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Analysis of signal peptides and secreted proteins in the whole
proteome of Pichia pastoris

ZHU Lingxuan, CUI Xin, HU Shantong, WANG Shihui, ZHANG Guimin”

College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China

Abstract: The signal peptide is a key factor that affects the efficiency of protein secretion in
Pichia pastoris. Currently, the most used signal peptide is the a-mating factor (MFa) pre-pro
leader from Saccharomyces cerevisiae. This exogenous signal peptide has been successfully
utilized to express and secret many heterologous proteins. However, MFa is not suitable for the
secretory expression of all heterologous proteins. Many typical signal peptides are present in the
secretory proteins of P. pastoris, which provides more options besides MFa. Therefore, it is
necessary to analyze and identify more efficient endogenous signal peptides that can guide the
secretion of heterologous proteins in P. pastoris. In this study, we employed bioinformatics
tools such as SignalP, TMHMM, Phobius, WoLF PSORT, and NetGPI to predict endogenous
signal peptides from the entire proteome of P. pastoris GS115 (ATCC 20864). Moreover, we
analyzed the distribution, length, amino acid composition, and conservation of these signal
peptides. Additionally, we screened 69 secreted proteins and their signal peptides, and through
secretome validation, we identified 10 endogenous signal peptides that have potential to be used
for exogenous protein expression. The endogenous signal peptides obtained in this study may
serve as new valuable tools for the expression and secretion of heterologous proteins in
P. pastoris.

Keywords: Pichia pastoris; proteome; signal peptide; secreted protein; bioinformatic analysis
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HE,
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PredHel 4 25 5 IEUE 245 b, i e 47 f5
W& 1 MR X A E )75 A Phobius #F17 i
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i extr AJ BEME IR = (6 114

Table 1 Data acquisition website and function

Name Website Function

SignalP 5.0 https://services.healthtech.dtu.dk/service.php?SignalP-5.0 Batch prediction of potential signal peptides
in protein sequences

SignalP 3.0 https://services.healthtech.dtu.dk/service.php?SignalP-3.0 Batch annotation prediction of N, H, and C
regions of Signal Peptides

TMHMM 2.0  https://services.healthtech.dtu.dk/service.php? TMHMM-2.0  Batch prediction of transmembrane helical
domains of proteins

Phobius https://phobius.sbc.su.se/index.html Batch validation screened transmembrane
regions

WoLF PSORT  https://wolfpsort.hgc.jp/ Batch prediction of subcellular localization

NetGPI 1.1 https://services.healthtech.dtu.dk/services/NetGPI-1.1/ Batch prediction of GPI anchor

Weblogo https://weblogo.berkeley.edu/logo.cgi Conservation analysis of signal peptide

sequences with the same length
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Figure 1  Proportion of genes encoding signal

peptide proteins on the four chromosomes of Pichia
pastoris GS115.
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Figure 2 Length of Pichia pastoris GS115 signal
peptides.
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Figure 3  Statistics on the length of the N, H, and
C regions of predicted signal peptide in Pichia
pastoris GS115.
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Figure 4 Analysis of amino acid proportions in the N, H, and C regions of signal peptides (from left to

right).
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Figure 5 Conservation analysis of signal peptides in Pichia pastoris GS115 starts from the second amino

acid at the N-terminal. A—1: 16—24 AA.
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Figure 6 Conservation analysis of P_j;—P;, near the cleavage site of Pichia pastoris GS115.
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RNA-seq J&F5 AP HARGH FH=
FEZ P RNA R B 20 1 f e R R, & —F
B 0 e S AL 2R 58 9k, 78 RNA-seq 43T

*2 2-DELHEESHMER
Table 2 Proteins with -DEL retention signal

o, BT AN A T U O 2 UK (reads
per kilo bases per million reads, RPKM)/&—F}
SIS I - % JEE R0 ke DR B 52 i) P 2 Sy A = i Ay
HSE, RPKM #E, PR Sk 3Rk P8 o
RPKM HIf AR E : . RPKM {H>100 J& T i %
i5; 10100 J& F KR ; <10 JB AR FIEP,
Xu PR T vk e ar R R maUn gh L E T
RNA-seq 5 T A [FAR I T £ 2K RPKM.,
BT HEE, 4546 FRTmEmES IRSdE, o
Br 7 69 T4 2 1) 43 W FUF 41, kB LL#
ZIBERORIE,, A 39 MERIBER . 26
JERIXER . 4 DARRKREAWFI]; 1EL
T s e, A 33 ANERBEN . 34
JERBEA. 2 MARKRKREANTFS]; UH
PONBRIEIS, A 23 DERiBEA ., 45 P
FKEEA . I PAIRKIEEAWFI,

