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Secreted expression of prolyl endopeptidase from
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Abstract: [Objective] The study aims to heterologously express Aspergillus fumigatus prolyl
endopeptidase cDNA and to characterize the recombinant enzyme. [Methods] The cDNA from
A. fumigatus CICIM F0044 was obtained by reverse transcription using the total RNA as the
template. The PEP gene that encodes the mature prolyl endopeptidase was amplified using
polymerase chain reaction with the cDNA as the template. The recombinant expression vector
pPICI9K-PEP was constructed by inserting the PEP gene into pPIC9K, which was then trans-
formed into Pichia pastoris GS115 by electroporation. The resulting recombinant enzyme was
purified and characterized. [Results] A maximum yield of 647.3 U/L enzyme activity was ob-
tained from the recombinant yeast. The molecular weight of the purified recombinant enzyme
was approximately 63 kD. The optimal reaction temperature of the recombinant enzyme was
65 °C. The enzyme is highly thermostable, retaining 90% of enzyme activity after 8 h of ex-
posure to temperatures 55 °C. The recombinant enzyme exhibited an optimal reaction pH of
5.5 and its activity was highly stable from pH 3.0 to 9.0. No decrease in enzyme activity was
observed after 10 days of exposure to pH ranging from 6.0 to 8.0 at 37 °C. [Conclusion] The
A. fumigatus prolyl endopeptidase cDNA was expressed in P. pastoris. The activity of the re-
combinant enzyme was stable, which indicates that the recombinant yeast has potential value
in industrial applications.

Keywords: Aspergillus fumigatus, Prolyl endopeptidase, Inducible expression, Enzymatic
properties
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1EIH 5 Z B2 BOY SR G ORE, Ml
P A AR M Ra e M. 2005 4E, Enens 45P)
WEA T IZ R AR 2 KA % 2 A T o A,
YT PEP WURERAE, XA AT REVE N —Fh T+
AYEE N TR, HTEAFUTIINE . Fii
SLEEEY) . IR BER B AN T AR

PEP BEAA7E TAIR . HET, WAAETHEY)
DL K sh A ek TERRFL Sl 2 b o A A,
Horp i iy PEP & AR H e 8w,
SR PEP FEIR AW A B A A 43 A, B
HAR YR N & BARME, A Esalifh WER, R
B T H A B RE R R AT . EARE 2R
ki B 5% Jié 75 2% T T (Flavobacterium meningosep-
ticum)MO M g K A AR BA i 7 (Aeromonas  hydro-
phila)'? | S IcDNA FE | ik L 20T R 2
it 8% (Aspergillus niger)™ v 5 e 1 i S Wk P9 ik il
FEDH [ P 2 R AT DA AR S B T v T
1 e PR R T AR R AT R kA T TR
IRAIFST, AR - S 00D il 2 e A
PURREGIE A, S8 T AR KT o % L i e
FRERE 253k ,2010 4EJiE, Sriranganadane Z:18
ia FHEE AU HHOR, H ORI T A 7E TR
B MUAM 3 WA EE 1 H A0 I 2 PN ikl (B X
TR T TS

AR SCE R T A A 2 UBE P IR cDNA 2
N, JF7E OB A e R e Bk v S T S R A R
ik, WA T AR R AT, A I
JURTR 4 Tl N FH B T At

1 MRS

1.1 EHRFRRL

JH A CICIM F0044 FIFK 7 #T 1 (Escherichia
coli) JIM109 Ay VT pg K27 H ] s A Tolb 2k Py ot
PRI B A (CICIM-CU 5 o [ 3 e Sl i B
FIRAR pPICOK LA K ik 1 F B B D i bl i e

GS115 # Invitrogen 23] 7
1.2 EEFNEZEIXF

IR VIG . E4ENE . e MEREIR G (CIAP) S
gy SOl T B R KGE S AR TR B
UNIQ-10 #ExE RNA Hhi#iA50 &l B 24E T4
TAE(E)ARAT]; G418 4 Invitrogen 3] 7=
i, PCR BI¥I LA TAEY TR AR RS AR
NFEE G Amicon Ultra-15 centrifugal filter A
Millipore 23 w17 fi; Hiprep™ Phenyl FF (high sub)
4 GE Healthcare 24 &l /™ v B e 5 MKW
Ala-Ala-Pro-pNA (pNA g XA LA ) b 75 2R A
A () A R R HoAh R 248 ™ 4B
4l
1.3 FEERE

(1) MD $5573E: 1.34% YNB, 4x10 %M %,
2%

(2) BMGY i35k 1% 1Y), 2% A
i, 100 mmol/L pH 6.0 BEfR#H, 1.34% YNB,
4x107°%A: W%, 1% H i .

