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Promoter evaluation from Ogataea polymorpha

JI Lulu, GAO lJiaoqi, ZHOU Yongjin
('Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China;
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Ogataea polymorpha represents for a promising host for cell factory construction as its native assimilation
of methanol as the sole carbon and energy source, and attracts numerous attentions in metabolic engineering and
recombination protein production. As for synthetic biology and metabolic engineering, regulation of pathway flux
was achieved at the transcriptional level via multiple promoters with different strengths. Hence, in this study,
promoters in glycolysis and reactive oxygen (ROS) defense pathway from O. polymorpha was evaluated, and
responses to various carbon sources and strengths of these promoters were all analyzed by detecting fluorescence
intensity while fusing with GFPuv. Results demonstrated numerous induced and constitutive promoters with
different strengths, including strong induced promoter pSOD1, strong constitutive promoter pADH2-1 and pGAP,
medium induced promoter pPGM2. pSOD3 and pSOD?2, medium constitutive promoter pPFK2. pGPI and pADH2-
2, weak induced promoter pGSH. pMSR, and weak constitutive promoter pPGM1. pSOD4. pGPX. All these
findings contributed to promoting applications of O. polymorpha in metabolic engineering and related fundamental
research, and provided theoretical basis for cell factory construction in O. polymorpha.

Keywords: Ogataea polymorpha; Glycolysis; Reactive oxygen species; Promoters; Metabolic engineering;

Methanol
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1. 518

BEUR AT RN A BE A8 V) 75 ZEER OB L Re YR LA 2 H 2 K AR bR 75 5K o F I R 46
Ko de A a1 R AT — ol 3 BOR B R AT M BRI = A R SR A A R 2, A2 T
B, R —FhoRIET 2, MR AR A AT B ARERIT, T HARE B AL BB Re R S
KRy R AR AT AP SR [ Py B P BE AT B KRG . 50 R R I IR AR L, i B 5
SRIIEJE Ty, BENS A IR 6 AR ML EE 2 IR /)W, Rk, IR A% s RE T R I A R
A A ) BAR A TR AT

HARF Y, APAE— KRR B AR Y —— W I8 R Y, HLReE A ) & it 5
Al &) Can W A5 R 9t AN e B RIS, 3= B 355 FH RS R 4 B A1 TR e B . H i,
O H VUK eI R, B0 48 B S AR E BE (Pichia pastoris), HEEERE (Candida
albicans), ZIILBEERE (Ogataea polymorpha) FIWREEEEFRIERE (Pichia methanolica) ),
Horb, ZIRDGHEERE DLHMURR () P B OBCRF T A8 AR A TR T S v PR R T T A L
S e OO0 RAREE, B A3 R A R 4 T R i B A0 R A

B, DUDBERHER — P Gy, HEoaE KRR 37~43 °C, @b KR r]
& 48 °C-9), 45~50 °C IR R 1 G MR F Ao SN0, LUk, VRN SR aE A AR
B0 RAE T2, DU RE RENS E % 70 Wb B 1 ) s B MR AR A, T H/D B il R B i A A T
USRI T AR R, IR DGR EERRE )2 T E A Y AR BSGE B FE R AT
Fill, W EA IR R AR A R R, TR R R E AR A
BEAQ 5 F AR (R o R b, DO I BEA AR N S S A B AR B . RN TR LGS
R AR 38 32 B9 P T R R R R0 418, s L RO AR R 51 B A=, T DARIE 70 4
A AR A A B A 1) 431 B

