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Abstract FunSecKB2 is an improved and updated version of the fungal secretome and subcellular proteome, i. e. protein
subcellular location, knowledgebase. The fungal protein sequence data were retrieved from UniProtKB, consisting of nearly 2
million entries with 167 species having a complete proteome. The assignments of protein subcellular locations were based on curated
information and prediction using seven computational tools. The tools used for subcellular location prediction include SignalP, WoLF
PSORT, Phobius, TargetP, TMHMM, FragAnchor, and PS-Scan. Secreted proteins, i.e. secretomes, along with 15 other subcellular
proteomes were predicted. The database can be searched by users using several different types of identifiers, gene name or keyword
(s). A subcellular proteome from a species can be searched or downloaded. BLAST searching whole fungal protein data or

secretomes is available. Community annotation of subcelluar

igjgig ;gij i g E ZEE locations based on experimental evidence is also supported. A
E%El HH 2014 4611 A 7 A primary analysis revealed that the secretome size of a fungal species

is one of the determining factors to its lifestyle. The Gene Ontology
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and protein domain analysis of fungal secretomes revealed that fungal secretomes contain a large number of hydrolases, peptidases,

oxidoreductases, and lysases, which may have potential applications in bio-processing of chemical wastes or biofuel production. The

database provides an important and rich resource for the fungal community looking for protein subcellular location information and

performing comparative subcellular proteome analysis.

Keywords
proteome

FLPEAE AR FRAIRATT Y B % AR5 b 4
Bt R, HEE N R EY A
o, BTN B R E 2L AT H A
H, B EE AT A B AR R,
WeRRVEARERE, T2 FHTERI . M FIRRE . —
S R ROV AR Y, iR R . HIEAE
Rl 3. NNt B R R A

HEE T JEZAEMNNEANFES K —, BF
AL 2 AN, T BT AN R 40 S
3o filtn, —AERR, X —AE B,
FEE ARt pe g, e — M fF st
RPRI SR R i SR ity o AR AN RE R, FRATTR
SEAE— MR, A E A 23U B BT A M AL Sk
HAM., REEAROFMEEEE S IS ER
HEMPUW R AEIEES, ARy MR el
B9 FalG. SR, milbigiedh KIERZ )6
HEANCFELEN, FOVZREA SR 5 Mmﬁ
1 5E X FEA—E ) (Tjalsma et al., 2000; Lum and
Min, 2011a). 7EIGEEFREE T, W EAEVE
YR L A L T ) 0 B AR B R LA Y R AR
TR AR E 1) (Girard et al., 2013). JE4E T KE S
WARR 7K AR VR 7K A S I 70 T 4 3 FR o
2 &Mk Martinez et al., 2004; Martinez et al., 2009;
Murphy et al., 2011). ¥T4E3K, BEEVFE H AR
BRIZHIF, AT SEAISERR T77%, R H -4l
HH AT %8 M2 B 2 — A R T R
(Bouws et al., 2008). fil4n, #&LL K S ikiE 1) B
Oy AL FE Aspergillus niger (Tsang et al.,
2009; Braaksma et al., 2010), Aspergillus fumigatus
(Powers-Fletcher et al., 2011), Candida albicans (Lee
et al., 2003; Ene et al., 2012), Doratomyces stemonitis
C8 (Peterson et al., 2011), Fusarium graminearum
(Paper et al., 2007; Brown et al., 2012), Irpex lacteus
(Salvachta et al., 2013), Magnaporthe oryzae (Jung et
al., 2012), Mycosphaerella graminicola (Morais et al.,
2012) , Paracoccidioides (a complex of several
phylogenetic species) (Weber et al., 2012), Penicillium
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Computational prediction, Fungi, Secreted protein; Secretome, Signal peptide, Subcellular location, Subcellular

echinulatum (Ribeiro et al., 2012), Phanerochaete
chrysosporium (Wymelenberg et al., 2005), Sclerotinia
sclerotiorum (Yajima and Kav, 2006), Trichoderma
harzianum (Do Vale et al., 2012)#1 Ustilago maydis
(Mueller et al., 2008).

