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EEAV YEIREETE (Pichia pastoris)FAR GS115, WG kR PHMERE AL FUbA T8 % B R B ot . [ 4528 | S s
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Tk, R MBI R G . SIE G
AL, TS A1) TSR R i T ey PR Ae0 R SR e
R AL IR A SRR, HATBROR | SRR AN
7 it O S e VIR A S s P ARZ AR v b T
BB, FEMR T — 5 H AT HOE R
il AR E PR 22, MR RICRARON RE W 2 A 7 T
SR Oy, R EERER SRR,
A% e Bt ™ R AR 1 AR AR R AR R A 7 P Y
B

IR i FA B i (Pectin methylesterase, PME, EC
3.1 11D E TRoKALS PR RS 8 Z0k AR IR IR
ity o) PR AR A v ) SR AT o BTG, BE RS
RUHEAL S 1 R A K e, 2 PR AT SR R
PME TEAW R i 0 ARz, . HIE . Af
Yy, $ 5 R R AT R R 2 BRI R TR Y
4k 35-50 kDa, ficid pH M 4.0-8.0 Z[H],
BB E S 40-50 °Cl JEHEHHT, HERHE
) PME XA B Rr S o ST A Y, L
—FhBEALAY R A R 2 . AR PME J&
TZ2IHAFR, LA T2 F LM R L)
FEAR TR RIS Tl b, SR R EERR T T
R AR e A7, e aT AW T . Al
AN 257 1l 35,

AT 1k H SE AR B (Pichia pastoris) 3Rk 7
i, wERBT —MKRA T MRGEERE T
leycettanus JCM12802 1) PmeT F&[H ., T4 FRIKN
TR B TR B (r-Pme T diids e Wil EE o~ 75 °C, HAE
85 °C LT HAT By Fa e v s 5o )2 pH
4.0, pH 2.0-7.0 B ESF IR E N KEFRFRIE
ik 428 U/mL, S A B AR 7= I S 2R
JB i fe fApe e 2 —, i PME 7l AR B8 5E T 2
filt o FLOUB AP BT 4 58 PME £4 )3 ¥ L # T
A FT AR AL T AR

1 AR Fedr &
1.1 #H

1.1.1  HEERSFRL: WOk T leycettanus JICM12802
KR A H A fLAE W O 58 H 0 JCM RIKEN
BRC). T HRHE KT Escherichia coli
Trans-T1 FFK pEASY-T3 ¥ At mi 4R 44
YIANEl . P opastoris GS115 HEREF pPICOK 1 H
Invitrogen A H] .

1.1.2 FEBERRIAGER: S50 5T A BR & A )
Mgl A TaKaRa /A w]; ELJ DNA #2050 &, 5
Rz ORI DS i) & 0% H Omega 49124 7] ; SV
A ORNA 4hifb R4 M cDNA A Bk H & A
TOYOBO (Tokyo, Japan); &5 [1/it Marker, FastPfu
DNA Polymerase I F 23X 424w HoAlA7350
=77 A2k, PCR AW A 1A R Al (BioRad), #5
LI A H S (HITACHI)ZA F), /N TEE ) [ B
- HE Rk (Bioengineering AG),

1.1.3  BEFREERRESRAM: KRR AL LB,
PEREAE IR AL YPD . BB R0 MD LUK &
FIRFE IR BMGY . BMMY | & #5597 5 10xBasal
Salts, TR ER AW PTM1 M YE Invitrogen 723 7)
PAVETWHACH] o

1.2 REFPEREEEE PmeT 3Tk

M P EL & W R B8 T leycettanus ICM 12802 E
H1 036 5 0 Rl SE U SE AL B TN, i ey
P S — R SR TR BRI R PmeT R
GENSCAN # 4 (http:/genes.mit.edu/GENSCAN.
html)F1 SignalP 4.0 (http://www.cbs.dtu.dk/services/
SignalP/) 7SI 34T T PmeT JER N & T 4k
25, UAHEARNE ST, MRIEairas i’k
T TV 1 PmeT BER pGE M dnb X ) — X4
H5|4) PmeT-12802-F: 5-GCGCGAATTCGCAAG
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TCGAATAACTGCCCCAGCTG-3"; PmeT-12802-R:

