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Effect of Overexpression of KAR2 on Rhizomucor miehei Lipase Expression in Pichia pastoris
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Abstract
to study its effect on the expression of Rhizomucor miehei lipase (RML) in Pichia pastoris ,KAR2 gene was cloned from Pichia pastoris gDNA by
PCR method.And it was ligated to vector pPIC3.5K to obtained the intracellular overexpression plasmid KAR2-pP1C3.5K.KAR2-pPIC3.5K was
then transformed into Pichia pastoris recombinant strain 4pRML-X33 which containing 4 copies of rml gene used electroporation transformation
method.The twice transformant 4pRML-X33-KAR?2 that could overexpress both RML and KAR2p was obtained.Shaking flask fermentation found
that overexpression of KAR2 gene had no significant effect on strain growth,but the extracellular enzyme activity of RML decreased.Then rm/
mRNA level and transcription level of UPR-related genes were analyzed used RT-qPCR method. Results found that the transcription level of
KAR?2 increased 3.7 times,and only caused downregulation of the transcription level of the HAC1 gene associated with UPR,while rm/ mRNA
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Kar2p is a molecular chaperone that binds to new peptides and facilitates their entry into the endoplasmic reticulum ( ER).In order

decreased 43%.Those results suggested that the decrease in RML production after overexpression of KAR2 was due to the reduction of rml mR-

NA , rather than increased the protein folding pressure in ER.
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(4pRML-X33) Kl P 5 (4 # ik A pPIC3.5K & H E 4R
KEFZEFHIZ LR ZW S . KGR Trans1-T1 JRSZ 2540
(CD501-02) MyEFAtm X e ARERAH .

1.2 KAR2 EFERERTRIZERAE

1.2.1  D-2 buffer F2HEAREEELFEEIZH DNA (gDNA) , 7Ei
Ve TR TR (0 A S5 BRI CEE Sk /N HE IR e B o B 7 T
100 pL D-2 buffer[ 4 mol/L SR & HZ AN, 50 mmol/L Tris-HCI1
(pH8.0) ,5 mmol/L. EDTA,0.1 mol/L B-FiJ:ZEE] H,544%
A RAG WA KD E S mn J5 & Tk %2,
12 000 r/min 20> 2 min, 5 [3% . UUIEH 200 pL JCBE KTk
#,12 000 r/min B0 2 min, 37 1E ., EERRIIE 3 K5,
JH 20 wL TCR/KETF . BIFRAEH K 7 5 min 500K 1%
1, 12 000 r/min 0> 2 min, PRA7F 35 , A5 e AR IERE Y oD-
NA, WZEL 3% 5~10 pL FI1E PCR 54

1.2.2  KAR2 [ o 3235 Bk B9 A 2, M 9% KAR2 (Gen-
Bank: NC_012964.1) W% RITHN e itd 15|49 KAR2-F:
5" = CGGGATCC ( BamH 1) ACCATGCTGTCGTTAAAAC-
CATCTTG-3' fil KAR2-R: 5'~ATAAGAATGCGGCCGC ( Not
1) CTACAACTCATCATGATCATAGTCAT-3', 1 X-33 [f] gD-
NA J#itR , KAR2-F Fl KAR2-R h 5|91, % H Q5 #{5 E
DNA 47 (M0491 ,NEB) sufEfRfs KAR2 KE[H . Brifigbise
fid BV BT KAR2 JE B9 B Bt o TS PN 26k 84 pPIC3.5K
FI KAR2 1K Fr Besy ) BamH 11 Not 1 YEAT UGV, XU
YIJG R 3L B BEFN# 4K FH T, DNA Ligase (M0202,NEB) %
2R AL B KA Trans1=-T1, WA B)-RABE 1Y LB P-4
o RRHAK R PR TE B AL T 1T B YE PCR BIE, 50 1IF
HI51%1H 5 A0X1 (5'-GACTGGTTCCAATTGACAAGC-3' )
13" A0X1 (5'-~GCAAATGGCATTCTGACATCC-3' ), 3f4
KAR2 Mo NIk kL KAR2—pPIC3.5K

