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Plant-pathogen interaction Plant-symbiont interaction

Read et al., 2000
Phil Trans R Soc Lond B 355: 815-831

Fitt et al., 2006
Annu Rev Phytopathol 44: 163-82 3
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Catanzariti et al., 2007
FEMS Microlbiol Lett 269: 181-9

Many avirulence (avr) genes

encode small secreted proteins.
Laugé & De Wit, 1998 Fung Genet Biol 24: 285-97

Plant-symbiont interaction
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Reinhardt, 2007
Curr Opin Plant Biol 10:98-105

Numerous genes encoding small secreted
proteins are induced during symbiosis in

Laccaria bicolor.
Martin et al., 2008 Nature 452: 88-92

Plant-fungus interactions are triggered by secreted proteins. 4




The EMBO Journal 2004, 23, 4

Secretomics, a growing interest.
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List of published methods for fungal secretomics (updated on Nov. 2009)

authors year species filtration  desalting  concentration lyophilization protein extraction protein analysis
Zorret al. 2005 Pleurotus sapidus 0.22um dialysis no no MeOH)/chloroform 2-DEpH3s)

Phaliget al. 2005 Fusarium graminearum no no Vivacell 10kD no BioRad kit 2-DEpHa1oNL)
Seidkt al. 2005 Hypocrea atroviridis 0.22um no Amicon 3kD no TCA/acetone 2-DEpHa47)

Belen Suarex al. 2005 Trichoderma harzianum  0.45um dialysis ~ Minitan 10kD yes TCA/DTT/acetone 2-DEpHa47)
Medinaet al. 2005 Aspergillus flavus 8um no no yes TCA 2-DE (pHar)

Yajima & Kav 2006 Sclerotinia sclerotiorum Fungal secretomics yes BioRad kit 2-DE pHar)

Odaet al. 2006 Aspergillus oryzae no ammomium sulfate 2-DEpHa47)

Kimet al. 2007 Aspergillus fumigatus 26 publications: no resuspension 2-DE (pH47)
Giddet al. 2007 Trycophyton sp. - 15 2-DE no TCA/acetone 2-DE(pHa7)
Ravalsoptal. 2008 Phanerochaete chrysog ~ 9 shotgun no sodium acetate 2-DEpHzs.6)
Tsenget al. 2008 Trichoderma harzianun| ~ 1 1-DE (no MS) no ammonium sulfate 2-DE pHa7)

Tanet al. 2009 Staganospora nodorum - 1 multiple techniques [no TCA/acetone 2-DE(pH310)

Kimet al. 2009 Magnaporthe grisea vacuum no no no phenol/ammonium aceBRE pHar)

Caoet al. 2009 Pyrenophora tritiepentis  0.22um dialysis  no yes BioRad B resuspensior2-DEpHa7)
Fragneet al. 2009 Coprinopsis cinerea yes no centrifugation yes TCA/H20 Tris/acetone 2-DEpHs10)
Wymelenbegg al. 2005 Phanerochaete chrysosporiyss no Amicon 10kD no acetone SDSPAGE shotgt
Papeet al. 2007 Fusarium graminearum  22um  PD columnCBIN 900 cartidgges TCA SDSPAGE shotgL
Swairret al. 2008 Kluyveromyces lactis no no vacuum no TCA 2-D/LC shotgun
Shatet al. 2008 Botrytis cinerea no no no yes resuspension LC shotgun
Guaist al. 2008 Penicillium funiculosum  no dialysis no no phenol/ammonium acefaRE + ID/SCX sC
Alvinet al. 2009 Moniliophtora perniciosa 0.45um no no yes Phosphate B resuspenSB$PAGE no MS
Tsanget al. 2009 Aspergillus niger no no Amicon 15kD no acetone LGCMS/MS
Shaket al. 2009 Botrytis cinerea yes HiPrep26/160 yes Laemmli B resuspensiddBDSPAGE shotgL
Wymelenbegd al. 2009Phenerochaete chrysosporiyes no Amicon 10kD no acetone SDSPAGE shotgL
Martineet al. 2009Postia placenta yes no Amicon 10kD  no acetone SDSPAGE shotgt
Nagendraet al. 2009Amanita bisporigera yes no evaporation yes citrate B resuspension SDSPAGE shotgt