R, TR A m I ™ A & A i A e T, IR TR S e
BEAAR AR IRAH AL, 35 75 BEAE DI I BELH I P9 R 4T AN [ AR BE 1R 201 0& « eonl 2 AEAC L
PRI b, A0 K A DR ) ] B L ek AN RE SEIL H AR = )i = i, a8 /R AL H A
Wit A R BR B0 g SRl 8 Rk, RIS AR R E 2 AR MR PR
FARN2, O ViR IR TR, TEZMAFRE . ARFFERE ST DUEF RIS R 45
th N FH f 2 () AER 1 DU I BE R 1 416G (Methanol oxidase) 2 AR 1T Puox (Paox)
FNH R 58 ) Bl F———H I - 3- i ER it &0 (Glyceraldehyde-3-phosphate dehydrogenase ) i
RJE BT Poar?, JFifE H-ATP i (Plasma membrane H(+)-ATPase) &K 5T Ppmar
152 DI B sl Dy S T S 2 1 IR 03 2300 (B, VAR, 7EDCEEEEEH, AT H
VR JE BT AR B =, Toikil 2 s A U&7 2K

PRI, A4 1 DUE IR RERE I i 42 SOm PR (ROSD i AR AR R R B 3 7,
TR 3 K GFPuv R 31 HOZRIE SR L, 70 A HOGE AN [FJ s o 2 AT FR I D) Mg 2 155 790
€ JA ) RIS R AL G 5R T, I B DOE B B SO A% o 8 31 IRk $8E L, i
I RER FIAS [F) Bl R TR AN B ) AT AU A 0 DA BRIl B R it e A 2%



2. MREREE
2.1, WHISIEE

fm PR3 PCR /i (Phanta Super-Fidelity DNA Polymerase). 2 x Taq Master Mix (Dye Plus)
F1 ClonExpress I One Step Cloning Kit <504 T/ 5 A ME# A MBI H AR A F (VAZYME
Biotech); T4 DNA Z#EH:HF551 H H A TAKARA A#]. FRARHGAT & PCR 44kl & LA
F G G T OMEGA FIAE TAY TR (i) MM ARAR . HEE. &, 55
ks ToKBERR A B AR SRR LA B & Fh AEA A 1R S5 5 A AR TR (Rl R
WA RA T BiFREE. BRFREELL N Trace metal ¥ HH A FAR T ZE 0 [ R T BL 35 /L 2%
WAGRAR: EAR. BEEHSEINE OXOID A,

ZQZY-CF8 = ZHAAME VA, LA HRAF]; Heracus Multifuge X1R
BN, SRR RIHREHS: (FED HIRAF]; Sigma 1-15PK EEA R EOHL, FEE SIGMA
/~#); Eppendorf5425 E50AL, fEE YA (Eppendorf) Bfn/AF; HPX-9052 MBE H#A(H
IR FRA, BRI A PR A ] RI7 AR s DW-86L626 IR PR 74, Haier 23 7] ;
4k 2%, Z£E Millipore AH]; TECAN SPARK Fbril, ¥ (L) HOHRAF,
TAKARAPCRAX, FEAMTRE (KiE) HRAH.

2.2. EMRERIEFREY

KAt B DHSo Bk T BORLAG EE 5359% . 2B 000 I BERFAE Y AR NCYC 495-3 1T
R [ M R P PR B L (CGMICC 2.2412), 1E N5 F%&iE GFPuv.

DHS50 HARTE LB 55373 (5 g/L BEREKY, 10g/L JEER AR, 10 g/LNaCl) k537, 3k
BERFHEPRAE SD 1597 3E (20 /L Hi%7HE, 6.7 g/LYNB) BRIEAE: B 7o 953 (20 /L %&bk
ot 10 g/L HE¥, 14.4 g/L KHoPO4, 2.5 g/L (NH4)2SO4, 0.5 g/L MgSO4+7H,0) ik THE %,
ORI FE I N R IE R 0y . ARBEEITE 37°C, 220 rpm S5 AF P REH R IR
2.3. BEhF-GFPuv RIARKRAIME
FOBHAM R W 1 B . ik KA %A% 1 BF 1000 bp WIFPFUIE N E 31741,
18 1A% Super-Fidelity = PR BB, AT PCR &4, B 5190WE 1 ioR. L Paox BT
VE TR