PR EL B R e I A B A AR e, B
WAEE 1R 4 095 E(FSD,  hittp://fsd.snu.ac.kr/) Fl L
4w M & | (FunSecKB,
http://proteomics.ysu.edu/secretomes/fungi.php) . #
G T8 2R A E 7 I AH 5% (E 2. (Choi et al., 2010;
Lum and Min, 2011). FSD &3 9 AN R FE 7 #)
i, R =R BRI EE (Choi et al., 2010).
FATIF K FunSecKB, ffFH 6 FlASFE 1 THME
BA] (1) 226 504w P 5 B8 19 204 £ 1 (Lum and Mlin,
2011). A& /EFE, EM FunSeckB ff1& A, W FHHE
PR AR B ORI N . AEIX AR, RATTHA
T FunSecKB2, H I AN E ML RIRE, th
BERR 9 B 53 WA R I 240 B 2 11 o 4L R (2 JiR)), B
FunSecKB 14 K. BT FINGEERR . FunSecKB2 Hi
—ANKEHERI PR R, B AEMAE B i e A
H PSS 15 ASEAH M B H 28 e AL S B
XA SO R SR B A PE AR — /\EPﬂ%HF
W3, A B AT A R Tl S P SR A R R
WA BAE B, A AR B F H B (R e R AR
M2k K e ISR\ (Lange et al., 2012).

1 BEFRESBEERNZE
11 BHERE

i B & E 741 M UniProtkB/Swiss-Prot %
8 FEAT UniProtkB / TrEMBL $i3f 6 % #1119 (2013
8 H kA, HTTP://lwww.uniprot.org/downloads).
%F UniProtkKB/Swiss-Prot %#s e - A £ — s qE T
REATFIIERGRE, 1X8E R =M SRS
g JRN 20 % 58 BB b 45 SR PR E ) (UniProt,
2014). UniProtKB/TrEMBL ¥4 1 & 4 B A U7
FUAH B TH LA BRI RS B K B A Th g
e, ZBIEEETS 1 976 832 NHEEE AT,
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HAd M UniProtkKB/Swiss-Prot #i#E ZE3KHL T 30859
2%, M TrEMBL %4 ZE# 2 3 1945 973 %%

1.2 | B R 4 sE Az 53 BL ) 7 v

HwEEF, AN AR SignalP (il 3
il 4, http://www.cbs.dtu.dk/services/SignalP/)
(Bendtsen et al., 2004b; Petersen et al., 2011), Phobius
(http://phobius.binf.ku.dk/) (K&l et al., 2007), WoLF
PSORT (http://wolfpsort.org/) (Horton et al., 2007) 4/
TargetP (http://ww.cbs.dtu.dk/services/targetp/)
(Emanuelsson et al., 2007), #7155 KA 4058
AT X LL TS EBCR L TS A
33 7 5 W T A2 N A (Min, 2010) .
TMHMM (http://www.cbs.dtu.dk/services/tmhmm) /&
FH RV B 85 5 25 44 4825 1 (Krogh et al., 2001),
Scan Prosite (PS-Scan,
http://www.expasy.org/tools/scanprosite/) # F >k 1 4
5 (ER) I #E 7 41 (J7 #1): ps00014) (de Castro et
al., 2006; Sigrist et al., 2010). F|H TMHMM T ji&
HH, AABGEMER X B AT N-AKw((70 4
AR AP ANEIEREE A . A A SignalP
(version3)XJ & [ 7 FIEAT IO, KA — MBS
Jik A F, i F FragAnchor 33E— 25 R 1) A b 3 1l i Tk
il i (GPI) i =
(http://navet.ics.hawaii.edu/~fraganchor/NNHMM/N

NHMM.html) (Poisson et al., 2007). % I FragAnchor,

FeATEAE FI A H Linux 2R GeAF ST i) T B 3475
P (P b3 . n el I A A IR SRR i 1K e 4y A T
BT, @] LI7E F#) “Readme” ) T4
H3E T2 & (Lum and Min, 2013,