i Giddey et al., 2007 pH 4-7

o e
. e » X
i -3 s ‘,..IVI KI'III i
etal., 2009 pH 3-10 E s Cao et al 2009 pH 4-7
- » s .5 /s ‘
17 }‘ 21 [ vo i X7 \ N 2 ° ‘
O ﬁl 50 | — / ’ \ oo ® .
O oo E18~ E> .9 é T . 9 : .
21 - B8 E.n \no .
22 B |, “E 0] I LA
- LN -0 WP e ‘..3 “ ’ ! w Py
‘;’_. . Ew oy el .
| -E20 % : . ., 2005 pH 4-7
23 ool o 5P e L a8 | — = al., 2006 pH 4-7
3 © . .
46, ‘,. “ﬂ‘ ! s .
SigNg e N~ ;
3 Mainly acidic proteins
IR ‘'l Prominence of acidic isoforms of high MWs
pL SRR | Depletion in neutral to alkaline range .
I3 I-d . . ‘ |.|: . . e :
s | -4 |8 |6 . E .
- [

e Kim et al. 2009 pH 4-7

Medina et al., 2005 pH 4-7 iragner et al. 2009 pH 3-10 ﬂ)n et 7
rFnaip et al., Zuus pH s—lu% — 0 w48
- & o
S - et al., 2007 pH 4-7 *
= i % 15~ 7 {20' 7 f i
- ? » ,'. - ‘ N
- - £ W14 o
o o e ‘ 1 19 ‘. e A
3 i - e j 2 Al 17 +
s . 3 1
it gh | @ . 2
Iy L gl ™ -17 .
- 2 “
o O - -
" \ | L. . [ p—
L . L18

: o ’
: _ Yajima & Kav, 2006 pH 4-7



Deseriatton af e amoject

Title: A genome-wide survey of secreted fungal proteins (SFPs) as effectors of
pathogenicity and symbiosis in plant-associated fungi.

Objectives: To identify as many SFPs as possible in in vitro-grown fungi using proteomic
techniques and characterize their pathogenic/symbiotic involvement in planta.

Partners: 1- Marc-Henri Lebrun, CNRS-BayerCropScience Lyon, France (M. grisea)
2- Thierry Rouxel, INRA Versalilles, France (L. maculans)
3- Francis Martin, INRA Nancy, France (L. bicolor)
4- Christophe Plomion, INRA Bordeaux, France (Proteomics)



Description of the project

Leptosphaeria
maculans

50 uM
F 3 Ascospores or pycnidiospores
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Howlett et al., 2001
Fung Genet Biol 33: 1-14
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Martin & Selosse, 2008
New Phytol 180: 296-310
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Culture of Leptosphaeria maculans, rapeseed pathogen 10

Transcript levels

Fries medium

5g/L Yeast Extract
30g/L sucrose

5¢/L tartrate NH4
1g/L KH2PO4

0.5¢/L MgS0O4 7H20
0.13g/L CaCl2
0.1g/L NaCl

1g/L NH4ANO3

0,1

0,017

== mCysl
=#=| mCys2
== AvrLml |

AvrLm6
== AvrLm4

0,001

0,0001 ‘ ‘ ‘ ‘
3dpi 5dpi 7dpi 9dpi  12dpi  60dpi

Striring for
7 days
- mycelium Filtration 0.22e m
Dialysis (H20)
0.05% PVP
1mM PMSF

+ secretome (medium) 41 13




Protein recovery

Phenol/Ammonium acetate

Phenol/Ether

TCA/Acetone

Lyophilization

Solubilization (S)

Solubilization (S)

Precipitation

1.4m sucrose 1.4m sucrose 10% TCA
50 mm EDTA 50 mv EDTA 0.07% 2ME
1M  Tris-HCI (pH 8) 1M  Tris-HCI (pH 8) in acetone
0.1m KCI 0.1m KCI
2% 2ME 2% 2ME Washing x3
1mv PMSF 1mv PMSF 0.07% 2ME
in acetone
Extraction Extraction
in phenallris (pH 7.5) in phenalTris (pH 7.5) Drying
Reextraction Reextraction Resuspension
in (S) in (S) 7.5M urea
2™ thiourea
Precipitation Precipitation 10mM DTT
0.1mM ammonium acetate in Diethyl ether 4% CHAPS
in MeOH 1% pic
Washing 1% CA pH 47
Washing x4 100% Diethyl ether 1% CA pH 310
100% MeOH and acetone : Damerval et al. 1986
Drying
Drying
Resuspension
Resuspension 7.5M urea Liquid -Phase IEF
7.5M urea 2M thiourea
2M thiourea 10mM DTT .
10mM DTT 4% CHAPS Rotofor CeI_I (BicRad)
4% CHAPS 1% pic large focusing chamber
1% pic 1% CA pH 47

