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Abstract

The methylotrophic yeast Pichia pastrois has been extensively applied in
production of recombinant proteins because it combines the advantages of single cell
in microbial and post-translational modification in eukaryotic systems. The 40X]
promoter (P4ox;) is the most common promoter used for heterologous protein
expression in P. pastoris. A glycerol-methanol-shift induction strategy is applied to
achieve high productivity. However, the tightly regulated P4ox; also led P. pastoris
expression to restrictive conditions. To improve the efficiency of protein production,
we tried to reprogram the transcriptional regulation of P4ox7 in P. pastoris. The ectopic
Mxrl expressed by the mild AOX2 promoter (P40x2) did not cause growth defect. The
transcriptional efficiency of P4ox; was enhanced since the limitation of Mxr1 titration
effect was broken by extra Mxrl. P4ox; became more flexible due to the positive
feedback of Mxrl and was regulated by glycerol. With the extra Mxr1 driven by P4oxz,
P.1oxi showed better activity without than that with medium replacement. Moreover,
glycerol starvation induced GFP production with reprogramming Mxr1 in P. pastoris.
Increasing copy number of ectopic Mxr1 did not enhanced the efficeince of P4ox;. These
results showed overexpression of Mxrl by one copy of P4ox2 might be enough to
achieve the maximum activity of P4ox;. Although the improvement of transcriptional
efficiency might be limited by secretory ability, these problems could be sloved by
combination with other strategies. In conclusion, transcriptional reprogramming of
Mxrl improved the efficiency of P. pastrois under methanol induction and potentially
made P. pastrois become methanol-free induction system to eliminate the problems of
methanol.

Keywords: Pichia pastoris, methanol, AOXI promoter, transcription factor, Mxrl
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Figure 1. The schematic diagram of transcription regulation of AOX/ promoter
The activation of P4ox; was separated into two stages, including derepression and
activation. Transcription factors involved in P4ox; regulation were found, including

Mxrl, Prm1, and Mitl as activators, as well as a repressor, Nrgl.
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T~ U AR WL NG TR TR B fR AR

G4 P pastoris SRR R0s 1 R LA F M H 05 % FHI A 0% R
RHEBERR G THEAED R T2 R o 8RS 2P AOX] b+ 5 F
AREF B A 5 8 R BT S R T B

%‘—L’Zﬁ?&“%{“’
1. 9 @eng & B

THRAEA-FAFA LIRS E AL AT ELAAZEARL D WL R
SRR ARG AI LG E L HEA FA S %0 T A
A O FESET T R g e S F[27) P B0 B R
EFLE R PP A - o AR HERS P o B  # P R FY

C"’

FrEfa[28]eoptvh > NP IR E - BALF ~ARDF B T AL EMLAREK
W hF 5 5 R BIFFE RO fé_?ﬁf%’j ) ‘Fﬁgfgﬁ P pastoris * A& B F-v
Fengp R 8 & RA[29] o

wiEd Y O FREESES SRR ma A2 PR g A ES
W% P pastoris (0® fRA]* F oo iem E MY B R %%r} i #x P. pastoris
VAOX A F> mE 3 e 7 AR * X inp ik 25 4 Al e P pastoris #3758 40X
AF > 57 Rl FE-gh Mut” (methanol utilaiztion plus) 5 & £_i% i3 "f AOXI ~
g AIERME T A0X2 > £ T# e FE ) & ol H Mut® (methanol utilization
slow) # ¥4 5 @ Mut (methanol utilaiztion minus) 7 & B! £_Fe B 2 "$ 7 i AOX & F]»
mogE T L H - BURS] e E Mut' AR B SR Bh L B R R
Feng £ wmF[30] LR en? @R g £ 01 £ 4 35 F]pt Mut® Fiheni
TR R A T ST R AR 6 (2] -

"ﬁ% TOARET L FEE K ity EEA AT FE S e o F BB
£ (dissolve oxygen, DO) e i 1% 5 7 ik 4o endg iR [31] > & A 7 (R E TR E 4%
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WOR YRR 0 AR T B Al iR e i F32] e A ARAE L 2 pE
MAATFTPER S § R LAERIFDF ok R RB o T B A R
T A - iﬁﬁ%;‘lj}‘gftﬁviéo; 2 ‘F;P’"ﬁ»mwfm 4E“ﬁ%k?ﬁnbw\/)ﬁlmé%
e SRR b AR RSV U LR SRR S R SRl ST R SR
PR AT RE LT R e @Ak S R JE BT R A BT pRenf B B

4R AOX b+ HiAEE T 0 A B S AR A[16,33,34] ¢

2. i§ & B e AOXL e =+

FERE R vg it Mut® Fikense 0f 1 3 3] R AT > i BGE A0XT
Fade 3 B — BREGE o R & BRI T I £ AOX] FadsF X g 4] 0 % E R

R R G ovE - B R 'a*}; et A o HT AN EHE HAEE *F]“@gfg ) e e

FMRRA TR A A PERFT BA R[S0 KRRy AR
BTN ERAME & LR AR AR B S BA TF] Flet A G aUR R R
BPE T R %%ﬂmﬁ*%iiﬁlﬁ%"ﬁ%iﬁ’f&ﬂgﬁ%i;&&?’ﬁﬁi@%ﬁv?*‘ ’
PR AT R S RE SRl eh Mut® FiR L F B g [35] o e dl aR A
R BERE RV A AE R e A AfRA[36] ) R AR R R A E 44 A
PEEC > TR G pRE G s BHF RH G s A A o

"MEEF AP EORE S " BALBIOER IR LT AL RRRE
AOXT fads & Pl > 3837 5 5B E 8 30 7 Hxtl & 4§ §BE ko
Gssl » & P. pastoris &% @ RIFITRE Y 0§ F4E > @ AOX fxd»+ ¥ 1 &3 § §
T BV [37,38] F Hhb 052 fﬂ,d: i Gutl 2 8 - 253 Ak cfie Dak
# T LR SRR S L BT B T SRRR ) SRR S R A
B [39] 0 BEARIEE S 2 T LA H B R AOX] Fabs T i g > (e B 1 sk %k 1
PAe® ERA E ot ho B LR AT R ERRDEBD A ERFMA &8

O ERR G RIEL > B 4Rt AOXT fods 5 AR R ]S 4 w0 T
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R o2 erscd 02017 & > Wang & A 53 % #4541+ Migl ~ Mig2 2 %2 Nrgl »
I e pEiEE & I Mitl 0 @ P pastoris ¥ Y b b LR ETE AOXT FxdiF o H

kR T ] Y AR E e 70% B AR S R MAUR D IR EGT S 4 i

BRI IR A R EBARG L AL oY T AET NG DA

I~

A AR B — T B EDS50% B A Z RGBT T UG skehE
MALE S A FNR L[] B SR B Wang % A G § ¢ ¥ G dimendR it riad Bk
ﬁiﬁﬁﬁ’@ﬁﬁiﬁﬁ&ﬂ4%ﬁwpfﬂ’Q%A@Wﬁﬁiﬁﬁ&WM
+ 0 g% M Ppastoris e @ ~ FHEET hE L@ R Bor gt R B Pz

[25] -
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IR

Pichia pastoris & v§ " FRz* Feo- i S4B E B4 R Rde T ks
L EfcA B9 hsenBf o o g — " BAELE > VEEAL P
pastoris (7 AOXL fxd+ » ¥« £ 2 A & 2 F-d F o Ra > B IE R Foi 7 AOX1
frede+ o & Popastoris B B A B AR 0 R GG & 5 Bah? R
SrE- BB 4V 3RS A EAOXL R T cSEF LA FNFE YA
B % % 'L A P.pastoris i § chi it o % AR P. pastoris ] ~ 3] 1 m
B v 4 Kfiﬁ‘\/)%rﬁ AOX1 fxds 5 enfrd| 1 o d 2 %ﬁ%‘#ﬁ’ﬁij—%' BiEE £
T &L 1Y 3 04 7 e AOXL fads & endd o B2 2R it eh £ ¥ 2% P, pastoris
v AR gt 2 2 RRE-d F 0 2 2 og (e P pastoris SR i)
Toar @ AOXL fx#+ = 2 2 H A cnipd > ¥ 3 3¢ & P. pastoris 04 £ 4 Koo

