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Abstract

An extracellular serine protease, designated Pyrenopeziza brassicae serine protease 1 (Psp1), was purified by a combination of ammonium

sulphate precipitation and fast protein liquid chromatography (FPLC) to yield a single 34 kDa band on SDS–PAGE which showed

proteolytic activity following renaturation. The N-terminal sequence of the purified protein was similar to that of several fungal serine

proteases, with the highest identity (84% over 13aa) with PrtA from Aspergillus nidulans. The effect of protease inhibitors on Psp1 confirmed

that it is a member of the subtilisin (S8) family of serine proteases. Characterisation of Psp1 activity on a range of synthetic di- tri- and oligo-

peptide substrates indicated mixed trypsin/chymotrypsin specificity. A renaturable 34 kDa protease, corresponding to Psp1, was observed in

cotyledons 7 days and 13 days post infection with P. brassicae.

q 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Light leaf spot disease, caused by Pyrenopeziza brassi-

cae Sutton and Rawlinson, is one of the most damaging

diseases of winter oilseed rape (Brassica napus L. ssp.

oleifera (Metzg.) Sinsk) in the UK [10]. P. brassicae is a

heterothallic discomycete member of the Ascomycotina

with two mating types designated MAT-1 and MAT-2

[35,36,37]. It displays many features in common with

biotrophic pathogens in the early stages of infection,

maintaining a stable co-existence with the host with a

balanced physiological relationship and no evidence of

disease symptoms [2]. At present no complete resistance to

light leaf spot disease exists and effective control of the

disease depends upon the application of fungicides in

November shortly after initial infection has occurred in the

autumn [15,28].

A programme of research was undertaken to understand

the biology of light leaf spot disease and to identify key

elements of pathogenicity as potential targets for novel

control strategies. There is evidence that P. brassicae

requires an extracellular cutinase encoded by Pbc1 for

direct penetration of the susceptible plant host cuticle [7].

Following entry into the host the fungus grows almost

entirely sub-cuticularly, with little or no penetration of cells

within the epidermis and mesophyll [2,27]. Investigation of

the role of extracellular enzymes which might facilitate

growth in planta provided evidence for the requirement of

an extracellular protease in the pathogenic interaction [3].

The serine proteases of the subtilisin (S8) family include

several proteases that have been proposed to play a role in

host: pathogen interactions. Examples include the insect

cuticle degrading protease of Metarhizium anisopliae [38],

the nematode egg degrading basic serine protease of

Paecilomyces lilacinus [5], the possible cuticle degrading

serine protease PII of Arthrobotrys oligospora [1] and the

elastinolytic protease, ALP, of the invasive pulmonary

aspergilliosis pathogen Aspergillus fumigatus [29]. Bac-

terial proteases implicated in pathogenic interactions of

plants include the metalloprotease of Xanthomonas cam-

pestris [9] and the extracellular protease, Prt1, of the soft rot

pathogen Erwinia carotovora subsp. carotovora [20].

Correlation between proteolytic activity in culture and in

infected plant material has been shown in several phyto-

pathogenic fungi [22]. Secretion of an acid protease by

Fusarium sp. [41] and Monilinia fructigena [13] during

infection of maize seedlings and apple fruits, respectively,
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the secretion of a metalloprotease from Uromyces viciae-

fabae early in infection of bean [25] and the early

expression in planta of SNP1, an alkaline protease from

Stagonospora nodorum [6] suggest that proteases may have

a role in pathogenicity. Many plants produce protease

inhibitors (PI’s), which in general, while active against

insect and microbial proteases, are rarely active against

plant proteases [30], providing evidence that plants have

evolved mechanisms to counteract the action of pathogen

proteases [31]. However, in the limited cases where

disruption of the corresponding protease gene has been

sought to establish whether there is a role of the protease in

fungal diseases of plants, the results have been inconclusive.

For example disruption of ALP1 from Cochliobolus

carbonum resulted in mutants that were indistinguishable

from the wild type for in vitro growth and disease

phenotypes [23].

There are over 20 families of serine proteases known,

with the best characterised being the (chymo)trypsin and

subtilisin families [33]. P. brassicae has at least two serine

proteases. Psp2 (Pyrenopeziza brassicae serine protease 2)

encodes a serine protease, which is not extracellular and is

likely to have a house-keeping role within the fungal cell

[18]. Here we describe the further characterisation of the

extracellular protease originally reported by Ball et al. [3]

and now designated Psp1 (P. brassicae serine protease 1).