TR HE A4 E A AR B : MR

LR (A MR BOTERE) s PRI (R ) 4 P T
(ML) A1 2R v /R SRR (R B ) 4 AR (5
BTGB « WL (R BTG ) « Vg A o SR AL P A

JRBEA AR . Oy 148 T E A E AE B

FEAE P TIIAS 22 R, FRATTZEE L& UniProtkB [17E
BEAE EAFA T 1 .20 2 A5 B e X T 3cH
R AAE SR EE B, e AT AN i R

BTG S AT Eal i v 5 T HAS AN R B,

X L T s T 2L TN e v (92. 19 )RR AT
FESEPE 98.9%) MM T R4H A 2 SignalP. WoLF
PSORT, 4% Phobius A ] 15 5 kAT, 45
& TMHMM A A TXEE H RN, 454 PS-Scan
AT 2B TN L 1 (Min., 2010). Bk, il
Copyright © 2015 BioPublisher
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EEASITRZIRE, FERAFENARGIL )51k
T, DUERIH A8 TR & E N-bi A
S5 IK, AREA NS B EE A TN R AE S .
X TR TAE T, SignalP4 £ SignalP3 LA E
T K &£ (Petersen et al., 2011; Melhem et al., 2013).
SR, B AR SignalP3 Xt 15 5 IR 2 AR A7 A5 Tl
TS BASRELEL SignalP4 #EHf (Petersen et al., 2011).
1O P VA S B VR T VA R RTIR
SUEH

ARl /%A = Bl s 24| Ga D i ) A A S N S S T
e A TR, Mg Ees
wEAe .. BEBW s WwE AN E
UniProtKB/Swiss-Prot V.41 A 5 {7, 1 4y B Ay <43 i
AR AN B A B I B . B IS EFERATIE AT
N G EGE B SCER Y, FRIE M il E E .
SignaLP4. Phobius A1 WoLF PSORT ix =/l 43
M T H T 70 WS 5 KB 1 5T 1 I 48 B e A7 il
Mo BATTREMI 73 WA W] REIR 73 WAFN 55 1] BE 1) 43 W
I X = AN T 4 B T EL e e TR 3 2 43 Wik
B ME T IR . XL R — AN I )
S B P 5 P R S S
WM EE

FIF] WoLF PSORT Al PS-Scan X 4 Jii % 25 (4
BEAT PRI 53 o TIN5 A4 SignalP4 Tl iy
551K, PS-Scan Tl (1) A 53 4 BE AR 22 JB A2 1A )i 14
EEH. b, wRENaE— NS
F380,  EATT AR A9 A X B
GPI #iE&EH

S5 ARALA A AR B FragAnchor TiI A&
H GPI Higd, Ht—2XI5r 8 GPIH#iEEH. HEM
AT R B E SR, GPI & B A RA 5K
B AR A BE () 0 W R A
HoAth 48 for B B B 5 R

AT B, CFELRRAR . 41 (40 i
JR) AHBRE SR, mUREER. WEERIR. . AR
AR | BT ) B i8I WOLF PSORT 2k
TR o 0T FRMAL T 2ekifh, mRAsAA, 4H itz Al
WRREAR, MR- NMEARGE NS EZNE
R, e — A — AR R A R E I
AHREE A
1.3 HIB FE R 23

HARAE/E—A Linux %5 % MySQL 5% &%

e o R F T AR SR i Bt R A PHP #E5. A
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* M o/ f m b B B
http://proteomics.ysu.edu/secretomes/
fungi2/index.php. 7] LAV 1] BLAST 27 DL 42581
AR o 7 RN b B HE T B AE
http://proteomics.ysu.edu/publication/data/FunSecKB
21 N