SFE PR BEor Popastoris B - HER A g B o
1. pen

ALK LD P 0t e Popastoris SRR ] 7 PPl
FHEELMAF R o 7 L5 E R AL Flie it 0§24 P pastoris afr |k
i 2 oA otk i 2 B enid g o 3R Popastoris deardli B0 T LG R AV iy
Mo Z@ g+ 2 £ nitlag @ g ok B ] B AOXL fads

m—“-;}% H 3 F:E- #H4esp AOXL fads 3 endk E o
2. Ba B R

BT F Ml 5 A7 A8 ~ 8L ARG E 8 E4E 03 Mxrl 18
.91 1 AOXLECEs 5 cnd bl (> EAR $E 1 PREP IR - 27 ok O JREE 7
ﬁ‘\/&lﬁMxrlm fgﬁ 1%;&1}1‘; ’ﬁbiﬂi\‘?*g\ﬁﬁéﬂ“ﬁ‘iﬁﬁﬁ%%Faa’ﬂ}gv'ﬂ7\~
[40] ° erL *3@;%;{{ Mxril mz\lﬁ_,& ) }@EF E'll—}’\;;t_;‘ AOX1 @Iﬁ"—i-‘_,% 3@*’“5&3{
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SUERL o o B EE L MXIL A LR 0 T R R A FIHE
feorig & e ML Aol > 4 4o AOXL ficds 3+ chil 578 44 o 7 7 e Mixrl
€ UFF A R GAP b+ & B 7 R #00 AOXL fe# + > 11 -5 P. pastoris
LR D g > TR 4B S o Mxrl R @ @ P.pastoris = o $iE A RE
#33 e AOX2 fxds + 4 & Mxrl iz = Mxrl enp 24 1w 4 7 4% g (positive auto-
regulation curcuit) » Mxrl e L8 & JF F Frd|tHplih™s M3 - TR & L IRE

TR ] GRS B ow i iR 2 it a I AOXL Eabs S s &

= AOXL frds + chf g5 1 > 4ol = o

3. Bt

BT BREY R DOT A up A AR A% F R RS FFL
pastoris 2 & hp {fkFd F o T U HEEE TS DA RE o AT Y 2 F R
Blz > ERpESFAL
(1) 248 §Xd0 24
(2) e fep it 2 44
(3) M RS WS K 0E

(a) AOX Fa$s 5+ il it 14

A% d ¥ X BRe B RAF mRNA £ L §
(b) AOX fx#s = 0¥ D i

?RER -~ AR ORRE 7 R E R H AOX b 3 R R
(c)¥t P. pastoris Jm 4 |+ £ F] el 58

AT & EARE R~ Aox fEF 18 L 4TS omRNA A E
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Ml

Glucose —
Methanol . Glyclerol

( x‘y@ @ )

Activation Derepression  Nucleus
Stroger Easier

Bl= ~Mxrl £ 44 AHrESD T LB
AOX2 fxds + 32 2 R Mxrl 22 p A w AR 0 Aok BT o
Figure 2. The schematic diagram of transcription regulation in the cell with

reprogramming of Mxr1

Asterisk represenst the positive auto-regulation of extra Mxrt regulated by P4ox2
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Figure 3. The schematic structure of this study
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FoF Mg

- R R K R

AP RN R 3 M A ¥ LA B ik Escherichia coli EP1300
(Epicentre Technologies Corp, USA) - 12 Luria-Bertani ;% f 32 & &% 37°C ~ #% 1%
250 tpm R 5 & 0 & F e 15%EE R EE R £ 30 37°C ¢
2. %7

AR R e e WA FRG T BpE* R Pichia pastoris KMT1H
(Mut®, aox1::ARG4, arg4) » F£% p Invitrogen (Carlsbad, CA, USA) - 12 YPD % f

5 %0 30°C~ it 250tpm RiF 5 % 0 & T4 1.5% HEFRERE £ 30
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SRR LS

Luria-Bertani broth (LB) : 2.5 g LB (Acumedia);% ** 100 mL Z4§-K > 121°C ~ 20
AERBEFRAFER .

Luria-Bertani agar plate (LA) : fic 8 LB pF> ¥ 4v » 1.5% Bacto agar (Acumedia) »
e ?ﬁ.é 8 3 50°C PFiF)»t 9 cm petri dish » FRF {8 F 33 4°C o

Low salt LB broth (LSLB) : 2 g Lennox L Broth (Alpha Bioscience);% ** 100 mL 7
Aok 121°C 20 # 45% R B RIS FEHE T o

Low salt LB agar plate (LSLA): fic 8 LSLB F#> ¥ 4 » 1.5% Bacto agar (Acumedia)’
A F e F R D 50°C P g3t 9 om petri dish » B R E (S Foir 3t 4°C o

10x dextrose (20%, w/v) : 20 g § % #%&(dextrose, D-Glucose Anhydrous, Biotech);%
100 mL Z 4k > 121°C~20 2 453 8 3 BRP FE & * o

YPD broth : 10 g YE (yeast extract, Bio Basic)% 20 g peptone-A (from meat (Bio
Basic))i% *+ 900 mL 7 #5-K » @ /4 #r {4 » 100 mL 10x dextrose °

YPD agar plate : fic 8 YPD B¥ » ¥ 4¢ » 1.5% Bacto agar (Acumedia) » /= 7 {5 "% if
I 50°C pFig|>t 9 cm petri dish » F 5 F {8 %133t 4°C »

Zeocin stock solution (100 mg/mL (Invitrogen, R250-01)) : i & i% 75 3+-20°C
G418 stock solution (250 mg/mL) : 2.5 g G418 sulfate ;3 * 10 mL Z 45 -k > 12 0.22
nm g Mo R ) (6 03 3 4°C o

Kanamycin stock solution (50 mg/mL) : 500 mg Kanamycin sulfate (USP):% ** 10
mL Z 4 K > 12 0.22 pm g i iR F) {6 3 4°C o

Ampicillin stock solution (100 mg/mL): 1 g Ampicillin (Sigma);% ** 10 mL Z 4 -k
120.22 um g BB i ) 16 33T 4°C e

10x {7 (10,20,40%,w/v):10-~20 & 40g 4 7 (Glycerol Anhydrous, J.T.Baker)
"z Ag R pR g & 100 mL Bk 0 121°C~20 A 453 B B BIRFE K * o

10x Fipi4e ¥ 72 (Potassium phosphate buffer, 1M, pH 6.0) : 11.81 g KH>PO4
19
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(Amresco)% 2.30 gKoHPOg4 2 Z A K fe B = 100 mL 73 7% » 4 & pH=6.0+0.1> 121
C20~48F 83 BRiTFISH T o

500x biotin stock solution (0.02%, w/v) : 20 mg D-biotin (Sigma);% *>* 100 mL 7 4
Ko 1022 um g BB e iR B i 3T 4°C o

¥ B (100%, v/v) : ® f3(CH;OH, J.T. Baker)™ 0.22 um g "8 /= i i3 3¢
4°C -

10x YNB (13.4%, w/v) : 3.4 g yeast nitrogen base w/o amino acid and ammonium
sulfate (YNB, Bio Basic) % 10 g (NH4)2SO4(Amresco);3 > 100 mL z4§-k > 12 0.22
pm i B R ] 0 4°C kR