Table 1 Primer list for expression vector construction

R 1 WEFIERAEI 5151 R

SRR FPH (5°-3") iz

Primer name Sequence (5°-37) Function

AOXIK GGAagatctGCTGCAGCTTGCGATCTCG AOX JHENFY

pAHpAOXI-R TTTGTTTTTGTACTTTAGATTGATGTCACCACCG I

AOX-GFPuv-F CGGTGGTGACATCAATCTAAAGTACAAAAACAAAatgagtaa  GFPuv [141
aggagaagaacttttc

GFPuv-R CCGgaattcGCAAATTAAAGCCTTCGAGCGTCC



ADHI-1p-F
GFP-ADHI-R
ADH-2-1K
pAHpADH-2-R
ADH-2-GFPuv-F

PFK-1-1K
pAHpPFK-1-R
PFK-1-GFPuv-F

GFPuv-R
PFK2p-F
GFP-PFK2-R
PGI1p-F
GFP-PGI-R

PGMIK
pAHpPGM-R

PGM-1-GFPuv-F

GFPuv-R
PGM2p-F
GFP-PGM2-R
GAP1p-F
GFP-GAP-R

SODI1p-F
GFP-SODI-R

SOD2p-F
GFP-SOD2-R

SOD3p-F
GFP-SOD3-R

SOD-4-1K
pAHpSOD-4-R
SOD-4-GFPuv-F

GPX1K

pAHpGPX-R

AAGTTTACTCATATATACTTgcctttcgtectgaagetege
tccagtgaaaagttcttctcctttactcattttaaattgattgattgattgatagaaggatgcectaag
GGAagatctCGATTTCGAGCTCCGACAGATTTAC
GGTTGGTGCTGATTTTGCGAAC
TCCAGCTGGTTCGCAAAATCAGCACCAACCatgagtaaaggagaa
gaacttttcactg
GGAagatctGTTGTACGACCTGATCTCAGAAGCAC
ACAGTTATCTTTAGCGGTTTCGCCC
CATTATATTATATAAGGGCGAAACCGCTAAAGATAACTG
Tatgagtaaaggagaagaacttttc
CCGgaattcGCAAATTAAAGCCTTCGAGCGTCC
AAGTTTACTCATATATACTTaatgctaccgtctatacacgaaatggt
tccagtgaaaagttcttctectttactcattggcatcaaatgggaatctegtete
AAGTTTACTCATATATACTTcactctctcggagagagaagtaattgag
tccagtgaaaagttcttctcctttactcattattttaattgctaagttatattatctgatgttttaattgag
attcc

GGAagatct AGTTGTCGGTTTCTGGTCTGTCTTC
TTTGACTGATAACTGAAAATAAATGAAGAAATGTTGTTC
C
GGAACAACATTTCTTCATTTATTTTCAGTTATCAGTCAAA
atgagtaaaggagaagaacttttc
CCGggtaccGCAAATTAAAGCCTTCGAGCGTCC
AAGTTTACTCATATATACTTttccagaaactaaccactaaactgttcactatc
tccagtgaaaagttcttctectttactcatgttgtttctgaatcagcetaacgcaattatttte
AAGTTTACTCATATATACTTtgcgtaaggaatgctgactctete
tccagtgaaaagttcttctcctttactcattttgtttctatattatctttgtactaaagagcaattgataat
gttg

AAGTTTACTCATATATACTTttgtattcgttgccactgtgcaaag
TCCAGTGAAAAGTTCTTCTCCTTTACTCATggtgctagtttggatca
attgtattgtttagtag

AAGTTTACTCATATATACT Ttctgttgatggatgcacattcgtgg
TCCAGTGAAAAGTTCTTCTCCTTTACTCATgaaagggatgtcgaga
atataaaaaatttagttgtaac

AAGTTTACTCATATATACTT Tggtagtataaatcttccageceectgg
TCCAGTGAAAAGTTCTTCTCCTTTACTCATcaagcccttgattccat
cttgeg

Aagtttactcatatatactt TTGAATTGTGCCAGCAAAGCGTTG
TTTCGTTAGAAGTTTAAGAAATTGAGATTGTTCGGAG
CTCCGAACAATCTCAATTTCTTAAACTTCTAACGAAAATG
AGTAAAGGAGAAGAACTTTTCACTGGAG
AAGTTTACTCATATATACTTCAAGAGGAAAACAAAACAA
ACAGCGGAG