(3) BMMY 15 355E: 198 RHZ ), 2% 1
i, 100 mmol/L pH 6.0 BFMR%A, 1.34% YNB,
4x10°% 3R, 1%
1.4 RNA BY$2EY

F RNA sl iatGn S48 O th 25 5 RNA, B
PRI L = i B S
1.5 HEFEH) PCR ¥ 1

AR HR A 2 2k P R P 4 i %
51%: Pl 5-AATTGAATTCCTCATGCCCAGG

GCGCCTTT-3"; P2: 5'-AATTGAATTCTCATGGC
TTCCTATATTTGGG-3', DA HUAAH Hh 5% 5L RNA

o, el A cDNA; FELLZ cDNA
Bit, DL P1. P2 i L FUiE5 4, #4T PCR ¥1
BT A BHF 5 IR0 A it 2 1 220 PN DR il 2k
cDNA H B, PCR ¥ 444 4: 95 °C 5 min;
94°C 30's, 58 °C 1 min, 72 °C 2 min, 3t 30 /M
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¥§; 72 °C 10 min,,
1.6 FIXHARMIZERFTINE

W4 Tk pPICIK FH EcoR 1 1], CIAP Z:iie
fEAb BEE— 2 aifb 5 54 EcoR 1 BV 4lifk iy
PCR /=Wy, #AL R IM109, 52T
TR RN LB KiFRsk Lk b7, F b
3 kL i — 25 9F A7 Bl D) 50 UE, 3R 45 H 4 BT kL
PPICIK-PEP, ) Sorilk i Ak 3% g TA
W) TR RN .
1.7 EHHEHEEREERAE

H 4 Foki pPICIK-PEP & %5 /4 pPICOK, 43
S Sal T EEDIZetEAL, $#2 Invitrogen 28 Bl 45
R L A AR A T T S AR R GS115, Hefk
WEATA SR MD A, 30 °C fHIRIEF;:
2-4.d, TERLATRTVE o REALPRIE S0P 74 53 BIAH XS N
Hi 5 Ff MD . MM AR LK 7 3 g/L G418 1) YPD
SE-A, 30 °C fE % SE 2-3 d., AR4 Invitrogen /A 7]
PR UL S, 7E MD _IEF A KMIE MM AR
G2 (W B T T BB Mut® B R4
T £ MD FIl MM _E¥RE1E 5 A K194 Mut” I
AL RS 3 g/l G418 - AR AL+
FIRBSE DU A7, BEALPkEE 10 N7E 3 g/l
G418-YPD VM I IF % A= K 1 B A B b5 b+,
PLZS B4 pPICOK F5 AL ARAF I E L1 1): P. pastoris

B 5 d, ML v, e T A A
) — R L T 44 4 PEP-09, 1%tk F T J5 4k
S
1.8 EHBEEFEEMNFSRIE

P HUE 4 i fE PEP-09 FATE YR, #6815 30 mL
BMGY 157561, 30 °C. 200 r/min 1535 24 h, &
T2 M H 2% i (O Do) iA 2 13—14 B, B2 [,
H130 mL BMMY 3= 5L 2R ERE A, 30 °C.
200 r/min 4kZ2155% 5-7 d, 43 24 h AN g A&
WREEN 1%, HR 5 RE 22 i BURE B0 4E 1 S
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19 EHEEFMAK

4 300 mL &R L IEWERH Amicon Ultra-15
centrifugal filter BIEE W4 2 10 mL. WZEw L
Phenyl FF (high sub)f:it4740 5, HAkaAlifbd
A £ GE Healthcare WilH45 . 4lifk )5 AOmER H
SDS-PAGE #ill, Jf T~ B a5
1.10 BgENNEFE

