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o Lo THs AR & & . ETRI (ethylene response 1) 2484 ¥ & &9 TRk, H GAF £ #3%
ENF5 T #1355 & @ EIN2 (ethylene insensitive 2) 4948 Z/E A + L FAZ-SAHER . B A, TH AR
EAOL THAMGMEIERARRZ GEE. REGEAIKRE, R4 T aF 75 4] 69 BB
Mo RARANVREFRBEERA RS, REAFHAT ETR]I 8935 IR 4 H3kFe GAF &M%, @ik
¥ 7| Fos-14 3¢ 5423, JF XA Anti-Flag 3k 5 Ni-NTA % f= EATH Fsbib R ok, My RIF 54
. BA MR M) ETRI-GAF & @ . B = &35 47 &% ETRI-GAF £ %5 & T £ 204 a-3 sk
M S A, #—F KT A& W F 3 3K (bio-layer interferometry, BLI), *F 7~ ] JK & 47 4] Ik NOP-1
5 ETRI-GAF & @1 #4730 /) 456 M2, 4R AW ETRI-GAF 5 NOP-1 SREZ 1A A4 £ & F 4 7
REAR M 69 45 S 45 A, T # % B % 4K (equilibrium dissociation constant, KD) # (6.885x10 7+
7.944x10°) mol/L, R>=0.991 4, AR RAE ST —HHEE . T B8 LS IREGRI T4
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Functional reconstitution of the ethylene receptor ETR1-GAF and
characterization of its binding with the inhibitory peptide NOP-1

XU Yifan, HE Zhendong, SHI Jinying, CHEN Wen"

School of Food Science and Engineering, South China University of Technology, Guangzhou 510641, Guangdong,
China

Abstract: Ethylene, a pivotal gaseous plant hormone regulating plant growth and environmental
responses, initiates its signaling through receptor proteins on the membrane. Ethylene response 1
(ETR1) is a key ethylene receptor in plants, and its GAF domain plays a central role in mediating
the interaction with the downstream signaling protein ethylene insensitive 2 (EIN2). The research
on the interactions between ethylene receptors and downstream components still lacks high-
throughput and rapid detection systems, which limits in-depth understanding of the recognition
mechanisms. In this study, we utilized the Pichia pastoris expression system to express and purify
the transmembrane and GAF domains of ETRI. Membrane proteins were solubilized in the
detergent Fos-14 and successfully purified through a two-step strategy involving the Anti-Flag
antibody and Ni-NTA affinity chromatography, which yielded high-purity ETR1-GAF protein with
structural integrity. Circular dichroism spectroscopy revealed that ETRI-GAF adopted a
predominantly o -helical conformation in solution. Using bio-layer interferometry, we conducted
kinetic binding assays between ETRI1-GAF and the inhibitory peptide NOP-1 at various
concentrations. The results revealed a high-affinity, concentration-dependent specific interaction,
with a dissociation constant KD=(6.885x107°+7.944x10™%) mol/L, R*=0.991 4. This study
establishes a stable and quantifiable in vitro interaction analysis system for ethylene receptors,
providing a crucial tool for molecular-level investigation into the dynamic recognition mechanisms
between receptors and downstream elements in ethylene signaling. Moreover, it lays a
methodological foundation for further exploration of the ethylene signaling network and the
development of novel regulatory strategies.

Keywords: ethylene receptor; membrane proteins; ETR1-GAF; inhibitory peptide NOP-1; bio-
layer interferometry
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1.1 ETRI1-GAF RiEFRIERGHE
1.1.1  EESRERRRIAE (A2

K HIER AR RE R R G, X O ZARE
ETR1-GAF (UniProt % 5% 5 : P49333)%ifi5 ¥ 4]
PEAT S Tk . 7E C K451 A 6xHis F5%5 2
S, 16 N K5 A Flag b2 gmisFa, I
T 59 K 37 343 AU EcoR 1 F1 Xho T FR il
DI BEERUBIA p o AR AR 19 3 R 3 A S
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T X Y)E e i & pPICZA ifk, HytE
ZH ki pPICZA-ETR1-GAF (& 1), H& 4w A
A 7t H 4 20 i 2B )R B A A BRAA R 52 AL
Fid st Sanger LRI T 55 UE AR T 51
1.1.2  EHFRNH &

