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Transcription Factor Binding Sites
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Abstract: In this study, the methanol-inducible strong promoter Pz, of Pichia pastoris was modified by random mutation, characterized
by green fluorescent protein. After high-throughput screening, a Pc47; promoter library with an activity range of 25.57%- 138.12% was obtained.
It was found that the P47, variant 6-39 whose activity increased by 38.12% was mutated from A to G at the -118 bp in the 5 '-3'direction.The
online prediction software for transcription factor binding sites, MatInspector, was used to analyze the change of transcription factor binding
sites of the PCAT1 variants. Compared to wild-type Pz, the binding site of FSYMCM of the Py, variant was reduced, and the binding sites
of FSCSRE and FSYGAL increased. Then, the transcription factor binding sites of 16 promoters of the genes involved in methanol utilization
pathway of Pichia pastoris were analyzed by MatInspector. It was found that the binding sites of the transcription factor, FSCSRE, were widely
distributed in the methanol-inducible promoters, whilst the binding sites of FSYGAL were extensively distributed only in the constitutive
promoter. Thus, the increase of the binding sites of FSCSRE is most likely to increase the methanol-inducing activity of Pc4z;, which provides a
reference for the analysis of the key sites of the promoters of the genes for the methanol utilization pathway of Pichia pastoris.
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Tl DL A% o R E SRR XN, et
PRE G SRR B ) TATA S L ekt ih 1 (DNA 1R
BARIF I aG ) B, i XA CAAT &
GC fi. WIS T #ETHED,

B B SR BE S 1 1T 2R3 37— o s
SSRGS TR S 3 T, Bk hE i
R UL A ME— B, X BT BRI RE A
FIFHZEE (MUT &8, HH MUT @42 R A LA 1
(A BT Paox: & H T TN BRI B AR REE 15
UL Pyox; NEBITRIERIEEE, RBARREEA
e R R R A « BT, Thomas Vo5 A& L,
MUT @& E AR R 1) JE B Peary 1E FEE S
AT, TS Py AHH. BEAN, BT Pegy TEARIK
FEE P 0 W R R RE M A IO , T8I Py i RIA MR
RS S R (W1 Mxrlp. Mitlp 55), AL
PRI FREISET Paoy, I EEARBERERIL RE, 1%
REAE AR A Tl A B SR S AR RIS B0 T Paos $2
e B = BRI, gD 25 A8 2 13 1 R I R A
HHAZRKIE RG] U T B AR 25 5 A
I, TEIRTE TV FEREISH Poyn RiERIEEH, b2
ey AR P Y B R B A AR A B AR, T
RAGPESE R Py HRA EE) Lo

AT, BEVLRAS. B3 F i XiEsiE. BT
ek R F a5 G A s s S NE TN TR 31k
it I BEN LR ARG JE R AR 5] NEEAJF Bl X 3
AT E, PRI E 3 AR, 256
JRBNFRAARIE LTI, REf X5 31T 5E Iml ik
k. EP-PCR (Error-prone PCR, %4 PCR) J&—Fhfij
BRRIMENIE AR, BRI DNA 7512
BRI HOTED . CAB V2R 0t BRI
AT HATRENL R A G, RS 3] TEEF AR,
Zhang™4% )35 EP-PCR it | SR} Poopys 3
RE 7 5EAERAH LTRSS T 20% )8 31 AR A
Qin5 ) GBI FEHLRATHGE T Paps B MNERIE S
A RIIZ) 48 AR SR BT e sk R T 45 B s

(TFBSs) F&Ja s ISl uEsh11
R BRI CA U2 ET B FESIm
TFBSs i I # {1, %% TESS. TRANSFAC .
Matlnspector 5. XL —EREYE, KA
(a3 17 5 5508 P TFBSs 7 B A H1 4 [