1.2.3  KAR2 JEH I FGR R IOREE . FH BspE T ZeEAL AN
itk R KAR2-pPIC3.5K . 428 M1k i) KAR2—-pPIC3.5K
TR E A 445 DL rml SER ) A R BE (4pRML-
X33) H HEABI AR 1.5 kV 200 Q F125 Wk, #Abifiis
i F&4 G418 (250 pg/mL) F1 Zeocin (100 pwg/mL) [y YP-
DS (1%L #5 2% 25 R 2% &4 .1 mol/L LAY 2%
Bilek) AR 28 CHEIE ISR 2~3 d, Kk RIA R RN
WUV . AR TETE YPDS SR R R FR S, D-2
buffer e 2 U4 TH R ) eDNA, DL ¢DNA AR, 5" AOX1
Fl KAR2-R A4 HG5 19, 471G KAR2 LA, DG 4R 15 1R 6 14
KAR2 i3 IK TR bk 4pRML-X33-KAR2,, [ 1) 25 BRoHs pPIC
3.5KHL AL 5 4pRML-X33 i e 445 H &4 pPIC3.5K 1y
T H Hikk 4pRML-X33-3.5K

1.3 HEHREMAER K RML BiERN

1.3.1 ¥R &R, L E b 4pRML-X33 4pRML-X33-3.5K
1 4pRML-X33-KAR2 (Y $E i & e 712 OOk 9] Tk
FE YPD Pl K BB TS R B TA VR H R T BMGY $ 55 Sk
(1% RN 2% R R 1% Hl) B = fiHp, =M
0 1/10, K 28 °C 200 r/min 15353 0D /T 4.0~8.0,

VENRD T WO T3 & BMMY B3R 4k (1% 19 bk
¥y 2% 8 1 1.0% i 100 mmol/L B2 2% Wi, pH 7.0)
B =fAh B 17100 =fAE T 28 CHRERARE
R 200 v/min, 24 b [a) = RN R 2 2R
1%(V/V) LIS RIS . SRS A FEHEIn 45 1E & %
24 b JUREAS D AR AR A I SRR

132 NaOH jii i Kol RML JBgE. JHIJE CO, 9 ddH,O0
P B 5 mol/L [ NaOH fif ¥ , ¥R 5 B 0.05 mol/L ) T
VEWR o AR — F R S 40 0 i VAR 1) YA 9 B2, % 20 g
PVA-1750 T 1 L Z& 8K, ) Il Z 5 i . i’
HG 22338 IFE R E 1 L34S 2% PVA-1750, i
MM 5 2% PVA-1750 40K 1:31R 5, FLAL AL PVA -
MFLALH . S mL PVA-BIRE i FL AL AT 4 mL 0.1 mol/L
pH 6.0 (AR - BERRENZE W T~ 150 mL =R, T K
WA 35 °C (150 t/min, T 10 min, $f 1 mL 5 BT
REER N FiE = RO 10 min, B 15 mL K £ EE4
BBV o 25 X IR B 1 mL 2 IR 15 mlL Jo/K S
HPRIE 10 min, FEANABEY) N GE il b LB BRAE TR 75
#1,0.05 mol/L NaOH 47 FRHIR A S0 , 1 28 15 Y W 1911725 Sy
L H 30 s AR, 10N THAERY NaOH (AR, il
FEAAET 1 min B 1 ol Jig TR 14 i 1 i SC R — 1> W
FANL BHE TR 2 Vo X R BEWRRG BEAS B S, THAERY
NaOH {RFUFAL T 1.0~2.5 mlL, 75 DX S PRk el B
1.4 SDS-PAGE K BHWIER M1 mL K5 TE I
12 000 r/minBg.L> 5 min, |55 5x SDS-PAGE E [ L%
MR A . BRI Y S 250 mmol/ L Tris—HCI (pH
6.8) 5% (W/V) B-%i%k L F.0.5% (W/V) BPB,10%
(W/V) SDS H1 50% (V/V) Hifl, 1A WAER/K 2 10 min,
FIRAH VB0 SDS-PAGE ¥/, SDS-PAGE R H 5% 4
JBEFN 12% 73 B 6E, B 0ok 125 Dh s i R250 Je (k. HAK
TS Sk 18]