We describe a strategy for purification of Psp1 to

homogeneity following which the N-terminal sequence

was determined and the catalytic properties of Psp1

analysed. The presence of the extracellular protease Psp1

was studied during infection of oilseed rape cotyledons by

P. brassicae.

2. Materials and methods

2.1. Fungal and plant materials

Isolates JH26 and NH10 of P. brassicae Sutton and

Rawlinson sp. nov. (anamorph Cylindrosporium concen-

tricum) used throughout this study were from the culture

collection in the Department of Plant Sciences, University

of Cambridge. JH26 (MAT-1) was a single-spore isolate

taken from oilseed rape in Derbyshire in 1983; NH10 (MAT-

2) was a single spore isolate taken from oilseed rape in the

ADAS region in 1983 [34]. Isolates were routinely sub-

cultured onto 3% MA (3% Malt extract (Oxoid), 1·2% bacto

agar (Difco)).

For the production of fungal mycelium and spores, six

blocks of sporulating mycelium (1 £ 1 cm), avoiding

underlying agar, were macerated with a pestle and mortar,

and resuspended in 3 ml sterile water. Two hundred

microlitres of the macerate suspension were inoculated

onto 15 cm petri plates containing 3% MA and spread

evenly over the surface. Plates were incubated at 158C for

15 days.

Oilseed rape (B. napus L. ssp. Oleifera (Metzg.) Sinsk)

cv. Shogun was obtained as seed from the National Institute

of Agricultural Botany (NIAB), Cambridge.

2.2. Fluorescein isothiocyanate-casein assay (FITC-casein

assay) for protease activity

An FITC-casein assay based on the method of Twining

[40] was used to measure protease activity during

purification. Trypsin (Sigma Chemical Company, Type I)

was the arbitrary standard and linearity of the assay was

confirmed up to 100 ng of trypsin. One unit of protease

activity was defined as the amount of enzyme required to

release the equivalent amount of FITC from FITC-casein as

1 ng of the trypsin standard. Protein concentrations were

determined using the Bio-Rad protein assay kit (Bio-Rad,

UK) following the manufacturer’s instructions.

2.3. Microtitre plate protease assay using serine

protease substrates

A plate assay for proteolytic activity based on

the use of synthetic peptides with the chromogenic

leaving group p-nitroaniline was developed to analyse

the preferred sisscile bond(s) and flanking residues of

the substrate. The substrates N-benzoyl-val-gly-arg-p-

nitroanilide (Bz-val-gly-arg-p-NAD), Bz-DL-arg-p-NAD,

Bz-gly-gly-leu-p-NAD, Bz-phe-val-arg-p-NAD, N-succi-

nyl-ala-ala-pro-phe-p-nitroanilide (Sc-ala-ala-pro-phe-p-

NAD) and Sc-ala-ala-ala-p-NAD, all susceptible to

proteolysis by serine proteases, were analysed. Assays

were performed in triplicate in 200 ml reaction volumes in

flat-bottomed microtitre plates (Immulon II, DiaTech) with

between 100 and 200 ng of purified protease per assay in

20 mM Tris–HCl pH 7·5 containing 10 mM MgS04, 50 mM

KCl and 10 mM CaCl2. Following incubation at 378C, the

initial rate of increase in absorbance at 405 nm was

measured using an ICN Flow Titertek Multiskan PLUS

Mk II plate reader linked to a Macintosh computer running

Deltasoft software. The extinction coefficient for p-nitroani-

line in assay buffer was calculated as 11 365 l mol21 cm21,

which is comparable with values published for other assay

systems using similar substrates [21]. For inhibitor analysis,

the procedure was repeated except that prior to the addition

of substrate, the assays were pre-incubated with inhibitor for

30 min at 378C. The final assay concentration of each

inhibitor was as recommended by Beynon and Salvesen [4].

Enzyme-free controls, which included the same concen-

tration of inhibitor as the test reactions, were used to provide

the baseline. Assays were preformed in triplicate and

standard errors determined.

2.4. Purification of the extracellular protease

Cultures of isolates NH10 and JH26 (6 plates) were

suspended in 1 l of 20 mM Tris (pH 8·5) and extracted at
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188C for 2 days. The solid material was removed by

filtration through four layers of muslin cloth and the filtrate

centrifuged for 10 min at 3000g at 48C. The supernatant was

subjected to a sequential ammonium sulphate precipitation

from 20 to 80% at 48C [12]. Fractions were dialysed

(12 kDa cut-off, Fisons) against 20 mM Tris (pH 8·5) for

16 h at 48C prior to protease activity being determined.