YR S5 D 0 1 R ) 2 PR K e i 7 924
K SMEEY) Ala-Ala-Pro-pNA (5 mmol/L)Jl
B2 R R I LT P R, 0 B DA S 3R
VR T A P B R T B VRO 28 AN IR S B
SCo FEARRE SRS, BT EREL 1 umol pNA fr i
B, B LRSS A, L1 U R, B
I EITEEINTR : B 500 pb 0.1 mol/L Frig-
0.2 mol/L MR —#NZ& vk (pH 5.0)/iImA 200 pL
RPN 100 pL K AL S . 37 °C J
10 min, fill 200 pL PKESERZE (kR o I HAE
410 nm AR EEME
111 Eg= %A E
1111 RERRERREREM: KERW
PRI YUA5KL, 2 9I7E 35 °C—85 °C ([H]ff 5 °C) 41
RIS . DA B 7R 100% AR X i
T 0 0 Tl P s S VT o B el MR RIS Y
W, B 1 mL 35T 45 °C. 55 °C. 60 °C. 65 °C
75 °C{4E 8 h, 705, 1. 2. 3. 5H18h i
] fUBORE, S7 B A VK & R vk 30 min, 5
e — AR R 2 F T OB TS, DA R AT A #  A
vt 9% 1R 100% 3530 AH Xof g0 LA BIF 9 T 1) AR
FaE M.
1.11.2 ®BE&ERK pH R pHIEEM: 2Bk H pH
2.2.3.0.35,40, 45,50, 55, 6.0, 65, 7.0,
7.5. 8.0, 9.0, 10.0 WLk, W BEAEA [F2%
PR G T, DA S R 1009% 353 AR X
FEG o PR EERST A pH 2.2, 3.0, 4.0, 5.0,
6.0, 7.0, 8.0, 9.0, 10.0 FYZZ MR Beid 4154,



R IRAE A i 2T A SR L2 30 R IR I B P ) 0 WA SR TR 1 R 2 Y TR 395

T 37 °C 43R E 5 d A1 10 d 2 )5 48— S A il
1 o A #EA TR SRR AR TG 1R 100%, 5%¢
AN pH FaE

1.11.3 £EBEFXR EDTA MEgEMERIZIE: 78
FHIRI R BEAR R, AR 42 JE 3 F-5k EDTA,
FELRE /50 1 mmol/L A5 mmol/L, 4351
SE BTG T, DRSS IATAR 6 J8 B3 1) SO AR 2 0
1R0YEE 1 100%H ARG T, LB
4 )8 B 1ol EDTA XIS S5 o X T4 2t
()42 B8 BTN Cu™ | Fe® 2, ORI (% I, %o
HE A A2 A F 20 e B IR R, R
M, HEBREOREE FEIAOLIELE Fe™ | Fe¥)Xf
FHAE R T

2 GiR

2.1 EEFRIEFHIK pPICIK-PEP RIHIE K &%
LFHYIEUE

DIEBC A 2 B RNA OB, [ fk st a
B cDNA; L% cDNA A#AR, P1. P2 A5[4),
PCR ¥ 175524 1.5 kb KR PCR =4, 5B
3 1 25 BR AT 5 A A 0 o 2 el = P P il 2 1A

EcoR [ (10 786)
Miu 1 (10 430)/3'A0X1
a =l
coR 1 (92650
o-Factor 2

5'AOX1

pPIC9K-PEP

L 10 796 bp
Amp

PEP J/N—8, $iz kv Br 5 BB Ee Rl B ek
& pPICOK 3% #2, 9 # & 4 £ ik K
PPICIK-PEP (Il 1A), Ak 74 IBUsTRHI R i 1
PIYIEE Miu T Al Xba T XUEGY] . HL PSR R
4H R V) 5755 1.2 kb ) 9.6 kb WA B
(K 1B), £5& PEP ZifithJE R #E Feak # Ak o LUIE
J5 I AR DA HRRAE o a4k 1D e 45 5
N, BEAURAE EcoR T 47 s fERfTH A T PEP 45
LA, 4 A BT 81 5 R GE Ak U5 T4 it B
FOIH I P BB L cDNA 91 —3L, AN &1E
SIRFIN T
22 EHEEMHERERBEMNERE. EEHT
B i

WA pPICIK-PEP Jz5#iAk pPICIK
PL Sal T B UIZMEAL G 43 il i A I A e iR e
GS115, 7EANFAAIRN) MD 5573 [k f4 ik
Fo R BR(E 2A): MD Fl MM 353558 AT
NG AL T AR AR IE A K, RIEA TR
Mut", 7E5 3 g/L G418 11 YPD 15553k FREHLIE
TE 10 REIE H A K I RE 2 1 (&1 2B), LIS
PREAL AT 1 B 2 8% F) P. pastoris GS115/pPIC9K

1 ELHRKL pPICIK-PEP HIEGIISIE
Fig. 1 Restriction analysis of recombinant plasmid pPIC9K-PEP
A BRI ZEAR EE, B 4R AIBFVIRAIE. 1 pPICIK-PEP/MIu 1+Xba I; M: DNA marker.
Note: A: Construction of recombinant plasmid; B: Restriction analysis of recombinant plasmid. 1: Digestion of pPIC9K-PEP by

Mlu 1+Xba I; M: DNA marker.
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2 EEBEEATRESTERH G418 inltiFit
Fig. 2 Phenotypic identification of positive transformants and its screening by G418
T A: MDIMM B3R 3L % Bl TR 72310 MD 55353, A 100 MM 1533 3E; B: G418 Hithfifiik.
Note: A: Phenotypic identification of yeast transformants by MD/MM plate: the left is MD plate, the right is MM plate; B: Screening

of positive transformants through G418.

