS-solubilized protein incubated for 30 min a 100°C. The other sample was not
denatured. After incubation with dye for visudization of the glucan polymers, the gd was
exposed to UV light and photographed (Figure 21).

top

bottom

Figure 21: Native gd eectrophoress and in gd-assay. After eectrophoress, native g was
incubated with substrate (UDP-glucose) and the glucans formed visudized with tinopa as
described in section 3.6.9. Lane A: CHAPS s0lubilized materid incubated for 30 min a

100°C; lane B: CHAPS-solubilized materiad without denaturation.

In Fgure 21, some fluorescence can be observed at the sarting zone of the gel in both lanes
A and B. At the interface between the 3% and the 6% acrylamide gds (arrow), fluorescence
was only obsarved in lane B from the sample with non-denatured enzymes. Since denatured
proteins can not synthesize glucans, the fluorescence of the darting zone of the gd
corresponded to unspecific interaction with tinopa, while the fluorescence band indicated by
the arrow corresponded to newly formed glucans.
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4.17. Peptides from protein sequencing

The proteins purified by product entrgoment with an gpparent molecular mass of 108 kDa
(from now on called P108) and 50 kDa (caled P50) were microsequenced (section 3.8). The
resulting peptide sequences of P108 and PSO are shown in table 10 and table 11, respectively.
Amino acids whose identity could not be totaly ascertained are indicated in brackets, partly
adong with subscripts indicating other possble resdues a that pogstion. Degenerated
oligonuclectides were desgned for some of the peptides (section 2.3.2) using the coding
usage for P. sojae as shown in the web page www.ncgr.org/pai/psojeehtml. The design of

these degenerate oligonucleotidesis shown in Figure 22.

Table 10: Oligopeptide sequences from P108

Peptide name
(K)(Tan)Y TND(Vye)(Geg) (QnT)(1P)(Qv)(Grv)(Ack)QV (Xp)L tnd
M(LT)(Me)(Aw)(LQ)(EQ)(YL)TLYLITP lit
(K)AAVIGDTDGD(H) vig
(K)VAASLERT(E)(A)(L)(K) vaas
(K)VLETRRAIPLDVNEGV ra
(K)IVRDAFDQA(K) def
(K)XVEEQATAV veeq
(VAR(V)ERAVK erav
(QEL(ATQ(QA)(LG)ENS)QS(S)(A)(E)(C) elast

Table 11: Oligopeptide sequences from P50

Peptide name
(K)YYENHNPLEY GDFVAMD yen
(K)VIQARVQGDAPV igar
(K)ARNTG(V)GIEVEQ eve

(K)(S)(S)ATSNPGAISGVVQGSSSNNNNNNS st
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tnd K Y T N DV G Q | QGvAxQVXeL
5° TAYACBAAYGAYGTNGGNCARAT 3’

lit MM A L E Y T L Y L ITP
5° GCNCTBGARTAYACBYTBTAYYT 3°

Vvig KA A° V | G D T D G D H
5" GINATYGGNGAYACBGTNGGNGA 3°

vaas K V A A S L E R T EAL
5" GTNGCNGCNWCNYTNGARMGNAC 37

daf K I V R D A F D Q AK
5 ATHGTNMGNGAYGCNTTYGAYCA 3°

ra KVLETRRA I P L D V N E G V
5" ATHCCNYTNGAYGTNAAYGARGG 3’

eve KAR N T G V G I E V EQ
5" AAYYCBGGNGTNGGNATYGARGT 37

yen K Y Y E N H N P L EYGFVAMD
5 TAYTAYGARAAYCAYAAYCCNYT 3’

igar KV 1| Q A RV Q G D APV
5" ATHCARGCNVGNGTNCARGGNGA 3°

Figure 22: Design of oligonucleotide primers for the peptides as determined by
microsequencing. The oligonucleotide sequences shown are in sense orientation. Sense and
antisense oligonucleotides are listed in Table 5, section 2.3.2.
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4.18. Cloning of P. sojae actin cDNA

In order to determine the qudity of the cDNA library, the PCR and the cloning techniques,
the actin gene (Dudler, 1990) was cloned. PCR was performed as described in section 3.9.7.2,
usng the cDNA library as template (section 3.10.3) and the oligonucleotides “56up ac_pmg’
and “891 acainti_pmg”’ (section 2.3.2, Table 4). When the PCR product was analyzed by
electrophoress, asingle band dightly below 1000 bp was detected.

Preparative PCR was performed, the PCR product was purified (see section 3.9.5) and an
aiquot was runin a 1.4% agarose gel in order to check amount and quaity (Figure 23).

3000  —
2500

2000
1500

1000 _— <«— 970Dbp
750

500

250

Figure 23: DNA diquot of the PCR reaction with actin primers. After preparative PCR the
sample was euted from the gel and an diquot run in an agarose gdl. Left lane molecular
weight markers (bp). The arrow indicates the expected band and the size of the actin-PCR
fragment.

The sze of the PCR product (970 bp) corrdates exactly with the expected size for actin
cDNA fragment between the primers used for PCR. Purified PCR product was labeled with
2P (see section 3.9.9) and used for hybridization of a Northern membrane with tota RNA
from P. sojae (see sections 3.9.8 and 3.9.10). The result of this hybridization is shown in
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Figure 24. A dngle hybridization band was detected with a size of 1.3 kb, which correlates
well with the expected sze of afull length mRNA of the actin gene.

™ <« 13kb

Figure 24: Northern analysis using as probe the PCR-amplified fragment of actin cDNA. The
arrow indicates the apparent size of the detected band.

4.19. Cloning of the cDNA for P108

Severd atempts were made to clone the cDNA of P108 that copurified with the glucan
synthase activity during product entrgpment. PCR reections were caried out  with
combinations of dl Ix degenerated oligonucleotides derived from the sequenced peptides
(section 2.3.2). All of the sx oligonuclectides in the sense orientation were combined with dl
others in the antissnse orientation in 15 pl individud reections usng severd ranges of
anneding temperaiures (primers ae listed in Table 5). The following primer combinaions
resulted in the amplification of DNA fragments of the P. sojae cDNA library (the fragment
gze in brackets): “tndsense” + “litanti” (720 bp), “tndsensg” + “viganti” (350 bp), “vigsense’
+ “litanti” (525 bp), “vaassense” + “dafanti” (600 bp), “raisense” + “litanti” (400 bp).

All PCR-amplified fragments were purified from preparative reections, 32P-labded for
Northern andyss and cloned into the vector pPGEM for sequencing.

None of the Northern blot experiments showed a band with a size of about 3000 bp as
expected for the cDNA of an 108 kDa protein. Sequences of PCR-amplified fragments lacked
the expected known amino acids flanking the regions used for primer desgn (see Figure 22).
Thus none of the PCR-amplified DNA fragments generated were related to the P108.
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4.20. Cloning of the cDNA for P50

A 288 bp fragment was generated by PCR (see 3.9.7.3) usng the primers “igarsenss” and
“yenanti” (Table 5). In the fallowing this fragment is caled “igaryen’. The PCR reaction was
andyzed in a 2% agarose gd and compared with control reactions lacking one of the primers
or the template, as shown in Figure 25. No PCR fragment was generated when the pimers
“yensensg” and “igaranti” were used (data not shown).

bp a b c d
3000 W
2000 v od
1500 o«
1000
[ ]
750 Lo

250 .

Figure 25: Andyssof PCR reactions with oligonucleotides derived from PS0. Lane a
reaction lacking the oligonudeotide yenanti; lane b: full reaction with 0.3 ul cDNA as
template, and both iquarsense and yenanti oligonuclectides, lane c: reaction lacking igarsense
oligonucleotide; lane d: reaction lacking the cDNA.

The fragment “igaryen”, shown in Fgure 25, lane b, was purified, inserted into the vector
PGEM (see section 3.9.15) and used for transformation of E. coli IM109 cdlls. Transformants
were checked for incorporation of the plasmid by colony PCR usng agan the
oligonucleotides “igarsensg’ and “yenanti” as primers. From one of the colonies containing
the expected PCR product (288 bp) the pGEM-igaryen plasmid was isolated and used for
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sequencing the insart. The sequence of the PCR product is shown in Figure 26. Amino acids
initidly found by microsequencing of “igar” and “yen” peptides were present in the deduced

amino acid sequence of “igaryen”, including some not used for primer congtruction.

1 ATTCAAGCACGTGTACAGGGAGACGCCCCCGT GT GGCACCCGGAGGT GGGCCAGTGGCTG
| Q ARV QGDIRERPWVWHTPEVGQWL

61 TCCAAGTACGGCT CCAACACGGAGCAGCAGTACATGAACAACCTGGACACCGTCAACACG
S K'Y GSNTEOQQYMNNLDTVNT

121 GCGICCGTGGAGGGCGCGCT CATGT ACGT GCAGGCCGAGGGCAT CAACGT GAACGAGCAG
AS YV EGAL MYV QAEGI NVNEQ

181 TCGGTCAAGT GCCACCGCAAGAACGACATGCAGTACGTCGTGITTTACGAGATGACCATC
S VKCHRKNDMMQYVV FYEMTI

241 GTGCAGCCCACGGCTTCGGTCAAGTACTATGAAAACCACAACCCTCTA
VQPTASV[@YYENHNPL

Figure 26: Deduced amino acid sequence of the “igaryen” PCR product. Underlined are the
amino acids used for the primer generation. The amino acids in boxes were not used for the
primer generation but were present in the sequenced peptides.

The “igayen” fragment was excised by digeting pGEM-igayen plasmid with the
resriction enzymes Sph | and Spe |. The insert was separated by gel eectrophoress, and then
labeled with 32P-dCTP. This radioactive probe was used for hybridizing a Northern blot with
total RNA of P. sojae asshownin Figure 27.
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Figure 27: Northern hybridization using the 32P-labeled “igaryen” fragment as radioactive
probe. Twenty microgramstota RNA of P. sojae mycdium were used. The arrow indicates
the apparent molecular size of the detected band.

4.20.1. Screening of the P. sojae cDNA library with the “igaryen” PCR fragment

Of the packed | cDNA library (section 3.10), 6600 pfu (11 ul) were cultivated on agar
medium as described in section 3185, transferred to nitrocedlulose  membranes and
hybridized with the 32P-|abelled “igaryen” fragment (see above).

One of the membranes showed a hybridization sgnd of a plague (Figure 28), which was
locdized and isolated. E. coli Y1090 cdls were infected in dilutions of 1:1, 1:10, 1:100 and
1:1000. The plate infected with the 1:10 dilution resulted in around 50 plague per plate, which
were transferred to a nitrocdlulose membrane. The membrane was hybridized with

32p.|abelled “igaryen” fragment for a second screening.



Results 91

Figure 28: Screening of P. sojae cDNA library on nitrocdlulose membranes. Membranes
were hybridized with “igaryen” PCR generated fragment. The arrow indicates the positive
hybridization sgnd.

After the second screening, around hdf of the plagues gave postive hybridization sgnds.
Four postives were picked and in vivo excison of the pZL-P50 plasmid was performed as
described in section 3.18.7. A plasmid was isolated from one of the colonies, tested to be
podstive by PCR with the oligonudectides “igarsensg” and “yenanti”. This plasmid will be
cdled from now on pZL-Ps-P50 (Ps stands for P. sojae). E. coli DH5a cdls were transformed
by eectroporation (this E. coli drain gives plasmids in a supercoiled sate more suitable for
sequencing).