Anion exchange was then performed to remove brown

colouration using 1 g of DEAE-Sephadex A-25 beads

(Pharmacia) for each 3 ml of dialysed extract. The resin

was soaked overnight in 20 mM Tris–HCl pH 7·5 (12 ml per

gram of beads) and the slurry used to make the column. One

column volume of 20 mM Tris buffer was pumped through

the column at a flow rate of 3 ml min21. The protease

extract was loaded at the same flow rate, followed by two

column volumes of elution buffer (20 mM Tris–HCl pH 7·5,

500 mM NaCl). Active fractions were pooled and concen-

trated using a stirred cell with a 10 kDa cut-off membrane

(YM10, Amicon) following the manufacturers instructions.

Fractions were dialysed against 100 mM phosphate buffer

pH 7·0 and equilibrated as described below.

Ammonium sulphate purified, anion exchange eluted

protease was equilibrated to 2 M ammonium sulphate in

100 mM phosphate buffer pH 7·0 and subjected to a

descending linear gradient of ammonium sulphate from 2

to 0 M over 40 min (flow rate of 1 ml min21) on a Phenyl-5

PW hydrophobic interaction column (7·5 mm £ 7·5 cm,

Anachem), monitored at 280 nm. Aliquots were collected

(2 ml), assayed for protease activity and active fractions

(elution volume 25 – 35 ml) pooled. The protease

(30 mg ml21 total protein) was then subjected to a final

isocratic separation on a Superose-12 HR 10/30 column in

50 mM sodium phosphate buffer (pH 7·0) with 150 mM

NaCl at a flow rate of 400 ml min21. Absorbance was

measured at 280 nm. Calibration of the column was

performed prior to separation using 200 mg each of known

standards within the MW-GF-200 molecular weight stan-

dards kit (Sigma). The void volume of the column was

determined using blue dextran. Aliquots were collected

(2 ml), assayed for protease activity and active fractions

(elution volume 32–38 ml) pooled.

2.5. Analysis of proteins following purification

and during pathogenesis

Analysis of protein fractions (50 units of enzyme per

track) during each step of the purification was carried out on

a 13% SDS–PAGE gel [3] and gels were stained with

coomassie brilliant blue [32]. For N-terminal sequence

analysis purified protease (20–30 pmol) was resolved by

SDS–PAGE and transferred onto a 0·2 mm PVDF mem-

brane (BioRad) using standard procedures. N-terminal

sequencing was carried out in the Department of Biochem-

istry, University of Cambridge.

Cotyledons were grown and pathogenicity tests per-

formed using the P. brassicae isolate NH10 as described

previously [3]. For analysis of Psp1 in planta, infected

cotyledons were harvested (1 g fresh weight) and frozen

immediately in liquid nitrogen. The plant material was

ground to a fine powder and re-suspended in 3 ml of 20 mM

Tris (pH 8·5). The suspension was centrifuged at 12 000g
for 10 min at 48C and the supernatant concentrated to 500 ml

in a Centricon micro concentrator with a 10 kDa cut off,

following the manufacturers instructions (Amicon).

Approximately, 50 units of enzyme activity were loaded

per track and proteins separated, renatured and overlayed

with agarose containing casein to identify proteolytic

activity as described by Ball et al. [3].

3. Results and discussion

3.1. Purification of Psp1

Sequential ammonium sulphate precipitation from 20 to

80% ammonium sulphate revealed that the maximum

specific activity of Psp1 was recovered at 55% ammonium

sulphate as determined by FITC-casein hydrolysis (data not

shown). Active fractions (between 30 and 70% ammonium

sulphate) were subjected to DEAE sephadex (A-25)

purification, dialysis against 50 mM potassium phosphate

buffer (pH 7·0) and Centricon concentration. In order to

purify Psp1 to homogeneity, the resulting protease activity

was fractionated by hydrophobic interaction (Fig. 1(a)) and

Superose-12 size exclusion (Fig. 1(b)) FPLC. Following

each purification step, equal amounts of protein were

analysed by SDS–PAGE to confirm the presence of the

34 kDa protein band (Fig. 2). Renaturing SDS–PAGE,

followed by casein overlay, demonstrated that the purified

protein was 34 kDa, was renaturable and was capable of

hydrolysing casein (Fig. 2), confirming that the purified

protein has the same characteristics as that originally

described by Ball et al. [3]. Determination of the molecular

weight of Psp1 which eluted from the Superose-12 column

as a single peak revealed that the protein had a predicted

molecular weight of approximately 66 kDa (data not

shown). Comparison with the predicted size of Psp1 on

renaturing SDS–PAGE suggests that in the conditions used,

Psp1 exist as a homodimer. A summary of the purification

steps used to purify Psp1 to homogeneity is given in Table 1.