(NWM = PWM) #EATHCEL, HEDLE B 3h 5 R4 AT
Resx 2 &1 TFBSs, A BITHE7 R 31 ootxt T JE 30
TR E AT,

FEAWFH, 381 EP-PCR 7E Py 541 H BEHLHE
FINRAL, F EGFP RAE Peyry AARIENE, FFEAT iE
L, A Poyry JABIT 0 33 Poyry BBNT
AT FEE TFBSs T4 £ MatInspector 47 530
FoutEadT, #t—2H Matlnspector 73HT Pyoxi~ Pears
55 16 Ff MUT 3&483E R J5 3l 51 TFBSs, #8155
TEEERRTE Poary BB TFARMTEVESR T VS LEAE
H.

1 MR5ERE

L1 A#

1.1.1 MUT &£ 23T 8L E 57
AR K 16 F MUT @2HE30T, HFE
Pcuri» Paoxi» Paoxz» Pripi» Preuir Prpuis Papuzs Ppasis

Ppaszs Ppakis Preis Preais Prsazs Pespi> Prarr> Prup2oo

FDAF 51\ NCBI #idi b 843 21, 25 ID 7256 1
FF, IF HIR 3T mEEE R 1 _EiiE 1000 bp,
CATI. AOXI. AOX2. ADH2. DAKI. DASI. DAS2,
FBAI. FBA2. FBPI. FDHI. FGHI. FLDI. PMP20.
TALI. TPII WK% 57378 PAS_chr2-2 0131,
PAS chr4 0821. PAS chr4 0152. PAS chr2-1 0472,
PAS_chr3 0841. PAS chr3 0832. PAS chr3 0834.
PAS_chrl-1_0072. PAS chrl-1_0319. PAS chr3 0868,
PAS_chr3 0932. PAS chr3 0867. PAS chr3 1028.
PAS chrl-4_0547.PAS chr3 0951, PAS chrl-1 _0072.
112 #tk. BEAIH

R AARFRER B BHRL
Table 1 Strains and plasmids used in this study

AR A ES Rk
XIHAFE TOP10 AFE TR REZARE
HeRBERGSI1S AL ERA LN s

GS115-Pcyry.100-EGFP AR RS 2 BE B Ak
PPICZa-P 7y 190-HIS4-EGFP AL FRAG FaEABAR
pPIC-EGFP-GADPH KETRA % KA FPCRATER AL

AT T FH AR AR AT BRI R 1T o

AR5 Y84 P CTAL S (TGGTC

ATGAGATCAGATCTCTATGTTGACGGAGAGTGTT
GG), P_CAT1 D (TTTAATTGTAAGTCTTGACTAG
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AGCAAG), Ori-ga2 (AGATCTGATCTCATGACCAAA
ATC), a-factor gal (CTCTAGTCAAGACTTACAATTA
AAATGAGATTTCCTTCAATTTT).
1.1.3  E &K
ToKHIEBE. Hil. . EDTANay. MnSO4.

BRRREH, KA AFE R AR, REAMR, B
BESREUY), Oxoid AF]; YNB TG I BE%H,
BD-Difco A F]; = FILEEERT . T e SR ey,
BRI AT BEREEERIZ DNA 2B
% (Yeast DNAiso Kit). DNA Marker. % )65E & PCR
A7 (SYBR® Premix Ex TaqTM 1D+ PrimeScriptTM
RT reagent Kit {7, TaKaRa A ] ; EARFEEER DNA
[T & PCR P4k & oRi s it &,
FEEMAF: KOD FX MR R AT, HAKREY
/NF]; TR PCR A7) 2xUtaq PCR Mix, JbatHERE
bR A m]: BRIV VIBE Fast Digest Restriction
Enzymes , Thermo Scientific 2 @ ; JC 4% % #%

(Seamless Assembly Cloning Kit), Clone Smarter 2
Al; SRR, Invitrogen AR KA, JbniE
JRAEVA R AT L5, Bio Basic Inc. AH]; FEfk
IR — I, Sigma AF].
1.14 5K eis]

ARG LB R 7745 (BUFELB. LBLZ. YPD.