The pZL-Ps-P50 plasmid was re-isolated from DH5a cdls, and a prdiminay st of
sequencing was done usng as primers the T7 and SP6 promoter sequences (present at
oppodte ends of the multiple cloning dte of pZL1). In order to obtan overlgpping patid
sequences, a vaiety of deletion clones were generated using the redriction enzymes Pst |,
Smal, Ecl136 Il + Sal I, Bgl Il +Sal I, Eco52 I, and Aat Il (see section 3.9.18). These
plasmids were sequenced, as well, from T7 and SP6. Based on these sequences, specific
oligonucleotides were designed (section 2.3.2, table 2) for the tota sequencing of both
directions of the Ps-P50 clone. The sequence of Ps-PS0 cDNA and its deduced amino acid
sequence is presented in Figure 29.
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1 CCACGCGTCCGCAAGATGT TGCGT CGCTTCGGTTTGCTCTGCT TCCT CGT GBGEEECCCCT

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

ML RRZFGL L CZFULVGAWP
+- Ecl 16311

CTGAGCT CGGCCT CCAGCGCCGCGGT GCTCAAGAT GGCGGT CACCAAGT CCTCGGACGCC
L S S ASSAAVLKMAVTIK S S DA

GCCGECCACCT CGACCACCGCCGEECT CGEGATCT TCGEEECGT CGT GEEGACGGTCTCGGECC
AAT STTAGSGS S GVV GTV S A

GCCGACACCT CGT CGT CCT CGECGEECACT GT GGGECACCACCGCCACGACCT CGTCGGECC
AADTSSSSAGTV GTTATTS S A

+- Eco52I
TCTGGECAGCAGCAGT GGCTGECACATGACGEECCGI CACGT CCGT GCAGGCECECGTECAG
S 6GS S S GWHMTAYV TSV QAR YV Q

GECGACGCCCCCGT GT GGAACGAGGAGGECCAAGCT CTGECT G CCAAGT ACGGECGACACG
GDAPVWNEEAKLWL S KY GDT

ACGGAGCT GGCGT ACAT GAACAACCT GGACACGGT CAACACGGECGT CCGT GGAGEECECG
T EL A Y MNNLDTVNTASVE GA

CTCATGTACGT GCAGGCCGAGGGECAT CAACGT GAACGAGCAGT CGGT CAAGT GCCACCGC
L MY V QAEGI NVNEOQSV KCHR

AAGAACGACATGCAGTACGT CGTGT TCTACGAGAT CACCAT CGT GCAGCCGACGTACGEC
K NDMQY VV FY EI TI1 VQPTYG

ATCAAGT ACTACGAGAGCCACACGCCT CCGGAGT ACGECGAGT TCGT GGCCATGGACGEC
I K Y Y ESHTWPUPEY GEFVAMDG

GCCAAGT GCACGGACGAGGECGACGACAT TTCCGAAGACTGCAAGGT CTACTACGGTCTG
A K CTWDEGDWDI S EDTZ CIKWVYYGL

+-Pstl +-Aatll

GACGGCCAGATGGACAT TGECCCT ACCGT GGGAAGCAACCT GCAGACGT CGGACCCECEC
DGGQM™MDI GPTVGSNLOQTSDPR

GCCCCGTACCCCGGCAACTACTGGT TCTCATACCCCAACT CGT GCGCGCAGGAGCTTCGC
AP Y P GNY WFSY PNZ S CAQOQETLR

GCCGACAAGACGGACGAGT GCCGCECCGAGT ACCCT GECGGT CTGT GCGCCATGEGTGI T
ADKTWDUEC CRAEYPGGLCAMGYV

ACGCCGCGACGGT GATAACTGCACT TTCAGCTACAAGAT TCTGGEGCTACCT GAACATCGAC
T P D GDNTCTFSY KI L GY L N1 D

GACCTGGT CGGCATCACGGAGAT GGGCTACAGCAACTACACGGAGT TCTGCGAGGACGGT
bLvVv GGI TEMGYSNYTETFI CEDG

GECGT GGAGT TCAAGGCCACCAACACCGEGECAGT GECT TCGAGGT GGACGAGGECCATTGAC
GV EFKATNTGSGEFEVDEAI D

+- Smal

TTCTGECTGAACCCGEGET GACGAGGACGCCAACT CGAACCGCACTACCATCATGGTGGAG
F WL NWPGDEWDANSNRTTI MV E

ATGTACAACGAGCT GGCCAAGAAT GGCACGAGCGAGAACAT GGAACCGCT CCCGTCGEGTC
MY NEL A KNGTSENMMEWPL P SV

+- Aat | |
GATACGCT GACGT CGGCCAACCCCAAGT GCTACGAGAACAGCGCTGCCTGCGCCAGCTCG
D T LTS ANWPI KT CYENUSAAZCAS S
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+-Bgl I |
CAGTACGGCTGCAACCGCACGCTGTACT CGCAGATCTGCGCCGT GTGCTCGT CGGATGCC
QY GCNRTLY SQI CAV CS S DA
GACGGT TGCGAGGECCGCTCCCTCGTCCTTCTCGT TCCCGGAGCTGACGCTGCCTTCTAAC
b GCEAAPSSVFSFWPELTUL P SN

TCTTCGT CGGACGGECT CGT CGGACT CGACCAAGACCGGECT CCTCGGEGCAGCCCGATGACT
S S S DbGSSDSTKTGS S GS P MT

+- Aat | |
GCGACGATGACGT CTGCCGCT G GECCCT CGT GECCAT GGT CGCCAGCAGCCTGCTGTAA
AT MTSAAV ALV AMVASS L L -

GCGTGTGTATTTGTACATGACATTTGATGI TCATGGTACT GCAAACGCCGCCGCT TCGGA
GTI'GGEGAACGCGAGCACCCT CGGACT GCTCGEECCTAGCCACGT TGECAGCGATTCGTAGG
GCTTGCTACTGT GAATTCAAAGTAAACT CAAGT TCCGGTATCGAAAAAAAAAAAAAAAAA
AAAAA

Figure 29: DNA sequence of the Ps-P50 cDNA and its deduced amino acid sequence. The
underlined sections represent the amino acid sequences with high smilarity to the sequenced
peptides (Table 11).

The sequence shown in Fgure 29 contains four partid amino acid sequences with smilarity
to the peptides sequenced from the protein PSO (see Table 11, underlined in the sequence
shown in FHgure 29). Identities and sSmilarities of sequenced peptides to the deduced amino

acid sequence of P50 are summarized in Table 12 and the sequence dignment is shown in

section 8.3.

The deduced amino acid sequence between the second and the third underlined regions
corresponds to the PCR fragment “igaryen”. The smilarity of these sequences are shown in

Figure 30 and Figure 31.

Table 12: Percentage of smilarities of sequenced peptides relative to the deduced amino acid
sequence of Ps-PS0. Sequence dignments are shown in section 8.3

Sequence |dentities (%) Pogtives (%)
igar 90 99
yen 77 88
eve 61 76

sat

50 64
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Ps- P50:

PCR

Ps- P50:

PCR

Ps- P50:

PCR

Ps- P50:

PCR

Ps- P50:

PCR

289

349

64

409

124

469

184

529

244

caggcgcgcgt gcagggcgacgcccccgt gt ggaacgaggaggccaagct ct ggctgtcc 348

T et reere teererrerer et e [ TR
caagcacgt gt acagggagacgcccccgt gt ggcacccggaggt gggccagt ggct gt cc 63

aagt acggcgacacgacggagct ggcgt acat gaacaacct ggacacggt caacacggcg 408

aagt acggct ccaacacggagcagcagt acat gaacaacct ggacaccgt caacacggcg 123

gcgcgct cat gt acgt gcaggccgagggcat caacgt gaacgagcagt cg 468

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
t ccgt ggagggcgcegct cat gt acgt gcaggccgagggcat caacgt gaacgagcagtcg 183

gcagt acgtcgtgttctacgagatcaccatcgtg 528
III|III|III|III||II||II||III|III|III|III| FEEEEEEE TP

gt caagt gccaccgcaagaacgacat gcagt acgt cgt gttt t acgagat gaccat cgt g 243

cagccgacgt acggcat caagt act acgagagccacacgcctc 571

cagcccacggcttcggt caagt act at gaaaaccacaaccctc 286

Figure 30: Alignment of the nucleotide sequences of Ps-P50 and the PCR fragment
“Igaryen”. Sequences presented have 86.9% identity.

Score = 250 hits (581), Expect = 3e-65
Identities = 79/95 (83%), Positives = 84/95 (88%)

Ps- P50:

PCR

Ps- P50:

PCR

95

1

155

61

VQARVQGDAPVMNEEAKL W SKYGDT TEL AYMNNL DTVNTASVEGAL MYVQAEGH NVNEQ 154
+QARVQGDAPVW E WL.SKYG TE YMNNLDTVNTASVEGALMYVQAEG NVNEQ
| QARVQGDAPVWHPEVGQWL SKYGSNTEQQYMNNL DTVNTASVEGAL MYVQAEG NVNEQ 60

SVKCHRKNDMQYVVFYEI TI VQPTYGQ KYYESHTP 189
SVKCHRKNDMQYWFYE+TI VQPT +KYYE+H P
SVKCHRKNDMQYWWFYEMI'T VOPTASVKYYENHNP 95

Figure 31: Alignment of the deduced amino acid sequences from Ps- P50 and homology
between Ps-P50 clone and the PCR fragment “igaryen”.

4.20.2. Comparison of derived amino acid sequence of Ps-P50 within the sequence

data bases

When the databases were searched for similarities to the deduced amino acid sequence of

Ps-P50 only one known protein showed some similarity to some extent. The result of such a

homology search is shown in Figure 32.
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>sp| P78591| FET3_CANAL | RON TRANSPORT MULTI COPPER OXI DASE PRECURSOR
enb| CAA70509. 1| (Y09329) multicopper oxidase [Candida al bi cans]
Length = 624

Score = 37.1 bits (84), Expect = 0.38
Identities = 41/170 (24%, Positives = 64/170 (37%, Gaps = 22/ 170 (12%

Query: 116 KYGDTTELAYMNNLDTVNTASVEGALMYVQAEG NVNEQSVKCHRKNDMQYWVFYEI Tl V 175
KG +L +N D +NT L A ++ E +C Y+ + +T
Shjct: 60 KKGDRVQLYLI NGFDNLNTTLHFHGLFVRGANQVDGPEMVTQCPI PPGETYLYNFTVTDQ 119

Query: 176 QPTYGA KYYESHTPPEYGEFVAMDGAKCTDEGD- ---------- DI SEDCKVYYGLDGQM 224
TY +Y SHT +YGt+ MG ++ D +S+ Y G
Sbjct: 120 VGTY- - - WHSHTGGQYGD- - GVRGVFI | EDDDFPYHYDEEVVLTLSDHYHKYSG - - - - 169

Query: 225 DI GPTVGSNLQTSDPRAPYPGNYWFSYPNSCAQEL RADKTDECRAEYPGG 274
Dl GP + + PP N+ F+ + ++ KT R GG
Shj ct: 170 DI GPAFLTRFNPTGAE- Pl PONFLFNETRNATWKVEPGKTYFVRI LNVGG 218

Figure 32: Homology search by Blast. Query isthe Ps-PS0. Shjct is a multicopper oxidase of
Candida albicans.

4.20.3. Comparison among P. sojae ESTs.

A database of expressed sequence tags (ESTs) generated from P. sojae, avalable at
www.ncgr.org/pgi/, was searched for homologies to the Ps-P50 nucleotide sequence. The
search facility, provided in the web page, dlows only searches that give 100% smilarity
(idetity). To make the comparison search, random 20-base long sequences from Ps-P50 were
introduced to the program.

Eight ESTs were found to have some smilaity to PsP50. The didribution of the
homologous ESTs is represented in Figure 33. The degrees of smilaity of Ps-P50 to the
ESTs ae summarized in Table 13. In the firs view it could not get clear that certain ESTs
with overlgoping amilarities to Ps-PS50 do not show ggnificant smilarities anong each other.
This is due to the fact that smilarity rates given in Table 13 were cdculaied by the BLAST
program over the entire sequence, and not only in the areas with smilarity to Ps-P50.




Results

96

Ps-P50
10-10f-my

10-11g-my
11-3h-z0
3-8h-z0
5-8d-zo0

6-5h-ha // //
7-2f-70

7-3e-70

PCR-igaryen

Figure 33: Diagrammatic representation of adignments between Ps-PS0, the PCR fragment
“igaryen” and P. sojae ESTs. Solid linesindicate the areawhere the smilarity to Ps-P50 was
caculated.
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Table 13: Smilarity matrix of the rdationships (in %) between Ps-P50, the PCR fragment
“Igaryen” and the ESTs nucleic acid sequences.