2458
2.1 78 F 5 Y40 P 5 o RO BE ER P4

BATRA T ERETF R THE T AM
TR J79%:(Min, 2010; Meinken and Min, 2012;
Melhem et al., 2013). & T 3 — B VP FRA T 7711
FIKERE, AT UniProtkB/Swiss-Prot ¥ &
RAFT 14884 NOATERGERE . HAME— 4 e
AERMES. WREARE 2T E A 5T
BAAREE, AT HHRRESL . T HRATZ AT
AFEE, AV TS FE ) R R e A
1 0 A A0 A e o TS BE VA

MCC ZRHGHAT T W &:(Min, 2010). A& 45 RanZE 1
Jis, BTVE 9 FE M S A R AR R R/ (<20),
Jir UL 5 RS A P FOUIUARS B2 FHE AR BUANAE N o AL
TAEHE R TR, ANWTTEEHZ M T A
f14% SignalP4. WoLF PSORT £ Phobius &l 43
WIS 5 K, B PS-Scan 2N i IME H , TMHMM
T EBRIRE E, XL T7 VAR B35 46 = Tl RS 2
(Min, 2010; Meinken and Min, 2012). 7EX} 5—Fh
SR /INIEAT TOU B, il py v B2 R e 20 B 1
SR —AARHER ST, X —TJERA R
e (> 0.99), AERARZ, BRI % E &8 H
TV B B SR R BE P I A . B T mT e A
SR A MCC EAESE R, M RADEE
H2& e TiX—3. S8, X T9npenitiEn
(R FIUIN 53 B 75 EEE A Ay, DR B BE 1 ) B d i
R I PR B 1 = D (R 1)

Table 1 Evaluation of prediction accuracies of fungal protein subcellular locations

Subcellular location  True positive False positive  True negative  False Negative  Sn Sp MCC
HLS 1364 130 13269 121 0.919 0.990 0.906
HLS+LS 1401 188 13211 84 0.943 0.986 0.902
HLS+LS+WLS 1412 337 13062 73 0.951 0.975 0.862
Mitochondria 1595 887 12015 387 0.805 0.931 0.671
ER 19 1 13873 981 0.019 0.999 0.102
Golgi apparatus 5 2 14527 350 0.014 1.000 0.098
Nucleus 4483 2771 6823 807 0.847 0.711 0.535
Vacuole 0 0 14389 495 0.000 1.000

Peroxisome 9 15 14722 138 0.061 0.999 0.148
Cytoplasm 1293 762 10611 2218 0.368 0.933 0.371
Cytoskeleton 87 234 14055 508 0.146 0.984 0.175

M HLS: R R RERI il LS: T RE M, WLS: 501 REZTi6; ER: )50, Sn: BUEE; SP: 571k, MCC: S AR A 5% A2 4
Note: HLS: highly likely secreted; LS: likely secreted; WLS: weakly likely secreted; ER: Endoplasmic reticulum; Sn: sensitivity;

Sp:specificity; MCC: Matthews correlation coefficient
FATE LR T Zebifh & H i WoLF PSORT Al
TargetP U A #ERATE. FRATAIL, H Wolf PSORT
M MCC 154 0.67, TargetP il ) MCC & A
0.56, FATTHAIN 148 FH A7 B T o3 B B 14
2R LA R TN R S, BRI A, MCC
{E M B — 1 Ff] WOLF PSORT Hi 1) 0.93 3 in %> 0.98.
SR, H T IR R R EE AR, A B BT A B 23
THIFARESR® MCC MME. KL, FATESE T
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WoLF PSORT Rt kit 8 AT e ir. S8, P
MiZAEIRE], % WoLF PSORT Al TargetP Fiill &
R & — PP RR R, B4 IX AT 45 S 2 L
— TS R TSRS 2 .