MD. BMGY . BMMY %) (L i 77 %2 % 3%
Invitrogen/\ & [ HE 7RI BEFRAA FHE o

1.2 k&

1.2.1 /A Matlnspector M| & ) -F 49 TFBSs

fE Genomatix [ ¥4 ( www.genomatix.de )
Matlnspector B, B3 F5 RN, BEFERE
J&E (Matrix library) 8 11.1 fRAS, FERSRYFEREER
THRERE (A HE R BEERR T, 45 FR4H (Matrix group)
R FERIEAIEH B A% 0ooft,  IF B0
PUERERN0.75 (BN 1.0). FHAMTHKIEST
TFBSs.
122 MALRE PCATI B3)T

PL  pPICZo-Pcurri00-HIS4-EGFP A # #
P_CTAI1_S M1 P_CAT1_D A5, MA—EH 8 mM
MnSO, ¥, Fl MIX Bf3E4T Ep-PCR. N T #2548
#, L Ep-PCR W= 4#) AR, P_CTALS H
P_CAT1_D A5|¥), #EAHFEMAZR T —IX Ep-PCR.

50 uL 1] Ep-PCR AR T 25 L MIX B 2
uL K514 P_CTA1 SHI2 uL 5% P_CTA1 D.50 ng
I BCRIAAR. pPICZa-Peyry.1000-HIS4-EGFP. 4 pl 8 mM
MnSO4 T ddH,O #4471k R IR 782 50

74

plo

Ep-PCR MIF2FH: 94 ‘CHAME 5 min, 3 H4FEHR
30 K, 72 CHEM# 10 min &, 7E4 CUKFETIRAE: ¥
BIEAFET N: 94 CAPE305s, 55 CiRBk 30s, 72°C
ZEfH 1 kb/min.

123 FAEIRAGME

A pPICZa-Pcary1000-HIS4-EGFP g5k, Ori-ga2
o-factor gal 4514, Hm R I KOD FX B S53R1A
AR, 50 WL FIF 194K R 25 uL buffer. 1 L fJ KOD
FX f#. 10 pL ] dNTPs. 1.5 uL {514 Ori-ga2 1 1.5
uL 1 51 ¥ o-factor gal « 50 ng M 5 RL B B
PPICZa-P 41y 100-HIS4-EGFP. H ddH,O ¥4 ik &
PAFRANFEZE 50 pL o 3GFE /T 4: 94 C TS S5 min,
PHE0EH 30 Y, 68 ‘CHEMH 10 min J5, 7E 4 CUKAHH
TRA17; T IR FER A 98 CAME 10 s, 55 CiBk
30s, 68 ‘CHEfH 1 kb/min.

2217 A DNA 181 {8 H GeL extraction Kit 5
& (Magen AF]D 4ifk)s, HICE%EHEM (Clone
Smarter /A\ﬁj ) '{Qﬂéﬂzﬁ'@ BJ\EHL%EEEE@ Pcari-1o00 *Hl%o

oy () B A TR AL KA B E.coli T2
M, FHFRREHRBGATE (Magen A 4lifk B4 5k .

FH BR )14 A ) Eam 11051 45 5 4H FURLE HIS4 7
MALZ AL, H AL EE AR RE GS115, ¥R MD 1
B K FARTE 30 CHIREFRAE R IR 60 h i 45 o
124 FAHAKRY HESTHik

TR KB A AR R R B3 H 150 uL
BMGY 96 fLERH', 7E 30 °C. 1000 r/min [FEER L
K% 24 hJa, FHEGWI 3 pL B, #B2is
150 uL BMMY H] 96 fLAkH, 7£ 30 °C. 1000 r/min ]
REIR E¥59R 48 h )5, 1EBURIEKN 588 nm, KT
K9 520nm T, MESLHH EGFP HIRGE
1.2.5 BERBAEF 4L A ARG AR IRA B