10-10f-my --

10-11g-my 97 --

11-3h-z0 8 80 --

3-8h-z0 82 48 86 --

5-8d-z0 79 79 80 100 --

6-5h-ha 0O 98 9 O 82 --

7-2f-z0 ns ns 7/ ns ns 77 --

7-3e-20 0 ns. 77 ns ns 77 100 --

Ps-P50 97 97 83 74 79 84 77 65 --

PCR-igayen |O 87 88 O 97 86 9 75 86 --
2§58 83 TR g

n.s: not sgnificant

4.21. Analysis of the deduced amino acid sequence of Ps-P50

All predictions were done using the PCgene software.

4.21.1. Amino acid composition and isodlectric point

The predicted protein sequence of Ps-PS0 has 474 amino acid resdues and a molecular
weight of 49,991 Da The amino acid compostion is shown in the Table 14. The isodectric
point was predicted to be 3.86.
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Table 14: Amino acid compostion of the deduced Ps-P50 amino acid sequence.

Amino add number of resdues %

Ser 60 12.6
Ala 47 9.9
Thr 42 8.8
Gly 41 8.6
vad 32 6.7
Asp 30 6.3
Glu 29 6.1
Leu 28 5.9
Asn 24 5.0
Tyr 23 4.8
Pro 20 4.2
Met 16 3.3
Lys 15 31
Cys 15 31
lle 12 25
Phe 12 25
GIn 11 2.3
Arg 9 18
Trp 5 1.0
His 3 0.6

4.21.2. Tranamembrane hdices

Two putative transmembrane hedlices were detected in the deduced amino acid sequence of
Ps-P50 by using the method of Argos and Rao (1986). One of these helices is located at the

amino terminus (amino acids 2 to 30) and the other resides d the carboxyl terminus (residues

453 t0 474). The plot of the smoothed buried helix profile for Ps-P30 is shown in Figure 34.
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IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|II

1 948 188 278 3e8a 458

Figure 34: Smoothed curve of the derived amino acid sequence from Ps-P50 from residue 1
to 474. They axis represents the buried helix parameter. The x axis represents the amino acid
position. Areas marked by represent the plitativie transmembrane domains.

4.21.3. Detection of Sites and Sgnatures

The following putative modification stes were found in the deduced amino acid sequence
of Ps-P50: 6 potential N-glycosylation sites were found in positions 281, 307, 348, 363, 400
and 435; one potentid tyrosine sulfatation Ste was found at 212 postion; protein kinase C
phosphorylation sites, four potentia Stes were found at postions 150, 285, 347 and 444;
casain kinase Il phosphorylation sites, 6 potentid Sites were found at postions 54, 183, 326,
426 and 436, N-myristoylation Stes, 14 potentid Stes were found a postions 13, 43, 48, 51,
64, 67, 77, 143, 195, 268, 364, 398, 440 and 451.

Neither mitochondria, chloroplast nor microbody transt peptides were predicted. No part
of the deduced amino acid sequence was predicted to be a DNA-binding regulatory protein.
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4.22. H eter ologous expression of Ps-P50 cDNA

4.22.1. Heterologous expresson in E. coli

Twelve different drategies were adopted for cloning the Ps-P50 cDNA into the expression
vector pQE, usng one or two sticky DNA ends In dl cases transformation was ether
unsuccessful or resulted in false positives (checked by colony PCR).

However, when both DNA ends were blunt, trandformation was achieved, but al andyzed
plasmids from 20 colonies checked contained the Ps-PS0 insart in the reverse orientation.

4.22.2. Hetereologous expression in yeast

Both pYes2 and pZL-Ps-P50 plasmids were digested with Not | and Ecl136 II. These two
redriction enzymes are cutting pYES2 a the multiple cloning ste. pZL-Ps-P50 was linearized
5 to the second methionine (Ecl136 Il cuts a postion 65 in the nucleotide sequence of Ps-
P50) and the insert is released with Not |, located 3” to the cDNA.

After ligation, the condruct (pYES-Ps-P50) was transformed into E. coli DH5a cedlls (see
sections 3.9.15 and 3.9.11). Around 800 colonies grew on LB medium supplemented with
ampicillin. Forty-two of these colonies were checked by colony PCR (section 3.9.7.1) and
haf of them (21) were found to contain the inserted Ps-P50. The plasmid pYES-Ps-P50 was
isolated and verified, with positive outcome, by restriction andysis.

S cerevisiae INVSc2 was transformed (section 3.9.13) with ether pYES2 (empty vector) or
pY ES-Ps-PS0. Heterologous expresson was carried out with yeast transformants as described
in section 3.9.14. Aliquots at times O, 8, 16, 24 and 48 h after starting the culture were taken
and the ODgop mesasured. Fifteen milliliters of 48 h culture (Sationary phase) were used for
preparation of membrane and soluble fractions as described in section 3.7.6.

From each fraction, 300 pg of protein (membrane and soluble fractions of expresson of
PYES2 and pYES-Ps-P50) were separated by two dimensional gel eectrophoresis (section
375). After dlver ganing of the 2D-gds, no differences were observed between the
microsomd fractions of the pYES2 and pYES-Ps-P50 expressing cells (see gppendix 7.3 for
figures of the gel9).

However, differences could be observed between the soluble fractions of pYES2 and
pYES-Ps-P50. These differences appeared in a section of the 2D-gel corresponding to low pH
and low molecular weight. The areas of interest are shown in Figure 35. The entire gels from

this experiment are documented in section 8.2.
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Figure 35: Sdected areas of the two dimensond eectrophoresis gels of soluble protein
fractions of recombinant yeast. Pand A: protein extracts from the expression of pY ES2
(empty vector); and pand B: protein extracts from the expression of pY ES-Ps-P50. The
arrows depict peptidesin pand B that are not present in panel A. Complete gelsare shownin

the section 8.2.
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5. Discussion

5.1. Optimization of growth of P. sojae mycelium

The amount of garting materid is one of the man problems in any protein purification trid.
In the case of the mycdium of Phytophthora sojae this problem turned out to be criticd. It is
not possble to grow the mycdium in any kind of fermentation device (Ebd, J persond
communication) o the growth should be achieved in Fenbach flasks. Only few grams
(usudly not more than 5 g) of wet materid can be harvested per flask a the end of the growth
period, and from this materid not more than 5 mg are membrane proteins. Furthermore, not
more than 20% of these membrane proteins can be solubilized efficiently for glucan synthase
activity.
The method optimization reported in section 4.1 led to a reduced growing time (3 weeks
ingtead of 4 to 6) and allowed the handling of more than 100 flasks per harvest.

5.2. Glucan synthase of P. sojae

Glucan synthase activity was eedly detectable and quantifiable in microsomal preparations
from activdy growing P. sojae cultures. The method used in this work to determine the
glucan synthase activity is based on the measurement of radioactivity contained in the TCA
precipitated product and varies very little of what was described by Cabib and Kang (1987).
The use of large volumes (500 I ingtead of 40 ul) of 20% TCA for precipitating the glucans
dlows fager and eeser manipulatiions and minimizes ungpecific losses. Other glucan synthase
assays rely on the recovery of the ducans as ethanol-precipitated materid (Kottutz and Rapp,
1990), but this method requires an overnight step, while with the TCA method each sample is
processed in less than one minute.

The glucan synthase activity of P. sojae appeared to be dependent an a proteinaceous factor:
there was no activity measurable if the microsoma fraction was incubated 10 min a 100°C
prior to the assay, when the assay was stopped at time point zero, or when the microsoma
fraction was incubated with protein denaturing agents like SDS.

The glucean synthase activity of P. sojae was locdized in the microsomd fraction. The
cytosolic fraction did not include any glucan synthase activity and did not influence the
glucan synthase activity when added to the microsomd fraction, thus there was neither a
podtive nor a negative regulator for glucan synthase activity in vitro present in the cytosolic
fraction. No subcdlular locdization experiments were carried out in this work because it is
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widely accepted that (1® 3)-b-glucan gynthase activity is associated with the plasma
membrane in dl kingdoms where this activity is present, including stramenopiles (Girard and
Fevre, 1984), and such activity is even used broadly as a marker for plasma membrane.

After some experiments to characterize the chemical conditions for maxima activity of the
glucan synthase of P. sojae, it was posshle to specificdly modify the extraction buffer for
microsome preparation. Sucrose and NaF were included in the buffer used to generate the
microsoma fraction because they increased glucan synthase activity. EGTA was included in
order to reduce the excess of Ca* from the culture medium, because Ca&* affects
solubilizetion. Apart from these additions, the method for extracting the microsomd fraction
(differentid centrifugation) did not differ from methods for purifying other glucan synthases
(see Table 15 and Table 16 for references) or other membrane proteins (Cosio et al., 1996).

The kinetics of the in vitro reaction a 25°C showed linear glucose incorporation into
insoluble glucan for up to 1 h followed by nonlinear but ggnificant on-going product
formation for a least 4 h dafter addition of subgrate (Figure 7). The activity in microsomd
preparations was fairly stable with not more than a 25% loss being observed after 2 d at 4°C.

Severa subgtances were tested for their effect on glucan synthesis in vitro (Table 1). From
the compounds tested, only NaF, sucrose and BSA turned out to enhance glucan synthase
adtivity of P.sojae to some extent. These substances are well known as activators or
dabilizers of the fungal glucan synthases (Cabib and Kang, 1987). The role of sucrose as
activator can be interpreted as that of an osmotic regulator because of the high concentration
needed (1 M, lower concentrations are less effective) and because the same effect can be
obtained by adding glycerol. NaF is known to be an inhibitor of phosphatases (Wang et 4d.,
1995) but in the case of glucan synthess the mechanism of enhancement is unclear. The
activation by BSA is lower than in other reported cases (only 30% of activity is logt if it is not
present) and is probably related to some dabilization of the proteins (i.e. protecting from
protease activity).

Neither GTP nor GTP-g- S dimulate the glucan synthase of P. sojae in vitro when usad in
concentrations up to 4 mM. GTP (or its non-degradable andogue GTP-g-S) is known to be
necessary for glucan synthase activity in yeast and other fungi (Cabib and Kang, 1987)
because these enzymes require the presence of a GTP-binding protein identified as Rholp
(Drgonova et d., 1996; Qadota et al., 1996). In these cases, the GTPase was copurified with
glucan synthase and gppears to be aregulatory subunit of the enzyme complex.
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In contragt, the glucan synthase of Achlya ambisexualis, like the one of P. sojae, is GTP
independent (Cabib and Kang, 1987). Both species belong to the Stramenopile kingdom.

Membrane-bound enzymes of higher plants synthesze (1® 3)-b-gucans (cdlose) in
response to wounding, physiologica dress, or infection (Delmer, 1987). When plant cels are
physcdly damaged, a disuption in the normd ionic gradient across the plasma membrane
results, leading to an efflux of CI and K* ions and an influx of Ca*. This locd increase in
Ca’* leads to immediate synthesis of calose (Bacic and Delmer, 1981). Moreover, the
enzyme requires Ca* for itsactivity in vitro (Bulone et a., 1999).

In contrast, the divaent cations C&#* and Mg?* have nearly no effect on the glucan synthase
activity of P. sojae. In this aspect it differs clearly from the stress-induced callose synthase.

Cdlose is as wel a component of specidized plant walls or wall-associated structures at a
paticular stage of growth and differentiation like cdl plates, seeds leaf and stem hairs,
plasmodesmata cands, Seve plates, trangent wals of microgporogenic and megasporogenic
tissues, and in pollen and pollen tubes (Kudlicka and Brown, 1997). Interestingly, the calose
synthase of pollen tubes is Ca’*-independent (Schiiipmann et ., 1993), as the P. sojae glucan
synthase.

Other divdent cations inhibit to some extent glucan synthase of P. sojae, ranging from a
decrease of activity of two thirds (Mr?* and Fe?") up to tota inhibition (CL#* and Zn**) when
tested at 10 mM. This phenomenon was aso observed for the glucan synthase of Pyricularia
oryzae P, (Kominao et d., 1987) and for the Lolium multiflorum cdlose synthase from
endosperm (Bulone et d., 1999). A hypothess tha might explain this effect is the interaction
of these divaent cations with histidine resdues present in the protein.