5'-GCAGGCGGCCGCCTAAGAGAGATAGCTCG
TATCGACC-3' (T X4 B n YL 1, EcoR T Fl1

Not 1),

H T ARG PmeT JEHM cDNA ¥4I, ¥ T
leycettanus JCM12802 [ Pk 7€ ¥ & by 15 77 3 o
45 °C 9% 3-5 d, WARTE 22 FF7E MR P I J 2
¥y, 1 SV & RNA gifb REZEUE RNA, FFH]
TOYOBO J % i &5 il cDNA 25— 254k, L)
I AR, FS 14 PmeT-12802-F F1 PmeT-12802-R
#E4T PCR 93, 779 2 44 [l 5% 2 3 2k 1A
pEASY-T3 I, Jt4AL=E E. coli Trans-T1 L
)5
1.3 REFEEEEEE PmeT W37

JE R Yy 51 RRAIE 43 B R 238 o Vector NTI
Advance 10 ¥ f4-(Invitrogen)i#if7, —2i: K #i
P41 BLAST (http://blast.ncbi.nlm.nih.gov/
Blast/)#F1 7 HLXT o WA I RRIEE I NS 5 K . b
FACAL L AT 5 55 4 R HTLE 42 43 AT (http://
www.cbs.dtu.dk/services/) 58 il . 11 2 751 LEXT
i1 ClustalW (http://www.ebi.ac.uk/clustalW/) 4k {4
L
1.4 EHRBFRAEE. 5%

0y IEA 1Y Pme T &K FURE pPICIK [R] s
FH EcoR 1 #1 Not 147 WY, 43 51 152 I R
MR R B, SRIGIiER:, %L E. coli Transl
JRSZ AN, AT T LB A NP AR SRR
PRECEA T YR EAT 76 PCR B6AIE, B6TE 1E 6 1Y v e
F 25 mL & FHHER LB AR IR 3R 12 h
FeAr, AR ORI R, A5 F A Y EE A A
BARH-Ar 4%} pPICIK-PmeT .

K Bgl 11 Y] 3K 84K pPICOK-PmeT X} H:
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LAl , WAL 2 S aRIEEE GS115 JRSZ A4,
F 1 mol/L i th A4 8 2 JF Uk Al T MD ~F-4i , 30 °C
Bt 3 d A ATEVE  BENLPKBOC R AL T
R EEUKE G418 (600 pg/mL)A YPD “FAk,
30 °C #5351 d.

Phik 10 INREAE R G418 Al EA= Kk
(PR PSRN T 3 mL BGMY K553 30 °C 4=
K 2d, BOEMNE, #:A 1 mL BMMY 35555
30 °C SR 2 do XS LIS W TR R
Vi 6 P B0, DA 7 22 R P TR I M R
¥

R R TR R 1 I 5 i S NaOH i g 15
JV AR RALEE 1 mL 1A 45 B ERRR 25 mL
0.1% (W/VIE R F e (pH 5.0), TEYIH A NaCl
ZUE N 117 mmol/L, 40 °C [ 10 min, S0
K 23853 20 mmol/L NaOH ¥ H sl & , (45—
SEM pHo HANIEEIE (U)AE LR . Eibbrii s
PEF, B4R 1 umol BR P T 4L 1 e
1.5 REEHEKE- S EREE 0 2R3K K Ml

6 BB R 7K P SR e FY T il 0 47 o R b
X HLAE R TERE 25 1 HEA T R B T R 3Rk . &
2 TR 1 R TR Ay e L 288 R R I, R IR
Gy R RR S IR B BE . BRI R R B AN S S RS
B, BAK UL Invitrogen #EFWE, KEE R
R 4 BB (1) BMREEFRBT B KRS IR
10xBasal Salts # R0 HT B G0 A 2K 15 55 30
pH ik 5.0 (ZUK [F B AE A AR AE K I AU, 715
TR FRALIN 4.37 mL (R IIA PTM1.5%-10%
R R, EASIERE SR 18-24 h; (2) BRIER
I B N 25% A5 (5: TS 12 mL PTMI,
Wy 36 mL/(hL), ¥53% 4 ho (3) BRIA-HIEER
GOSN B : i 25% %0 - B8 « DSR4 h,
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FEhE SR 9 mL/(h-L). (4) FHRREHEL: A
S EL AT 12 mL PTMI), fili F ERZOk i 4
FHEE 0.3%. FEI 1R FPiER 24 h BURE 1 e 3R
IRHRIG Y ERRGAOTE 1, [ 24T SDS-PAGE,
e ik i R BUE O .
1.6 B4R FEES r-PmeT HyZifL