BMDY 3 % £ : 10 g YE (yeast extract, Biotech) 3 20 g peptone-A (from meat
(Biotech))i3 ** 700 mL 7 45k » = 7 & 4 » 100 mL 10x YNB ~ 100 mL 10x ##f&
4m i e ~ 2 mL 500x biotin ~ 100 mL 10x dextrose °

BMGY 3 % & : 10 g YE (yeast extract, Biotech) 3 20 g peptone-A (from meat
(Biotech))% ** 700 mL 7 4 -k » = Ffé 4r » 100 mL 10x YNB ~ 100 mL 10x ##f&
4 % 7% ~ 2 mL 500x biotin ~ 100 mL 10x ¥t /& E B 2 H 4 o

BMNY 3 % 2 © 10 g YE (yeast extract, Bio Basic) % 20 g peptone-A (from meat (Bio
Basic))i% ** 800 mL Z 4 K > = e 4c » 100 mL 10x YNB ~ 100 mL 10x £ 47 5%
fbee ~ 2 mL 500x biotin °

BMMY 32 % 4 : 2 * %3 BMNY & % fl_\ﬂl‘ 4 100%7 f 2 i ¥ U BRER o
BMGMY 33 % £ : i * %3 BMGY £ % %ﬂ]‘ 40 100% f 2§ T pRER o
FBS mpst sz £ & 1 0.93 g CaSO4 ~ 18.2 g KoSO4 ~ 14.9 g MgSO4 + 7TH2O ~ 4.13 g
KOH ~ 40 mL 4 7 ~ 26.7 mL B#f4(85%)%c-k = # 1 1L

PTM1 (Pichia trace metal 1) : 6 g CuSO4 + 5H20 ~ 0.08 g Nal ~ 3 gMnSO4 » H20 ~
0.2 gNaxMoO4 * 2H>0 ~ 0.02 g H3BO3 ~ 0.5 g CoClz ~ 20 g ZnCl> ~ 65 g FeSO4 + TH20 ~

0.2 gbiotin ~ 5mL HySOs#c-k & 3 1L
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= ARPHEH

Ap g e * chd L 4 pPICZA ~ pPICZaA ~ pPIC3.5K » F£F A Invitrogen
(Carlsbad, CA, USA) > & *f © Fif%* [ P. pastoris ¥ chiirl o ME G W
§ i pafad»+  (Alcohol oxidase promoter, AOX) » it %ﬁ R BRI ES
B 7k F1 4 B o pPICZA ~ pPICZoA 2 & £ #3855 Zeocin ° pPIC3.5K # 7 HIS4 A
F1¥ 12w 4F histidine # Ftk 0 3 & 5 & iE 35 G418 (Geneticin) & Kanamycin e

®* 233 BT

\\\?{r

% 4 - 5 £ =4 2P % (Mission Biotech) 2 2 15 5F 3. 27

(Genomics) o #-z& Jf#;% 1%“37;?“ WEVE- SR A% ETwe? > ARELIZTH
42 2% (100 pg/mL Ampicillin ~ 100 pg/mL Zeocin ~ 50 pg/mL Kanamycin) £ &
EEAA D FEABRE NG B H - FERE Y F RPEEAIR 0 L
7HRPBE - FiEEET - kY o e 05°C S 10 A ABRELE TS R B 0 B

- MG EREFAH S B DT ARREREITE G PR EK RD

FEAES B FE P A UFERLA S FE (Genomic) 0 2 B AR 1
2L EREREY 2 LD o

1. pPICZ-mEGFP

F1#* 3513 F-Pmll-mEGFP ~ R-mEGFP-stop-Sal/l ** % % 548 ¢ 5§ 1\ mEGFP
BB g AE Pmil 22 Sall 4~ 12 4p e P F R 2. ‘s‘iﬁ%i\-v‘fﬁ pPICZA > = =
pPICZ-mEGFP > 4r@l = (a) » 2 5'AOX1 %_ B Fx:l > {7 P pastoris & 3,pF > 12

Sacll *7 = &k -
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2. pPICZa-mEGFP

F1#* 513 F-EcoRI-mEGFP~R-mEGFP-stop-Sa/l AT A ’Ffr@?é' v %iﬂ 4" mEGFP
B 11U AF EcoRI 22 Sall 45~ 12 4p I "4 s A2 2 55 ?‘1 8 pPICZoA » =

= pPICZo-mEGFP > 4@l = (b) » 12 5'AOX1 Z_F F2:d 0 & {7 P. pastoris #A5 /% >

12 Sacll *» = F Pk o

3. pPIC3.5KH

F1#* 513 F-Avrll-6xHis ~ R-partialHIS4-Xbal *+ 5 %8 pPIC3.5K ¢ ## 1) 5'=4
# 3 6x His tag 79 AOX1 ¥ i+ + (terminator) » ' "L f= Avrll 22 Xbal 4% » 11 4p fe
FU| A2 2 SR 4 pPIC3.SK » % & pPIC3.SKH » 42 (c) » 2 S'AOXI %

4. pPAOX2KH

F1#* 31+ F-Aatll-AOX2 ~ R-AOX2-BamHI *: 5 %8 P, pastrois i ¢ 1 DNA
PP AOX2 Erde+ o d At 51 3 A4 Tm E$#04> $ * Touchup PCR Hjkr>
A 12 annealing /8 & 47°C F i 11 B ¥ #pis > £ 12 58°C F i 20 3 % #p o #F3H =
e 5 B taq polymerase *t & 4 A 0 &~ yT&A vector > 14 M13F ~ M13R #_F&
FEw o ¥ 10U PE Aall &2 BamHI Jod@ > 3 e~ AR b P S ST 2 SRk 18
pPIC3.5KH » % = pAOX2KH » 4@l w (d) i& {7 P, pastoris #&3,p% > 12 Sall *» = &

22

doi:10.6342/NTU201701643



5. pPAOX2KH-Mxrl

d 3 Mxrl B2 A 5 - B Sall 7 = > € B P, pastoris c03g 25 > F]pt
r2 Overlap PCR #: s> o7 B2 5885 AR 7| ehfiin™ » 8 Sall *» =4 ",ﬁi o Ji# 3l
+ ¥ F-BamHI-Mxrl -~ R-Sallmutant-Mxrl £ 31 + % F-Sallmutant-Mxrl ~ R-
MXRIP-Avrll » & B #H  Mxrl 5':3¢& 3= 5 7] > % PCR Af it > * 7}1‘;1@ il
WEER R EAFEPCR AP s 9 > e 3! F+ F-BamHI-Mxrl ~ R-MXR1P-
Avell FF 3 = 5 Mxrl 3 B0 00U fF BamHL & Avrll $ ~ 120 4p Fe "L B ag® 2.
L% 448 pAOX2KH » % & pAOX2KH-Mxrl » 4= = (¢) » 2 SAOX2 + 3'AOX1 ~
F-Sallmutant-Mxr1 ~ R-Sallmutant-Mxr1 ~ Mxrlp-interal Z_F% f£3% » i€ {7 P, pastoris

wALpE > 11 Sall *7 & &K o
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Sacl

Sacl

|
pPICZ-mEGFP - . PPICZa-mEGFP

3952 bp

Sall
Sall

(©

&) AmpR pr,
. Lromor,,.