1.5 RNA 2B K R H K EE PCR (Real-time quantita-
tive PCR,RT—-¢PCR)

151 ERORMEREE RNA $2HU S S DNA L BUR &
1% 96 h [ 1A, ] TRIzol 3B EERE RNA™ ) TransSeript
Green WizbiE RT-qPCR SuperMix (Transgen biotech Co., Bei-
jing,China) ¥ RNA 4% 55 cDNA

1.5.2 RT-qPCR, RT-qPCR Ay 73S MESCHR[ 9], I H
T - 3- WM LN (gap) NS HEN o AR Z b S izl
56K F ABI StepOnePlus & 4t, L) ABI PowerUp SYBR Green
Master Mix ( A25742,ABIL, USA) YE ok Y kl, gap .rml Fl
UPR A5 % K HAC1,KAR2 . PDI ,ERO1 #) qPCR 5| ¥ %] F
#17,

2 FR55H

2.1 IFRIEFF KAR2-pPIC3.5K gy#9#E  M4E pPIC3.5K
2 pa B R KAR2 IR (45 50, 76 KAR2 JE TR B AR
W51 E 5351 BamH 1 F1 Not TGN 5. DL X=33 1)
gDNAJg il , i ik PCRY™ 14 4R 75 KAR2 G PR |, PR JiE o
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Table 1 Target gene and its detection primer for RT-qPCR

o
ene Primer Sequence(5'—3") size. )/ bp
gap gap—-f  TACGTCATTGAGTCCACCGGT 184
gap-r  TGGTAGTACAAGAAGCATTGGAG
rml rml—r AGCATTGATGGTGGTATCCGC 179
rml—f ATAGATGAGCGTGCTCCAAGT
HAC1 HAC1-f CAAGAATCAGCCAAAGCC 199
HAC1-r TGCGAGTGGATGTAGATGC
KAR2 KAR2—f CCTACTTCAACGACGCTCAA 199
KAR2-r  CCACCCTCAATAGAAAGCAGA
PDI PDI-f  GAGCAACAAGAAGTTTGGAGTTCC 260
PDI-r CCTCATAAGCAGGAGCCATTC
ERO1 ERO1-f CGTTAGCAAACCCTCAAATCC 201
ERO1-r GCAGAATCCCTCATCACCATT
A @@ B
10 000 bp
6 000 bp
4 000 bp
3 000 bp
2 000 bp—
1 000 bp

2037 bp (1 A), FHFRA-IBGAT £ H2H pPIC3.5K ik,
#HAIARK/NH 9 004 bp (] 1B) . FH BamH 1 Fl Not 1 XUEE L]
KAR2 JL[R F- By Fi pPIC3.5K 24k ([ 1C) , @t T, DNA %
FERP 3 1 AL B R T b SR A rh i E A
Fikio FH BamH 11 Not T XUEAT] 55 1k 55 40 O, &2 BHH 3 2
R — A R/IN R 2 037 bp, 55— 2529759 004 bp (E1D)
4 KAR2-pPIC3.5K 3% 2 i M & MER A= iR B A7 FRA Jl b4 7
FEHIINAE , T 455 5 GenBank : NC_012964.1 H T4 5¢
A5, AT KAR2-pPIC3.5K H2H Jiihv .

2.2 EFRIEER pRML-X33-KAR2 IR IIE 114
HrAR Tk, H BspE 1 28 {L T 41 ki KAR2-pPIC3.5K &, %
FHHEEAR I J7 105 4 P Ak 7 50k — W 5% 16 3] 4pRML-X33
1, G418 il Zeocin WM i 1245 5] 4pRML-X33-KAR2
b (EI2A) K e b AT PR R ey R G 57, A

1 APCR ¥ 193575 KAR2 BL[H 5 B HL VKIS I HRHL A4 pPIC3.5K 2445 ; C.BamH 1 F1 Not 1 U] KAR2 J: A A BEFI pPIC3.5K #44; D.BamH 1 il

Not 1 XUBGFUIFHi L IER ) KAR2-pPIC3.5K JTk:

Note : A.KAR2 gene was obtained by PCR amplification ; B.pPIC3.5K detected by agarose gelelectrophoresis ; C.Double enzyme digestion of KAR2 gene frag-
ment and pPIC3.5K vector by BamH I and Not 1;D.Double enzyme digestion screened the KAR2-pP1C3.5K plasmid by BamH I and Not 1
E 1 KAR2-pPIC3.5K i [N Rk BRI R
Fig.1 Construction of intracellular overexpression plasmid KAR2-pPIC3.5K