The glucan synthase of P. sojae is not affected by DTT when used a concentrations up to
1.25 mM. It was reported by Cabib and Kang (1987) that sulfhydryl reagents partidly inhibit
the glucan synthase of severd fungi. The only glucan synthase tha was not affected by
sulfhydryl reagents was the one of A. ambisexualis.

Cellobiose and other b-glucosides are reported to be activators of both Ca*-dependent
cdlose synthase (Delmer, 1999) and Ca&'-insenstive pollen tube cdlose synthase
(Schitpmann et d., 1993). Cdlobiose is dso gimulating the glucan synthase of Sclerotium
glucanicum by 20% (Kottutz and Rapp, 1990). The reason for this dependence is not clear
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and, in the case of the pollen tubes of Nicotiana alata, this effect can be to some extent
substituted by glycerol or sucrose (Schiipmann et d., 1993). Cdlobiose is usudly not
included in the glucan synthase assay of fungd sources. In this work, celobiose was tested
and found not to affect the glucan synthase activity of P. sojae.

Glucans with a low degree of polymerization, extracted from P. sojae mycdium (Coso &
a., 1988; Cogo et d., 1990), had no effect on glucan synthase activity. Thus, ther role as
primers of the enzymétic activity should be discarded. High molecular weight glucan from the
same source had an inhibitory effect when used a 5 mg/ml (26% inhibition). The reason for
this inhibition remains unclear, but could be due to some extent to the arest of the glucan

gynthase in asmilar way asit is used for product entrgpment.

5.2.1. Caadytic congtants of glucan synthase activity

The cadytic condants of the glucan synthases from different sources ae summarized in
Table 15. All data shown correspond to the glucan synthase from microsomd fractions of the

named organiams.

Table 15: Catdytic congtants of glucan and callose synthases.

Organism Km (MmM) Vimax Reference
(nkat-mg protein %)

Saccharomyces cerevisiae | 3.8 0.69 Cabib and Kang (1987)
Hansenula anomala 0.67 0.033 Cabib and Kang (1987)
Neurospora crassa 2.9 0.14 Cabib and Kang (1987)
Cryptococcus laurentii 0.86 0.036 Cabib and Kang (1987)
Schizophyllum commune | 0.8 0.028 Cabib and Kang (1987)
Wangiella dermatitidis 18 0.047 Cabib and Kang (1987)
Botritis cinerea 0.8 0.014 Monschau et a. (1997)
Pyricularia oryzae 12 -- Kominato et a. (1987)
Sclerotium glucanicum 0.54 -- Kottutz et a. (1990)
Entomophaga aulicae 17 0.11 Beauvais and Latge (1989)
Achlya ambisexualis 7.1 0.14 Cabib and Kang (1987)
Phytophthora sojae 10.6 04 Thiswork
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All glucan and calose synthases shown in Table 15 have a K, in the millimolar rage, but
the values from A. ambisexualis and P. sojae are higher (7.1 and 10.6 mM, respectively) when
compared to all other listed species.

No generd conclusons could be made from the Vo data as they vary sgnificantly from
one organism to the other. This heterogeneity might be due not only to species variability, but
aso to different experimental procedures.

A. ambisexualis is the only organiam shown in Table 15 belonging to the same kingdom as
P. sojae (Stramenopiles). The glucan synthase of these two organisms have severd
characterigticsin common that differ from al other known fungd glucan synthases:

higher K, value for UDP-glucose
no gimulation by GTP,
no inhibition by sulfhydryl agents.

With the data of only two organisms of the stramenopiles, it would not be correct to assign
these characteridtics to the whole kingdom. Anyway, it is notable that the glucan synthases of
the stramenopiles kingdom species studied until now share these characteridtics, different to
the glucan synthases of the fungd kingdom species.

5.3. Solubilization of glucan synthase activity

Among the severd detergents tested for the solubilization of glucan synthase activity from
microsomd membranes of P. sojae (see section 4.4), only CHAPS was effective (to some
extent). Under the experimental conditions used, with the other three tested detergents (octyl
glucosde, Zwittergent 3-12 and SDS) glucan synthase activity could not be detected, neither
in the solubilized fractions nor in the remaining membrane pelets (see Table 5). This strong
inhibitory effect could not be reversed by decreasng the detergent concentration prior to
andyss, 0 it turned out to be irrevergble. Usng a mixture of CHAPS and octyl glucosde
resulted in an increase of tota protein solubilization but a decrease of glucan synthase activity
both in supernatant and remaining pellet.

The solubilization profile described above for the glucan synthase of P. sojae is Smilar to
what is decribed in the literature for the glucan synthase and the cdlose synthase of fungi
and plants, repectively, summarized in Table 16.
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Table 16: Solubilization of glucan and callose synthases

Organism

Detergents

Reference

Beta vulgaris L.

0.25% CHAPS + 0.01% digitonin

Frost et a. (1990)

Lolium multiflorum

0.5% digitonin or 0.6% CHAPS

Meikleet d. (1991)

Saprolegnia monoica

0.5% CHAPS + 0.1% octyl glucoside

Girard et d. (1992)

Neurospora crassa

0.1% CHAPS + 0.5% octyl glucosde

Awdd e d. (1993)

Aspergillus fumigatus

0.3% CHAPS

Beauvaiset d. (1993)

Pisum sativum

0.25-0.5% digitonin

Dhuggaand Ray (1994)

Saccharomyces cerevisiae | 0.5% CHAPS + 0.1% cholesteryl Inoue et d. (1995)
hemisuccinate

Saccharomyces cerevisiae | 0.2% CHAPS Baginsky and Mazur
(1996)

Vignia radiata 0.25% digitonin Kudlickaand Brown
(1997)

Phaseolus vulgaris 1% reduced Triton X-100 McCormack et d. (1997)

Gossypium hirsutum 0.1% and 1% digitonin Shin and Brown (1999)

As can be seen in Table 16, most of the authors used CHAPS and/or digitonin for
solubilization of different glucan synthases. The dructure of these and other detergents is

presented in section 8.4.

The man difference between the group of CHAPS, cholesteryl hemisuccinate, digitonin,

Tergitol NP-40 and Triton X-100 on one hand, and the group of Zwittergent 312 and octyl
glucosde on the other is that in the fird group of detergents the hydrophobic part of ther
dructure is a non linear sructure, and in the second group of detergents it is a linear dkyl
chan.

The only two cases shown in Table 16 of the successful use of a detergent with an akyl
chain are reported for Neurospora crassa (Awad et a., 1993) and Saprolegnia monoica
(Girard et d., 1992) glucan synthases. In both cases, a mixture of CHAPS and octyl glucoside
was used. Girard et a. (1992) explained this as representing a compromise between the poor
solubilization rate but good activity achieved with CHAPS and the better solubilization rate
but loss of activity achieved with octyl glucosde. This corrdates to some extent with
experience in this work. The loss of activity caused by the presence of akyl chains was
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presumed to be due manly to the digplacement of phospholipids and other activating
compounds from the enzyme complex (Girard and Fevre, 1991).

Tergitol NP-40 was used to solubilize part of the glucan synthase complex from yeast (Mol
et a., 1994), Hansenula anomala and Neurospora crassa (Kang and Cabib, 1986). In all three
cases, a peripherd smdl GTP-binding protein, later identified as Rholp (Mazur and
Baginsky, 1996), is separated from the rest of the membrane by treatment with Tergitol NP-
40. This was not affecting the find activity when both fractions (membrane and solubilized)
were combined for the assay. This detergent has no akyl chain as a hydrophobic part of the
molecule, which is condstent with the characteridics of the detergents used for solubilization
of glucan synthase from different sources.

As dexribed in section 44, the best olubilization of the glucan synthase from
Phytophthora sojae microsomd fraction was obtaned a& 3 mg/ml CHAPS and 2 mg/ml
protein concentrations. It was shown in this work that this was a compromise between
maximum  solubilization degree (achieved with higher detergent concentrations) and
maximum specific activity (achieved with lower detergent and protein concentrations).

Solubilization experiments with detergent concentrations higher than 0.3% resulted in an
irreversble loss of activity. This was aso reported by Li et d. (1997) for the pollen tube
cdlose synthase of Nicotiana alata, and by Beauvais et d. (1993) for the glucan synthase of
Aspergillus fumigatus. In any case, dl the solubilization methods including CHAPS found in
the literature and shown in Table 15, are using concentrations below the CMC (0.6%, Li e 4d.,
1997).

The totd protein solubilized from the P. sojae microsoma fraction, when 0.3% CHAPS
was used, did not exceed 20% in most experiments. This poor solubilization extent was adso
reported for Saprolegnia monoica by Girard et d. (1992). The authors increased solubilization
degrees by usng octyl glucosde together with CHAPS. In the case of P. sojae, the
concomitant use of octyl glucosde compromised the specific activity in a way, that made its

use not desirable.

The CHAPS-solubilized glucan synthase from P. sojae has an apparent Ky, for UDP-glucose
amilar to tha found for the membrane fraction (106 and 10.7 mM for membrane and
solubilized fraction, respectively) (Table 12). The use of CHAPS resulted in a sgnificant
increase in glucan gynthase activity: the Vimax of CHAPS-solubilized fraction is 9x times
higher than the Vpmax Of the microsoma fraction (0.4 and 2.5 nkatmg protein™ for membrane
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and solubilized fraction, respectively). This effect has dso been observed with the glucan
synthases of Aspergillus nidulans (Kdly et d., 1996) and of Saprolegnia monoica (Girard et
a., 1992) and the callose synthases of Lolium multiflorum (Meikle et a., 1991; Henry and
Stone, 1982a), Nicotiana alata (Li et a., 1999; Schlipmann et d., 1993) and Apium
graveolens (Slay et a., 1992).

To explain this effect, Li e d. (1997) postulated that CHAPS simulates calose synthase by
permesbilizing right-sde-out vesicles to the subdrate UDP-glucose and through a direct
interaction with otherwise inactive calose synthase. This hypothess is summarized in Figure
36. Whether this hypothess is vaid for the activation of the P. sojae glucan synthase is not
clear since Li et d. (1997) reported not only an increase of Vimax but also a decrease of the Ky
value. Such an effect did not occur in the case of the CHAPS solubilized glucan synthase of

P. sojae.
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Figure 36: Diagrammatic representation of the possble mechaniam of activation of pollen
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tube callose synthase. Adapted from Li et d. (1997).

5.4. Product analysis

Two man experimentad procedures were used for the identification of the product of the

solubilized glucan synthase of P. sojae: enzymeatic degradation and NMR spectroscopy.

Laminarinese, a (1® 3)-b-glucan hydrolase, can degrade the '*C-labeled insoluble glucan.

The sole product of this reaction was glucose as shown by thin layer chromatography. Neither
(1® 6)-b-linked oligosaccharides nor the disaccharide gentiobiose were detectable. The

glucan was not degraded by a-amylase. This enzymatic test was used as proof for the identity
of the products of severa glucan syntheses (Henry and Stone, 1982ab; Wang and Bartnicki-
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Garcia, 1982; Awad et d., 1993, Beauwas e d., 1993; Kudlicka and Brown, 1997,
McCormack et d., 1997), but has the disadvantage tha most of the commercidly available
laminarinases could have additiona enzymatic activities like cellulase activity and others.

For a better and more conclusive ducidation of the product of the P. sojae glucan synthase,
NMR spectroscopy was performed with glucan produced by the CHAPS-solubilized protein.
The most sraightforward spectrum to interpret is the 3C-NMR (Figure 13): only six
resonances are displayed, each corresponding to one carbon atom in the glucose monomer of
the b-glucan chain. These sgnds (summarized in Table 9) correspond with those published
for a (1® 3)-b-glucan (Saito et a., 1979; Kottuz and Rapp, 1990;Yu et a., 1993; Gutierrez et
a., 1996;Miller et d., 1996). Moreover, the absence of signds a 79.9 and 70.1 ppm are
consgent with the lack of (1® 4)-b and (1® 6)-b linkages, respectively. The (1® 4)-b
linkages are dso present in the cdl wal of Phytophthora (Bartnicki-Garcia and Wang, 1983).
The abisence of any dgnd a 74.8 ppm indicates that adl C3 carbon atoms in the glucose
molecule are substituted. In summary, with the data given soldy by *C-NMR it is possible to
identify the product of the CHAPS-solubilized glucan synthase as a long linear (1® 3)-b-

glucan.