1 E—LQQQ,
e oy
o N

= 4 ampR

BamHI

gey 5V

pPIC3.5KH

8938 bp

A0xy rcrwinalo(g\

Sall

Rle ~ 2777 S £ R R EH
Figure 4. The maps of the plasmid

(a) pPICZ-mEGFP,
PAOX2KH-Mxr1p

12804 bp

(b) pPICZa-mEGFP,
) (c) pPIC3.5KH,
(d) pAOX2KH,
sall (e) pAOX2KH-Mxrl
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fo EARPME AT R

Table 1. The primer used for plasmids construction and sequencing

s

B 5)(5' 7] 3')

ot A LAY 3

-

3

F-Pmll-mEGFP

CACGTGATGGTGAGCAAGGGC

F-EcoRI-mEGFP

CTAGAATTCGTGAGCAAGGGCG

R-mEGFP-stop-Sall

ACCGTCGACTTACTTGTACAGCTCG

F-Avrll-6xHis

CCCTAGGCATCATCATCATCATCATTGATCAA

GAGGATGTC

R-partial HIS4-Xbal

CATCTAGATGCTCACCGCAATGCTG

F-AatllI-AOX2

GCGGACGTCTTTTTTTCAGACC

R-AOX2-BamHI

GCGGGATCCTTTTTCTCAGTTG

F-BamHI-mEGFP

GTGGGATCCATGGTGAGCAAGG

R-mEGFP-4vrll

TGGCCTAGGCTTGTACAGCTCG

F-BamHI-Mxrl

GCGGGATCCATGAGCAATCTACC

R-Sallmutant-Mxr1

CCCAGTTCTTAGTGGACTCATTCTCATC

F-Sallmutant-Mxr1

GATGAGAATGAGTCCACTAAGAACTGGG

R-MXR1P-Avrll

GCGCCTAGGGACACCACCATCTA

£

* 3 F_R el &

MI3F CAGTATCGACAAAGGACACACT
MI13R GTTTTCCCAGTCACGAC

5'AOX1 GACTGGTTCCAATTGACAAGC
3'AOX1 GCAAATGGCATTCTGACATCC
5'AOX2 GACTACATTGATCTTTTTTAACGAAG
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Mxr1p-interal GGTGTGCCCACTCCAACTCTTC
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=

SRR A EAE e

Table 2. The cloning reagents or kits used in this study

F % At RAEE B
B A 40 B~ HiYield™ Plasmid Kit M (ARROWTEC)

DNA % ¢ p=4a4) ¥ (PCR)

Taq DNA polymerase (ARROWTEC)
Pfu DNA polymerase (ARROWTEC)
Pushion DNA polymerase (New England Biolabs)

Q5 DNA polymerase (New England Biolabs)

PCR & 4= % it

HiYield™ Gel/PCR Fragment Exrtraction Kit

(ARROWTEC)

—
e

L

7 B3

=

Aatll (New England Biolabs)

Avrll (New England Biolabs)
BamHI-HF (New England Biolabs)
BstBI (New England Biolabs)
Ecrol-HF (New England Biolabs)
Pmll (New England Biolabs)
Sacl-HF (New England Biolabs)
Sall-HF (New England Biolabs)
Stul (New England Biolabs)

YEA T4 DNA ligase (Yeastern biotech)
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1. P. pastoris = = tw* % &

#-H - Fjs 2 P pastoris 4 3 mL YPD » *+ 30°C ~ #:¢ 250 rpm & it 20 /|
5 5 gt ¥ ODegoo 4 151 B~ I mL i 4 2 100mLYPD ¢ & ODgoo i %+ 0.1~0.2 2.
B> %% 30°C ~ iE 250tpm & i 7 o] B 0 gt P ODeoo ) 2 5 11 3000 g ~ 4°C #e
5404 33t '}’g‘i.’? i¢ 4t » 50 mL Pre-treat buffer (100 mM LiOAC, 10mM DTT, 0.6
M sorbitol, 10 mM Tris-HCI, pH7.5)** 30°C # % 30 4~ 45 - 2 1500 g ~ 4°C &< 10
A48 (s > 1 2mL 1 M sorbitol 7%= =% » & {5 ™ 500 uL 1 M sorbitol w 7% F4 >

F A K 80uL S E ok H oo

2. R F I A

NN

B AR R A AR B SRR EER > BRE g M
A& BT 2 P pastoris %% 1E iz 4e 3 0.2 mm Gap cuvette (No.620 BTX, San Diego,
USA)*® > 7ki# 10 » 48> 12 Electro Cell Manipulator ECM630 Electroporation System
(BTX, San Diego, CA, USA)ie (7% 5 34487 » f5 2 5 1.5kV ~ 25 uF ~ 200 Q » 7
734z & 12 1 mL IM sorbitol f## A T3 30°C THE 60 A4 HF IR
fren BTl G S A e i 3R
(1) pPICZ-mEGFP £ pPICZa-mEGFP

B~ 250 pL ik % & YPDSZ & 3E 32 % 25 1+ (1% Yeast extract, 2% Peptone, 2%

Dextrose, 1 M Sorbitol, 1.5% Agar, 100 pg/mL Zeocin) » »* 30°C # & 2 % 2~3 % -
(2) pAOX2KH ~ pAOX2KH-Mxrl
B~ 250 uL % % 2 RDB(Z)} (1.34% YNB, 4 x 10°% Biotin, 2% Dextrose, 2%
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Agar, 1 M Sorbitol) » Zeocin /,9]‘ ‘v 22 F 4345 P, pastoris %% % e £ F F + F Zeocin

FL AT o 2 30°C #E R A 1~2 % -
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I ~vF 7 BAER F% ¢ A DNA & 44

125434 WM > 249

17 RB- L~ AR B - FJ% 0 B 1 breaking buffer (Epicentre
Technologies Corp, USA)® » 12 65°C ~ 30 4 4& > 95°C ~ 10 & $88% 18 il 5 HfF -

G- G FR A F 0 YT ARREA RT3 P EAT

2. WALHRE A FIHE L P2

#+ 7 3mLYPD~30°C~ #:# 250rpm 3% & 20 -] ¥ > 4 B~ H 4. ¢ £ DNA

(NautiaZ Bacteria/Fungi DNA Extraction Mini Kit, Nautia Gene) > I | )k & °
v pE § B L fsdadl F k(real-time PCR)P T P 154k F)2 $£ [ i » oL $jiF
REBFLALHF BIE B PCR FHRIEL FEF2LRE > T F 5 - FHR? F X
5 R DI EPF o 2 PFi Bl AL 5 Ct (threshold cycle) » Ct B <% X § &

WehE R R S F o Rl EREL CtiEf 8- H T UBERHLEE AP

T

HERE o -G HTR R R A RS AER -

AP R S HRER FIRRE P RATIE R AT - B
LB Btk 0 (T A AT kR Ct R S F o A ulit
BN s Eikenp A TR 2 A TR R A Kt B L PR A Flehi L

Bro b E oo o
Copy number 7urger gene

Copy quantity Target gene
Copy quantity Reference gene
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% ¥ L F L P pasotris 1 3% B A F) MET2[41,42] » | %P A F %
AOXI1 feds+ ~ AOX2 fds+ &2 MXRI > ¥ feins] 5 ded = o BIF 20 PR Fl4%
PHcRd p A L TR RAFZFHEL HKo

PCR ¥ Jsfic ™ 5 SulL genomicDNA ~ & 1puL "85 515 (4 uM) » 10 puL 2x1Q?
SYBR Green FAST qPCR System Master Mix-HIGH ROX » 4 -k 3 20 uL - 3 * ABI
TR REEFY L E AP PCR $FHiEE 5 95°C, 3 min &7 1 % >

95°C, 5 sec » 65°C, 30 sec % & {7 40 JaHk -
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s P K B A