1%  CApH 47

1% CA pH 310

1% CA pH 310

Hurkman & Tanaka, 1986

Sauvé et al., 1995

(50 mL, 20 fractions)
A b B
v _-rfl'

ell i

\_'_E"i"ﬁ'f//

Ultrafiltration (UF)

Amicon (Millipore)
15 mL 5kD MWCO




Materials & Methods

Flowchart of
liquid-Phase IEF

| dialyzed secretome sample

l

J

procedure

liquid-phase IEF
rotofor chamber (50 mL)

l

-m of 20 individual fractions |

JUD100000000T00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
collected fractions

pH
10
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| lyophilization |

l

| resolubilization |

T

l

s pooled according to the
ient covered by IPG strips

| 2-DE using NR or MR pH gradient




Protein separation and analyses

IPG Strips
Protein assay 3
2D Quant Kit (Amersham) protein . B {gﬂdﬁmw .......
recovery 1310 nonlineer (L) KT
1-DE ¢ Narrow Range
3-8
NR 4 R
homecast minigel (10 x 8 cm) protein oy
4% acrylamide stacking gel separation < Micro Rangs
10% acrylamide resolving gel MR- il
AgNO, staining 5567
¥ xS

2-DE

IPG ReadyStrip 24 cm (BR, NR) or 11 cm (MR)
homecast 2-D gels (24 x 20 cm)

11% acrylamide running gel

AgNO, staining

Image analyses

Progenesis PG240 (Nonlinear)

MS analyses (data not shown)

nLC-ESI-MS/MS (Thermo LCQ)
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Maximization of secreted protein recovery
Electrophoretic patterns

pH-3-10NL

Ultrafiltration (UF)

Amicon (Millipore)
15 mL 5kD MWCO

complex 1-D profile

poor 2-D pattern
64 spots

extensive protein losses during 2-DE

18



Maximization of secreted protein recovery
Electrophoretic patterns

pH-3-10NL

UF (x30/15mL)

Ultrafiltration (UF)

Amicon (Millipore)
15 mL 5kD MWCO

UF-Phenol/AA (15 mL

pH-3-10NL

Phenol/Ammonium acetate

Solubilization (S)
1.4M sucrose
50 nm EDTA
1m Tris-HCI (pH 8)
0.1m KCI
2% 2ME
1mv PMSF

Extraction
in phenallris (pH 7.5)

Precipitation
0.1M ammonium acetate
in MeOH

poor 1-D profile

poor 2-D pattern
180 spots

unsuitable protocol

19



Maximization of secreted protein recovery
Electrophoretic patterns

pH-3-10NL

UF (x30/15mL

pH-3-10NL

UF-Phenol/AA (15 mL

Ultrafiltration (UF)

Amicon (Millipore)
15 mL 5kD MWCO

TCA/acetone

Precipitation
10% TCA
0.07% 2ME
in acetone

Washing x3
0.07% 2ME
in acetone

Drying

UF-TCA/acetone (15 mL)

pH-3-10NL

1-D profile enriched in high MW
bands

improved 2-D pattern
266 spots

prominent high MW acidic
proteins

depletion in low MW basic
proteins (TCA)

PTMs assumed




Maximization of secreted protein recovery
Electrophoretic patterns

UF (x30/15mL , UF-Phenol/AA (15 mL - noUF-TCA/acetone (40mL)

pH-3-10NL pH-3-10NL pH3-10NL
similar 1-D profile
TCA/acetone
improved 2-D pattern
PrecllgL'c/z:tlon ea 449 Spots
0.07% 2ME ..
in acetone similar trends
prominent high MW acidic proteins
Washing x3 depletion in low MW basic proteins
0.07% 2ME PTMs assumed
in acetone
Drying not many new spots
abundant proteins become
more prominent