At 7 24 A7 L P FORG FE A AEAR K I 22 57 o
18 A TR0 ) BRI S 0.85 R ItE{E A 0.71,
MCC 1By 0.53. FHoAt (1) 7.4 Mo o7 B A4 P Jo )
TR RFER . R SRR s A A A A 1) T

Jisuan Fenzi Shengwuxue | Vol.4 | No.10 | 1-11



Meinken: FunSecKB2: FLH§ & (A W40 AL i &0 iR

EPEZE MCC fH_LARIR(<0.4) (3¢ 1). SR, R i%35
HHRIE ARG PR P2 T 8 P 5 A0 th R AR IR
Hor b, HARRE AR LR (>0.98). B, &
T — 5 43 A 5L 30 1 T 4 L 4 2 9 T A
MEIF . BRI, AN (4 e T A fr i b
(R, 823 /N TN G, SR Fe T RS TE AT
(ELRE, TIN5 2 2 1 )00 o 8 PO P 17 7

b
EEE

2.2 AN [E 4 i Y. 40 B 2 B 5 4EL 9 A RO

VA PR FRU () R 1 1) 40 P A A
B, KRBT 16554 NIEEDFPEL S FI(ER), HAH
189 NMEEANF/DA 1000 5 EE TS DR A FR,
Hop—2em ey — AN LA SRR, AT RUE R P A
B, TR EYME RN BA KT 1000
FEFTT AR, T DU B SRR
PP R B o AN A EL & )P0 ) 748 i 2 5T 40
(Ko A DL G5 E 2 2 FIPR 1. £ 2 GG LL R
WAL B 3 WA ER 1 (4 98) SRR AN L Rk T
JEE L 40 BV V00 (LT AR R) « A B 20 L A% S A TR
o S A Al AR JU LR (GP ) S o2 B 1 - Wb B FI 1)
FhAAFE LR 200 JEAR 153 A v RE 22 43 h
I3 VA5 73 WA FE 1 o A T A1 M 8 11 A7 LA S
(CELHE PN 5 X PR IS B ) « v 7R AR (R B ) Y T AR
AR YIBEAR . BB ), AR, AR
L ERE, R 1,

FERIHR/NZ 5781, Rk, fEAFEE Y
Fleb, BRERAR MR K. SR, B
BHR, EEEREY, Wk 2 R, —NMAEM
MR REAA—ELEARAR KA, me—
MARIFAF RN EE RS . BN, BRIGEEEE
I AR AN, UniProtkB #d 22 v 55
6621 MEHA T, HERMKEYEEY, A 79093
AN B SR BRI B A4 T, IR X S
HARE T2 EK. B HLSEHE NG TRE
T BT 5 TR 7 HOPPAh B B 4 )
Ao HERE) A, AR IUAZ A e K20 e A fr &
THEH 39.2%EHAFEMERN, HTHEITH
39.2% ) 5, ZETUA - HUA 57.4% 0 B 1 5UE AL
RN . SRR 27— N RIEM Xik: 13
WA 195%MEH, HFEITHE 211%MEH,
MR 16.7%MEH, ST &bk, 4
18~21% 1) & 1 Ao T4t i o B m B o b o 7R 2R B
11, iR AR LI 0.3%%] 10.5% A%, ¥y
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EEN 4.6%; HTEITM 1.9%F] 7.4% 4%, Ty
TN 4.4%; AT HN 0.5%F] 1.7% A%, “Fi
B 0.9%. SR, 1X HL 1) 4 wh T 2 AR A PR T,
0K AR 4 7 Wb IR A AT REM r i B 1, TR
PP RE MR A A 00 1 &
i, R ARG SR, W E AR
NIRRT 55 R e 43 b 43 Wk B ) i ]
AR B S WG N, (H A (B BH PRI 2
HEH.

23INFHEENAEEESFWMERHKRR

ELTFATLLRT FunSecKB 2304 TAF (Lum
and Min, 2011), 7E—/Mrf e 43 B LR/ ()
HEARAR KNS EFR(X) (r=0.87), [FIH7F
N y=0.081X271 (Kl 1). #A10, POFASEIARE T
AL 5 W B 1 40 5 43 Wb 8 1 B B KN AE 22 57
Lowe F1 Howlett (2012)%fF 5% 3. B (1) A2 1% 7 A0 43
EAAPRA, KREAXHAEE T A EEEA
RKHHIR & A, AR T A EEEY) B,
B R A A /0 4y (1) 25 TR e T LA oy i
. f& Lowe il Howlett 1) T./E(2012)+, %4HANH
SignalP AT /s B TG TUN, PR, oK/ N AT R
AR R FRATTAE IR T T AR H UscsE B i
TATHEIE T BB 0 A % 7 SR 2 Wb ) RSS2 )
5% 2 (B 1 FIFfE % 2).
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Figure 1 Relationship between proteome size and secretome