H A 72 26 TR AR B N IR 5 Ik &
AN H m RIS TSR (R 3), gt
R, AL 21 DEHE RN FAMNEE A RIEB N
PGS IR, A 12 AR AT B4 3 5 43 1
EIFE TR, HAafEA oM ks
K-

Molecular chaperone of the endoplasmic reticulum lumen
Member of the protein disulfide isomerase (PDI) family

ATPase involved in protein import into the ER, also acts as a chaperone to

mediate protein folding in the ER and may play a role in ER export of soluble

Protein required for B-1,6 glucan biosynthesis

Protein disulfide isomerase, multifunctional protein resident in the endoplasmic

Peptidyl-prolyl cis-trans isomerase (cyclophilin) of the endoplasmic reticulum

One of several homologs of bacterial chaperone Dnal, located in the ER lumen

Gene C-terminal Description
PAS chr1-3_0063 HDEL
PAS chr1-3_0125 HDEL
PAS chr2-1_0140 HDEL
proteins
PAS chr3_0929 HDEL
PAS chr4_0844 HDEL
reticulum lumen
PAS chr1-1_0267 KDEL
PAS chr3_0179 KDEL Glucosidase II beta subunit
PAS chr1-3_0174 RDEL
PAS chr1-1_0237 SDEL

chaperone Kar2p

Nucleotide exchange factor for the endoplasmic reticulum (ER) lumenal Hsp70
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#3 NTRIINEEAEEFRBERRENARESK

Table 3 Endogenous signal peptide mediating the expression of exogenous proteins in Pichia pastoris

Signal Gene Reporter protein

RPKMgjucose RPKMgjycerink© RPKMpemanor  Predicted as References

peptide secreted
protein here
(Yes/No)
SP23 PAS chrl-1 0160 Recombinant human  274.60 348.63 102.67 No [28]
SP24 PAS c131_0001 growth hormone 107.11 156.52 74.57 Yes
SP26 PAS chr4_0040 494.93 597.38 181.99 Yes
SP34 PAS chr1-1_0293 180.48 411.24 746.19 No
Scwll PAS chr2-1_0052 Xylanase, mannanase 240.31 137.42 96.09 Yes [29]
Dse4 PAS chr1-1_0130 258.61 136.71 50.80 Yes
Exgl PAS chr2-1_0454 544.71 355.22 257.89 Yes
SCW10 PAS chr1-3_0229 Laccase 568.35 511.69 273.78 Yes [30]
FLO10  PAS chrl-4_0584 55.73 54.80 46.00 Yes
BGL2 PAS c0305hr1-4_0426 806.37 1151.42 498.21 Yes
SIM1 PAS chr2-2_0064 569.16 597.00 295.00 Yes
PHO5 PAS chr2-1_0103 197.80 74.19 38.51 Yes
OST1 PAS chr3_0741 Red fluorescent 154.00 267.92 53.72 No [14]
protein
CPRS PAS chrl-1_0267 Enhanced green 676.44 265.53 90.15 No [31]
PRY2 PAS chr3_0076 fluorescent protein, 111.18 102.11 94.34 Yes
NUP145 PAS chr4_0643 Rhizomucor miehei 102.60 238.01 93.39 Yes
FLO9  PAS chr3 1145 lipase 1 657.42 693.84 142.22 No
Gasl PAS chr1-3_0227 Yeast-enhanced 626.24 430.65 372.82 No [19]
Dan4 PAS chr2-1_0172 green fluorescent 52.17 55.94 50.90 No
Msb2 PAS chr1-3_0276 protein, 139.08 195.45 215.81 No
Fre2 PAS chr4 0399 B-galactosidase, 22.91 47.14 111.16 No
cephalosporin C
acylase
T UETI AR, T HAMEERECF iR

AR IR T Be AR RE GS115 25 4~ 10 BBt
W, KIS RIA 69 A E S HUE T H
B, S5 R A DA A W T Ry e 0 35 57
S, MAME RRm RT 35 A RAME A 10 4
EHMEE R — 2 (3 4), HA Mo e B9 A
SAFESIKEATH 4 AN S5HNLSR—5,