TTGTAGATGACCCCCCAACGGTG

ADH2-1 JHET
HOE7Re
ADH2-2 JHE)T
418
GFPuv 14 1

PFK1 JE 3T H)
Ei
GFPuv )4 14

PFK2 31T
i
PGI 38 FI¥~
b

PGM1 B 5T
¥

GFPuv 14 1%

PGM2 BT
i

GAP JA 3T
S

SOD1 JH 3T 1)
E

SOD2 JEshTH]
Ei

SOD3 JBshTH]
Ei

SOD4 J3 3T
Ei
GFPuv HJ4 1%

GPX A3l FHI
i



GPX-GFPuv-F ATTGCACCGTTGGGGGGTCATCTACAAATGAGTAAAGGA  GFPuv [f1H 1
GAAGAACTTTTCACTGGAG

GLRIK Aagtttactcatatatactt CGAGGACACCGTGCAATATCTC GLR JE 3T

pAHpGLR-R TCTTTTTAGCATACTTTTTTATGAGTCGCAATTTC 3

GLR-GFPuv-F TATTTGAAATTGCGACTCATAAAAAAGTATGCTAAAAAG GFPuv 191
AATGAGTAAAGGAGAAGAACTTTTCACTGGAG

GSH1p-F AAGTTTACTCATATATACTT Tacaattacgctggaaccactcatce GSH a8 FH

GFP-GSH-R TCCAGTGAAAAGTTCTTCTCCTTTACTCATgggtgtctaaattgattt i
gtaattttaatatttcgc

MSRIK Aagtttactcatatatactt TTCCATCCACGTTCTTCACTGTTG MSR JEE)THI

pAHpMSR-R AAAAAAATAGAGGATAAATTTATTGTGGCTCGC 3

MSR-GFPuv-F ATGCGAGCCACAATAAATTTATCCTCTATTTTTT Tatgagtaaa ~ GFPuv {14 1
ggagaagaacttttcactg

CX-F GATGGTAAGCCCTCCCGTATCG Uransiky|

CX-R GTATATTACATATATTTCAAGGACCGACACTCCTACC

ppi-F Aagtttactcatatatactt ACTCACGTTAAGGGATTTTG Hir B (Ja3h

ppi-R CagcactatctagaaagctgTATCCAAAGATGTTGATCTAG F-GFPuv) K

By
pHpgRNA-F CAGCTTTCTAGATAGTGC BARE LYY
pHpgRNA-R AAGTATATATGAGTAAACTTGGTC

PCR ¥ 313 2 (/5 3 7 K GFPuv Ji Bt ATl & PCR 5215 8 T-GFPuv J7 B, Jlid T4
DNA HE#H:M (HA TAKARA Aw]) Bk — 2w fElE (ClonExpress I One Step Cloning
Kit, VAZYME Biotech) #4734z, HALE KA REAT ik SR 7R AR (R
HBRNMEREER) Wik, 9300w FATIE, FFRIUTTREE ISIE, FHRE i
AR TTREAT IR FY . FRAT A IE 0 BURLE L f e A PR T 1 AL 2= DLE I BE NCY C 495-3, it
.

LAl c’f ® y1
A

Fisr-GFPuy Leu

Ori

JEF)T-GFPuv

Zeogin

L
panARS L 1 ] panARS l

Ji8)F-GFPuv

Azl -GFPuv

Zeocin Amp

K1 SRR RG] (Ori: KIpFFE EHEIAA AT panARS: BERFEHIRIGA AT Zeocin: K%
F: Amp: ARFHR: Leuw: & MRILIND (A) BBYNER: (B) WM D fEfgAs