The lack of (1® 6)-b linkages in the glucan produced by the CHAPS-solubilized protein is
not surprisng snce the (1® 6)-b-glucan synthase activity has not been detected in vitro
(Roemer and Bussey, 1991). In yeast some components of the (1® 6)-b-glucan synthess have
been dready identified, like KRE6 and SKN1 genes, both encoding phosphorylated integra
membrane glycoproteins that are most likely locdized in the Golgi gpparatus (Roemer et d.,
1994). (1® 6)-b linkages are present in the cdl wal of Phytophthora (Bartnick-Garcia and
Wang, 1983) and in the P. sojae hepta-b-glucosde dicitor (Ebd, 1998). In yesst, (1® 6)-b-
gucan interconnects severa cdl wadl components like chitin, (1® 3)-b-glucan and proteins
(Kollar et d., 1997).

5.5. Purification of glucan synthase

Different drategies for protein purification were atempted for the solubilized glucan
gynthase of P. sojae. Some basic biochemica approaches like PEG precipitation, useful for
other membrane proteins (Frey et d., 1993), resulted in 50% loss of tota activity and no
increase in specific activity and therefore had to be abandoned as a purification method. Other
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methods like the sucrose-dendty gradient centrifugation led to some purification with good
totd recovery. But ther high time consumption and low loading capecity made them
insufficient for protein purification.

Concanavdin A chromaography is commonly used for the purification of glycoproteins
(Eipper et d., 1976) and it has specificity for branched mannoses, carbohydrates with termind
mannose or glucose. The CHAPS-solubilized glucan synthase activity of P. sojae was not
retained by the concanavdin A. This could mean tha the glucan synthase lacks those glycosyl
resdues specificaly recognized by concanavain A. But the absence of retention of the glucan
gynthase activity by concanavdin A could dso be due to the fact that the glycosylated
domains are usudly extracdlular and the cataytic Ste of the glucan synthase is located at the
cytoplasmatic 9de. Thus, if only the indgde-out miceles are catdyticaly active (they expose
the catdytic Ste to the buffer containing the substrate) no binding to concanavdin A could be
achieved because the glycosylated parts are indde the micdle. Therefore, no biochemica
characterigtics can be deduced from the fact that the glucan synthase could not be purified by
concanavalin A sepharose.

Some nucleotide-requiring enzymes can bind to Blue Sepharose marices This possbility
was explored for glucan synthase congdering its dependency on UDP-glucose. Some
enrichment was achieved (1.5 fold specific activity) but not enough for purification purposes.
This rdatively low affinity for the matrix could be due to the high K, vaue for UDP-glucose
displayed by the glucan synthase of P. sojae.

Immobilized heparin has two main modes of interaction with proteins. It can operae as an
afinity ligand, as for example with coagulation factors. Heparin dso acts as a high capacity
cation exchanger, due to its anionic sulfate groups. The CHAPS solubilized glucan synthase
euted manly with the washing fractions and only a smal amount was retained by the heparin
matrix, with no increase of specific activity. Thus, heparin chromatography was excluded as
purification method.

Native gel eectrophoress was performed with CHAPS solubilized materid. As shown in
Figure 21, glucan synthase activity is concentrated at the interface between sacking and
separding gd. Smilar results were obtained for the (1® 3)-b-glucan synthase of mung bean
(Kudlicka and Brown, 1997): the calose synthase bardly entered the 6% separating gd while



Discussion 113

the cdlulose synthase was concentrated at the top of the loading wel. In the case of the
CHAPS-s0lubilized proteins of P. sojae, some fluorescence could be observed a the gd
interface as well as a the top of the loading well, but this fluorescence gppeared equaly when
heet-denatured materid was used for eectrophoresis. Thus, in the case of the solubilized
proteins of P. sojae, the fluorescence seen a the top of the 3% gd should be assigned to
ungpecific binding of the dye, possbly to a resdud fraction of the cdl wal of P. sojae that
might be present in the CHAPS-solubilized materid.

Photoaffinity labeling was used by various groups as an atempt to identify glucan
synthases. A 57 kDa peptide of Beta vulgaris was specificaly labded when 5-azido-UDP-
glucose was used (Frost et d., 1990). Severd peptides were labeled in Apium graveolens
(Slay et d., 1992) or Vignia radiata preparations (Kudlicka and Brown, 1997), using the same
photoaffinity ligand. A 55 kDa peptide that copurified with the cdlose synthase of pea was
labded using [a-**PJUDP-glucose as photodffinity ligand (Dhugga and Ray, 1994). By using
5-[3-(p-azidosdicylamide)]dlyl-UDP-glucose labeled with *2°I, a 31 kDa polypeptide was
identified in the immunoprecipitated glucan synthase of Lolium multiflorum (Mekle et 4d.,
1991). But even after years of such reports and further development of other potentia
photoaffinity ligands (Ng et da., 1996), no primary sequence of glucan synthases was reported
until now. This fact, and the rdativdy high K, vdue for UDP-glucose of the glucan synthase
of P. sojae, makes the use of photoaffinity andlogues of UDP-glucose inadvisable for the
identification of the glucan synthase of P. sojae.

Sze excluson chromatography was performed with Superose 6 and 12 columns. The
glucen gynthase ectivity eluted a volumes corresponding to apparent molecular masses
between 1000 and 2000 kDa. These apparent values are at the limit of resolution of these
columns and may represent, therefore, only rough estimates. Furthermore, there is dways the
rik of some atifacts, like protein precipitation during the preparation. This further reduces
the riability of this information. On the other hand, it is known for other (1® 3)-b-glucan
gynthases as well as for cdlulose synthase that they are large multisubunit complexes (Kimura
et d., 1999; Sditrennikoff, 1995), which would make this result gppear redidtic.

Anion exchange chromatography gave a clear increase of gpecific activity (about 6-fold)
with a reasonable tota recovery (50%), big loading capacity and short running times. Taking

these reaults into account, anion exchange chromatography was conddered as a possible
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method for pre-purification. It was, neverthdess, not efficient enough by itsdf to achieve a
purification levd that dlowed the identification of a discrete number of polypeptide

candidates.

A method successfully used in the past for the purification of severd glucosyl transferases is
product entrgoment. An outline of this method is shown in Fgure 37. The technique relies on
the fact that some enzymes have effinity to their own product, and if the product is insoluble,
the enzyme can be enriched by collecting the pelet after centrifugation of the reaction

mixture

UDP-glc Spin

NV

Figure 37: Schematic representation of the product entrgoment procedure. Glucan synthase
(red circles) can be separated from the rest of the proteins (green circles) because its affinity
for the product (black lines). Since the glucan product is insoluble, the glucan synthase
activity isrecovered in the glucan pellet after centrifugation of the mixture.

Product entrgpment was used the firg time for the purification of chitin synthase (Kang et
a., 1984). A 700-fold purification was reported for the (1® 3)-b-glucan synthase of the
ascomycete Neurospora crassa (Awad et d., 1993), but no specific polypeptide could be
assigned as being involved in glucan synthesis.

The glucan synthase of S cerevisiae was purified as well by product entrgpment and the
enrichment of a 200 kDa protein in SDS-PAGE was observed (Inoue et d., 1995). In this
eegant work, Inoue and coworkers demondrated biochemicdly and geneticdly the
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importance of the genes GSC1 and GSC2 (encoding the 200 kDa protein) in the synthess of
(1® 3)-b-glucansin yess.

Product entrgoment was used in this work for the purification of the glucan synthase of
Phytophthora sojae (see section 4.15). After extensve washing, some of the glucan synthase
activity remained in the glucan pdlet. Unfortunatdy, the glucan synthase activity could not be
removed from the glucan pellet, and consequently no protein estimation could be done.
Therefore no enrichment factor could be caculated for the purification. The binding of the
glucan activity was 0 drong that, even after SDS treatment, some protein remained bound to
the glucan pellet (Figure 19, lane D).

Two man proteins were shown by SDS-PAGE to copurify with the glucan synthase when
product entrapment was used for purification (Figure 19, lane B). The larger protein, with an
gpparent molecular mass of 108 kDa, was the only one that could be found in the high
molecular mass range of the SDS-PAGE. The second protein, with an gpparent molecular
meass of 50 kDa, was predominant in the low molecular mass range of the SDS-PAGE.

Product entrgpment performed with materid  pre-purified by anion exchange
chromatography (Figure 19, lane C) showed nearly the same profile as the one performed
directly with CHAPS-solubilized materid. Therefore, anion exchange chromatography was
excluded as pre-purifying method, and preparative product entrgpment was carried out
directly with CHAPS-solubilized protein (Figure 20). Hence, with a dngle purification step
after CHAPS solubilization, two proteins with apparent molecular mass of 108 and 50 kDa,
(caled P108 and P50, respectively) were enriched in a way that they could easily be excised
from SDS-PAGE gdls and delivered for microsequencing.

The amount of P108 present in the preparative gels was close to the limit of detection of the
sequencing methods used. This resulted in a lower rdiability of the sequencing result. In any
case, hine peptide sequences were obtained, with lengths from 8 to 15 amino acids (see Table
10).

On the other hand, the amount of P50 isolated after dectrophoresis was clearly sufficient for

microsequencing.

5.6. Cloning of P. sojae genes

5.6.1. Method vaidation: cloning of the actin cDNA.

The cloning of the cDNA for actin (Dudler, 1990) was performed in order to validate the
qudity of cDNA and PCR techniques. This turned out to be necessary since the accuracy of
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protein sequencing was not high, Phytophthora sojae genome has a high percentage of G+C
(up to 58%, Qutob et a., 2000), and the knowledge on oomycetes genetics in generd is low
(Judelsonet a., 1992).

In P. sojae, the actin protein is encoded by a single gene without any introns. The protein
has a length of 375 amino acids and its sequence diverges remarkably from any other actin
known. It is one of the few middle sze proteins with known sequence in P. sojae (by
checking the data bases via www.nchi.nlm.nih.org). This makes the actin gene an gppropriate
marker gene.

Two oligonucleotides, one starting 56 bases upsiream of the dating ATG, and the other
one, in antisense orientation, 891 bases after the ATG, were used for the PCR reaction. As
template, the cDNA library generated as described in section 3.10 was used. As expected, a
970 bp fragment was generated. The 3°P-labdled fragment hybridized with RNA a the
expected sze for the actin mRNA (1.3 kb, Figure 24). It was concluded that the method is
suitable for cloning genes out of the cDNA library congtructed for this work.

5.6.2. Cloning of the cDNA encoding P103

Cloning of the cDNA encoding P108 using a PCR drategy was unsuccessful. As primers for
the PCR reaction, degenerated oligonucleotides derived from the sequenced peptides were
used.

A firg explanation for the failure of the PCR experiments is the low accuracy of the peptide
sequences and the resulting oligonucleotides. Moreover, the repeated presence of lysine and
seine, amino acids encoded by sx different codons, introduced high degeneration in the
oligonucleotides. This may produce lower affinity of the oligonucleotide primers for the DNA
template.

There is, as wedl, the possbility that not al the peptides sequenced are derived from the
same protein: two or more polypeptides could have the same gpparent molecular mass and be
present in the same band after dtaining the SDS-PAGE gd. Thus in the same piece of
acrylamide gel cut for microsequencing, severad polypeptides would be present, each giving
severd peptides suitable for sequencing. Therefore, two oligonucleotide primers would not
bind to the same, but to distinct genes, and no amplification would be possble in the PCR
experiment.

Another factor that should be considered is the use of Notl redriction enzyme for the
generation of the cDNA that was used as template in the PCR experiments. The recognition
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gte for this endonuclease is GCGGCCGC which is extremdy rare in most cDNAs. But the
high percentage of G and C in the genome of Phytophthora sojae (Qutob et a., 2000)
increases the probability for the occurrence of this sequence, and thus, this 8base recognition
dte could be one or more times presert in the cDNA encoding P108. In this case, the cDNA
would be cut in pieces, and the amplification by PCR would be impossible.