L #E A

Bd G P HRATFIZ HARE - FE4EL 3mLYPD ¢ > 3 30°C - diE 250
rpm & 1 16 -] B > 12 3000 g dtes 10 4 48 0 * & F-k B F T R = ODgoo » B~
1.5 x 10° F#e#c® (10Dsoo=5 x 10" CFU/mL) > 3000 g &~ 10 4 4 > 12 % & 5
X 22 3 mL BMXY %% F# 3 ODeoo %>t 1> »* 30°C ~ 3 250 rpm 3 % 10

G B 4
2. Hisih ¥

#d G P ERATFIZ A RE - FHEHED 3mLYPD ¢ > 2t 30°C - i 250
rpm & {4 20 - BF > g ODeoo %) 15> B~if £ Bk 4e & 100mLBMGY ¢ & ODeoo
£ 0.15 > 3 30°C ~ #3d 250 rpm 35 % 24 [ FF 0 2 3000 g B 10 A4 0 #
BMGY 2 *% » €471 20mL 7 F#kiR2 BMXY R FH o & 24 [ pFoer 7 3
I FEenM R R & P BoRip TB B - ¥ & 3% & (SpetraMax M2e Microplate Reader,
Molecular device) » % ARl B Ly L B 2 a‘r“,f A AP B RRES
RS BRP R o RS- 3000g #1044 5§ 4 B FT-80°C

F2 fsaqrrep 30 F C mRNA 2 E o
3 mEHA

R¥ G P HRATFIZ HARE - FE4EL 3mLYPD ¢ > 3 30°C ~ #i#E 250
rpm & it 20 /] BF 0 4 BF ODgoo £ 15 P~if £ Fi 4 2 100mLBMGY * & ODeoo
%5 0.15 0 % 30°C ~ #Ei# 250 rpm £ % 24 | ¥+ & ODeoo 4 3 1620 i+ % f6
AL Y o ARk 5 LR (FS-01-A05, Major Science) » 1 P

3 4%4 @ AR 2 LFBS 334 £+ 87 mL e PTMI > 33 438 & 5 30
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°C > ¥ 12 10%% -k & 2N Frfe# &2 pH=5- @ § £ 5 2vvm > #4538 % 5 800
rPM ° 33 % FF B4 5 H b =0 33 % (Batch) ~ 4 74 48 4L 32 % (Fed-batch)¥ ° fg 24 ¥ -
P £ %"gr} % % B(DO)ensg i H¥rs AR & PF ‘p«ﬁ%ﬁ%&i EAEE MRS

2.

RFEIACAFTUEHRIT - BRER AR AT 73 12mL/L e

¢ f
PTMI -
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= ~mRNA 2 RE & ¥7

12 NautiaZ Bacteria/Fungi RNA Mini Kit (Nautia Gene)4# P~ r;;—]"%g 2_ % mRNA »
RIZR RS L 125ng/ul » 8 uL (1000 ng)$k &-4c » 1 nL DNase (Promega)#?
1 uL10x Reaction Buffrer ** 37°C & & 30 4 45> 2 ",4rf A r AT L d 4 DNA
£ % 4~ 1 puL Stop Solution ** 65°C & & 10 & 454 1k F R -

R 538 - 5 2 ARROW-Script Reverse Transcriptase III (ARROWTEC) & ##
4= c¢cDNA > 11 pL &% &4 » 0.2 uL Radom Hexamer (1 pg/uL, ARROWTEC)#
1.8 uL 2 DEPC -k » % 70°C F fis 10 A 4815 % »tpk b 2 47 > % 4 » 4 uL 5x
First-Strand Buffer ~ 1 uL ANTP mix (10 mM) ~ 1 uL RNase inhibitor (40 unit/uL) ~ 1
uL ARROW M-MLV Reverse Transcriptase III (200 unit/pL) » %+ 25°C * J& 5 » 48
s 11 50°C & J& 60 4 480 & {6 12 70°C F & 15 &~ 8% 1k F > & 4c ~ 80 uL ddH>0
A1 3T cDNA k& 10 ng/ul -

v pE 2 g R 8 préasd % (Real-time PCR)B] 2P #4L ¥l mRNA £ & >
it * Ap¥ T &2 (AAC #) > 2 18s rRNA 7 5 P 341 & F](Internal control) » % &
ST mRNA 28 1 4 mehS 5 5 o PCR F ufie 5 5 ul cDNA ~ & 1
uL "8 5 313 (4 uM) » 10 pL 2xIQ* SYBR Green FAST qPCR System Master Mix-
HIGHROX » 4~k X 20uL o 42 * ABI TrpF 2 & % B2 (74 £ £ 59| 2> PCR #
H ik 5 95°C,3min &7 1 % 0 95°C, Ssec » 65°C,30sec & & {7 40 ¥k - @

* Plensl 3 ek = oo
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22 TR R PGS 23 B

Table 3. The primer used for real-time PCR

A CRICEIRED
MET2-gF CGTTCTCGCAACTCTTTCGAAGAA
MET2-qR CAATGGCATCAGTTATGACGGAAG
AOXI1p-qF TTCTCACACATAAGTGCCAAACG
AOXIp-qR AAAAGTGGGTGTTGAGGAGAAGAG
AOX2p-qF CACCCAGCCCTCTTCATCAA
AOX2p-qR TCGCCCTTGGATGGAAAA

18s rRNA-qF GAGGATTGACAGGATGAGAGC

18s rRNA-qR CAAGGTCTCGTTCGTTATCGC
mEGFP-qF GGCACAAGCTGGAGTACAACT
mEGFP-qR ATGTTGTGGCGGATCTTGAAG
MXR1-qF CTGATGCTATGAATGCCAAGGA
MXRI-gR CTGAATCGTTATTACGACCGGAAT
PRM1-gF TGGCGGCAAGAAGAACGTATA
PRM1-qR TGGTTGCTGTGCCTTTGCTA
MIT1-qF GTGGCACGCTGGAAAGCTAAT
MIT1-qR ATAGGCCAGCCTGTTGCACA
NRG1-qF CCCAACACAGCCATCAGAAA

NRG1-qR

GTGAATACGTGTGTGACGAGC
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A FE A

MELETE T SRR

Mk FisenFv F A4 FiR 2 4x loading dye 2 99°C 4 10 A 45 0 R
B E B~ 2.5 x 10 14 50 uL 4x loading dye &% » % 99°C 4c#: 30 4~ 48 » 23 8 &
* oo fiel K 5% SDS B kiRl R 0 {07 K 12% SDS R A i

WA %P 2 N T AN, (Hoefer™ Dual Gel Caster; Amersham Biosciences,

N
3

USA) » & e p #b4f 4c » 3§ £ Tris-glycine SDS running buffer o #-# 4 s~ & >
AP R EEHS N > AR 70 REF S R R0 Tl TEYMERE
AR - BA KB I 120 kS 0 90 4w B8 B 0w Coomassie brilliant

blue R-250 % ¢ o Fif g * FEB2 e ok w o

2. & LM

Heh W16 nden TR L iR 1 4x loading dye £ 99°C 4e £ 10 4 48 > FAE
AP~ 2.5 x 10% 12 50 pL 4x loading dye & i% » & 99°C 4c#t 30 4 48 > 2 3 8 #
® oo feE 1 5% SDS R iRl B foT K 12% SDS R A % hes 4
WA > R E 2 N T AN (Hoefer™ Dual Gel Caster; Amersham Biosciences,
USA) » & e p #H4f 4c » 3§ £ Tris-glycine SDS running buffer o #-# 4 s~ # >