Sl EnE e S, PR R R
VA M T10 mL BMGY #ifAR; 775641, 7E30 °C, 250
/minfFER T 55 7716~18 h; EHEIEODg N1, K
42225 mL BMMYR;:985:, 7830 'C, 250 r/minf%
IRAEEFR: BERG24 hEURE, W& KPR FIODgoo f1 LI
WG, FEAMIN250 pLHEE, RRNEAREEEAT120 h;
1.2.6 FAFHMEREFE N4agne

FHAENS 5 B (1) 77 1 D B BEAY 1) EGFP % 1L
. EIETRMR Yeast DNAiso Kit it B 532 HX EE 40 B Ak
[FFEKZH DNA, LS ZREE GAPDH AN S, ¥iriE
JFiki (pPICZaA-EGFP-GAPDH) #i B NI 10”107,
10°, BEAHFERGFEFI4 DNA FBN 1 ng/mL;  LLFE
R MIARE FORL AR R I ZE R 20 DNA RS, 1%
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SYBR® Premix Ex TaqTM II %€ & PCR {7/ &
(TaKaRa A#]) MIUiHRLE 7Ot E = PCR A &R; H
7500 Real Time PCR System (Life Technologies /A &) )
AT SR 26 e i PCR, Wil Ct{E (Cycle threshold,
TERBIMED, B AR TATIE =X, THEPME,
TR YT C A THRCIE BRI (4% DL e R =t

SR DKL
ACt = Ctygp) - Cligappm)
AACt = ACt -ACt

€3] ChRUETURL)

o UUEL (EARN 3 KF) = 2748
127 FRHE & FOKF6940m)

T, PREEMR S RNA, 8515 3
cDNA, JHIT 5298 2 f PCR KI5~ /K 19481k
FEHUE RNA 73U : B 10 ODgoo K22 120 h
IRBER, fE=IR, 12000 r/min R &0 2 min; {335
i, H PBS 7.4 S E R R, fEZIR, 12000
r/min 20 2 ming B EAATEREHBCE 30 min J5,
R Z2-80 CUKFEHAAICE 30 mins 7EE-OE I
N\ 600 uL By: 45 (1:1), 400 uL AE Z20AT 50 pl
10% SDS, HEHMMANIRAT, RIZWRY, EEE
s KRAWRAE 65 ClIEIE# IR 15 min, 7EUK L
#E 5min; 7£4°C, 12000 r/min B CHLFE O 10
min, K AT A TR FIEE NZEH 300 uL SRRSO,
JIZHR VRS {E 4 °C, 12000 r/min FEOHLHE G
10 min, HY 400 uL BiFH 2% 40 ul 3 M NaAc (pH
52811 mL JE/AK ZEER RSO, IRAIEET-20 C
VKA, UUE 30 min; 7E 4 °C, 12000 r/min [ 0A1
HE0 10 min, BI13F B3, MO 1 mL 75% 0, =g
UUBE; 7E4°C, 12000 r/min 0L EC 10 min,
817 i, 7E=IE FBT 3 min, I 100 uL DEPC
/K (J DEPC AbFERT /KD ¥ AUTHE: IIIE RNA [
WPRE, BT pg Y RNA FEF3ET UK

A PrimeScriptTM RT reagent Kit with gDNA
Eraser 71 &0K RNA HHT ) F45%, 76 &E PCR [
B T715:57% 1.2.60 25T GS115-Pcyry-1000-EGFP ]
Bk KCFN 1, 8 1.2.6 FRIARIFHEACE FHARYE
TR A SR KT

AACt = ACt s, , - ACY

(3978 )
2 ZR5iMe

2.1 BEERATH EEE R

THE P UGESLR) EP-PCR, RS BIF Pears-1000 JT
G5 NBENLTAS , EEALFAR - HREL T 1500 ANFEEREE
W, HEFERAL ODgoo IR B IIFEAL T 14T