B M 1 2 3 4

10 000 bp—
6 000 bp—*
4000 bp—
3000 bp—
2000 bp—

1000 bp—»

1 : A.G418 Fil Zeocin XM YPDS SEM ik KAR2 i ik Hikk ; B.PCR fifi ik KAR2 i3 %75 Fk ; M.DNA Marker; 1~ 3.0l KAR2 J£[H 544k T ¢DNA

MR ;4. L) 4pRML-X33 gDNA JyMadi ity 1 %4 1

Note : A.YPDS plate containing G418 and Zeocin were used to screen KAR2 overexpressed strain; B.PCR was used to screen KAR2 overexpressed strain; M.

DNA Marker;1-3.The gDNA of KAR2 gene overexpressed strains were used as template ;4.Negative control with 4pRML-X33 gDNA as template
B2 KAR2 EEdRiLE#k pRML-X33-KAR2 K5Ik
Fig.2 Screening of KAR2 gene overexpression strain 4pRML-X33-KAR2
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¥4k ¥ H] D=2 buffer $2HFEALT 1) gDNA, 733 LL 3 4544k
T gDNA Witk ,5° AOX1 Fil KAR2-R 51# 117 1% 7% PCR
R PH MR A - 5 R DU 2B 25 R B, 3 Ak 49T
R B A, UL Sy BH PR A 7, i 2D i 1% 1) 4pRML—
X33- KAR2 T . X M8 B Bk 4pRML - X33 - 3. 5K J& %
pPIC3.5KZ Ak 5 Hi /s 5] 4pRML-X33,,

23 d ik KAR2 E E Xt 4pRML - X33 [ #k 7= B 19 %
Mg 4Bk 4pRML-X33 4pRML-X33-3.5K Fl 4pRML-X33-
KAR2 A THEIR A T , 5B 24 b HORE DU 200 i 25 B2 (ODgy, ) S
Muoh g (B 3) . I 3A & 81, 4pRML - X33 - 3. 5K FI
4pRML-X33-KAR2 ) 48 ffl 4 K 5 4pRML-X33 — 2, $)i B]
pPIC3.5K Fl KAR2 HEPH X} 8 24 B ik 2B K TE R, 4% T ik i

AR 2 UL P 3B, MR R R B 3 B AT L AT 475 96 h
LS K, 4pRML-X33-3.5K 5 4pRML-X33 M
LRHA— B, YW pPIC3. 5K X B Hk fifd A i I JC 5% i, {H
4pRML-X33-KAR2 [ Jil 1A 1% L 4pRML—-X33 Fil 4pRML-
X33-3.5K #R{ik, A& B% 96 h B, i M 303.03 U/mL (4pRML
-X33-3.5K) FF&F] 151.52 U/mL (4pRML-X33-KAR2) , %
1% 50% . UEMTIE Feik KAR2 K 35 MR AR T 1 i 14 i S0 il
o GRS IR IE KAR2 FEIR AR B AR 2 R AE AR R
k5" B4b, @it SDS-PAGE il T 4pRML-
X33-KAR2 HHh H B 1, 455 LI 3C, A2 BUTE 45 ~ 60 kDa
A E A RML {8 /N BUMIE g 43 kDa, {H iy THe ok
FREEE RML JEF PR AB A , S 80 Tk

A ospe ) B s00p ¢
-@-4pRML-X33 . -@-4pRML-X33 100 kDa
40F —-4pRUL-X33-3. 5K 400F  -@-4pRML-X33-3. 5K 60 kD
—A- 4pRML-X33-K4R2 = & 4pRML-X33-KAR2 ‘ |
= 45 kDa
3¢ = 300f
= P
= & 200t 28 Ka
2
10F 100
U 48 72 9% 120 24 48 9% 120
K BERTIE) Il h AT [l h

TE: AR I B IS NBE 2K ; C.SDS-PAGE Al Sk kM4 H (A5 17
Note : A.Growth curve of recombinant strains ; B.Extracellular enzyme activity curve ; C.Extracellular lipase protein detection of 4pRML-X33-KAR2 by SDS-