Maximization of secreted protein recovery
Electrophoretic patterns

UF (x30/15mL | UF-Phenol/AA (15 mL) | noUF-TCA/acetone (40m

pH-3-10NL pH3-10NL

noUF-phenol/ether (15mL)

pH-3-10NL

1-D profile lacking high MW bands

Low quality 2-D pattern
341 spots

similar trends

prominent high MW acidic proteins
depletion in low MW basic proteins
PTMs assumed

Few new acidic spots of low MW

abundant proteins still very prominent 22
and more recalcitrant to IEF

% LT
pH3-10NL




Maximization of secreted protein recovery
Electrophoretic patterns

UF (x30/15mL - UF-Phenol/AA ~ noUF-TCA/acetone (40mL)

pH-3-10NL pH-3-10NL PH3-1ONL

noUF-phenol/ether (15mL) 7 Lyophilization (15mL)
| . il 1-D profile enriched in low
MW bands

complex 2-D pattern
852 spots

new spots indicating that
precipitation methods cause
too much protein loss

still depletion in low MW
basic proteins

i ¥ .
pH3-10NL pH3-10NL



Maximization of secreted protein recovery Rotofor Cell (BioRad)

Pre-fractionation step '?g%er;icuzsgnf?ag'iigef
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Liquid-phase IEF/SDS-PAGE prior to BR IPG-IEF
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Fraction profiles similar to another (except basic ones) with an increase 24
in band intensity for the fractions bearing close to neutral pH values.




Maximization of secreted protein recovery
Electrophoretic patterns

UF (x30/15mL) UF-Phenol/AA (15 mL ‘noUF-TCA/acetone (40mL)

richest 1-D profile

much more complex 2-D pattern
1462 spots

abundant proteins less prominent

many new spots

depletion of low MW basic proteins
pH-3-10NL pH-3-10NL

noUF-p_henoI/e;vther (15mL) 7 Lyophilization (15mL) Lig-Ph IEF (fractions 1-20, 30 mL)

a

PH3-10NL pH3-10NL ‘ pH3-10NL




Quantitative assessment of the gain in protein recovery

extraction sample pH number of
method volume range spots
UF (x 30) 15 mL 3-10NL 64
UF-phenol/ammonium acetate 15mL 3-10NL 180
UF-TCA/acetone 15mL 3-10NL 266
noUF-TCA/acetone 40 mL 3-10NL 449
noUF-Phenol/Ether 15 mL 3-10NL 341
lyophilization 15 mL 3-10NL 852
liquid-phase IEF 30 mL 3-10NL 1462

A prefractionation step using liquid-phase IEF prior to 2-DE limits
the prominence of the extremely abundant proteins (acidic high
MW in particular) thus unraveling less abundant proteins (alkaline).

Because liquid-phase IEF generates discrete fractions according to
protein pl, it enables the use of a variety of pH gradients during IEF
in order to optimize protein separation conditions.

26
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Maximization of secreted protein recovery
Pre-fractionation step

Liquid-phase IEF/SDS-PAGE prior to NR IPG-IEF

pH 4-7

|

Rotofor Cell (BioRad)
large focusing chamber
(50 mL, 20 fractions)

fraction 1
fraction 2
fraction 3
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Optimization of spot resolution
Spot resolution enhanced using NR IPG strips

Liquid -Phase IEF

Rotofor Cell (BicRad)
large focusing chamber
(50 mL, 20 fractions)

Liquid-Phase IEF

A A W

ractios 1-20)

U
H 4-7 (fractions 4-12) pH 7-10 (fi

1000000

100000 1

theoretical MW (log)

1000

100

& All proteins
Predicted secreted proteins

(TargetP)

theoretical p/

29



Optimization of spot resolution
Spot resolution enhanced using NR IPG strips

R AN

Lyophilization

Liquid-Phase IEF

| B
pH 4-7 (fractions 4-12) pH 7-10 (fractions 13-20)

Much more proteins can be
resolved using Rotofor

Huge gain in resolution of
acidic spot (pH 4-7)

Basic proteins recalcitrant
to IEF (pH 7-10). Same
observation on mycelial
proteins (data not shown)




Maximization of secreted protein recovery Rotofor Cell (BioRad)

Pre-fractionation step 'a(lg%er;icuzs‘i)”fgaft‘iif:gef

P

Liquid-phase IEF/SDS-PAGE prior to MR IPG-IEF
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Optimization of spot resolution
Spot resolution enhanced using MR IPG strips