5.6.3. Cloning of the cDNA encoding P50

A 288 bp DNA fragment was generated by PCR when oligonucleotides derived from the
partia peptide sequences of PSO were used. The deduced amino acid sequence of the PCR
fragment showed the presence of some amino acids of the sequenced peptides that were not
used for the generation of the oligonucleotides. This suggests that the PCR product is closgly
related to the gene encoding P50.

The dgnificance of this PCR fragment as pat of the cDNA encoding PSO was further
checked by Northern andyss. A 14 kb RNA was specificdly hybridizing with the PCR
fragment (Figure 27), corresponding to the expected size of a mMRNA encoding a 50 kDa
protein.

The DNA fragment generated by PCR was used as a probe for the screening of the cDNA
library representing activdly growing mycdium of P. sojae. After screening a relative low
number of phages, one podtive phage was detected and isolated. The plasmid pZL-Ps-P50
was obtained after in vivo excison of the podtive phage. This plasmid contains a 1625 bp
long insert (Ps-P50).

Ps-P50 has two ATG codons reatively close to the beginning to its sequence (nucleotides
18 and 96, respectively), both in frame, that could encode the starting methionine. The second
one is dtuated in a Kozak trandation initiation sequence, ANNATGG (Kozak, 1987, 1990,
1991), and because of that it was chosen as starting codon for the heterologous expresson in
yeas. No assumption was taken about which ATG codon corresponds to the darting
methionine, snce not much is known &bout the upstream and non-coding sequences in
oomycetes (Judelson et a., 1992), and the difference in molecular mass of the two putative
polypeptides is not ggnificant. As wdl, nothing is known about the sgna peptides in these
organisms. P30 is likely to be a membrane-bound protein, because it has been isolated from
the microsomd fraction and the deduced amino acid sequence of Ps-P50 has two putative
transmembrane domains. Thus, a sgna peptide should be present for the right locdization of
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the polypeptide within the cell. This information could be ussful to assign the role as darting
codon to any of them.

The deduced amino acid sequence of Ps-PS0 is in agreement with the peptides that were
sequenced. Four peptides can be found in the amino acid sequence encoded by Ps-P50 that are
gmilar to the peptides sequenced from the purified PSO, showing smilaities from 64% to
99% (see section 8.3, figures 42 to 45). In the deduced amino acid sequence of Ps-PS0, dl the
peptides are in frame with each other. This corroborates strongly the conclusion that the four
peptides are derived from the same protein. The PCR fragment is dso present in Ps-P50, with
86.5% identity at the nucleotide level, and 88% at the amino acid level. No gap is present in
the homologous section of the PCR fragment when digned to the Ps-P50 sequence and it is in
frame with the rest of the peptide sequences.

The fact that the Ps-P50 is neither completely identicd to the PCR product, nor to the
sequenced peptides of P50 is ahint that Ps-P50 may be a member of a gene family.

Running a BLAST search, no sgnificant homologies were found a the nucleotide levd. At
the amino acid leve, only one hit with low dgnificance was found: a fragment of the iron
channd multicopper oxidase of Candida albicans shows 37% homology with one third of the
putative protein encoded by Ps-P50 (Figure 32). Because of the low leve of homology, the
presence of severd gaps, and the short length of sequence fragments pared, this smilarity
result may not be dgnificant. However, the fact that the glucan synthase is inhibited by
copper, and, therefore, some binding of copper ions to any of the polypeptide of the glucan
synthase complex should occur, leads to the idea that some sructural motifs could be shared
by both proteins. Although enzymatic activities of both proteins are not related, they could

have in common a copper binding motive or atransmembrane domain.

The Phytophthora Genome Initiative (PGI) provides a data base which presently contains
the sequences of 3126 ESTs of P. sojae. Unfortunatdy, the search dgorithm within this data
base is desgned for nucleotide patterns (e.g., microsatelites or redriction dtes). This means
that only 100% homologies are conddered as a match. Thus, random subsequences of 20 to
25 nucleotides length of Ps-P50 cDNA were used to search the PGl data base. Eight ESTs
were found to have high amilarity to Ps-P50. Whether there are more ESTs with homology to
Ps-P50 4till has to be demondtrated by using a better agorithm.
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The presence of several ESTSs, some with a homology close to 100%, demondrates that
Ps-P50 is a gene expressed in Phytophthora sojae. Moreover, the existence of at least 5
groups of ESTs with different degrees of amilaity to Ps-P50 corroborates the idea of the
presence of agene family for Ps-PS0.

The putative protein encoded by Ps-P50 has a molecular mass of 49,991 Da when trandated
from the firda ATG. This corrdates well with the gpparent molecular mass in SDS-PAGE of
the P50 polypeptide. From the 474 amino acids, 21.4% are serine and threonine. The high
presence of these amino acids is known for protens involved in the metabolisn of
carbohydrates (Erbeznik et a., 1998; Kuranda and Robbins, 1991; Liebl et a., 1997).

Two putative transmembrane domains were proposed in the Ps-P50 protein sequence. This
fits with the finding that the glucan synthase activity resdes in the membrane fraction, not

only in P. sojae, but in dl known glucanproducing organisms.

Heterologous expression was atempted in E. coli and in S cerevisiae. For E. coli, ligation
of Ps-P50 to the expression vector in the right orientation was not possble and the only viable
transformants had the vector containing the Ps-P50 cDNA in the opposite orientation. As both
orientations had theoretically the same probability, the existence of a sdlection factor has b be
assumed. One hypothesis is that the basal expresson of the Ps-P50 gene in the transformants
with the right orientation was lethd for the bacteria, and, therefore, no colony was detected.

Trandormation of yesst with a plasmid condruct containing the Ps-P50 gene was
successful.  After activation of the expresson with gaactose, proteins of soluble and
membrane fractions, from yeast carrying the pYES-Ps-P50 or an empty vector instead, were
separated by two dimensional gel dectrophoress. Differences in the protein pattern between
the pYES-Ps-PS0 carrying transformant and control were detected only in the soluble protein
fraction, in an area of |IEF-SDS-PAGE corresponding to low molecular mass (around 20 kDa)
and low pl (around 4). The low pl correlates with the putetive pl for the Ps-P50 encoded
protein, but not the molecular mass. It was expected that the heterologoudy expressed
polypeptide would be present in the microsoma fraction, since there are two putative
transmembrane hedixes. However, prdiminay sequencing expeiments of the proteins
isolated from two dimensona gels indicate that they ae proteins not expressed in the
untransformed control. The possible toxicity of the expressed Ps-P5S0 protein in bacteria may
be correlated with the presence of these new polypeptides in the transformed yeast, Since they
could be agtress response in yesst.
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No additiond glucan synthase activity was detected in the transformed yeadt, in both
microsome and soluble fractions, when compared with the control. This is not very surprisng
if it is taken in account tha glucan synthess probably resides in a complex of severd
polypeptides and, so far, no functional heterologous expresson was reported for any of the
known glucan synthases. Moreover, it is not guaranteed that the expressed polypeptide has the
right folding and pod-trandationd modifications (like glucosylation or myristylation), even
when usng an eukaryotic system. And further, it has to be taken into account that PSO may
not be related to glucan synthase activity at dl, but it was smply copurifing.
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5.7. Outlook

In this work, a cDNA coding for a 50 kDa protein was isolated. PS5O was co-purified with
the glucan synthase activity by product entrgoment. The bads of this purification method is
the affinity to b-glucans and, therefore, other proteins with gmilar affinity but different
function could co-purify with the glucan synthase. It would be intereting to assgn a
physiologicd role to P50. This could be achieved by generation of antibodies againg the
polypeptide and performing experiments with the purified materid, like immunoprecipitation
of the glucan synthase activity and inhibition of the glucan synthase activity. Moreover, the
use of specific antibodies would dlow the immunolocaization of P50 within the cdll.

For the generation of antibodies, it would be helpful to design and use a better heterologous
system, such as the use of a fuson protein for purification of the recombinant protein, or the
use of other eukariotic systems than yeest.

It would be interesting, as well, to sudy the expresson of the P50 at different life stages of
P. sojae, aswdl as during the plant infection.

A dgnificant amount of genetic information about glucan synthess has been generated in
other organisms. Mogt of it is from Saccharomyces cerevisiae, ascomycetes or imperfect
fungi. Although beonging to a different kingdom than Phytophthora sojae, this information
could be used for the generation of specific genetic probes that might lead to the identification
of rdevant genes. This information could be combined with the EST sequences in order to
assign candidates involved in glucan synthesis.

It was demongtrated in this work that the Ps-P50 cDNA, that encodes the 50 kDa protein, is
part of a gene family. It would be of interet to identify from the cDNA library other members
of the family, and look for different expression patterns and functions.

In this work, it was not possible to clone the gene that codes for the 108 kDa polypeptide.
The man obgacles gppeared to be quantity and purity of the sample, as wdl as certan
properties of the protein, such as its hydrophobic nature. Another possble reason for the
falure in doning the cDNA encoding the P108 was the low reliable peptide sequences
provided by Edman degradation. The use of other protein sequencing techniques like tandem:
MSMS, with better resolution (Andersen and Mann, 2000), could help to get more rdiable
sequences using even lower amounts of purified protein, making the reverse genetics a

promising gpproach.
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6. Summary

Glucans, with the (1® 3)-b-glucogdic linkage as magor fegture, are present in most of the
higher plants, in many lower plants, as well as in microorganisms (Stone and Clarke, 1992).
The synthesis of (1® 3)-b-glucan in vivo is catdysed by the enzyme (1® 3)-b-glucan synthase
(EC 2.4.1.34; UDP-glucosz1,3-b-D-glucan 3-b-D-glucosyl tranderase) usng UDP-glucose
as substrate. The (1® 3)-b-glucan synthase was characterised in a number of fungi and plants,
but not much work was done with oomycetes (Stone and Clarke, 1992), even though one of
the ealiet successful in vitro assays for glucan synthase activity was done using
Phytophthora cinnamomi (Wang and Bartnicki-Garcia, 1976, Selitrennikoff 1995).

In this work, the glucan synthase of the oomycete Phytophthora sojae was characterised,
solubilized, and patidly purified, and the cDNA for a protein co-purifying with the glucan
synthase activity was cloned.

The glucan synthase of P. sojae had severd features tha distinguish it from what is known
for glucan synthases from fungi and plants (cdlose synthases). Its gpparent K., vaue for
UDP-glucose was higher than reported for other glucan synthases. The activity was GTP-
independent and shown not to be activated by divaent cations like Mg?* or Ca?*, and shown
to be inhibited by some others, like Cu** or Zn?*. Some of these properties are shared with the
glucan synthase from Achlya ambisexualis (Cabib and Kang, 1987), an organism that belongs
to the same kingdom as P. sojae: the Chromista.

It was also demongtrated by NMR andyss and enzymatic degradation that the sole product
of the CHAPS-solubilized glucan synthase of P. sojae was composed of long linear (1® 3)-b-
glucan chains.

The glucan synthase was purified by product entrapment. Two proteins, with apparent
molecular masses of 108 and 50 kDa, were enriched and microsequenced. With the
degenerated oligonucleotides derived from the sequenced peptides, PCR experiments were
peformed usng as a template a cDNA library of activedy growing P. sojae mycdium. No
pogtive result could be obtained by usng the oligonucleotides derived from the 108 kDa
protein. In contrast, a full length cDNA (named PsP50) was cloned, usng the
oligonucleotides derived from the 50 kDa protein (P50). The deduced amino acid sequence of
Ps-P50 cDNA contains sequence motifs homologous to the peptides sequenced from PS0.
This cDNA encodes a protein with a molecular mass of 49.991 Da with no homology found
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in the data bases. Diversty between the PCR product and the cDNA clone, and various
different homologous ESTs indicates that Ps-PS0 is amember of a gene family.
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Zusammenfassung

Glucane mit hauptsachlich (1® 3)-b-glycoddischer Bindung kommen in den meden
héheren und niederen Pflanzen vor, ebenso wie in Mikroorganismen. Die Synthese wird in
vivo durch das Enzym (1® 3)-b-Glucansynthase kataysiert (EC 2.4.1.34;UDP-Glucose1,3-b-
D-Glucan 3-b-D-Glucosyltranderase), das UDP-Glucose ds Substrat verwendet. Die (1® 3)-
b-Glucansynthase wurde beréts in enigen Filzen und Pflanzen charakterisert, doch bisher
wurde noch wenig mit Oomyceten gearbeitet (Stone and Clarke, 1992), obwohl ener der
eden efolgreichen in vitro-Tests auf Glucansynthase-Aktivitét in Phytophthora cinnamomi
durchgeftihrt wurde (Wang and Bartnicki-Garcia, 1976, Sdlitrennikoff 1995).