NHRERY K BRI Se 28l 4 °C.L 8000 r/min
B0 15 min, ARJF1E T 0.2 pm FLAE Y H 28 27 2R AR
YRR B w]) AT BR A AL BE, 45 2 JC
AR LT . HARFIH] 6 kDa i Vivaflow
U B4 (Vivascience, Hannover, Germany)Xf &
MR A THe s, M TR 30%—80% At IR B 7 2
ULYE, % 12000 r/min &0 20 min, JUiEYH
20 mmol/L FFA5MR-MIR A NS (pH 6.5) T .

HIBHRFH 5 mL HiTrap™ PR AT UES 7 £ Ak
o, #t— L% A9 HiTrap Q
Sepharose XL 5 mL FPLC #if(GE Healthcare,
Uppsala, Sweden)iF {144k, Y i (i [5) Fp 2z ovp
W, NaCl ¥ M\ 0-1.0 mol/L S 2 PERR RE I | I
BRI 1.0 mL/min. A5 SR K Rl T35 14 04 V6
Wit 12% SDS-PAGE Haiik. 2 ¥k LA 1L
H 3 A 8 W H) & H 2 R & (Bio-Rad ,
Hercules, CA, USA)ME.
1.7 BEAREPEES r-PmeT B2 A2

S AR pH 3-7 WUANIE] pH IS, FEHIA
[l pH 2% ph R B r-PmeT, 7€ 40 °C 444 F 2
N/ 10 min, 5E iK1 r-PmeT ZEAE pH 244 F
AR RIS RIS 0, 2 i) pHL X i 20 SR P 1 il
r-PmeT MIRZMRINZE . fid pH 45/ 10 min,
SrAIRE 20-90 °C AR T HIBEE 11, 2z
B 2 R B r-PmeT RO SZ IR B 265
r-PmeT 7E 65. 75. 85 °C TAEAFEAIEQ, 5.

10, 20, 30. 60 min)lllE T4 AHRTEES 1, 236l
TR E PRI AR . ERGI2 N A & o A [R] Y
SR B ARG, ZUEES | mmol/L, TEfx
TSN S5 AT 0 SR FY T R T T T

Ay AIECH 0.1%. 0.2%. 0.4%. 0.5%. 0.6%.
0.8% . 1.0%VEERINEY), TEBGEIN ol 21 T
J 1 min, AREV L, 5% 30 s (—Zn A [E])
A NaOH JHFEMRER, AN YR B R, F]
Ffl Michaelis-Menten AR H Ky F1 Vigaxo

Tit P L 3% BN i 1 it e 2 T A 1 T R LA
F S P BAAE(U) . 183 Bradford ¥, E4lifLiY
R g A2 P 7 o, W] E Bl pH 4.0 1 40 °C
AR, D R RS r-PmeT 150, LS5
FifE A L TG (U/mg BEEE 1)

2 ERAAMN

2.1 RBEREEEEEE pmeT HSCRERMF S 200

WY T leycettanus JCM12802 FE[H 21 & K
R HEREEIE R PmeT P51, KL pmeT FEH 2K
H1422bp, A 6 NN T(121-189, 327-404,
485-555.700-773 . 835-894,1090-1163 bp, cDNA
KN 996 bp, HEFHD 332 NE IR FI— X
1R T, BT 18 NEIERR NG T IS AL
R TR GG FRELERKN T leycettanus
JCM12802 FAFRAYE RNA, J2§%53:43%] cDNA,
FELLIE B, E Ry 1 B AT SRR T T s [
PmeT HIRGHAIEIN, FFiE 5] pEASY-T3 |, ¥
SRRV BTN A 81— 2. PmeT [N 58 %5
M5 E 4 A E GenBank $UHl/E, F51%5 K
KY070588,