Liquid -Phase IEF

Rotofor Cell (BicRad)
large focusing chamber
(50 mL, 20 fractions)

.,
pH 4-7 (fractions 4-12)

Liquid-Phase IEF

pH 3.9-5.1 » pH 4.7-5.9 : » pH 5.5-6.7— »pH 6.3-8.3 >




Optimization of spot resolution
Spot resolution enhanced using MR IPG strips

Lyoghilization

- L ——

Gain in spot number
and resolution even
more evident upon
using MR pH ranges.
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Quantitative assessment of the gain in spot resolution (L. maculans)

tissue extraction method pHrange number of spots total globalrange length
mycelium
TCA/acetone 3-10NL 1862 —> 1862 3-10NL 24 cm
4-7 3632
4493 4-10 48 cm
7-10 861
3.9-5.1/4.7-5.9 2836
4260 3.9-8.3 44 cm
5.5-6.7/6.3-8.3 1424
secretome
lyophilization 3-10NL 852 ——> 852 3-10NL 24 cm
4-7 519
642 4-10 48 cm
7-10 123
3.9-5.1/4.7-5.9 766
986 3.9-8.3 44 cm
5.5-6.7/6.3-8.3 220
liquid-phase IEF 3-10NL 1740 1740 3-10NL 24 cm

7-10 45
3.9-5.1/4.7-5.9 1306

—_
4-7 961
} 1006 4-10 48 cm
5.5-6.7/6.3-8.3 635 }
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Mycelium

Secretome

pH3-10NL, 16 spots

pH4-7, lyophilized, 24 spots

- e
pH4-7, rotofor, 23 spots




Gain in spot resolution confirmed by MS (secretome of L. maculans)

%

Mycelium

50 -

40 -

30

20 -

10 -

Secretome

50 -

40

30 - ]

%

20 -

10 -

0 3-10NL
04-7
B7-10

W%WHWHO

1 2 3 4 5 0 1 2 3
hit number hit number

|

Less proteins are identified within a single spot when narrower pH gradient are used,
further demonstrating the enhanced spot resolution also visible on 2-D gels.




Conalusions

Protein extraction through precipitation methods (TCA or Phenol protocol) caused
excessive losses of the secreted proteins.

Freeze-drying the samples overcame protein losses, yet the extremely abundant proteins
proved difficult to resolve and obscured the proteins present in lesser quantities.

Superior 2-D patterns were obtained after an initial prefractionation step with liquid-phase
IEF (Rotofor), which, by reducing the prominence of major proteins, made way for minor
proteins and, combined to 2-DE, yielded complex 2-D patterns. This result was confirmed
on Laccaria bicolor (data not shown).

Although theoretical pl/MW computations predicted as many acidic proteins as basic ones
in L. maculans species, the recovery of secreted alkaline proteins was too moderate to
produce acceptable 2-D patterns. Same observation on L. bicolor (not shown).

Improved spot resolution was achieved using narrow pH gradient, especially within acidic
ranges and confirmed by MS-based protein identification (data not shown).

o O O 0 O

Vincent et al., 2009 Electrophoresis 38



MS results from L. maculans secretome are consistent with extracellular proteins and enzymes either
protecting the fungus cell wall integrity (chitin-binding protein, gpi-anchored cell wall organization protein ecm33, gpi-
anchored cell wall beta-endoglucanase) or participating to the degradation of the host cell wall by targeting plant
polysaccharides (pectate lyase a, alpha- and beta-glucosidase, glucoamylase, glycosyl hydrolase, beta-glucanosyltransferase
bgtl, endopolygalacturonase 4). Epll, assumed to participate to plant pathogenesis and elicitation of plant defense
responses (Seidl et al.,, 2006), is also massively secreted. There are many isoforms. Many proteins are of
unknown function. Such approach should help identifying new fungal effectors .
2006. Vol 273: 4346-59 [RlJNnE]

Epl1, the major secreted protein of Hypocrea atroviridis
on glucose, is a member of a strongly conserved protein
family comprising plant defense response elicitors

Verena Seidl’, Martina Marchetti?, Reingard Schand|™?, Gunter Allmaier? and Christian P. Kubicek'
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Electrophoresis 2008, 30, 2431-2441

Dorothea Fragner
Mojtaba Zomorrodi

Research Article

Ursula Kues 3 pl 10 pl 10
Andrzej Majcherczyk 250 rf
Coprinopsis cinerea
3 pl 10
250 A 1
-
',t » gre -
; -
S . .,. (—— _
Centrifugation