SETRANEE UVERTINE , 85 el 1 19 ANEA 1
ATRE— T, 1X 19 BREPRI AL ODgoo 178G ERALE
25.57%~138.12%2. 1] (B 1),

M1 LA, RE R IS LA
(1) Peary RATEYE T 1%, (HIfFIE15 B — R HE AR REF AL
T EGFP 2OGERENRR, Rz rasn

6-39,
160
< 140 | @ PCAT1-1000 = [fHLRARFELT
& 120
=
L 100 |
.,‘E 80 -
% 60 |
o
. 40 +
3
w20 1 |
0

Bl 1 FEHSRE R FRVEX B FIE S
Fig.1 Relative promoter activity of random mutant
transformants

22 6-39 FHE PR M TEMA B

# GS115-Pyry-100-EGFP A1 6-39 5 B ERAERE L
NRHAT K. EARRES FEES SRR 1200, HIEHR
HH L ODgoo MG 2 7R, 6-39 S BRI L
TERIOCE Z ST GS115-Peyryj000-EGFP, Horfr,
REEZE 120 h IS, GS115-Peurs100-EGFP ) FIf A
K7 ODgoo HGEN 10423.44+115.06 RFU, 6-39 SRtk
BRI ERAT ODggp IERIAE] T 14397.2£1054.18
RFU, wILLL 6-39 SEM#KIL EGFP MR /IAHELT
GS115-Pcyrr.100-EGFP #2551 38.12%.

20000F  _e—  GS115-Pears ion-EGFP
- 639
2 15000
a4
S
8 10000¢
51
g
2 5000
5]
3
[
0 1 1 1 1 J
0 24 48 7 % 120

Time /h
& 2 REERAVER LB
Fig.2 Shake flask fermentation of mutant strains
2.3 6-39 FHE PRayH LN 2
N TR R I RE B IIE 2 R H T R 3 1E
JIRIHETE, AN T8 DU R m g S, e T
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GS115-Pcurs.1000-EGFP F1 6-39 S5 Bk e DLE, J@id
RT-PCR &) Ct 1, THEERIIZEREE NE. 115
HIE M EGFP # Uil 3 B, Pearr-i00-EGFP
N 6-39 S EEARIIEE NES A8 1.24 K1 1.14, BT
%J‘Z‘iﬁyﬁ%ﬁ, lH: PCAT]-]OO()'EGFP }Fn 6-39 %Hﬁ
(I8 TUEER A 1, i8] EGFP Rk B A ¥
DUEBAL SR
2 —
1751
1.5
1.251
1 -
0.75F
0.5F
025F

O 1 ]
?'S\QQQ 6,’59

F—
——

EFGP3 X #% 1 %

Samples
& 3 ELHEHRRY EGFP ¥ UEUNE
Fig.3 EGFP copy number of the recombinant strains

24 6-39 ST HE MR BTN E

FEHLT X HEAN6-395 MR TE R P 5 5 R %
120 hiJRNA, JE T 6-395 FAREGFPIH K, I
Ex e bb g, FEEUKIGS115-Peyry 100-EGFPAN6-395
B PR ORNARE S AT B AR R vk S e, niEl4 T
R, FGS115-Pary-100-EGFPT 5 NP cary-1000-EGFP
& & &
& P

O o« o A v o)

B B ; o
M R M &P

bl B28S
B- : : ’ L% " Jiss
1

& 8 = i

(& 4 RNA HERIARHEEARER K E
Fig.4 Agarose gel electrophoresis of RNA samples

MEFFATLAE H, 28 S\ 18 S\ 5 SHIS#l Lk
W, USRI RNA TS B ACLE, SR B0 P e
JEAR. KR IRNAMET [ 5%, 1338IcDNA, 87
o6 € B PCR ¥ 17 B % K R W o€, K
GS115-Pc4r1.100-EGFPIEGFPH % /K- N1, 6-39%5
AR R SR A B S s o