size in fungal species having different lifestyles
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S)o BATSLER M EA CRNEARH, LA
WIE S JE R N ISR A B A A A Y —
AT H i — s mT R N 2 AN, X
% HWOER(LAN R 2). HR4E Lowe Al Howlett 1)
I8 (2012), NI IR A, CLFE 0 SR AR
VIRl — e R 28 R AR B A — MEX BN E A
R, HANKZH/NT 12000 & EAFFH], H
H — L FR S A HRUTR B A R R TR 4 g ) 3
A 2000~4000 8 5T, AT 1% 2 4 o b (K]
1) NI IE IR, 43I E E 5 Ee AR fk

M 0.3 £ 7.9%, I 2.8%. H— 51, HEHIE
B R A A B 22 K/ AL 4000 31 18000 /M
RN AR R W RS AR TN 1.3%3]
7.1%, FHEEN 42%, HYIHEEEMN 1.7%5)
10.5%, “F¥IEEN 6.3%. WK, XELgEREH,
3 WA PRI R /N A2 42 1) 3 B ) A v g = B e [
R —. I, BN i i A
HATRe A AR AEE T, MM, 5
FIAH A RRRT Re s B RIER, YoE TR
A 7 s

3 ABMMWEAM GO 433K
Table 3 Gene Ontology (GO) classification of fungal secreted proteins
GO ID Count % GO description
Molecular function
G0:0016798 16132 30.9 hydrolase activity, acting on glycosyl bonds
G0:0043167 11011 211 ion binding
G0:0008233 8182 15.7 peptidase activity
G0:0016491 7305 14.0 oxidoreductase activity
G0:0016829 1710 3.3 lyase activity
G0:0016791 1439 2.8 phosphatase activity
G0:0016810 1242 24 hydrolase activity, acting on carbon-nitrogen (but not peptide) bonds
G0:0016853 1010 1.9 isomerase activity
Others 4136 7.9 including 32 other GO categories
Total 52167
Biological process
G0:0009056 21356 24.6 catabolic process
G0:0005975 19039 22.0 carbohydrate metabolic process
G0:0071554 5584 6.4 cell wall organization or biogenesis
G0:0009058 3612 4.2 biosynthetic process
G0:0006629 3463 4.0 lipid metabolic process
G0:0006950 3405 3.9 response to stress
G0:0044281 3356 3.9 small molecule metabolic process
G0:0034641 3076 35 cellular nitrogen compound metabolic process
Others 23845 275 including 60 other GO categories
Total 86736
2.4 WU EA K TIRE ST fH % N 1e-10. GO JFFE 15 2 M\ Uniprot ID Wi

NT AL B 4 W EE A I T RE AR IA
BATHAT T GO 43Hr. 43 ubER A 2L AL HE JE 4k AN i)
MAEMRETWMMEAR, NNXAENTE
UniProtKB/Swiss-Prot %4 % $h 4T BLASTP %, E
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KRR ERF(Z 33.7%) HA & P45 ThEe F2(4%), LALLM BE AL 245 B(6.4%) « LU N
HHE(Z 21.1%). IKEFQ15.7%) FAEEREE(14%) DT IERARESES R, MiZdEdirse, GO 73
MHAB R — Ll HEWHKEARSYS Vil 60 F@0A GO ThREERE B HIZ) 54%HH) Tl /) i

MAFERAEE . EEAEDERE, O
FE(24.6%) /KL &I A R (22%) SR AR I
R A BT LY AL 20 B KR

Table 4 Highly encoded secreted protein families in fungi

B ABEAT T ThRE A )