DU PA I R At % 4 g 10 MESIKE A
6 MM TAMEE P RIL, H Exgl 7ERE
AR ER R AR Wi B A RO MFal'®, H I
HEMX 10 M55 BT AR R 3Rk M E & AT
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SP 243 Wb id 2 v 3 Bl 2 1 5T 1E i 2 6L 1Y
FE I 22—, RAF B R W) SP X5
INWEREEE IR IR ARG ML T B, IRk,
R Z 078 42 A PR PE 20 SP A A T4
WHIBIMEE 1, AT AR EERE Y SP AT
TRIEFEANHr, R T HEMEE. 7E5 IR
WERE GS115 H, Jefafk 5 SP AL 401
TE 4%—6%2 18] , RZ 80 SP B K h 16-24 AA,
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Table 4 Endogenous signal peptides in Pichia
pastoris that may be used to express exogenous
proteins (N, H, and C regions are divided by slash)

Gene Signal peptide

PAS chr1-3_0229 MQVKS/TVNLLLAC/SLAVA
PAS chr2-1_0454 MN/LYLITLLFA/SLCSA

PAS chr1-4_0426 MIFNLK/TLAAVAISI/SQVSA
PAS chr2-1_0887 MYRN/LIIATALT/CGAYS
PAS chr2-1_0052 MLST/ILNIFILLLFI/QASLQ
PAS chr4_0046 MKS/QLIFMALAS/LVAS

MKI/SALTACAVTLA/GLAIA
MK/LAALSTIALTIL/PVALA
MF/WLLVLSLI/SQALA
MFNLK/TILISTLA/SIAVA

PAS chr2-2_0064
PAS chr4 0305
PAS _chr3_0960
PAS chr3 0337
N-region: The positively charged N-terminal part of the

signal peptide; H-region: The hydrophobic core; C-region:
The cleavage site.

H3AKIHAAARFEMKE, SP N X&HE
A I A R R IR I Sk R, X AT LA
WNE A S0, AR R N XEU>IER
TSR 2 B N Z PO A #5 H X
KR 8-11 AA, VSiKERR N E, ARZE
52 BRSO L 3% XA B A Pk A A
FEAM TSP, K H XK SEES
FR B HIROR P A 5T 45 Rt R B 43 SP
) C IXALA 54 AA 4, XAl RERA5 S ki
WFRRE YRR, 2T TFRKESSEY)
FICRIEE . 534, BearmeREiy SP ) C X
HBLT LA AXA 7, A 55 M
5 KA BAE R, [ e B AR R SP
B C XH A T VXA FEF(20.97%). HE 7R EEE
RN RN R R 7 N VN N N 2 9 - 1
M 5 JOK e J 25 7 1T 5 %o TR T 5 PN V6L 155 5 ik
Oy M ORI — 5, Xt EE AR BERE GS115 943
WARE FAEAT T 0 A3 B, AS RS TN A 2 1 43
WEAGS KRS E2MENELAE A RENE

&: 010-64807509

BRI, HAEA R T s R P
RBKF, BA—EWNSHOE, BLERT
LR IR 5 IR K ANIR R B PR e e 41
% AR o AN HA o WAL A 2 AR 5 IR
MTANEE AR, WHEHAEATW SN
SHINRERFIIA —ERFR . BARDIER
B RAF S KDDL 205 1 P 91 BeA W A /Y
FFAE, R Tian 55058 1 HLARF 2 X HE ok e B
RO TS, SRR B A N by
BT C 3wy 5%t T3 W2 ma Bk, J R ml g
J& N ¥ 3 51 22 S R 43 Wb ig A4 vh MFac g i) B

4 ik

AWFFTiE i SignalP, TMHMM ., Phobius .
WoLF PSORT #i1 NetGPI %51 T. H., X Be o fi
B GS115 5K A g 2 1P 9N AT T A U15
BEEa T, BB TR S A E SR EN
JEA, FHEaHrx s E S RRE A . KB, X
FEAE B A0 w5 B 3 2 356 R LU 491 RO ST 6L i 55 AR
B, WUE T 2 BEE S IKIRHIE, R X &
G T KB AN AT T R4 B . 95T I e
AP AT . 20 B E AL 3 AT AT GPI 4 2 or
BT, IR R T 69 4~ HA 2 g4 IERIE
FIEE LA, SR X6 Eb B 4 R 52 50 B0 50
TSR, T 10 N B RS S
ABFFE R HR B E IS B RS S IR T S AR
BB AN IR T RUR LA, R R d A
T EE AR RE S WA HIL I B 5T
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