KISEIR, 6-39°5 BMAHEL TR kPR
8.601%, H17T-6-39 5 Rk HIFE WHCAT, X ULEAP 47-6-39
(19 R B 75 9 JIAH B TP o002 E 38 00 o

76

g 10r

g 9

S 8t

)

= 7t

=]

[

T o7

S 5F

2]

£

g ol

o 27

Z O 1r

<

& 0 (Q\QQQ &0

2
Samples

B 5 6-39 FRRIEERKFEER
Fig.5 Differences in transcription levels between 6-39 and

control
2.5 PCAT1-6-39 % %| TFBSs 7 #f

FIGE 1 PR TR IR A RA &Ry, I
MR FRATIR, MFPEs RARIRER I cars B
ATAEFPHRAE T 5 AU R, TR GoR A
1 38%I01) 6-39 SRk A —AbRAE, H-118 bp fir
B AREHNG, ZINGUH-118 bp ML EH A &
NG ARIEFRAS . HAEL K £+ MatInspector X
Pearr-ioo 1 Pear-6-39 1) TEBSs #EAT40Hr, 7E-118 bp
fLE A RAZH G ¥ )L 1) TFBSs 1238 2 31 .

22 2 Porr-ioooF Par—6-39 FE-118 bp &34 Kb TFBSs
Table 2 TFBSs involved in Pcary.1000 @aNd Pear1-6-39 at -118 bp

TFBSs Pearriooo Peari-6-39
GATA.01 1 1
MIG3.01 1 1
MCM1.01 1 0
CSRE.O1 0 1
GAL4.01 0 1

M 2 FATLURIL, Pars-6-39 2> 7 —4 MCM
1.01 5G4 R0, FFHZ 17—/ CSRE.O01 256 mifil—
A~ GAL 4.01 £5437 15, CSRE.O1 4547 A1 GAL 4.01
2547 R T FSCSRE A FSYGAL 4% 1%, MCM 1.01
iR T FSYMCM JERERR, Ozgl"Ixt He ki)
Pgap WIFF R RN, B8 FSCSRE 1 FSYGAL 4547 55
REE RS Poap I EES FUEPE, #2775 CSRE.O1 A
GALA4.01 Z5EAr g2 i et {2t Py B
.

2.6 MUT 2% W B 307 TFBSs 42 4f

A5 CSRE.01 A1 GAL4.01 4547 AAE
JABNT Pear-6-39 WEIEIEFHIIMEH, H Matlnspector
Xt 16 Fl MUT &42 7 R 20347 08T, Fod Pyoxss
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Pcari~ Peupoos Proois Prpris Poasis Ppas: 95 BT
SRBNT S Prours Ppaxis Pracis Prsazs Paoxa H53
R RREN T Puprzs Pres Prpars Prapr N
B EB T

Rz B TFBSs #E G TRz ol b,
6 i, Hr AR ARAE R TFBSs,

AOX1

CAT1

FSRN A B RIRIH R, O$ @A a3l %0
T (I TATA &%),

K 72 FhEERETEIG TFBSs Refig 454 TX 16 AN
¥ L, HREMNAFEZT TFBSs oA bE, %
16 AR BT FIA R B B RN, I+ BRZEHE
¥ 2 B B AU TFBSs 734

-m-._-___-_-_f_-m_h_-_q_-_.m_-_:_:&_-_cr-_.