A R EEEEATEN > AT 70 Rk Ry FAr TABHMTRE
A — B A H/ B D120 RiEFS 0 K90 A 4T B A Bt %2 > Transfer buffer
PS5 04 TV RFES o 4045 um PVDF ## & 5 (PerkinElmer, USA)% jz »*
100%7 % 10 4 45> Fr PFs #-jg JA0% & >t Transfer buffer o 12 & 5% T 4 # & 4 (Bio-
rad)ie (FHE > d fHED DR ERCE B RAA B 2 TAM Y « PVDF # 5

oS RIS B SR A 400 v~ 150 mA G i* T dEEr 2 ) o i & s - PVDF
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#& & iz e ot gelatin-NET 2 60 ~ 480 £ % 4% 5 12 gelatin-NET ﬁrﬁ 5000 & 2.
rabbit anti-His — = #48*" 4°C # % 8 & » 2 PBSTbuffer R F = =x » = =& 10
&4 o £ B 4% 5 12 gelatin-NET 4§ 5000 & 2. goat anti-rabbit IgG HRP conjugate
ZEFM R AT 60 4 450 4+ WESTERN LIGHTING™ Plus-ECL # 5%

o X UVP BRI KB 1 % A2 e dodow o

3. AOX B4 45

B 5 x 10"CFU Ff» 37 > dw 3 ‘,%_P G t8 0 14 100 ub AOX assay reaction
mixture &% > 3t 30°C & J& 30 3] 60 ~ 4815 - W R pE S IFEN 0 o d ARFE o AOX

ARG > R EAZ R ok o
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Fow o~ Red PO BAL L S A

Table 4. The reagents used for protein analysis

L 0

5% SDS R [ % i = £ 38 | 5% Acrylamide (29:1)

0.125 M Tris-HCI (pH 6.8)

0.1% SDS (Sodium dodecyl sulfate)
0.1% APS (Ammonium persulfate)

0.1% TEMED (Tetramethylethylenediamine)

12% SDS R 3 s fisi% 4 3275 48 | 12% Acrylamide (29:1)

0.375 M Tris-HCl (pH 8.8)

0.1% SDS (Sodium dodecyl sulfate)
0.1% APS (Ammonium persulfate)

0.04% TEMED (Tetramethylethylenediamine)

4x Protein loading dye (pH 6.8) | 8% SDS

200 mM Tris-HCI (pH=6.8)
0.4% Bromophenol blue
20% Glycerol

400 mM 2-ME (2-Mercaptoethanol)

Tris-glycine SDS running buffer | 25 mM Tris

(pH 8.4) 250 mM Glycine
0.01% SDS
Transfer buffer Tris-glycine SDS running buffer
10% (v/v) methanol
AOX assay reaction mixture 100 mM K-phosphate buffer (pH 7.5)

0.05% chromogen o-dianisidine
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0.25% cetyltrimethylammonium bromide
(CTAB)
1% (v/v) methanol

3 U/ml horseradish peroxidase

39

doi:10.6342/NTU201701643



A FE 2 4

TS P TR ES TR FF Y Y

#-% A48 pPICZ-mEGFP 12 Sacl*» = Sk (5> 14 5 3 4253% »~ P pastoris
KM71 2% iz mbe » T R-Fir4d 1 YPDSZ G ER A2 A > F2-3 X FAE LA &
¥41* % kR zeocin ¢ YPDZ & if Fult i B chf a5tk » 4ol T (a) © 18— -

v @ 1000 pg/mL zeocin 2_ #3254k » 32 % Y 2000 ug/mL zeocin YPDZ 35 % £

2 MD 32 % > $E 01 3 BHuEoshcnFBo £ & & 5 BIVE2 B3> 4cH T (b)
FE 2 A4k v 5 Histidine 4% K=k > 4o Bl T (¢) °

MEFGA L A 3 BEA RIS A glle 5 X 0 & Xk 0.5%7 R LB

Ao R T HEE L F LR Bl & E3 ¥ kA €M F X ik byt

=z, 515

|-

Apedlier B2 chi k3§ o doBlS ot B E R R ACA LS
e FERARLE BPITHFRBREAPE > 0B o

fo AR NI F K G0 FenFtk E1 {o E3 > i - 4 11 real-time PCR 7]
TEA R R A %] mEGFP # 0 #c> 2 ¢ < 2 B3 ¥ P LB 4
B RATF] > BRAeAT o AR E M ESITLA R - H RIRE TS

& BE o

2. hiReA| % FhFD FAREK

-7 WA pPICZo-mEGFP 4 Sacl *» £k ts » 3 5 34253 » P
pastoris KMT1 %% & m% » ¥ %k % 1 YPDSZ #3835 & 5 > # 2~3 X i & =
i BRFPEBVRERZNAFETIFRFERALY () MD BRARITE IR S
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Histidine # Fbk » Q)MMH % £ R 7/ hA 4 8¢ ¥k hr o D Fx i
BERY¥ELM > (3)F FIEA zeocin ¢ YPDZ &iE N Fult i § il A 1k o 1945
wadr o PEN 12 BEAK RA S L5 SEIS2 doR N e

- # 12 real-time PCR | %47tk SES5 ~ SE6 ~ SE9 ~ SE12 » “ iR & 7] o-
mEGFP 45 P it SE12 5.8 » 4ok T o 0§ % ¢ 4 SE12 175 # th it

- iR TS i RE -

3IMxrlEfeA 2 ph A %d ¥ iy Fi 2 Hp

#-F 48 pAOX2KH-Mxrl £ #1241 e § 48 pAOX2KH 14 Sall *» = &k 14
T FIEAE e N A% ¥ R T4 A ARk B3 T -FiR% 2 RDBZ
FlidE 218 BF* 2 kR G418 ¢n YPDG &HE# Atk > F % e

B 2~3 X R A
(PAOX2KH-Mxrl)#+3i% &1 10 B4k > & B 6 & 5 E3MI~10> @ Fpd]epe 1

B & &5 E3AL 4cBl4 -5 d PCR 4 474 > 72 T8& 75k E3A1-E3MI1~6~

E3MI10 # ¥ “"3% FEeneh L F) 0 e Bl 0 R 12 real-time PCR P 2 8354k

2o Mxrl # B #ikeo B Aok T oo

3Mxrl Efehk 2 *hia % d ¥ L3 0 Fd A Fk

#-F R pAOX2KH-Mxrl £ 4741 k2§ ¥ pAOX2KH 11 Sall 7 = & {4 -
s A% d ¥k Fv H 2 A ik SE12> ¥ M-k % 1 RDBZ-

,I‘l?_‘?’;“?'“ﬁqjié)\ "

F23ARELESE BEFNT 2 RER G418 0 YPDG HiEH AR F e

(PAOX2KH-Mxr1)#+:% 41 2 B #45+k » 2 B & % 5 SEI2M1 2 SE12M2 » @ 341

2 (pAOX2KH)#: 1 1 B34k > & & 5 SEI2A1 > B+ — o 12 real-time PCR B %_

i

Sdrk T oo

A5k iR Mxrl #£ B #c o
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(b)

2000 pg/mL
zeocin

100 pg/mL 500 pg/mL. 1000 pg/mL
zeocin zeocin zeocin

MD w/o His

Bl ~ "7 2% & :E pPICZ-mEGFP #4)k
(@)% 7 100~500-1000 pg/mL Zeocin 2. YPD 3 & # o(b)Z 7 2000 ug/mL Zeocin

2 YPD £ % # o (c) MD 22 % & - KM71 (His4)¥2 KM71H (His4") 5 # £ Zeocin

FUEZ Btk o 1~23 A PE N2 A4k

Figure 5. Screening of pPICZ-mEGFP transformants by different plates
(a) YPDZ plate (100 ~ 500 ~ 1000 pg/mL Zeocin). (b) YPDZ plate (2000 pg/mL Zeocin).
(c) MD plate. KM71 (His4") and KM71H (His4 ") were not resistant to zeocin. The strain

1, 2, and 3 were picked for further experiments.
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—
=
]
]

—e+— KM71

1000

g00

600

400

Normolized fluorescence intensity

Induction time (Day)

Bl ~ % 4] mEGFP 2 & FiiiRdE i § L5 & 4 45
MHEFLAEME NI BREGR S E XA R 05% B E S > HY KMTI
] f

2F ¥ kel .