VESXTIR, BRI A, Rl F Ve S . 45 R
% B2 B A T WA A BT E 2 R
PPICOK-PEP [ 10 MM&fbFH A 2 AMA B,
HAx 8 MEHAFA Y REE ., HrBHEE &S
AL T 44 0 PEP-09, TG4ty .,
2.3 EBEMBRIALS SDS-PAGE 731

BUA G AR DWW, & 1.9 hry kit
17464k, SDS-PAGE &5 |1 LUK 45 R AN &l 3 s, 1E
63 kD ZiAy i nii—2%iy, UhIAifb =y Hu ik
gl B KRG . 2iib153 350 68%, 4ifbr=1)
FUEFIG 2 4.7 Ulmg, 4680l 2., BRI
i KNS E AMRIE 1 TS 737 /s 55 KD A
Fefmok, AT RESE T rE it ki B &
HEFT T HEFEAL B
24 HEBBHIFESFILMLE

¥4 T 2H i PEP-09 #2271 BMGY/BMMY 5 55 5
H, BRI 7 d, JrlAE 24, 48, 60, 72, 84,
96, 108, 120, 132, 144, 156 Fil 168 h HkE, *F
SRR P (Ala-Ala-Pro-pNA)I - 1 B . 45
RN 4 iR, BS 24 h 20N, BB
PEP /b, AIREIEH T3X—Br B BE A Ab T
F A 2 H AR e it . B 5
WHE A IE K, K EER T PEP (3% I 2B BTt
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e, SMREZEHMAR, ZEHAR PEPFRL
WERIEH 132 h I, PEP 5 AP E BN, M2Z
Wl THRE, BEBSH 7 K wihRsEA RN
i T RS X ] eI A R P Y PEP X
W RE A B 0 I 20K 1 — B3R 1 i A U A R I,
R BB SR T R A 5 5 I O i1 BSR

kD M 1

200

150—
120—

100—
85—
70—
60—
50—

T TREIY
I

40—

30—
25+

20—
b ]

E 3 =M PEP #E{L/EHY SDS-PAGE Hjk[E

Fig. 3 SDS-PAGE analysis of purified recombinant
PEP

H: M: & Marker; 1: #lifkJ5 10 PEP.

Note: M: Protein marker; 1: Purified PEP.
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HA A SEER TR, ik, B amE 5 d 1Y
T PEP YA T L W5 W IR A e 1) 28 A I B
R LA Y LU TR 51 5 AR SR G 7% 36 h, ]
FEZBUYIA] PEP 16 AR Mk, 45 IRERI], 1ZBUYIA]
PEP 1EMEIEALLEERGE, WA FEEHE, xRV
ARSCHRAFHYE L PEP Xof L3 i He IR 1 43104 1Y)
EHE[Y NS
25 EHAMAEFMER
251 ®ERE: MK 5 "A:L 7E 35 °C-65 °C
F, 2 A e R IR R R T e, F
65 °C I ig% Ik FIE K, 70 °C 22 J M Uil R [,
80 °C I} JiHE F# 2 26%, 85 °C % E A% T 20%.,
700
600 | T
500 | .
400 | /
300 |- /
200 — -/
100 B .—"
0 I 1 N 1 N 1 N 1 N 1 N 1 N 1

Enzyme activity (U/L)

£ (d)
4 %RFE3i2thELH PEP BSEMEIF S E AT L E

Fig. 4 Enzyme activity of the recombinant PEP varied
as induced time during fermentation
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Fig. 5 Optimal temperature of recombinant enzyme

252 HIEEM: %R 1111 PETIR B E
ZHFTE 45 °C, 55°C. 60°C. 65°C. 75 °C fi#k
FasE . 55 AnIE 6 7. X[EE 45 °C i1 55 °C
TRIE 8 h A5 AT ISR B 90%L)_E A 1% %, 60 °C {4
8 h iR, EAREES 2 IR R T R AE
IR 3 h 5 IR 60% 24847 YA, iR 8 h)5
HHRHRIFRA 2R, 65 °C I T PR
P, LR 1 h RBIR A2y 60% TG . TN
£ 75 °C Rl 30 min A 58420, Uizl A
BT RESE T