48400 xg 30min 4C
Concentration (20x)
- freezaeedrying
. Precipitation
. oI CA/H20
Washes
50mM Tris/acetone
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Culture of L. bicolor, mycorrhizal symbiote

P5L medium
0.5¢g/L di-NH4 tartrate
1g/L KH2PO4
0.5g/L MgS0O4 7H20
5¢g/L maltose D+
20g/L glucose D+
1mL/L thiamine-HCI
1mL/L 10% Kanieltra

o
S
N

Yo

mycelium

secretome (medium)

stiring for 5 weeks

Filtration 0.22em
Dialysis (H20)
0.05% PVP
1mM PMSF

Lyophylization
Resolublization C—————
in IEF buffer



Hunting down secreted proteins!

I
trypsin
digestion

l

secretome sample

|

v

v

nLC-ESI-MS/MS

- 1YD fraction 16

trypsin
digestion

nLC-ESI-MS/MS

IPG-IEF shotgun SDS-PAGE shotgun 2-DE MS/MS
proteomics proteomics

1-D fraction 1

H4.5 H3.5 y

DI p MW

S
fraction 1 I » fraction 40 MW
p

201 2— spots
I
trypsin
digestion

l

nLC-ESI-MS/MS
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Hunting down secreted proteins!

IPG shotgun (
IPG strip pH 3.5-4.5, 18cm, 40 x 4.5 mm-portions

trypsin digestion peptide extraction IEF
pH 4.5 pH 3.5
O T O I I
0 10§ Rttt » Portion 40

MS/MS analysis (LTQ)

|

DB searching
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|IPG-IEF shotgun proteomics (secretome only) fraction 1

524 secreted proteins identified in total
- 142 unique proteins (50% redundancy)

nLC-ESI-MS/MS

*raction 40

Number of proteins per IPG strip fraction

40

30

20 1

occurrence

10-

8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

fraction number

pH 4

pH 3.5

50 +

How many times a protein is found?

30 +

%

20

High throughput

10 +

Low specificity

T ~B=, T T T T —

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

number of fractions

T ——




SDS-PAGE shotgun proteomics (secretome and mycelium)

264 secreted proteins identified in total

97.0kD

66.0kD

45.0kD

30.0kD

20.1kD

14.4kD

116 unique proteins (40% redundancy)

MW

) 1 I

mycelium

secretome

1632 mycelial proteins identified in total
- 815 unique proteins (31% redundancy)

occurrence

140

120

100

80

60

40

Number of proteins per 1-D fraction

W secretome

@ mycelium

3 4 5 6 7 8 9 10 11 12
fraction

N

14 15

%

40 kD

70

60 -
50 -
40 -
30 -
20 -
10

How many times a protein is found

16

14 kD
O mycelium

JE.-D fraction 1

MW

1-D fraction 16

trypsin
digestion

l

nLC-ESI-MS/MS

High specificity

Medium throughput |

I]I].:I.:l-_-r T T T T

3 4 5 6 7 8 9 10 11 12

number of fractions

13

14

15

16
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Complementary approaches

267 secreted proteins identified in total

2-DE (mycelium and secretome) - 71 unique proteins (73% redundancy)

mycelium

secretome

Low throughput
¥ Low specificity

LT
116%
" ! |
M S| 3
5153 X * !
. b

b
¥

. X
B PURV RIE ES—— - —

pH 3-11NL pH 4-7 pH7-11NL




2-DE

1000000

B. Observed pl/MW

M [Da] log

A. Theoretical pl/MW

100000 {

100000 4

MW (og)

10000 10000
A
Mycelial Proteins @ All Predicted Proteins
@ Secreted Protejns Predicted Secreted Proteins (TargetP
1000 J 1000
3 4 5 6 7 8 9 10 11 12 13 ; ! ; ’ ’ ’ : K ! B K
pl
The experimental pl/MW distribution doesn't fit the theoretical one.
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Functional comparison of the 3 methods

A. (BP)

B. (MF)

all
IPG
1-D
2-D

all
IPG
1-D
2-D

[ unknown protein

[l unknown process

[ protein modification, metabolism, transport and translation

[ glycolysis, tricarboxylic acid cycle, pehtsghate shunt and carbohydrate metd
Il cytoskeleton and cellular component organization and biogenesis
[ cell wall organisation and biogenesis