Fig. 1 Recombinant plasmid construction strategy map



2.4, REEERTEMER

DUAMEERE GFPuv RIKBARTE 37 °Cok M NAERlEh BRI 5 CRIZIE NBRIED Tk 7% 48h,
DAAS B B PR St 2R 5 R B e U A B UK, W0%R ODeo=0.1 #5452 42 20 mi DU &7 HE A Bl i) =
filiEh 5577, W)4H ODeoo=0.2 35 H2 % 20 ml LA FFH R QR IR K SLmt #h i 7 2k . AR4 SR ARGE
OGHE F IR IGE —RAE 16~18 h i& B B K125, (7% F8 B W% B AE F R FR 5k AR K
BONENS, DIk, FEMAREREIRAET, 7E 24 h, 48 h K& 72 h BURES I A4 & ODeoo S 745
B, EFEERFRES, 7E 72 h BURERIN AP0 & ODeoo S 7GMH . BUMIFEZ 0.2~0.8 (140 3%
FEW 2 mL AF AN G RETHLE 600 nm ACKT IR G RE s 4 ARG — IR HARFE S ODgoo £
N1, HL200 pL 2z 96 FLERAE FHEEFRAC (TECAN SPARK) @474
3. ZER5VL

1. PEERIRTZ R ROS [HEERE B FIZHE

DU EEBER R DL-1 FIE#k NCYC 495 kAT 14k K 20 I 7 55 73 #r 15260, JRATTAR 9 2k
KA PFE S, @id Blast % L4508 EERE A H AR I 17 55 B . BEREE 3T KBTI R
FAERCRZE T BRAIERE R 3 T ER AL 280y 455 bp, H A8 A I HoAd K EE 40 800 bp-
1000 bp %, JABNFRKEEFEEFFI. hREARITAEIEZE R, BEREEHMER 1000 bp K&
B AR D T R R 2 A1 3 B D 2l 708 281, A SO A AR IR % A5 1Bl 1000
bp FHIVE NP EERE BT, F-FIH SnapGene B BEHHHIN. H br 8 30 710 L Rl 5140.

AR S i DU IR BERE RIS A2 i R (ROS) BifHli& #2831, LA GFPuv Ayl i 2t
R, MEAE S 3 F IR b Ek, DIAFEGIR GRS D NEY, Bk, U
KRN G B 7 FRaksmE, BRI RAEWE 2 Fis.

IREul g Jah 1 5GFPuvak ek S R
Promoter 1 mm
Promoter 2 m

|——]

Plasmids
Promazer N I — T A

P iitet] DiHE B BT 7R
K2 seiiifen Bl G2 2 ROGRRERHE S 7, 5 GFPuv e, M@DURE RS 31 9KE)
GFPuv FRIEMHEAE, FHHALBDGRRERE,  DLASFERRIE RN 0D
Fig. 2 Overview of experimental flow (Screen the promoters in O. polymorpha, fused them to reporter
protein, and reconstruct the expression vector, then transform it into O. polymorpha to detect the fluorescence

under different carbon source)



3.2. GFPuv H&LES LG HIE

GFPuv #2405 )68 11 GFP I—FhR Ak, ARszigrh, AL GFPuv 1E R R H
PAR B F R8Pk gk, JRATTAHR S B GFPuv IR OGS 5 R S e i k4T T 4
WK, DUHE GFPuv M BRI K 5 R K.

GFPuv WUk 5 R 6EIE 3 fis, RECUEET UG H,  WORFR S 61 I oK
SrAE 396 nm A1 510 nm &b, 15EIIBOR K AR S K S Z AT IRER— 8. Rk, itk
LI R FRATAEFH 396 nm E UMK, 510 nm VE ARG .