A 31-fold increase in specific activity of Psp1 was obtained

following the purification procedure with a 0·82% recovery

of protease. Although this recovery was low, the crude and

purified proteases both showed the same characteristics

when assayed by renaturing SDS–PAGE electrophoresis: it

is, therefore, concluded that they represent the same

protease. The presence of other proteases in the crude

preparation, which contribute to the initial measurement of

protease activity cannot be excluded. The pH optimum for

both crude and purified Psp1 was shown using the FITC-

casein assay to be 8·0 (data not shown).
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3.2. N-terminal sequence analysis of Psp1

The first 13 residues of the N-terminal sequence of Psp1

from P. brassicae JH26 (MAT-1) were determined as: N-

ALTSQTGATWGLG-C. The N-terminal sequence of Psp1

purified from P. brassicae isolate NH10 (MAT-2) was

identical. A FASTA search of the N-terminal region of Psp1

[24] with other proteins within the EMBL database revealed

high levels of identity with a number of fungal serine

proteases (Fig. 3). The highest identity was observed with

the alkaline protease PrtA from Aspergillus nidulans (Ac.

Q00208; [16]), with 84·6% identity over 13 amino acid

residues.

3.3. Substrate specificity of Psp1

Two approaches were adopted to quantify protease

activity. The first used during purification involved the use

of FITC-casein, which relies on cleavage of FITC from the

relatively broad specificity substrate casein. Following

purification and N-terminal sequence analysis, a microtitre

plate assay using chromogenic substrates known to be

susceptible to serine proteases, was used to measure protease

activity. The rate of release of p-nitroaniline was compared

for both crude extracts of protease (ammonium sulphate

precipitated and DEAE sephadex ion exchange chromatog-

raphy purified) as well as the purified enzyme. The greatest

Fig. 1. Purification of Psp1 by (a) FPLC hydrophobic interaction chromatography; and (b) FPLC-superose-12 size exclusion chromatography as described in

Section 2. A linear gradient from 2 to 0 M ammonium sulphate (· · ·) was applied to the Phenyl-5PW hydrophobic interaction column. The absorbance at 280 nm

of the eluate (- - -) and protease activity (X) in each fraction, determined using the FITC-casein assay, are shown.
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initial rate of release of p-nitroaniline by crude protease

extracts was found with the substrate Sc-ala-ala-pro-phe-p-

NAD, which is a substrate of chymotrypsin [8] (Fig. 4(a)).

Inclusion of the non-ionic detergent 0·1% Tween-20 in the

assay buffer enhanced the sensitivity of the assay for purified

Psp1 by 4-fold with the substrate Bz-phe-val-arg-p-NAD

(data not shown). The greatest proteolytic activity displayed

by purified Psp1 among of substrates tested was with the Bz-

phe-val-arg-p-NAD (Fig. 4(a)). Psp1 cannot cleave the

substrate Bz-DL-arg-p-NAD, which could be due either to an

incorrect P1 residue or to steric hindrance from the flanking

residues. Comparison of proteolysis of the two substrates Bz-

phe-val-arg-p-NAD and Bz-val-gly-arg-p-NAD indicates

that with the same P1 residue, the presence of a valine and

a phenylalanine residue at the P2 and P3 positions greatly

enhances activity of Psp1 (Fig. 4(a)). The lack of activity of

Psp1 on Sc-ala-ala-ala-p-NAD implies that the susceptibility

of the substrate Sc-ala-ala-pro-phe-p-NAD to proteolysis is

due to the presence of the proline and/or phenlyalanine

residue. The greater activity observed for Psp1 with Bz-phe-

val-arg-p-NAD rather than Bz-val-gly-arg-p-NAD supports

the contention that it is the phenylalanine residue that

provides the enhancing effect on the activity of Psp1

(Fig. 4(a)). The effects of making substitutions at the P2

and P3 positions with arginine at P1, as well as the activity of

Psp1 on both Sc-ala-ala-pro-phe-p-NAD and Bz-phe-val-

arg-p-NAD, demonstrate that the substrate binding site of

Psp1 extends over several amino acids.