Figure 6. The normaolized fluorescent intensity of intracellular mEGFP
Fluorescent intensity of transformants cultured in flask with 0.5% methanol. KM71 was

control group and did not express fluorescent intensity.
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Bright field mEGFP

KM71

E1l

E2

E3

B~ ¥ e R AR % Al mEGFP 2 & Rtk
Eok g (450-490nm) > Rk 1/4 45T 0400 B BB EHAEY S X 2 @A

e R 5 HEBLP AR S -

Figure 7. Result of transformants observed by fluorescent microscopy
After five days induction, the cells at 400x magnification were excited by blue light

(450-490 nm) and the images were captured under 1/4 seconds.
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YPDZ YPDZ
(100 pg/mL) (2000 pg/mL)

MMH Blue light
B~ -~ 7 & A & pPICZa-mEGFP #2#&

(@)% 7 100 = 2000 pg/mL Zeocin 2. YPD 3% & L - (b)) MD 3 % & ° (c)MMH #
%3 o (AE*% T 7 MMH 22 % 3 - KM71 (His4) % 3 £ Zeocin yud 27 ¥ k2
£ 474] % o E3MI (Hisd4") % & Zeocin #ift s & sk 2 & #24]% o SEI~12 5 $+iF o

2 AR -

Figure 8. Screening of pPICZa-mEGFP transformants by different plates

(a) YPDZ plate (100 ~ 2000 pg/mL Zeocin). (b) MD plate. (c) MMH plate. (d)MMH
plate under blue light. KM71 (His4") was negative control which was not resistant to
zeocin and did not express mEGFP. E3M1 (His4") was positive control which resistant
to zeocin and expressed mEGFP. The strain SE1~12 were picked for further

experiments.
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pAOX2KH
(Vector control)

pAOX2KH-
Mxrlp

= =

250 pg/mL 1500 pg/mL 4000 pug/mL
G418 G418 G418

B4 ~ 3 GAI8 Filtik A & iF Mxrl £ 425 it 2. E3 #7)k
Z % 250~ 1500 ~ 4000 pg/mL G418 2. YPD 32 % # -

Figure 9. G418 tolerance plate assay

YPDG plate (250, 1500, 4000 pg/mL G418).
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P N W E3 Al M1 M2 M3 M4 M5 Mé MIO

mEGFP

Mxrl

B~ BEpdgF A+ Mxrl £ 425 #4544 ¢ 1 DNA
#5444 4 DNA ™ 31 3 %3 F-EcoRI-mEGFP ¥? R-mEGFP-stop-Sall & ip| #} i+

mEGFP » & 12 313 ¥ F-Sallmutant-Mxrl ¥2 3' AOX1 g ¢t JaiE Mxrl > FE3d
A F I AR B o Pk 4 e TR FR2Z fdle Nt 7ok

W2 Al s W AT 4 A Popastoris 2.4 4 % 5o 2 f i dle o

Figure 10. Colony PCR of transformants

The mEGFP fragment was amplified by F-EcoRI-mEGFP/R-mEGFP-stop-Sa/l primer
pairs and the ectopic Mxrl fragment was amplified by F-Sallmutant-Mxr1/3' AOX1
primer pairs. Lane P: plasmid, positive control; lane N: ddH2O, negative control; lane

W: wild type, negative control.
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pAOX2

pAOX2-Mxrlp

YPDG YPDG YPDG
(250 pg/mL) (1500 pg/mL) (4000 pg/mL)

Bt - ~ 1% G418 Fift ik B & :F Mxrl £ 425 2. SE12 #9254k
%% 250 ~ 1500 ~ 4000 pg/mL G418 2. YPD #; % A -

Figure 11. G418 tolerance plate assay

YPDG plate (250, 1500, 4000 pug/mL G418).
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2T AT AR H R Rl i

Table 5. The gene copy number of transformants constructed in this study.

?I- IEI 'H‘_
3R mEGFP HIS4
MXRI1
RS R % S 4 El 6 - -
4 A Rtk E3 9 - -
E3Al 9 0 1
E3M1 9 1 1
E3M2 9 3 3
A3 Mxrl 2 %% ) % E3M3 9 2 2
§ ¥ kdn T4 A FK E3M4 9 2 2
E3M5 9 1 1
E3M6 9 1 1
E3M10 9 1 1
|
SE5 1 - -
U ST o S SE6 5 - -
EN- 8] SE9 6 - -
SE12 6 - -
SEI2A1 6 0 1
A ¥ Mxrl 22 #h A %
SEI12M1 6 1 1
¢ FRFY FAAFK
SE12M2 6 3 3
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S S HEET]F Mxrl 2R CHB R FLRORP

1LJEH AR MXIL 4o f A% d ¥ kdy Feid 4

M HEFL A E A P Mxr]l F S 22 #2754k E3MI 22324 e E3AL 5 £ 7 BMGY
(1% glycerol)¥s & A% 24 /| ¥ > B2 4L BMMY ZHH 4 2 > & T x4
05%7 FBEPHAtr Pl REHRELF LR R > FRHR eI dleql R TR
FRFLE > BT AOX2 ket F ARG Mxrl 7 € w4 £ Aol
L@ KFES0XIF 4R FheEPFRRRETEEFR SN e AT
Mxrl & 3% i §Te* R h v 7 mEGFP 2 2 - @ > éc“]fl?“t LT ’?,Eg:sgfru
EAAF R AR Mxrl T it AOXT fabs+ 4 2 H B fr a0 4
BlL-(b)  AEF 4 FEFF > F2A47% P Fv F e » 7P 5| mEGFP

PR HREEGe? F AR ek T R D 5 His-tag i R {E Mxrl»

A i dlER Y LG Bt (0)e

2. FFN A MXrl vk A EFFEE B bed B2

HFLAEF 5 P R ez Mxrl F 5% 2454k E3MI1~6 ~ E3M10 £ 374
2 E3Al > £ BMGY (1% glycerol)3 & A48 24 /| P¥ > 3 # * 32 & & BMMY
(0.5% methanol) & 3% % 24 [ FF > 3% 0~ 6~ 24 /] BFBfRip| TR B L F L p B o
BEAR A% 24 ) PF > 254 E3MS~E3M6 ¥ kg B il e v g hg 4 R o (e
BERAEER BN DT REBEVRE EBRRTHEFR e A7 3
FHABRAF G SHEDL SR Mxrl 30 ¢ #= Bk k9 F mEGFP éh2 2 » 4
ML= o2& S4TE% 02 6] pF > Mxrl 50 ¥ LR it 3 Fh
FRME A AT 0 BB L AOX2 fads 3 £ T Mxrl ek 0 T € REFHE D B
fedm F oA 0 AeBl e oo
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3. FE*H 4 Mxrl 7 § g3k AOXL fafs 5 Bt id i ehfi i

7 4 kR 2. BMGY 38 % Mxrl % 2% 351k E3MI1 2 4] & E3A1 »

4 P PEEERPI TR REHRECFRRR o 2 R M IRRDERT  FRE

Bl R EFAR > L IR AOX2 fobs + 4 AR b e Mxrl T
* g%fﬁ“ﬁm’??i d ,Q)’ﬁg“{f%‘;ﬂ /&/%)iﬁ’irﬁiﬂﬁmlﬁﬂ?» ;}Fl ) %‘2%‘5”

Hib P w24 Y VAR EIFURRZT T FHEZ BTN 0@

B

BRI R A > B G R HRE A 1% W DT > mEGFP € B ¥ i R k5
L1 5 o AR Mxrl ¥ % § 2 21 AOX] febsF % 4 3rd) > R EAIRE