(A) (B)

A REtHig

8000 2000
6000 — T 1500 —
iD 4000 1000
14 14
2000 - 500

O 1 L 1 1 J O

370 380 390 400 410 420 430 495 500 505 510 515 520 525

P Ke(nm) HA (nm)
— X GFPuv —GFPuv — A GFPuv  —GFPuv

B 3 R4 E K GFPuv A% 5 & HHEIE (A: GFPuv A 6iE: B: GFPuv K $H%iE)

Fig. 3 Excitation and emission spectra of reporter gene GFPuv

3.3. WEEHRIZZBohFIFE

Z Y DU B BRI S AR I 4 (A FraR, FRATIRGE H AU AR i BT s 43 5 BR1 11
JEBF, WA R PR IA F A, SR I TG, FRATRT A RIAN RS ) F R IA i
FE, APCREERMCE TR SOE SR T 2 i ot
3.3. 1. AR BT RIA

I A AL GFPuv FB RN R 27 (3R EE, TR AR G N BRIE, R RERL B TR
Frh TSR, FIBEFROCGR I 24 h, 48 h J% 72 h IS HISEOGIRE . BACHLE R RS 31
Fi& GFPuv 1522 Wi 4B) D).

HEHEFAE T, JA30F Papmo-1 55 Poar IXEN ] GFPuv IR B iy, HLARIA TR 43 5l 2
HIFIZMTT Paox 119 % (Wl 4D) 17 £ (i 4B). 1, B30T Papmor 7F 48 h i
LA PERE, JABIT Poar 1E 72 h BFRIE/KFEE T 48 h BT IFRIBK . JAENTF Paoxi 5
Porxa JRAN IR LR FIEAR 2, AL Poar RILTREEN 20 %o JABNF Pori 5 Peavn FILHRIE
WEEES, I EHIS BT P HeA1k i B B 35 37 I 8] FRy 33 0 i 555 o
3.3.2. WEEFAFREZ)TRIX

16 7€ BOWE I MR A2 5 3 T e PE B4R (7% 6 B 1 GFPuv, I LR RENBRIEES FR B ME, JEA
MEETR 72 0 5 FEF TOGR L, 4R WA 4(C)fs.



PAF RS g ME—BRUEET 7% 72 h, JA 30T Papmat 5 Poar SXEN 1 GFPuv ik 5% &8 5 141
CHEAAH 2, T 222 53 HLARIE /K 5, 5 Paox £ I RE 56 AT N I 5E EEAR 24 A 3T Papmo-
1 5 Poar RICATRA ML IL . JHBNF Paox FEESM T UKE) GFPuv FIA 17 o 11 4 Wl 2% 1

(2910 1), R DHRPEE S, BT Prow 75 I RE AR I KL N T R4
PR 4 £, FIRERIUCH RS S8, AHRERERIET Paox HEIT . JE30T Prrxa K Parr
FEWRIERIR CRIEIHEAT D) 2600 T, REKFEMRZER, RHRAERIL, HERLHRESS
AN Paar JE BT 20 %A1 10 %,



(A) Glucose

Y  PGM
GLC6P €«—> GLC1P Ethanol
A
GP| ADH
\—> F6P —— —> 1,3-BPG—> —>» Pyr—> Acal
PER FBP —> GSPW Y
)
ATP ADP
(B) 30000 (C) 30000 (D) 30
o 25000 o 25000 25 I
@ 20000 @ 20000 g2 [f = BEE
G 15000 O 15000 815
7 10000 2 10000 ©10
5000 I ™ 5000 St sl
0 If o ool o e - 0 g oo e 0 a
S o+¢<~l~ L w‘* Vet 0\‘\@2‘?&?@ Cg;o“;e&o‘g o, Q‘l‘\ & & Q\ @‘ ol
G(24h) =G(48h) mG(72h) G(72h) =mM(72h) G(72h) mM(72h)
(E) 30000 (F) 30000 (G)25
o 25000 25000
& 20000 & 20000 20 ‘ : !
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w
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I I I
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N S N P
d AR d ¥ ¥ SF
Ny R ) bl bl o) 0
¥ ¥ v ©© ¥ Ctrl  ADH2-1 ADH2-2 AOX1
G(24h) = G(48h) mG(72h) G(72h) mM(72h) G(72h) =M(72h)

K 4 PUEIEREREAC 1842 08 B T M LR IE K
Fig. 4 Sugar metabolism pathway promoters and expression level