PMP20

FLD1

— =T wa™ e e o w TERE,E OR W Slee T—

— O i W, GRS =y R § W O TS o

FDH1

s o Sl — T el ) s T - TS - e

DAS1

= ellre ™ B G e O =T R LSO iy oW

DAS2

FGH1

200bp 400bp
t t

600bp 800bp 1000bp
t t t

s:
MFSAAAU ~ MFSARPU M FSASGL W FSAZF] W FSBAS1 W FSBZIP W FSCSRE

M FSHALO B FSHOVD M FSICGG M FSIRTE F M FSMGCM M FSMMAT
WFSRDNA M FSRDRI # FSRDS1 W FSREXP  mFSROXI ¥ FSRRPE # FSSKN7
FSURS1 FSWHBS W FSYABF ™ FSYADR W FSYCAT ¥ FSYGAL ¥ FSYGCN
FSYNIT FSYORE FSYQAl ~ MFSYRAP  MFSYSTR M FSYZRE

W FSDUIS W FSFBAS W FSFKHD MW FSGITF W FSGATA B FSGATC
B FSMREF B FSNRGF M FSPDRE M FSPHD1 W FSPHRR W FSPRES
W FSSTPF B FSSXBP W FSTALE W FSTEAF W FSTGRF 8 FSTRB1

FSYHLH FSYHSF W FSYMAT W FSYMCB ¥ FSYMCM ¥ FSYMIG
¥ OSMTEN ¥ OSPTBP OSTELO OSTF2D OSVTBP OSXCPE

El6 MUTiRZHERENFHITFBSs 37
Fig.6 TFBSs distribution of promoters in the MUT pathway

2.5 H)SEEe KL FSCSRE 1 FSYGAL 4547 £
M2, LK FSYMCM 25607 s il n] seRE i 42
&1 P MH RS9 /), FSYMCM. FSCSRE Al
FSYGAL 45601 fAE 16 MNa s+ ERH B EER 3
I

ey FSYMCM Je i BRAR A SRR 5
A, HaE&T R BT R s ER AR
Yol Bl MR 3 T BUEH, K MUT @&ft)a
BFAREE LS A FSYMCM, H Peyy BEIT EH
FSYMCM Z5& 00 A%, REWSLE & 5 1 FSYMCM,
BEAM R R SR BT Paox s MR S)E 3T
Peomi~ AR HIE B RE 3T Prar BH 4 A
FSYMCM 256005, HRALE 3T Prpys 55 EES
FIRAENT Py MHFEEES BT Ppasy EAGS
FSYMCM, X il FSYMCM 45 &7 s Al N EL 45
He) FF 5 2 20 S5 B 1 R R S o

CSRE (Carbon source-responsive element) & i 3/]
FHIRIEm ST, R 3 AT AR AR
MUT &R HE 3 T#Re 456 CSRE ¥ 3K+,
HIARHB R TA A FSCSRE g5 600, A

S BEE S8 T Prgyy LA S FSCSRE, J Hikjs
T Prowy LA 7 D F$SCSRE 4540704, X
SEPF CSRE 1R A BEXT MUT 3842 8 51 B i
EIER . SR, 9EBIF Paoxy HAH—1 FSCSRE
SEAAL, X ULIZES AT AU B 31
S I ARV B O

Gald RFUEREREF 3 EH, JEH Gald
2 5B RR - FUM AT (R B AR R
PFURE, RIS R n BE A B AT R R R )
HAthigz. MR 3 hafLUEH, FSYGAL 45 & 67 ai
TE2H R )i 201 R0 55 Y A5 5 28 )i 3 o HE B B A
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Peari-6-39 5 BRIk FH IS S 1 3G 2 AH K
23 FSYMCM, F$CSRE #01 F$YGAL LEAHLEZE WT &R BT L
HIHIRN
Table 3 Number of occurrences of F§YMCM, F$CSRE and
F$YGAL binding sites on the MUT pathway promoters
Matrix Family FSYMCM F$CSRE F$YGAL
A BT R 13 15 8