ffE 3 1) PmeT 2 ZEMFI HKWT T
stipitatus ATCC 10500 [ B9 5 e FH 7R i [A]
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(XP_002484603.1)1—FM:H 76%, 5 Aspergillus
luchuensis >k 5 B9 A H BR B (GAT29911.1)— Sk
N 62%. LT, BUEAGE RS> FiE0 35.1 kDa,
LA 4.6, S —DATRER N-BEILAL AL
N22gNrSango 22781 HE X 485 5 18 /s SR e HH T g ]
REAHE LT IE Diso. Diso Fll Ross 8, 1€ PmeT T
5l s 52 A AR SEP
2.2 EHHIREEERRME K

53 EcoR 1 FI Not 1 XX BN 3 1F 4 ) 2
ZH JF ki pEASY-T3-PmeT FIZFE ik Fiki pPICk, [m]
WO Be Rz AA , I 2% 4L E. coli Trans-T1, #4#
FIRAR pPICOk-PmeT. FHFR Gl PE P VIl EcoR 1
F1 Not 1 HEATREDISRE, 153K/ 950 bp F1 9 kb
W R B, BEVIZS R IER, . Fib2 A& pPICIK-PmeT
% gl I &MAbfrstmdi b A P pastoris
GS115 2 UM, A AL IR A T MD P-4 I,
30 °C ¥55% 3 do AL T, PRIC300 4%
W BB R E ) G418 (600 pg/mL) -4k
b, gRERREFR 1 d, Pk 10 BB HH A v R
AR R BBk . XFRAE 10 AN vek, it B AR
T 72 h BURE, FREE YR 1.4 FrdANHAE S i
AR H RS S e, SRR STE LT
MG PR fe sy, 5% T 1.6 U/mL,
2.3 EHEEERE R BT F ERE B RS

TEERE PRSP X 3R 3k 1 iy 1 56 R 1 B J 41 T
th SY5 T 3.7 L K (Bioengineering AG)K i
WY, KR AR A ERAE 77 W Invitrogen #:4F
T TEREEGERIRMTEL, & 24 h BUFERG IR
Ji F B Wi Tl 15 4, HaEFT SDS-PAGE 43#7. B
HWEEES, g SR R Y R R TS ) Y
L, ARG E AR 1), &P EESET
120 hJ5, HHRBERIE BN r-PmeT 35 )

actamicro@im.ac.cn

KB, KB A 428 U/mL, £ Bradford 7%
A5 TR B FA R A 3.2 mg/mL, BioRad A Gel
Doc™ XR+HAFHH s H A A 2.98 mg/mL,
i R SR Y 93.1%,
2.4 BEHARBERETPIRE r-PmeT K4tk

BUAS S d IMERER, 480 . RRREDITERM
B )E 2 5188 Ikal, 78 SDS-PAGE &
NS (K] 2), AR~ 37 kDa,
FL PRI 2ot 35.1 kDa K, HEW W] GBI A A7 7E
WEHARAEA

kDa M 1 2 3 + 5

100—
75—
65— . a—

45— 3
35—\‘-.-.*”’“‘CT

-

15_‘
1. 3.7 L REEfERE R PS4 [ B 8 BRAE AY
SDS-PAGE
Figure 1.

——— —

SDS- PAGE of expressed pectin esterase in
the 3.7 L fermentor with different induction time. M:
standard protein molecular weight; lanes 1-5: the
expression of r-PmeT after induced 24, 48, 72, 96, 120 h
by methanol, respectively.

kDa M 1 2

2. ELEG r-PmeT 4514 AT SDS-PAGE
SDS-PAGE analysis of purified r-PmeT. M:
standard protein molecular weight; lane 1: the purified

Figure 2.

r-PmeT; lane 2: precipitate of the culture supernatant
after addition of ammonium sulfate.
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2.5 RETYREFEERE r-PmeT HYEE2EMR
i &