[ electron transport

[ lipid metabolism

Il response to stress

[ signal transduction

[T ion transport

] ATP biosynthesis

B cell adhesion

[ endocytosis

[ glycogen biosynthesis

[l phosphate metabolism

[ rRNA processing, metabolism and transcription

[ cell proliferation

[ unknown protein
Il unknown function
[ protein binding
[] hydrolase activity
Il oxidoreductase actiyi
[@ carbohydrate bindin|
I RNA binding

[ transferase activity
Il ATP binding

[ dehydrogenase actipi
[] DNA binding
[ electron carrier actiyi
[l actin binding

[ phospholipase acti
[ ion binding

Il antioxidant activity
[ hydratase activity
[ isomerase activity
[ phosphatase activity

bolism

IPG shotgun 142
+ 1-D shotgun 116
+ 2-DE 77
= 224
unique secreted
proteins from L. bicolor
identified across all
three methods.

[] unknown protein
[l unknown compartment
[] cytoplasm

[] intracellular

Il nucleus

] extracellular
B cell wall

] membrane
[l mitochondrion
[ golgi apparatus
[ endoplasmic reticulim




CO 11 p | emen '[al’y ap p Froac h es [] protein modification, metabolism, transport and translation

[] glycolysis, TCA cycle, perasteunt and C metabolism
Il cytoskeleton and cellular component organization and biogenesis

Functional comparison of the 3 methods B clectron transport

Il response to stress
I signal transduction

| o | [ lipid metabolisnlv [ ion transport

BP

EaCh methOd helped 5 ;i:LigZﬁsk;?onsynthesis
Identlfylng novel secreted Il phosphate metabolism
prOteinS (Sometimes 5-DE [ RNA processing, metabolism and transcription
0 5 o = [] protein binding
involved in unique 201 2-D spots [ hydrolase activity
pathways), thereby 77 proteins [l oxidoreductase activity

. . . [ carbohydrate binding
greatly increasing protein B RNA binding
identification coverage. [ dehydrogenase activity

[[] electron carrier activity

[ actin binding
Il antioxidant activity

[ ] cytoplasm
|:| intracellular

- nucleus

- extracellular

- membrane

Il mitochondrion

[] phosphatase activity

[] ATP biosynthesis

[ endocytosis

[ transferase activity
Il ATP binding

[] ion binding

[ hydratase activity

[ isomerase activity

) ’ - golgi apparatus
o | cell rollferatlo+ . )
| P [_] endoplasmic reticulum

BP

[[] cell wall organisation and biogenesi

BP

[ DNA binding
[ rhospholipase activity

I ce!l wall
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A strategy combining several proteomic techniques greatly increased the coverage of
identification of secreted proteins in all 3 fungal species (shown for L. bicolor here). Only
11% the proteins were shared between the 3 methods; most of the secreted proteins
identified were method-specific (in particular, IPG shotgun (60% specificity)) .

Out of the 3 methods used, IPG-IEF shotgun provided the highest throughput, and was
both time- and cost-efficient. 1-D gel of higher resolution would increase the number of
proteins identified. Not all the 2-D spots were excised and analyzed, therefore the number
of proteins identified following 2-DE was underestimated. Moreover, a unique functional
category was highlighted (lipid metabolism).

40% of the identified secreted proteins are either unknown (24%) or their function
remains unknown (16%). More biological experiments to decipher L. bicolor secretome
are needed. Among the known proteins, the prominent functional categories pertain to
protein metabolism with many CW remodelling enzymes.
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Materials & Methods
Culture of M. Grisea, rice pathogen

dry weight g/l

O RPN W M OO N
T R B |

1 | |
:

M.g

TNK-YE medium, pH 5.6
55mM glucose
23mM NaNO3
14mM KH2PO4

0 I 5 I 10 15 20

2mM MgS04 7H20 ' ’
0.7mM CaClI2 2H20 | pH
15¢ M FeS0O4 7H20 6. l l
2g/L yeast extract | l —
oligoelements 7/\%
z 6 [
.| I I
4 I T I T T T
0 I 5 I 10 15 20
| Time (days)

|4 days| |9 days|

mycelium

s/ /W 7 I TTSS SN

26°C
up to 20 days

secretome (medium)
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