PAOXl

—

Prait
Praaz
Paoxz
PapHz

PTPIl

[ == \® B \C TR SN e R SN

Prea1

Prgp1 1

S N L L WO O W O

Pcam1

—

Pemp2o

(e

Prio1

[

Pepr

PDASl

(= S R L A ST

P DAS2

Preh1 1

W W A W 9 W B W W LW WL B~ W O W

(=2 S - =

Ppakt 2
3 it

A 5L EP-PCR i T IR R Poyry S50
T, BE T —MNESVEETE 25.57%~138.12% Py
JRE AR R Horh 6-39 SEMRAERRIAKT T,
B S 120 h, & EGFP (68 SAHEL T B
38.12%, HERIKPiEm T 8.60 fF; LT I
Pear-6-39 FHEL T, HF%1-118 bp HIBAEH A R
AFN G; @i Matlnspector XFEEFREERF MUT &1
) 16 ANash T PAK Peyr-6-39 #E4T T TEBSs 4T,
KILMCM1.01. CSRE.O1 F1 GAL4.01 [I&5E17 5]
REREM Poyry MIB BN T, e R T CSRE 1)
SEEAL I 2 A T RESR =1 Py (1) FH S S0
W FLLE RN SR RERIA AN B (1 AR AR T
I RSRE oo, A BT R S AR B R R
PR FE R R Bl 7 I A A

[1] Danilo Porro, Brigitte Gasser, Tiziana Fossati, et al.
Production of recombinant proteins and metabolites in yeasts
[J]. Applied Microbiology & Biotechnology, 2011, 89(4):
939-948

78

(2]

[10]

[11]

Veeresh Juturu, Jin Chuan Wu. Heterologous Protein
expression in Pichia pastoris: latest research progress and
applications [J]. Chem Bio Chem, 2018, 19(1): 7-21

Gancedo J M. Yeast carbon catabolite repression [J].
Microbiology and Molecular Biology Review, 1998, 2(62):
334-360

SRYH, UK. T il IR R K SRR 8 B R Bl 5T 7T
B[] A 4= 76,2015,35(3):71-74

JIN Xiao-mei, MA Yan-bing. Research progress of Pichia
pastoris promoter for heterologous gene expression [J].
Journal of Microbiology, 2015, 35(3): 71-74

Thomas Vogl, Lukas Sturmberger, Thomas Kickenweiz, et al.
A toolbox of diverse promoters related to methanol utilization:
functionally verified parts for heterologous pathway
expression in Pichia pastoris [J]. ACS Synthetic Biology,
2016, 5(2): 172-186

Thomas Vogl, Lukas Sturmberger, Pia C Fauland, et al.
Methanol independent induction in Pichia pastoris by simple
derepressed overexpression of single transcription factors [J].
Biotechnology and Bioengineering, 2018, 115(4): 1037-1050
Xu N, Wei L, Liu J. Recent advances in the applications of
promoter engineering for the optimization of metabolite
biosynthesis [J]. World J Microbiol Biotechnol, 2019, 35(2):
33

Zhang X, Zhang X, Liang S, et al. Key regulatory elements
of a strong constitutive promoter, Pgcyyy, from  Pichia
pastoris [J]. Biotechnology Letter, 2013, 35: 2113-2119

Qin Xiu-lin, Qian Jiang-chao, Yao Gao-feng, et al. GAP
promoter library for fine-tuning of gene expression in Pichia
pastoris [J]. Applied and Environmental Microbiology, 2011,
77(11): 3600-3608

Portela R M C, Vogl T, Ebner K, et al. Pichia pastoris
alcohol oxidase 1 (40XT) core promoter engineering by high
resolution systematic mutagenesis [J]. Biotechnology Journal,
2018, 13(3): 1700340

Cartharius K, Frech K, Grote K, et al. Matlnspector and
beyond: promoter analysis based on transcription factor
binding sites [J]. Bioinformatics (Oxford, England), 2005,
21(13): 2933-2942

Ozge Ata, Roland Prielhofer, Brigitte Gasser, et al
Transcriptional engineering of the
glyceraldehyde-3-phosphate dehydrogenase promoter for
improved heterologous protein production in Pichia pastoris
[J]. Biotechnology & Bioengineering. 2017, 114(10):
2319-2327 (T35 71 70



R EmiB Modern Food Science and Technology 2021, Vol.37, No.4

79