In der vorliegenden Arbet wurde die Glucansynthase des Oomyceten Phytophthora sojae
charakterisert, solubiligert und tellweise aufgereinigt. Darlber hinaus wurde die cDNA fir
en Protein kloniert, das zusammen mit der Glucansynthase- Aktivitét aufgereinigt wird.

Die Glucansynthase von Phytophthora sojae unterscheidet sch in mehreren Eigenschaften
von denen aus Pilzen und Pflanzen (Cdlose-Synthasen). Der scheinbare K-Wert fir UDP-
Glucoe ig¢ hoher ads be anderen Glucansynthasen berichtet. Die Aktivitdt i GTP-
unebhéngig und wird nicht durch zweiwertige Kationen, wie Mf* oder Ca*, stimuliert und
durch enige andere, wie CU#* oder Zn?*, inhibiet. Einige dieser Eigenschaften findet man
auch be der Glucansynthase von Achlya ambisexualis (Cabib and Kang, 1987), einem
Organismus, der dem sdben sysematischen Reich angehdrt wie Phytophthora sojae, den
Chromista.

Es wurde auch durch NMR-Andyse und enzymatischen Abbau gezeigt, dald die CHAPS-
solubiligerte Glucansynthase von Phytophthora sojae ds enziges Produkt lange lineare
(1® 3)-b-GlucanKetten hervorbringt.

Die Glucansynthase wurde durch ,product entrgpment” aufgereinigt. Zwe Proteine mit
scheinbaren relaiven Molekuarmassen von 108 kDa und 50 kDa wurden angereichert und
der Mikrosequenzierung unterzogen.

Mit den aus de Mikrosequenzierung erhdtenen  Oligopeptid-Sequenzen  wurden
degenerierte Oligonuclectide entworfen und in PCR-Experimenten mit einer cDNA-Bank aus
wachsendem Phytophthora sojae-Mycd eingesetzt. Nach Einsaiz der vom 108 kDa-Protein
abgdetet Oligonuclectide konnte kein podtives Ergebnis erzidt werden. Oligonuclectide, die
Peptide des 50 kDa-Protein (PS0) représentierten, fuhrten zur Isolierung einer  cDNA-
Vollangenklons fir das Ps-P50. Die Aminosduresequenz, die sich von Ps-P50 cDNA ableitet,
wels Homologie zu den sequenzierten Peptiden aus PS5O auf. Die cDNA codiet fur en
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Protein mit der molekulalen Masse von 49,991 Da, zu dem keine Ahnlichketen in den
Daenbanken gefunden wurden. Abweichungen zwischen PCR-Produkt und dem cDNA-
Klon, sowie Homologien zu verschiedenen ESTS, weisen darauf hin, dal3 Ps-P50 ein Mitglied

aner Genfamilieid.
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8. Appendix

8.1. P. sojae EST sequences

10-10f-my

AATTCGGCACGAGGT TACGCCGGACGGT GATAACT GCACT TTCAGCTACAAGAT TCTGGEGCTACCTGA
ACAT CGACGACCT GGT CGECAT CACGGAGAT GGECTACAGCAACT ACACGGAGT TCTGCGAGGACGGT
GGCGT GGAGT TCAAGGCCACCAACACCGGECAGT GECT TCGAGGT GGACGAGECCATTGACT TCTGECT
GAACCCGEGT GACGAGGACGCCAACT CGAACCGCACT ACCAT CATGGT GGAGAT GTACAACGAGCTGC
CAAGAAT GGCACGAAGCGAGAACAT GGAACCGCT TCCCGT CGGT CGATACCT GACGT CGGCCAACCCC
AAATGCTACGAAAACAAGCGCT TNCT TGCGCCAACTNGCAATACGGNT TGAACCCCACGCTTTACTTC
GCAAGATCTTGCGCCCGT GT GCTCGT CGGAT GCCCGACGEGT TGCGAGBCCGCTCCCTTCGTCCTTCTC
GITCCCGGAAGCTGACGCTTGCCTTTTTAACTNT TTCGT CGGACGEGT TGT CGGAACTNGAACCAAAA
ACCGGGT TCTTGGEGCAAGCCCGATGACT TGENAACATTACCT TNTTGCCGT TTGGECCT TTGNGGEECC
ATGGTCNNCAAACAANCCT TGT TGNAAAACCGNGGGEENAT TTTGENCAT TGACAAT TTGAAGGNT CAAN
GGGNCT TGNAAAAANCCCCCCCCT TTTNGNANNNGGGGGAAANGGANAAACCCT TNGNAATTGT TTGG
GGCCTTANCCCCCT TTGGENANNNNAT T TNNNAANGGGNT TGGT TTNT TGGNAAT TNAAAANNAAAACT
NAANNT TCCCGGT T T TGNAAAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
INININNININININNININNININNNNNNNNNNNNNNNNAAAAANNT NNNNAAANNNT TTTT TNAAAGGGGEENNNNGG
GNCCCCCNNNNNTTTT TNCCNCCCCNGGEGEEEEEEENCCCCCNNNNAANNNNNCCCCNANTNNCCCCCN
TNNNNGGGGGEEENNNT TNAAAAANNAANNGGEGENNNNNGNNT TTNAAAANNNNNNNNNNGGGGAAAAAA
NCNNGGNNNNCCNNNNT TAANNNNT TNNNNNAAAAANNCCNT TTTTNNNNNNNGGGNNNAAAAAAAAA
ANNNNNNNNNNNNNNNNTTTNNAAAANNNNNCNNNNNNNNNGNNNANGGNANNNNNNT TTNNNGNTNA
NTTTN

10-11g-my

AATTCGGCACGAGCAT CAACGT GAACGAGCAGT CGGT CAAGT GCCACCGCAAGAACGACATGCAGTAC
CGTCGTGI' TCTACGAGATCACCAT CGT GCAGCCGACGT ACGGECAT CAAGT ACTACGAGAGCCACACGC
CTNCGGAGT ACGGECGAGT TCGT GECCAT GGACGGECGECCAAGT GCACGGACGAGEGECGACGACATTTCC
GAAGACT GCAAGGT CTACTACGGT CTGGACGGECCAGAT GGACAT TGANCCTACCGT GGGAAGCAACCT
GCAGACGT CGGACCCGECGECECCCCGT ACCCCGECAACT ACT GGT TCTNATACCCCAACT CGTGCGCGC
AGGAGCT TCGNGCCGACAAGACGCGACGAGT GCCONGCCGAGT ACCCT GECGGT CTGT GCGCCAT GGEGT
GITACGCCGGACGGT GATAACT GCACT TTCAGCTACAAGAT TCTGEGECTACCT GAACATCGACGACCT
GGT CGANAT CACGGAGAT GGGCTACAGCAACT ACACGGAGT TCTGCGAGGACNGT GECGT TGGAGI TC
AAGGCACCAACACCNGCAGT GGCTTCTANGT GGACGAGGCCATTGACT TCTGECT GAACCCGEGT GACG
AGGACNCCAACTNGACNGGACTACAT TATGGT GGAGAT TNAACNAGCT GGCAAAAT GGACGAGGANAC
ATGAACCGT CCGTGGT CGATACCT GACT GGCAACCAATNT CAGACAGT TGGT GGCAGTNGATCGGTGA
CCNANTGATNGAAT TGCCTGGT CGCGATGCACGT GAGCCGTCTNCT TGTCGATNNTCGNTTATTTTGCG
TGGTAAACGT TTGACTATGAAATTNT TGCTGNTGCANCNTACGGT TCTNTNTAGT GANCT TANGAGNC
TNTTGTCTGATAGTGTATAGAA
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11-3h-z0

AATTCGGCACGAGCCAAGT ACGECGATACCAAGGAACAGCAGTACGT GAACAACCT GGACACGGT CAA
CATGGCGT CCGT GGAGGGECGCGECT CATGTACGT GCAGGECCGAGGGECAT CAACGT GAACGAGCAGT CGG
TCAAGT GCCACCGCAAGAACGACATGCAGTACGT CGT GT TCTACGAGATGATCATCGT GCAGCCGACG
TATGGCATTAAGCACTACGAGAGCCACACGCCT CAAGAGT ACGGECGACT TCGT GGECCATGGACGGTGC
CAAGT GCACGAACGCCGGAGAGGACCT GCCCCAGAGCT GCAAGT CGTATAACGGT CTGGACGECGAGA
AGCGCAT TGECCCCGT GGT GEECT GCAACCCGCAGGGAT CGGACCCGCGECGECGCCATACCCCGECAAC
TTTTGGT TCTCGTACCCGAACT CGT GCGT GCAAAAGT ACCGAGCGGAGAAGACCGACCAGT GCCGTGC
GGAGT TCCCGGGAGGECCT CTGECCCAT GGGAACGCAACCT GACGGNGACAAAGT GCACCTTTAGCTAC
AAGAT CCTGGGECT TCTGAACAT CGACGACCT NGT GGGCATNANCAAGAT GGCT TNAACACATACCAAC
AATTTNTGNGAAAAT AACGGECGT GGAGT TNAAGGCACNAACACT G

5-8d-zo0

AATTCGGCACGAGGAACGACAT GCAGTACGT CGT GTTTTACGAGAT GACCAT CGT GCAGCCCACGECT
TCGGTCAAGTACTACGAGAACCACAACCCGCT CGAGT ACGGCGACT TCGEGECCAT GGACGGECGCCAAG
TGCACGAACGCCGGECT CGGACCT GCCAAGAGCT GCAAGCT CTTCTACGGECCT GGACGGECGT GCAGGAC
ATCGGECCCGAACGT CEECT GCAACCCGECAGEECT CGGACCCGLCGCECCCCGTACCCGAACAACTACT G
GTGCTCGI TCCCCAACT CGT GCGCGCAGAAGT ACCGCAACGACAAGACGGECCGAGT GCCGCGCGCAGT
ATAAT GECGECCT GI GCCCCAT GGGCACGCAGCCCGACGGT GTCAAGT GCACGTACAGCTACAAGATC
CTGGGT TACCTNAACAT CGACGACCT GGT GGGCATNACCAAGAT GGGCTACAGCAACTACCAGCAGTA
CTGCAGGCCGECGECAT CGAGT TCAAGGNCCGNAACANCGGECCGCGAENT TCGAGGT GGAGCAAAGCAT
NGACTTNTTGGAAGAACCCT GEGCGACCAGAACGCCAACGCGNAANCGGEECNGECCAAT TTGGTGGTCG
AACT TNTNACCCAGGATNGGT CAANAACGGEGECCGGAAACCCCNAACANT GAAGCCCCCCT TGGCCAA
GCCCGT TTTTTGAAGNCCT TNAACCGGEGEGEEEECCNAAANCCCCCAAAGT GGGNT TACCCAGGAAACAA
AGGGEECCCCCT GGTGGT TGCCNCCGCCGECCCNAAAGGT ANCCGGGENT TGECNAAATNCGENT TTTGG
GNTTGGGAACNT TNNNCNAAAAAT TTT TGGCCACCNGGEGT TTTTGEGAAAAAGCGECCCCCCCCGEGAA
AACCGGEGENT TTTTCCNAAAGGEEECCCGENCCCCCCCANGEEEEENATAACAACCGNT TTTCCCCCAA
AAACCT TGGGNAAAAANGGCCNT TTTTGGEGENAATCCNAANCNT TGNAAAANNTNNNT TTTGEGTCCC
NGGGTTTCCTTAAACCNNAAAANGGCAT TTGGEEEGGACAANT TTTNAAAGGENCT TGGGNT TTTAANC
GGGGANNTNNCCCCCT TTAAAAAAAAANT TTCCCT TAAGCCCT TGNAAAT TNGNAANT TTNGGGNCCC
TGGNAAAAAAAAAAANAAAAAAACCT NGGGAGGECECCT TTTTNAAANGGGECCCGEEECCCCTTGANTTT
TTNANCCCGGNGGEEEENCCCCNNAANGGGECCCCAAT TGCCCT TTTNGNGGGEGENT TTNAAANAANGEEG
CGGNTTTTAAAANNGNANT GGGAAAACCT GGGT TNCCCAAT TAAANNNT TGGGAAAAACCNT TTTNNA
NNGGGGANNAAAAAAGNN