253 Hi&pH: MIE 7 A%, SR pH 2.2-10.0
Z IR —E BTE 7, 78 pH 5.0-6.5 Z[alfiE
P45 80% LA L1 i% 4, il pH 4 5.5, JERRTERS

120

100 % gzg——-g—‘g\n—u

ST AN —a—45eC
z ! \ —o0—55°C
é 60 - —a—60°C
[
Z 40
s
o
20

0

0 1 2 3 4 5 6 7 8 9
¢ (h)
6 =4 PEPERRYRETREM
Fig. 6 Thermostability of recombinant enzyme
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Fig. 7 Optimal pH of recombinant enzyme
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254 pH BEM: WK 8 i, EAME pH
6.0-8.0 ZZ i AL 10 d Ji5 S AT B AR Ak,
7E pH 3.0-9.0 Z [Al Y42 g Hh b 21 10 d 75 REfREF
80% LA LI TEME, ULHHIZEREX B pH JuEINA
BEFRIRaETE . 4 pH<3.0 B¢ pH>9.0 IHiZ i A Fa
E, BTG T R

100
80 r
60

40

Relative activity (%)

20

0 ~

8 EHmER pH RREM
Fig. 8 The pH stability of recombinant enzyme

255 SBEEFRKEDTA BIEN: i 7EHHE T
IRINZ M N 1 mmol/L .5 mmol/L #)4: )@ &1 M
EDTA, ZZHXTELA PEP TF U520, 455810
K9 Fm o KEBAT A 4 I B X S 2HL AT A i)
IHIER . KT, LiTESFH EDTA XF g %4 1
WAEH: cu®. Fe?*. Fed % i il /5 R AR X
BN, AR, G L4 B X A
VR A%, BME7E 5 mmol/L W EET, % RE{fE
PRAE 80% LA I HYTE 1o

3 it

AMHFE A A E LA R, AE R e R R
GS115 HrSL BT KA ity 25 i 2 I P e 1) 43 s
ik o L TRHRI A TS B ik 647.3 UIL, A
R TR 25 I 22 Ik P R TS 6.1 U/L 19 106.1
1. 2009 4F, [ Se e A0 o e T S 2 Al e P
KBS TS0 T AR RE P i 2R3k, iR S
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I | mmol/L
100 [ ]5mmol/L

80
60

40

Relative activity (%)

20

1 2 3 4 5 6 7 8 91011 12
Metal ions and EDTA

El9 £EEFF EDTA X PEP & RIS M0
Fig. 9 Effect of metal ions and EDTA on the recombi-
nant PEP activity
1 MHRCRARINGJE E); 20 KCI; 3: LICl; 4: CaCly; 5:
MgCl,; 6: MnCly; 7: CoCly; 8: CuSQy; 9: ZnSQy; 10: FeCl,; 11:
FeCls; 12: EDTA.
Note: 1: Control (without metal ions); 2: KCI; 3: LiCl; 4:
CacCl,; 5: MgCl,; 6: MnCly; 7: CoCly; 8: CuSQy; 9: ZnS0Oy; 10:
FeCl,; 11: FeCls; 12: EDTA.
JK ¥ Z-Gly-Pro-pNA il %2 [ 7% 1 & & 0l ik
2 275.4 U/L; 2010 4EJi§, Sriranganadane 218z ]
BB FEAR, BREM 7T &N
AW EE P B I 2 PN K, S TR
TE GS115 HEyFRIR, &I A P AL B s A I (Y
B, HCH A 2 R s WA P SRR . AR S
ARAT 1 2 TS B AN =, BB D R AT R IR
WIARGIE . PEHGE, S A Ve T T 8 F
REIRB® BRI A TR 55

X E A RIAA PEP A TEE LRI &
B, ZEA B AR E M, 7E 55 °C {8 h )
REPR R 90%L) b RIS 1o B AE N 7 T iy —
AN R AR TR R IR B R AR i, ek
fiti7E pH 6.0-8.0 ZZ il hAb P 10 d, FfE Sy 54
AR, 2P SEBRURSE, A R R B VSR
W N CE 10 d, HEEEWILFARAEE, 5
ZAHLE, FE B By AU S TR OR TR Y
PEP 7£ 50 °C {4 1 h FE§I% JI{UE 36.7%, 7&
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