2.5.1 pH FIREENT R EEEE r-PmeT AIRZIH «
4k S5 1) r-PmeT 7 40 °C %2 (1) 5:38E pH 4 4.0
( 3-A), pH 3.0-5.0 ¥ HA KBS 71, PAEF
I KBEHG T 60% LA |, 4 pH=5.0 B, PG H
HFEAR, 75 pH 7.0 B JL-PAG A 2 i 15 % . pH 4.0
B r-PmeT FYFGETRE A 75 °C (K 3-B), r-PmeT
HA AR SRR EEAE G EL, BE 7E 45-80 °C I
PHREAR R KIE F1H 60%. BRI 7E 20-40 °C #{%
AR SR, sk A MR = BT, KT 40%,
FLEAE 85 °C W, AThREAS I 2 5 = 1 B 1 1Y
30%. HEREMEDHIEM r-PmeT 7£ 65 °C TAbHE
1 h, AHXSEETE T REARFFLE 90% 2545 (Kl 4), 75 °C

(A) o 120
100
80
60
40
20

0

Relative activity/%

2 3
pH

& 3.

Figure 3.
temperature on activity.
120
X100 .
> * —
£ 80f
S 60 | ~—65°C
2 a0l ~=-75°C
= —85°C
& 20t .
0 10 20 30 40 50 60 70
t/min

B4, HIREMZ%
Figure 4. Thermostability of r-PmeT at 65, 75,
85 °C.

(B)

PACFERS, T 20 min MEEIE RS T RE, BEHGREE
T0%Z JE MG AR K, TREF 70%7E 47, 85 °C &b
5 min B, FETERGET R 50%, ZJ5RHES
18 TR, 30 min J5BHE SRAFIE 20% 24545 -

252 BB F MR R xR B P R
r-PmeT BFZIH : 38 0 %0 5ot (3= 1) Hrml 1,
#£ 1 mmol /L MWEETEI T, fb2#RI(EDTA.
SDS . B-Mercaptoethanol) #1 K £ 5 i 4 J& & 1
(Na", K', Mn*", Ag", Mg*", Ca®"WHZBF#RBEA
B SLSUIE, T Co™ . Cr", Cu*". Ni'. Fe’", zZn*
XL r-PmeT A XG5RAET, BEIE ) 3450
JE 10%-20% 455, 2= BIZCR I Y R it %o 42 Jes 5 1
Al 28R 3 HA B A RE ), iE A Tl
IS TR

120 ¢
100 |
80
60 |
40
20t

Relative activity/%

O L L 1 1 L 1 1 J
15 25 35 45 55 65 75 85 95
7/°C

pH FRRE X ELAEE r-PmeT ;& S RI RN

Effect of pH and temperature on recombinant enzyme activity. A: effect of pH activity; B: effect of

F 1. 1 mmol/L REMNERESRFRBXLFXFXF
r-PmeT B %200

Table 1. Effects of metal ions and chemicals at
1 mmol/L on the activity of r-PmeT

Relativity Relativity
Reagent activity/% Reagent activity/%
None  100.0 Mg* 105.1
Na* 91.9 Fe** 118.1
K" 104.5 Zn*" 112.8
Ca** 105.1 Mn** 96.3
Co*" 116.1 Cu** 114.8
crt 119.7 EDTA 95.8
Ag+ 108.2 SDS 91.6
Ni* 119.3 B-mercaptoethanol ~ 90.9

http://journals.im.ac.cn/actamicrocn
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2,53 CREEHEREE r-PmeT ) Ko Rl Voo 5E : b5
HESRAET XA [a) o BE ) SOt 5, 28
Michaelis-Menten BB Koy B Vigax FIEUE 73
5~ 2.4 mmol/L i1 31.07 mmol/(min'mg), G
“J 140 U/mg.

3 b

R R R — e i . Tolk . BRY745F
Al Az g R R Y, E P A iR
B BAEAAIROK AR, 774K, BRIEAI 1K,
Jel A TR, MRS FakY L S
it il T AR 0 SR o AT R R O, A
1717325 1)K DAFL 7 v B BB v PR AU SR G o 38 e Ak
AR AR B H G, fr ik, A I AU
HBEE R TR . A SCNEIRELTR T leycettanus
JCM12802 HE Y43 A5 31 1 BRI 25 1 14 SR H
Pl PmeT, Jf A6 SR TR RE g E AT T R GER IA SR o