Pfam ID Members %% Pfam Function

pfam00026 1473 34 Asp Eukaryotic aspartyl protease
pfam00135 1419 3.2 COesterase Carboxylesterase family

pfam01565 1395 3.2 FAD_binding_4 FAD binding domain

pfam00082 1279 29 Peptidase_S8 Subtilase family

pfam03443 1150 2.6 Glyco_hydro_61 Glycosyl hydrolase family 61
pfam00295 924 21 Glyco_hydro_28 Glycosyl hydrolases family 28
pfam00704 924 21 Glyco_hydro_18 Glycosyl hydrolases family 18
pfam05199 873 2.0 GMC_oxred_C GMC oxidoreductase

pfam00450 845 19 Peptidase_S10 Serine carboxypeptidase

pfam00933 809 18 Glyco_hydro_3 Glycosyl hydrolase family 3 N terminal
pfam04389 695 1.6 Peptidase_M28 Peptidase family M28

pfam07732 651 15 Cu-oxidase_3 Multicopper oxidase

pfam00264 631 1.4 Tyrosinase Common central domain of tyrosinase
pfam04616 591 1.3 Glyco_hydro_43 Glycosyl hydrolases family 43
pfam01083 569 1.3 Cutinase Cutinase

pfam09286 519 1.2 Pro-kuma_activ Pro-kumamolisin

pfam01522 486 11 Polysacc_deac_1 Polysaccharide deacetylase

pfam00150 454 1.0 Cellulase Cellulase (glycosyl hydrolase family 5)
pfam09362 450 1.0 DUF1996 Domain of unknown function (DUF1996)
pfam00328 417 0.9 His_Phos_2 Histidine phosphatase superfamily (branch
pfam00840 410 0.9 Glyco_hydro_7 Glycosyl hydrolase family 7
pfam00188 400 0.9 CAP Cysteine-rich secretory protein family
pfam01764 397 0.9 Lipase_3 Lipase (class 3)

fam00544 393 0.9 Pec_lyase C Pectate lyase

pfam00331 381 0.9 Glyco_hydro_10 Glycosyl hydrolase family 10
pfam00457 377 0.9 Glyco_hydro_11 Glycosyl hydrolases family 11
pfam00246 348 0.8 Peptidase_M14 Zinc carboxypeptidase

pfam12708 337 0.8 Pectate_lyase_3 Pectate lyase superfamily protein
pfam07519 331 0.8 Tannase Tannase and feruloyl esterase
pfam00722 325 0.7 Glyco_hydro_16 Glycosyl hydrolases family 16
pfam00394 303 0.7 Cu-oxidase Multicopper oxidase

pfam13668 301 0.7 Ferritin_2 Ferritin-like domain
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Note: a, 43 b (%) 238 T & 1 43853 Fax A H A Pfam LR HCRIHE, SEBAIFIRTT LT H

Note: a The percentage (%) was calculated based on a total of 43853 proteins having a Pfam match. The complete list can be

downloaded (see text for details)

FRATT a2k — 25 0 F50M £ 7 b L B o R AT Tl e
TR, {$FH rpSBLAST T HX} Pfam ¥ it 4744
%, EfHEN 1e-10. 1£ 93430 AT 1) 73wk 2
i, 43953 MR AT AIE Pfam 43 M h AEBSITHL, 3t
A 880 MEAFIZKIEIHAT TAM . HEH 33 M
JE Gt i 3 Wb 8 A 2R AT LA, Wk 4 PR,
oo ¥ om & £ A LN #
(http://proteomics.ysu.edu/publicaiton/ data/). H i
10 AN gt 73U B A S0 R A2 I 2 1 B ok
RIRBERGE e . FAD S5 & 45 M3, R HEAT B 88 1 e
Kk FEEKRBE G 61, MiR/KMABEK % 28,
WEHK EE R E 18. GMC SRR . ZE Rk
FEPRBG ARSI K ARG 3 20k . IXELRERE, BN
X HEAE IR AR IR E R RSO B 2 e
JOR T AR G At 2 1 TR 2 b AR A BT B R B
BT B AE 1R BRI B[R] B A WD RE 2 A 2RI
(Druzhinina et al. 2012; Girard et al. 2013). GO 434t
T Re S A8 73 B 4 B e — B, oRiXsE A
FES 5 EMEIRNEY ST, BRRKEEY .