(A) FERUHRE R (GLCOP: 6-BARRHI&iHE: GLCIP: 1-BERRMIZiME: FoP: 6-BHFEME: FBP: 1,6-
TSR ENE; G3P: 3-BERRHIMES; 1,3-BPG: 13- MR HIMER; Pyr: AEAML; Acal: ZEE; PGM: B
HMERA AR ; GPL: 6-BEMR I ATFE AU PFK: 6-MRRRALVEIANG; GAP: 3-WEFH MhEs i S8 ; ADH:
CFEMERG): JBId A 3 T-GFPuv w5 =R RS AN R B U o A AR A2 5 3 7985, GFPuv 265 ALl
I HEARX (TECAN SPARK) AT € BAS il I H 1L &AM 1] 55 /K] ODeoo #EATIA—4L (B) (ED i % Bl 2 AF
NAFEUEBIT 24 h, 48 h, 72 h Kk GFPuv HI%GH: (C) (F) ARBRIEFAT 72 h AR R 73&i&
GFPuv [ HAE: (D) (G) £ (72h) HkAYE.

3.4. ROS Brf&1RE /R shFifik

F 8 R BETE F B UL BRI AL S e R i b = A i A AL (H00) FIVE
YRS, A5 b FOR 4 i s 3 3 AN W SRR A0S, A 2 S BVE T A S L A, DA B
S . ROS B AHIBLH G0 Bl S(A)FTR .
3.4.1. HIEREKAEE B FRIE

LI ROS i&1%3 K 2h T IRE0IR &5 2L GFPuv K35, B 41 41 T 9 e 45 Fan s 5

(B) Fizr e MAREHE o gs 5, AT LA I, DA &7 B A Bt DO B B AT R G 77,

DU A A B AL B R S R s R R S Rk, AR RIAREAEHEZES, HPLL Pson
FILRRE R, AHLLFREZEAE T Paox WRBN IR RIRIL =4 2 fifo 17 Psob2, Psopss Psops A



1) GFPuv Rk MWL 55T Paox WANIMEERI AL, 2954 Paox 11 50 %, H. Psops G 7=
AN, JLRIEDRE 2 &S . JA30T P, Pusk FEH &IHE SR AT T HA TR IGEKIL
3.4.2. WEEFA Rz TRIE

LA ROS BE AR ZHE K UE 2 7 IR Eh R 5 5 GFPuy Rk, HEESAE T o8 ks SR an K
5 (C) PR. MABEZOCEANEER, BRIEEIT Porr Fb, TETEEBIEE R X1 )E 5 TAELL
B AP — B3R, 5 3730 mT LAS B 5 HE R 08, R e E M 2 = Hordr, LA Pson:
NIEBNF, FORERRINGE R R R, LN HRAL Paox I 1.5 %, NS % AFRIAR
e s %, RIHAEH TG SIER, BT RFEESMEZT, 5Zalmmsids R
—5, (B B SR RS S AL (SOD) i B 1 IR A S N W AN A o s
BT Psops RN B L I BRI G4, (HRIBBRZSS, 294 Paox I 20 %. Psop2s Pusr
FIBNWEET . JABNT Psops RIAWELSS, HAEMPBIR IR R XA Y, NHEM
BEIK.

ROS BifEli&As 3 Z M AT R & s MU ARTE, W RE2 BT 240 M/ 3 & BV FE i AR
77 A (3 P AR B A R R AR I R R A 1 HLO XA A 58, (bR R L %
k. BRI, 0 AR SR T LAEA Psopr FMIETR, 16 S Flb I8 2645 T SEAH R EE S R T
NI B R R 0k

(A) SOD
20,+2H* ——> H,0,+0,
NADPH-+H*
ROS \\_JANADP+
Mot == MelO ROH ,GSSH ROH > GSSH
MSR LR
GPX
HyO, oo » ROOH~GSH ROOH™ GSHEGSH ____ Glu+Cys+Gly
CH,OH 0,
AOX
HCHO
(B) 4000 (D) 30
25 : 1
%3000 ] g20 b i |
G 2000 B 15
]
& 1000 © 12
o ! 1 I o i i I3
& N &
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Fig. 5 ROS defense pathway promoters and expression level
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