PAGE

3 EAEHRERABRESKRT

Fig.3 Shaking fermentation and protein detection of recombinant strains

24 TOELEEPCR A A ERIAN, K Fi Rk
HEAPIEI, 23518 N i & R ), K iR &
SR B 1 2R 1 SR A TE D O O v, T P R R
A YRR R M RS, AN S OE — RIS SR
A B A P9 I T ) PR RS, A 55 i P S5k 0 o 2 9 BT S Y
R RN A R AR A SR T & 2R I AR 5 I R O AT
4R 1N, /) UPR™ . 4pRML-X33 - KAR2 T bk i Jfg 41
RML Ji 156 ARG, # I0 2 KAR2 L PR 33k 63K , £ A 1 2 ikak
AFEN N 5 M, 3R {8 S R 3K, 51k UPR R .
HAC1 KAR2 PDI fl ERO1 [y%%; 7K A8 4k ] 38 71 20 Jfd PN S
T UPR R, 3 17 ¢ B R 75 7 A6 oA J5 I v 2 1 47 38 T
S0 WS R Al RT-qPCR 2 [ 4% 4pRML-X33-3.5K il
4pRML-X33-KAR2 B #k H 55 UPR A 3¢ Y 5 R 5% S 7K 778
A, RIHGI T H A FER rml 1 mRNA AR 4k, 45 5L LR 4,
MNE 47 LIEH, 5 4pRML-X33-3.5K #H I, 4pRML—-X33 -
KAR2 1 KAR2 FEPRIAIN 5 S A T 3.7 5o 734h, 0 %
B HACL RN oK i KA (R PDI R EROT [ %
B IKOEAR R A B A8k, B KAR2 BE PR 3 63k IR 3 1N
J I o R TS R T B K AR Y, R 4k
4pRML-X33-KAR2  rml () mRNA & i E K T 43% , 3i A
KAR2 F:H S F A FE T rml ) mRNA § B EF WA, rml By
mRNA 3/t (43%) SAMERE R R (50%) S —3L,

[J4pRML-X33-3. 5K
I 4pRML—X33-KAR2

AARAEFKT
Relative transcription level
S

KAR2 DI ERO1
H A Gene

T SPSS Ge i 5 5t 1 i BE I BE(RL . 3 T IEZS A0 A
B, RHIRECRT BUR 7 22 NG5 ¢ A3 R PPN I 24,
FH« = 78w o« " FoR, 0 itEFE P<0.05 5 P<0.01,P<0.05
hRES R, P<0.01 HERWRE

Note: SPSS was used to calculate the skewness and kurtosis of the da-

ta. For normally distributed data, t-tests of unpaired, two-tailed

and variance inequality was used to evaluate its significance

(P).P was denoted by “ * 7 or “ % 7 representing P<0.05

or P<0.01 respectively.P <0.05 was considered as significant

difference ,P<0.01 was extremely significant difference

4 RT-qPCR #:illl rml 70 UPR 1HXEE R RKFE
Fig.4 Transcription levels of riml and UPR related genes were

detected by RT-qPCR



48 A 14

FaeF WRE KAR2 A B AR B K BARLE I8 5 B0y % vh 107

NN 4pRML-X33-KAR2 g A1 1) AR /2 rml BE IR ) mR-
NA & T FEFEA, AR T B & S0
3 #Hig

ARSI 7E 7 RML (1) 245 DURE £k 4pRML-X33 it

Fik KAR2 BN, R Bi 63k KAR2 FEDR X Tk AE K TR,

B g SRS M 303.03 U/mL FFEF] 151.52 U/mL, T 50% .,

i RT—-qPCR 4347 UPR AHSCHE R 5L sk F- 284k, & Bt

Fik KAR2 J5 AN HACT W AEXT 5% 557K -1, PDIFI EROL

BE PR KPR AR A, WG RH AR oy 5t g v & 1 4 B Y

Fio S350, KAR2 3 R JE A& bR vf rml () mRNA

T 43% , ST AR R A — B, B KAR2 3o 3K 5 5L

RML &R BRI PR A 8D 1 B RR A0 P il () mRNA

Ko TR S ik KAR2 i RML g 41 B FEAIG A It

R IR AR R e HAR AN R R S i T
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