P50 UE TE R 1Y 4 ng JEAL R TR H 40 uL
TE buffer %%, 421N 100 ng/pL /Y20 i
Koo W1 pL HOAH KL R A 2= ORI AT
(Escherichia coli) DH5o J8%5Z 25 41 g (1b 5t 1/ 78
AT ARARATF), it 25 pg/mL FERRE R
(zeocin) AL ER LB [E 45T 14 15 57 S 7 145 FPH 4 v
R o PRI TR VR el T3 LB Wik R: F sk
37 °C. 220 r/min #7555 16 h, $#ZIEOR /N E
PR B BGR) & ( 6t T TR R H AR A R 7D)
Ui B AT BORL R I, SR IUS 0 Bk 24 T
A=) AR (i) B A A PR W 34T DNA M .
F VIR 2605 5 uL Pme 1 Jif . 10 uL 10xBuffer
(TR CHRBHE A F]D . 10 pg AR, - H
TCEE K AP FE R 100 uL, 37 °CHEYI 1 h, 65 °CK
15 15 min J& it FHENEWHEE I fo vk Sk i DR
it FH B AR EE E DNA RS & (7 M S8 2 A

pPICZA-ETR1-GAF

El1l EERIAHKpPICZA-ETRI-GAFHIHE
Figure 1 of the
expression vector pPICZA-ETR1-GAF.

Construction recombinant
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YRR AT BR2 7 I e AL ORI 2R T o
1.1.3 EREmpREiE{L

B 5-10 pg % TR &AL TR T 5 pL
JowK, HUH-80 °C WRAFHY X-33 HEREERRRZ
AHNAE, BT 0 TR VK I VR 28 20 TR R A T
k. W TR R S A IR A R R =
0.2 cm HLEFALAR, DK ECE S min, PR BEL
AP S L 2 000 V., Bk EHE] 5 ms HL oAb
B SRSV 1 mL Fii¥4 ) 1 mol/L
WAL, AR AT 7 R8 2 1.5 mL Joi B
D, FFRNEARHE 5 min, HEBEE
30 °CHE RIS FE 4 E 1.5 he JL 100 pL H IR
SJEA T 100 ng/mL zeocin A YPDS “FAz, 7E
30 CCHEEIG FRA T E G 57 2-3 d BIP R ml
WV, PR RE T ] 2 000 pg/mL zeocin
1) YPDS VA, 30 °CHit & 45 5% 2P Wi o
R
1.1.4 PCRI&IE

FHICTA 7 2 DT I h BRI D s TR A,
A 25 uL 20 mmol/L NaOH, 100 °C%f# 15 min,
K3 B0 2-3 min, HU 5 pL [ 35 1E 0 A6 I A5
Mo PCR JZ WA 2 (AR 50 uL) A 2xPCR
WIR W 25 L, 5’ A0XI 51¥) 1 uL, 3’ AOXI
5% 1 uL, JoREE/K 18 puL, Mk 5 pl. 7646 29,
35 MGG R, {F FHBERE B EE RS R UK SR IE .
1.1.5 EBFEFRHTHIE

PRt PCR % J5 19 PHAE sE R H:AP 2] BMGY
WEFRL ) AE 30 °C. 250 r/min 514 F 07K,
R ODgoo THIE R 2-6 )5, B.DWUEERIAE &
% BMMY #5352 4f ODeoo=1, 7E
30 °C. 250 r/min 5 FHATH AT, fEAR
(] S HURE o T FH 224 7% 22 b % (25 mmol/L PBS,
50 mmol/L NaCl, pH 7.4) %4 40 ifd . i i SDS-
PAGE FI#E [ Bl 3 Hr Rk G O, Al FH BRI
Pi Flag BATEREFUAR(1:10 000, 4 MR
Bt A FRZS W] & HRP drid EHt B = Hi(1:1 000,
g S KA BAR B A A BRA m E A
ECL fb22 &t R 4 (L ifs R ae BH A R A Al
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A28
1.2 RERSK
1.2.1 EEBRER

P 1 20 B0 P H B35 60 h J, URCAE 4
MOUTUE . o 5 A B A0 R B TBS W
(150 mmol/L Tris-base, 150 mmol/L NaCl, pH 7.4)
AT E RS, A R R S L AT A
1 200 bar JE S % 180 s, LMK 25 200 000xg
8 3% 25 .0 (Beckman Coulter 2y 7)) 2 h 43 55 i 4
g1, TEL LU &% v (i 5 A 2 e o )
TBS # ¥ (150 mmol/L Tris-base, 150 mmol/L
NaCl, 1% Fos-14, pH 7.4)% IR TIE AT 23, Ik
EESTIMARTE 4 °ClERINE 3 h IR .
122 BREBFEMENRLSEL

AL A28 14 000xg B0 60 min RN
)5, 5 Anti-Flag Affinity Resin (£ 3r#m4: Y98+
Fe B A BR A F]) 4 °C454 60 min, ] TBS %
W (150 mmol/L Tris-base, 150 mmol/L NaCl,
0.05% Fos-14, pH 7.4)%5 e85 H & 2 'R
PE Uk 5 W (100 mmol/L H %2, 0.05% Fos-14,
pH 3.5) M, 25 3r 2R ER A (500 mmol/L
PBS, 0.05% Fos-14, pH 7.5)F FIVE K pH. @i
SDS-PAGE 7t 2lifbig i, Witk Hbra H ik
5 Ni-NTA Resin (4 i = R B0 A FRAF])
4 °C45% 60 min, [ HIBRRERA(25 mmol/L PBS,
100 mmol/L NaCl, 0.05% Fos-14, pH 7.4) 1§ 1k
WOoRH, M 8 R R % W (25 mmol/L PBS,
100 mmol/L NaCl, 1 mol/L K , 0.05% Fos-
14, pH 7.4)MEATHEEEVEL, WA R 4
FfI SDS-PAGE £l HAREE 11
1.3 BE—&igoth