¢ AR AR R 2T 0 AOX] fedsF in g F LRk e Mxrl @ fede 0 e

PO % B b Mxr] F 5k fe 2o A5k E3MI 22 -4 e E3AL o
BiEHR L BMGY 4 kR T 2% Wi 2% AOX] a3 SV PFRF 2 — > B ¥
% # 3] BMMY (1% methanol) & £ 7 37 ¢ i 4 s R BMNY ¥ 348 3 [ p* o
Fpoe T RO AR e DF LG RNFF e T Hea2.05 80 4
A AR Mxrl TR A BB R T2 Aond 0@ Al d AIRGEFRT o F
By kSRR REER M E A3 T ERIH AT BEET H41.7%
£ KFEIL AOX] ke F e 23] 58 € F1 5 37 ¢ ch Mxrl @ e % 0 @ i AR £ T

E o deBl L o

4. FF* A Mxrl 32 AOXL fads 3 e

#-Mxrl 4 2% 28254 B3AMI 228240 B3AL 2 £33 Al £ A7
& 8 5 BMGY (2% glycerol) ~ BMMY (1% methanol)¥ 7 7 /a7 BMNY » 3 /]
PF {5 0 P4Ripl 2 Mxrl 22 mEGFP sh mRNA £ & o 42 arMxrl 7 § %15 s
A ad AR R FRHREFELTBAFERA AT F A H P 2 0

Aok B s B S BB o 4Bl = (a)c f mEGFP 3384 » 4 iz § ALIR P -
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BARZEXDN "B E LI H W ol T2 R BARRK T

v

P v olig- K42 e mEGFP & 2% > bl = (b) e FE i % 5 5B
AOX2 fds 5 % BAE *h e Mxrl » 7 003 % Mxrl ch# 2550 > & 2 ¢ 7] 2 gk 7
Fag 2RENLE > TP BT EBFET AOX] fads+ ol s o
PERR S AOX] et 3 FIRLR L' Aa S it ihin 4 - L AR s ps > Pk e e
FleMxrl chd BT 3 € 5 #T L B AOX] FadsF it iF £ 4 drd) chgF|do

£ 7 Mxrl 2 mEGFP * > Jr pFip] €0 8 # #4515 Nigl ~ Mitl ~ Prml1
BE ARG R L Mxrl 0 22 BESFF L REIE TR F A G
LR AU PR HEF AT S AR oNrgl € X BT fRendrd] o B 2
BB UG AR E R o B~ (a) 5 Mitl RIEE Bl e endrd] > AT
BRRE UG - A T o 4oB L A (b) s AR¥eh > Prml A7 R R K 6
AT - ROFPP ULIH B g E o AoBl L A (o) Bt i RITHl e g %
g B> Nrgl o Prml T2 5 B ¥ 07 I > 87 Mxrl # 50 7 & & 24 457 Nrgl »

Prml ehic 4 5 2@ 0 & Mitl shdg % 45 0 Mxrl ¥ i 3 Mitl chd 5 #7958 -
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Figure 12. Induction the Mxr1 reprogramed tranformant by standard procedure
After cultured in BMGY (1% glycerol), the cells was replaced in BMMY and induced
by 0.5% methanol per day. (a) Turbididy. (b) Normaolized fluorescence intensity. (c)
Western blotting of mEGFP or ectopic Mxrt with 6x His-tag. The error bars represent
the standard deviation of three biological replicates. The independent-sample t-test was

used to determine the statistical significance. *, p < 0.05; **, p <0.01; ***, p <0.005.
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Figure 13. The normaolized fluorescence intensity of tranformants with different copy
numbers of ectopic Mxrl

After cultured in BMGY (1% glycerol), the cells was replaced in BMMY and induced
by 0.5% methanol. The error bars represent the standard deviation of three biological
replicates. The independent-sample t-test was used to determine the statistical
significance compared to control group. NS, p > 0.05; *, p <0.05; **, p <0.05; *** p

<0.005.
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Figure 14. The correlation between copy number of ectopic Mxrl and normalized
fluorescence intensity

After cultured in BMGY (1% glycerol), the cells was replaced in BMMY and induced
by 0.5% methanol. (a) The cells before induction. (b) The cells induced for 6 hours. X-
axis represent the copy number of ectopic Mxrl. Y-axis represent the normalized
fluorescence intensity. The error bars represent the standard deviation of three

biological replicates. R squared represent the coefficient of determination.
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Figure 15. The turbidity and normalized fluorescence intensity of Mxrl reprogramed
tranformants cultured in different concentration of glycerol

Detection the turbidity and normalized fluorescence intensity of the cells grown in
different concentration of glycerol for 24 hours. The error bars represent the standard
deviation of three biological replicates. The two-way ANOVA and Turkey test were

used to determine the statistical significance. ***, p < 0.005.
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Figure 16. The normalized fluorescence intensity of Mxrl reprogramed tranformants
cultured in different carbon sources

After cultured in BMGY (2% glycerol), the cells was replaced in BMXY. Detection the
normalized fluorescence intensity of the cells grown in different carbon sources for 3
hours. The error bars represent the standard deviation of three biological replicates. The
two-way ANOVA and Turkey test were used to determine the statistical significance.

The groups with different alphabet are significantly different.
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Figure 21. The mRNA expression level of mEGFP and MXR/ in Mxrl reprogramed
tranformants

The mRNA were extacted from the cells cultured in different carbon sources for 3 hours.
(a) mEGFP. (b) MXR1.The mRNA levels were normalized to 18s rRNA in each sample.
The relative expression level for each gene was normalized to the control grown in the
carbon-free condition. The error bars represent the standard deviation of three
biological replicates. The two-way ANOVA and Turkey test were used to determine the

statistical significance. The groups with different alphabet are significantly different.
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Figure 18. The mRNA expression level of NRGI, PRMI, and MIT] in Mxrl

reprogramed tranformants

The mRNA were extacted from the cells cultured in different carbon sources for 3 hours.

(a) NRG1. (b) PRMI. (c) MITI1. The mRNA levels were normalized to 18s rRNA in
each sample. The relative expression level for each gene was normalized to the control
grown in the carbon-free condition. The error bars represent the standard deviation of
three biological replicates. The two-way ANOVA and Turkey test were used to
determine the statistical significance. The groups with different alphabet are

significantly different.
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Figure 19. Induction the Mxrl reprogramed tranformant without replacement of
medium

After cultured in BMGY (2% glycerol), the cells was concentrated in original medium
and induced by 0.5% methanol per day. The results represent the mean of three
independent biological replicates.The two-way ANOVA and LSD test were used to

determine the least significance difference (P = 0.05).
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Figure 20. Induction the Mxr1 reprogramed tranformant by glycerol starvation

After cultured in BMGY (2% glycerol), the cells was replaced in BMGY and induced

by 0.33% glycerol per day. The error bars represent the standard deviation of three
y gly p Y,

biological replicates. The independent-sample t-test was used to determine the

statistical significance. NS, p > 0.05; ***, p < 0.005.
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Figure 21. Mxrl reprogramed transformant induced by glycerol starvation with

fermenter control.
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Figure 22. Mxrl reprogramed transformant induced by methanol induction with

fermenter control.
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Figure 23. The AOX activity of different cells in response to different carbon sources
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Figure 24. The secretory or intracellular normalized fluorescence intensity in the Mxr1
reprogramed tranformants

After cultured in BMGY (1% glycerol), the cells was replaced in BMMY and induced
by 0.5% methanol per day. Bar plots represent the normalized fluorescence intensity in
supernatant. Line and scatter plots represent the intracellular normalized fluorescence

intensity.
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