6-5Sh-ha

AATTCGGCACGAGCGCAGACAT CGCTCGGT CTACCTACTGTAGT CTTCCAGT CCACT TACAGCAAGGA
TGTGGECGT CCCT TCGGTCTCGT GT GCT TCCT GCTGGEGECAT GCCCCT CAGCT CCECCGCCGACCT CAAG
ATGGCCGT CACCAAGT CCTCEECCGCCACCACCACCACAGCCGEECT CEEECT CCGCGECCACCT CCGG
CACCGT GACGGECGT CGT CGECCGCCACCACGCAGGCCAGCGEECT CGT CGT CGCT GGCCGCGECCAACA
ACGGECT GGACCAT GAAGGECCGT CACGT CCGT GCAGECGCAECGT GCAGEGECGACGCCCCCGT GTGGAAC
GAGGAGGCCAAGCT CTGGECT GT CCAAGT ACGGCGACACGACGGAGCT GGCGTACATGAACAACCT GGA
CACGGT CAACACGGECGT CCGT GGAGGEECECGCT CAT GT ACGT GCAGGCCGAGGEGECATCAACGT GAACG
AGCAGT CGGT CAAGT GCCACCGCAAGAACGACATGCAGT ACGT CGT GT TCTACGAGATCACCATCGT G
CAGCCGACGTACGGNAT CAAGT ACTACGAGAGCCACACGCCT TCGGAGT ACNGNGAGT TCGTGGCCAT
GGACNGGGECCNAGT GCACGCGACGANGGECGACGACAT TTCCGAAGACT GAAGGTNTAT TACGECTGGAC
GENGAG
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3-8h-z0

AATTCGGCACGAGGCCGCGECGCAGT ATAAT GGCGECCT GTGCCCCAT GGGCACGCAGCCCGACGGT GT
CAAGT GCACGT ACAGCTACAAGAT CCTGGGT TACCT CAACAT CGACGACCT GGT GGGCATCACCAAGA
TGGECTACAGCAACT ACCAGCAGT ACT GCCAGGCCGECGECAT CGAGT TCAAGGCCCGCAACACCGEC
CGCGECTTCGAGGT GGAGCAAAGCAT CGACT TCT GGAAGAACCCT GGCGACCAGAACGCCAACGCGAA
CCGCGCGECCCAATTGGT GT CGACCT AT AACCAGAT GGT CAGCAGCGGCCGCAACCCCAACATGAGCC
CCCT GCCAGCCGT CTCGAGCCT CACCGCGGECCAACCCCAAGT GCTACCAGAACAGCGCCGTGTGTGCG
CGCGCCAAGT ACGGT TGCAGT CGCTCGCTGT ACT CGCAGAT GT GCACGGT TTGCAACGCCCCCGGAGC
GGGT TGCGAGGCCGCCCCGCGEGATACACGT TCCCAACCT GTAAATGCAT TTGGGAT CGAGCTGAACG
TCGCTCGT CCGGT TCTACAGAATGCATCGT GGACAT TTCAATGACT GATTAGCGGCAGTACGCTNAAA
ATCTACATAGCATGAAATCAGACT TGTACT GAAAAAAAAAAAAAAAT CGGAGT CTTTAANGGCGNGCC
ATGATTCACCGT GGNNCAGTAATTCCAATNGCTTATNGTI GT

7-2f-70

AATTCGGECACGAGCGECGECGAACT CGAGGECCGECTACCT GAGCGCCAT GGACACGGT CAACACGEECG
TCCGT TGAGGGECGECGCT CATGTACGT GCAGGECCGAGGGECAT CAACGT CAACGT GCGCGCGGACGAGGA
GCGCTGCGAGCGT AAGT CGEGCATGECCAACATCGT CTTCTACGAGGT CATTATCGCGCAGACCAACG
AGACGCT TGCCCAGT TCCAGGACT CGT GGEECAAGACGCCCGAGT ACGEECCCATGCTGCCCTTCTGG
GAGGACCCGCT CAACT CGACGGCCAACGCT GCGCGCGECT GAGECCGT GGT GGCCAAGT ACGAGGAGAT
GCTCAAGT CGEECT CGACGCAGAT CGAGGACT CGCTGAT CCAGGCCT TCAAGACGCT GCCACCCCCGA
GGAGCT CGCTGCTGCAACCCGCCT TGCT TCAT GACGGT GGAGGCCT GCGGECT CTGGCAACGGATGCAA
GCGCGT TGECTACT CGCAGCT GT GCCCTGACCT TCACGACT GCATTCCGT CGCAATCGGACT TTTGAA
CCGCTGTGCTGECCCTTGTAGAAGCTTGAT TAGNAAAGAT GATGAT CAAGAAGCGAAT CCGAANAAGG
AAGCCCTGGAACT TCGAATCCGAATGT TCCAATTTTCGGECTTTNCCGAGCCTTTTTGGACAAGGT TAA
AAAAAAAAAAACGNT TTTNANT TGGTCCGAAGNT TTNT TTTNNNNNNNNAAAANNNNNNNNNNNNNNNN
INININNININININNININNINNNINNNNNNNNNNNNNNNNNNNNCCCCT TCGNGENAGGT TCCCTTTTTTAANAAAG
CGEECCCCEEEEEECCCCCCAAT TGGANT TTTT TNCCANNCCCCGEEENNGEEEEET ANCCCCAGEET
NAAAGGGEGT TNCCCCCCAAATTTNGGCCCCT TTTTAAGGGEEENGGENNNGNT TTTTANCAAANT TNAAC
TTGEGENCCCGENNNT TTTTTAANAAACCNT NNNNGNAACT NGGGNAAAAAANCCCTNGGGEEEGT TTCC
CCCAAAANT TAAAT TGGNCT TTGCGAAAAAAAAAT CCCCCNT TTTTNNCCAAANT GGGGGT TNAATAA
NCCAAAAAAGGGCCCCCNANCCNAATNGCCCTTTTCCAAAAAAT TTGNCCCANCCCTNAAAGGGGNAA
ANGGGGAAANCCAANT TTTNAAGGGEEGENT AAAGCGEGGAAAAAACCCGEENNNT AAAAGGEGEEEEEENT
TTTAAAAANANAAGCCCCAGGGT TTTTTTAGGENCCCCNAACCT CNAAANNGGGNT TGGANAAAAAANN
CCTCCCCATTTGGEEEGTTTTTTTTTAAAAACNCCCACCT CCCGGAACNNAAA

7-3e-70

AATTCGCGECACGAGCT CACGT ACCCGT CGGACT CGT TCCACAT GCCCCCGGT GCGCGECCGT GCACGCTC
GT'GT TCAGAGCGACGCCCCTATCCTCGT CGACGGT GTGT TTGTI CTCGAGCT TCGECGECGECGAACTC
GAGGCCGECTACCT GAGCGCCAT GGACACGGT CAACACGECGT CCGT TGAGGGECGCGCTCATGTACGT
GCAGGCCGAGGGCATCAACGT CAACGT GCGCGCGGACGAGGAGCGCT GCGAGCGT AAGT CGEGCAT GG
CCAACATCGTCTTCTACGAGGT CATTATCGCGCAGACCAACGAGACGCT TGCCCAGI TCCAGGACTCG
TGGEEECAAGACGCCCCGAGT ACGEGECCCAT GCTGCCCAT GGACAGCGEECCGCTGCACGECCCCT CTCAEG
CGACGACGACT TTCCCGCCGEECT GCCTGCAGT TCAACGECGACGACGACCAGCCCAACGT CGECCCGT
TCGT GEECCECEECAT CAAAGGACGACGACGT GCECGCECCCTACCCCGACAATTTGITTTTCTTTCC
GAGCACGT GT TCCGCT GGAAGGCT GGEGECGACAAGACGGACGAAT GCCGCAAT AGCACGCGCAAGEEC
TGTGCGCCTACCECAGGEECCCGACGENGT GGACT GACCT TTGCCTACAAATCTTTGEGT GEGTGACA
TCGACACATTNTGGGATTACGGCATTGAGAACCT GAACCGGAT TCACGT CGCAACT TACCGAGT GTGA
ACGCCGACT NGAACANACCANT TNCCGCGANCNCCAGGCENGAATGANACGGT TGCT TTTNGAGGACCG
TANT GACGCAAGNT GNGNTAGCNGNGCANACAAGAGT GTAAGCGGT TACAATCNNGATTNTTNCCAGC
TTAACTGCNCCCAGAGTNTTTTCAACCCT TGT TATTAGGGGNGCTNNT TTNGANGATNAACCTTGI TN
TNAATTNCNT TATNCAAGGGENAAGGT TGNAATGNGNNGGGNT TATTCCCCTTTGAAGGT TTNNCCT T

GGNAAAGAAAAAAAAT TGEEG
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8.2. Two dimensional gel eectrophoress

low pl high pl

high MW

Figure 38: Two dimensona ge dectrophoress of proteins from a microsoma fraction of
yeast transdformed with the empty vector pYES2. IEF was performed at the horizontal axis and
SDS-PAGE a the verticd axis.
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low pl high pl

high MW

low MW

Figure 39: Two dimensonad gd dectrophoress of proteins from a microsoma fraction of
yeast trandformed with pYES-Ps-PS0. |IEF was performed a the horizonta axis and SDS-
PAGE at the verticd axis.
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low pl high pl

high MW

low MW

Figure 40: Two dimensond ge dectrophoress of proteins from a soluble fraction of yeest
transformed with the empty vector pYES. |IEF was performed at the horizonta axis and SDS-
PAGE at the vertical axis. Selected area (dotted square) is presented in Figure 35, pand A.
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low pl high pl

high MW

Figure 41: Two dimensonad ge dectrophoress of proteins from a soluble fraction of yesst
transformed with pYES-Ps-P50. |IEF was performed at the horizontal axis and SDS-PAGE at
the vertical axis. Selected area (dotted square) is presented in Figure 35, pand B.
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8.3. Sequence alignments

Score = 34.6 bits (74), Expect = 3.0
Identities = 10/11 (90%), Positives = 11/11 (99%)

Ps- P50: 90 VQARVQGDAPV 100

+QARVQGDAPV
igar: 3 | QARVQGDAPV 13

Figure 42: Alignment of the derived amino acid sequence from Ps-P50 and the “igar”
peptide.

Score = 49.9 bits (110), Expect = 7e-05
|dentities = 14/18 (77%), Positives = 16/18 (88%)

Ps-PS0: 177 KYYESHTPPEY GEFVAMD 194

KYYE+H P EYG+FVAND
yen: 1 KYYENHNPLEYGDFVAMD 18

Figure 43: Alignment of the derived amino acid sequence from Ps-P50 and the “yen” peptide

Score = 21.8 bits (44), Expect = 20959
Identities = 8/13 (61%), Positives = 10/13 (76%)

Ps- P50: 320 KATNTGSGFEVDE 332
KA NTG G EV++
eve: 1 KARNTGVG EVEQ 13

Figure 44: Alignment of the derived amino acid sequence from Ps-P50 and the “eve’ peptide
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Score = 15.2 bits (28), Expect = 26316
|dentities = 7/14 (50%), Positives = 9/14 (64%), Gaps = 1/14 (7%)

Ps- P50: 38 TSTTAGSG SSGVV 50
+S T+ G SGW
sat: 2 SSATSNPGAI SGVV 15

Figure 45: Alignment of the derived amino acid sequence from Ps-P50 and the “ sat” peptide
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8.4. Detergents

CHAPS
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Figure 46 Chemica sructures of detergents used for glucan synthase solubilization.
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