EEAR. RS T
3itie

AT 7 — A R 40 A e A B8
Idii 44 9 FLTE 43 Wb B 1 T 4R T 4 i 2 1 R R
(FunSeckB2). 5 FunSecKB Hitk, #&&MAMEEEL
M 478073 4N T 1976832, T L 1A Al 1 A B (0
FEA R RN F B R) A 52 B mE] 210, 1 .41 i
AN A A G B AR LR . dHfR)sT . 4H
MO ORI TEEEA. AU, D E ARG
. ARG . HhAh, SR AR, AT
BE— R Ay, A AT RE S A R RE ) S B
F. ATREM MR . J9RTREMI NI . IXFh4H
AR 73 SR 8 M 40 i E LR 42 KR H i fE AN A
Wb BEAT B0 L A0 i 5R EB BRAL R B A B . SR
A1E UniProtKB k3 e B P9 e, —SE BRI H

WIRTT, PR T — g @ Yk i & B st A,

TAFEMABFETCRZE N E AR AR E, Xt
AL # UniProt kO #H
(http://www.uniprot.org/taxonomy/complete-proteome
s). ENVERHIIE, X TFIERP G E A,
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WA R 6 8 A2 WA B R B AN A, B4
[BEIMZ BRSO E A REB%.

TATEFRAL T e 48 R A 5B e
B AT AR AR ) BLAST T A, SRR
FATTEI A o XA BT 00 AR R S AT R
WARRERL . F3ok, AFATEE 44 (1) 88 7 A FH 3 4B
B M B I AN TR0 2 A 4l e A i T H . Hee il
MEAFRANEAREMKAERTRACEH
Meinken and Min (2012) #1 Caccia %5 A (2013): 45
LT . ik, Cortazar 25 AN (2014)NH T —4 web
k%% SECRETOOL, EEEE T ZFhHiil 5 1# 7wk
EHRAR TR, Hiase T BERIAME A M —F,
TATTH XA R 55 2% BE = 2B A 0T 0] 58 (1) Tl 25
BB TE T R 1 AR 5 ZE T A R AR 4 ) A
(Cortazar et al., 2013; Lum and Min, 2011). B4k,
F AN AT RE B P, ELB WA ER 1 BT B
(FSD), s&H —FhAR—HEM TR LMK, &
] g PR A — 28 BT AR A AV A S E A ) AF
=)

HEHA —BENE B ERWR G, M
29 TR SO 6 £ 1k 5 AR A R4 B A A )
B 1) A )5 4 (Girad et al., 2013; Alfaro et al.,
2014). i FAETT A, JEAVEAEYIR & A R
b BB KRG . AR AV REAT B A K A
AR IR AT K el . SCAAEMIARS A . B3
HH, FUARE IR YA K il A SO 1 (Girad
et al., 2013, Alfaro et al., 2014). /342K (4 RAFEA
BEPIRER: K2 L2 MK i AR &
H, e TS R K ARG . A — /N2
ELFE ARG IR DT REA EAE SR B 5 (3R 3). fEIX T
TAEH, SEAMEENRETEupWEH, W
T RE S A, E 22 BB AR
WAEE . SecretomeP & — Mk FH >R Tt 4 B A0 L
ET I/ B TN 4 S /S -G = B¢ 1 B R =
(http://www.cbs.dtu.dk/services/SecretomeP/)
(Bendtsen et al., 2004a). [ JyixA T HBA # L
T FLTE R, T RS AR TR A, R R
T8 XA L RORA A . FRAVEE R ET
P AFRAZ T 318 8 1 1R A e e 1 250 el 2 e
Yy WA, T HR AT SR H R S BHH s SR 2
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