Fig. 2. SDS–PAGE analysis of the purification procedure for Psp1. Track 1,

ammonium sulphate (30–70%) fraction; Track 2, DEAE-sephadex (A-25)

purified fraction; Track 3, FPLC-HIC purified fraction; Track 4, FPLC-

superose-12 purified fraction; Track 5, Coomassie stained casein overlay of

FPLC-superose purified Psp1 in a renatured SDS–PAGE gel, showing a

zone of proteolysis corresponding to the purified 34 kDa band. Fifty units of

enzyme activity (determined using the FITC-casein assay described in

Section 2) were loaded per track.

Table 1

Summary of the purification procedure for P. brassicae Psp1

Purification stepa Total protein (mg)b Total enzyme units

( £ 1023)c

Specific activity

(units g21 protein)

Purification fold

Crude extract 900 9000 10 1

Ammonium sulphate precipitate 155 6820 44 4·4

DEAE-Sephadex (A-25) 11·4 1848 201 20·0

FPLC-HIC 1·4 394 281 28·1

FPLC-superose-12 0·12 38 316 31·6

a Purification procedures as described in Section 2.
b Determined using the Bio-Rad protein assay kit as described in Section 2.
c Determined using the FITC-casein assay as described in Section 2.

Fig. 3. Amino acid alignment of the N-terminal 13 residues of Psp1 with N-terminal sequences from other cloned serine proteases. The alignment was produced

from data within the EMBL database [24]. Q00208 (PrtA from Aspergillus nidulans [16]), AF413104 (subtilisin fragment from Ophiostoma piceae), Q03420

(subtilisin-like serine protease from Trichoderma harzianum [11]), O74264 (alkaline protease fragment [17]) and P28296 (ALP from Aspergillus fumigatus

[14]).
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3.4. Inhibitor characteristics of the purified protease

The substrate Bz-phe-val-arg-pNAD was used to analyse

the inhibitor characteristics of purified Psp1. Significant

inhibition of Psp1 activity was caused by the serine protease

inhibitors 3,4-DCI (3,4-diisochlorocoumarin), STI (Soya

bean trypsin inhibitor) and chymostatin, but no inhibition of

activity was detected with the cysteine protease inhibitor E-

64, the Zn2þ chelator 1,10-phenanthroline and the aspartic

acid protease inhibitor pepstatin (Fig. 4(b)). These results

are consistent with the conclusion that Psp1 exhibits the

proteolytic activity of a serine protease. The inhibition of

Psp1 activity in the presence of 10 mM EDTA and the lack

of inhibition with 1,10-phenanthroline (Fig. 4(b)) suggests

that Psp1 activity is susceptible to divalent metal ions other

than Zn2þ and/or to non-specific effects of charge. The

observed lack of inhibition in the presence of the cysteine

protease inhibitor E64 (L-3-carboxy-trans-2,3-epooxypro-

pyl-leucylamido[4-guanidino] butane; Fig. 4(a)) contradicts

the results obtained by Ball et al. obtained with a crude

extract of the extracellular protease [3]. It is interesting to

note from Fig. 4(a) that for crude Psp1 in the absence of

Tween-20, the greatest activity was seen for Sc-ala-ala-pro-

phe-pNAD, whereas upon the addition of Tween-20, the

highest activity was seen for both Sc-ala-ala-pro-phe-p-

NAD and Bz-phe-val-arg-p-NAD. For purified Psp1 in the

presence of Tween-20, the percentage maximum initial rate

was six times higher with Bz-phe-val-arg-p-NAD than with

Sc-ala-ala-pro-phe-pNAD. This provides strong evidence

for the presence of a second protease in crude preparations

of Psp1, which has a high affinity for Sc-ala-ala-pro-phe-

pNAD, both in the presence and absence of Tween-20. It is,

therefore, likely that Ball et al. [3] based their conclusions

on analysis of more than one protease activity in the crude

enzyme preparation, making the interpretation of inhibitor

profiles difficult. From both the N-terminal amino acid

analysis, as well as the substrate and inhibitor analyses, it

can be concluded that Psp1 is a member of the subtilisin

(S8) family of serine proteases. The relative activity of Psp1

with a range of synthetic di- tri- and oligo-peptide substrates

indicates mixed trypsin/chymotrypsin specificity. This is

reflected in the apparent susceptibility of Psp1 to inhibition

by both chymostatin and STI. Whilst most microbial serine

proteases of the subtilisin family show chymotrypsin-like

specificity [26], activity with both trypsin and chymotrypsin

substrates has previously been described for at least two

fungal serine proteases of this group. These are the vacuolar

proteinase B from Baker’s yeast [19] and the extracellular

alkaline protease from A. oligospora, which is thought to

have a role in pathogenicity of A. oligospora on nematodes

[39].