— R, AR W S P T I Y ()
77 22 RN FUME I R T P SR IS A4l LR Y
REL Tl Y 7K P RS T i B 1 [) B 2 7 R R 5 1
o- 1AW R A K ARV E SO 25VE ), s 2R 3=
B, AT MNEREE T leycettanus JCM12802
Hh o B B — P SRR BRI IR, b e R
BERED AR DA RE , XA BR RE S 43 WA 5 — 1 SR HY
Rl , SR AR s, s IR AR A P [
7= Z2 R WA [l A, Rk T IR SR I SR 1Y
AT R

Jiang 22 Pan S4B S2 L T 2R il 2 A
T B ) R TP TR T Prme FE DR 7E SE AR RS o S R
Wk, FIkEAHH 10.2 mg/L 1 1.09 U/mL.,
AR S S 3 R e T R 3k SR A R

actamicro@im.ac.cn

Pt AT Ik 3 2.6 Ulg T-HERE, AH L IX S 18 (A5
5 H A SCHE AR P EERG r-PmeT KL fiA
| 428 U/mL, i th LT A o, AR
P T T3 v 1) v A8 3R g LA P AR B R AR
7 ARDRHRIED AR TO8 Tll Ab R AR o P 1
THIHE

H Al & B0 SR e R e O O IR B A T
40-50 °C'', fE IR MAL, T 50 °C I
EMEAEHE 22, CE AR T AR ROR . A
SCH 2 SR PR R i ) SR 3 AR IR SR 75 °C,
JEHAE 75 °C IR R RRE , A3 1 h 4R BE IR R
60%L b B &M o X EEER TR PO B DLAN A
R X AR RE 40%LL FAOEEIG , A &R T
T PBE T N o AR v Tl A A P AR R 0 A
PR EE , w]fif ey F AR R I BRI A . TCis
Y b, TR 5 AL R AR AR RS, BB A A
Al A 77 B T 2L

B, ASHIESE T UORAS T — A R P T
Py SR e T R g L IR, RS T AR BR AR B
MR KRS, R R R IR R Gk kB T
3 g/L, 1E 75 °C &M TARAER o, Hibtk
iKF| T 140 U/mg, HALR BPERR# 58 T H R A
N PG, S TARIRABR G, A R R
F TG T F 1 P 91 LR Tk A s B 4 T T R, L
ARG Tk AT 5. fEEET RS, Hi
TR AN IZ I A T AMLEE, R T o 3 = =
ik & S .

Z % Mk
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High-level expression and characterization of pectin methylesterase
PmeT from Talaromyces leycettanus JCM12802 in Pichia pastoris

Ting Hua', Yanan Li*, Kaikai Wang', Tao Tu', Huoqing Huang'", Huiying Luo', Bin Yao'

" Institute of Feed Research, Chinese Academy of Agricultural Sciences, Beijing 100081, China
? College of Life Science, Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou Medical
University, Guangzhou 510006, Guangdong Province, China

Abstract: [Objective] We highly expressed the high temperature resistant pectin methylesterase from Talaromyces
leycettanus JCM12802 in Pichia pastoris and studied its enzymatic properties. Pectin methylesterase with high
catalytic efficiency at high temperature was expected to be widely used in the production of low-methoxyl pectin,
for an optimal production process and conversion rate with reduced production cost. [Methods] We cloned the
cDNA of pectin methylesterase gene (PmeT) from the total RNA of 7. leycettanus JCM12802 as template by
RT-PCR, which was inserted into the expression vector pPIC9K and transformed into P. pastoris GS115. We
cultivated the high activated positive transformant for high-density fermentation. [Results] The recombinant pectin
methylesterase (r-PmeT) expression level reached 428 U/mL. We have identified the enzymatic properties of
r-PmeT. The optimum reaction temperature of r-PmeT was 75 °C, and its thermostability was below 85 °C. The
optimum pH was 4.0, and it was stable between pH 2.0 and 7.0. [Conclusion] The recombinant Pichia pastoris
could express high level pectin methylesterase from 7. leycettanus JCM12802, which shows excellent application

potential in its future industrial.

Keywords: pectin, pectin methylesterase, high temperature fungi, Pichia pastoris
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