3.5. Km and kcat determination for Psp1

The Km and kcat (Vmax/[E], where [E] is enzyme

concentration (mM)) for Psp1 and trypsin in the presence

of 0·1% Tween-20 were determined using the substrate Bz-

phe-val-arg-pNAD in the microtitre plate assay. The Km,

Vmax (nmol l21 s21) and kcat (per second) were determined

for Psp1 to be 156, 3·00, 61·2, respectively; and for trypsin

to be 156, 6·63 and 3·9, respectively, (Fig. 5). The Km values

for the two enzymes are similar, suggesting a similar kinetic

profile. The value of kcat for Psp1 using Bz-phe-val-arg-

pNAD was approximately 16 times greater than trypsin,

which implies a greater turnover of the substrate by Psp1.

3.6. Psp1 is present during in planta growth of P. brassicae

on oilseed rape

A renaturable protease with an estimated MW of 34 kDa

showing proteolytic activity on casein overlays was

Fig. 4. (a) Substrate specificity of crude and purified Psp1. Aliquots of crude

Psp1 were assayed in the absence (solid bars) and in the presence (shaded

bars) of 0·1% Tween-20 and aliquots of purified Psp1 were assayed in the

presence of 0·1% Tween-20 (open bars) using the microtitre plate assay as

described in Section 2. 1, Sc-ala-ala-pro-phe-pNAD; 2, Bz-gly-gly-leu-

pNAD; 3, Bz-phe-val-arg-pNAD; 4, Sc-ala-ala-ala-pNAD; 5, Bz-DL-arg-

pNAD; 6, Bz-val-gly-arg-pNAD. (b) Effect of inhibitors on activity of

purified Psp1. Aliquots of purified Psp1 were assayed using the microtitre

plate assay with the substrate Bz-phe-val-arg-pNAD in the presence of

0·1% Tween-20 as described in Section 2. 1, Control; 2, 3,4-DCI (3,4-

diisochlorocoumarin; 0·1 mM); 3, STI (soybean trypsin inhibitor,

5 mg ml21); 4, chymostatin (0·1 mM); 5, E-64 (L-3-carboxy-trans-2,3-

epoxypropyl-leucylamido[4-guanidino] butane, 10 mM); 6, EDTA (ethyle-

nediaminetetraactetate, 10 mM); 7, 1,10-phenanthroline, 10 mM); 8,

pepstatin (1 mM).
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observed when total proteins were extracted from Brassica

napus cotyledons infected with the P. brassicae isolate

NH10 and separated by SDS–PAGE. This activity was

present in samples taken from cotyledons 7 and 13 days post

inoculation, suggesting the presence of Psp1 during P.

brassicae infection (Fig. 6). The activity was not detected in

controls, or in 0 or 3 day extracts from infected cotyledons.

The results from 0 to 3 day infection should be interpreted

with caution, since there may be insufficient fungal protein

to detect activity on casein overlays during the early phase

of infection.

In summary, the extracellular protease, originally

identified by Ball et al. and thought to play a role in the

pathogenic interaction of P. brassicae with B. napus [3] has

been purified to homogeneity and has been designated Psp1.

The N-terminal sequence, substrate specificity and

inhibitor profiles indicate that the protease is a member of

the subtilisin (S8) group of serine proteases and not a

cysteine protease as originally proposed. The inhibitor

profiles described by Ball et al. [3] were based on a crude

preparation of protease, which have been deduced to contain

other proteolytic activity and could account for the

discrepancy with the data presented here.

UV mutants that were deficient in the extracellular

protease were also found to be deficient in pathogenicity [3].

These mutants were complemented with a cosmid genomic

library resulting in transformants with protease producing,

pathogenic phenotypes. It was suggested that protease

could, therefore, be a determinant of pathogenicity [3]. Here

we show that the protease is present during fungal growth in

planta which supports the hypothesis proposed by Ball et al.

[3]. Work is in progress to clone the corresponding Psp1

gene and to perform gene knockouts to establish definitively

the role of Psp1 during infection of B. napus by P.

brassicae.
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