KB = 434 %F ETR1-GAF #4743 #r o
TE 190-260 nm AV N FH, I Ham 2 4h
71 B ) S 21 1L = S D e 2 O S (T - e
WAETEE 1 nm, WERNEEIA 1s, FrA SEit
TE 25 °)C R AT o TR T A ke o-12
BE . B-Hr &S5, AL ETR1-GAF M9 454452
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BYESITRRE.
1.4 Octet 3 FHEEIER D
141 IXER

¥ ETR1-GAF HFREH#ENT 2 Octet 73 H122
& (50 mmol/L Tris, 100 mmol/L NaCl, 0.05%
Fos-14, pH 7.5), #f NOP-1 (4 1 #i 4= ¥y B+ i
AT PR TN T Octet 34122 i e i A
[FIERE, 4350 1. 5. 25, 125, 625 pmol/L.
142 ZB-/NFHREERSH

S 4T Penta-HIS (HIS1K)AE PG IR 2% |
FEAG AR HCE P FL A 200 pL 23 BT 2% v,
i DR A% S IO S 18] KT 10 ming ARG A 9
SR BB AR AR, AR i 4 PR B AR
SN NI S R T SR D a0
A0 R I TR] AR S . Bl ) o o0 B i R
1 000 r/min, s Jil baselinel (60 s). loading
(1 080 s) . baseline2 (60 s). association (600 s).
dissociation (300 s), R4S FR7 B A TR AR 7
BT JT OB R R A, R SRR T
25 °C, HlliREMALESE 2 Heo Jrikig B o bR
S B ot A R A gt TE A A BN AR R, EL
BT T2 ehr, MR Sess, Sy s
J& f# FH Octet 15 18 & 43 T 2 {4 Octet Analysis
Studio &b FEEHE .

2 ER599
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R TR RE B D FR kA, AR
EJ 35 3 BT 36 31E A ] T Ak A B AN [i) 36 35 i ] fi 55
B S5 BR, 7 38 kDa FfHiT 8L T 55+
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MR RE S, i L3R ) Fos-14 B4
[RMUBEE . B e YU IE R Anti-Flag Xf
EIEFIH ) ETR1-GAF #1735 M4k, i SDS-
PAGE I uF2lifbzi R, g5 W, 7embEyeiiig
5y E2. E3 Fil E4 o] DL A5 5 40 B >80% 1Y
ETRI-GAF 8, 4ifb)5 8 A 322 DL AR R
TR 2 R R BARSAAAE (] 2A) T IR
TR &8 B AR VR IR 3 AT 56 2 Dok
fglifk, H SDS-PAGE JuilF4lifb 255, 25 1
N, FEVENIE ST E1. E2. E3 Fil E4 ke Rk
Hea b, T LIAR RN 4R >85% 1) ETR1-GAF
M, Ak )E Y AR 2 USRI K
X2 AR R SAELE (K 2B), HESE T ETRI-
GAF & C I il & A A R br s BA KA
BETEATYE, nTHTES IR
2.2 ETRI-GAF BE—&IE 5T

[ — a5 o A 5 S 2= W, 4lifb )5 1Y ETR1-
GAF & H7E 208 nm F1 222 nm Ab 5 #1817 0
FEAE 192 nm FHEAEAE 1 AN IEEE 3). 2GR
fEZRW], ETR1-GAF TEWS I 1 E 2L o- 12y
GAETE, ALk LS R85k . B
AYREEE N, IS NOP-1 A BAE 42
AT iAE R

2.3 BLIFIHZESH

% BLI % ETR1-GAF % 15 NOP-1
Oy T Z WA BAE R EAT T SER) L sl )2
3. 4EH R, ETRI-GAF 5 NOP-1 2 [6]ff
FEWR FEAR I 45 647 R, 456 8 e 0L L Bl
NOP-1 ¥ J& T v i i, At 2 A D) 2 30 o T 3
(Rl 24 R AE o (P 3 43 A A 1 A A 3
KD=(6.885x107°+7.944x107°) mol/L, R?=0.991 4
(F 4), FRHWEEEAERNGEMT), JFEH
G EE R MR AEER . SRR IR R R IA R RS
B 2452 K5 11 ETRI-GAF B A BT 1 454
SEREPERAEY Y, I H iy g 7 & T BLI
() Az R E AR BEAEE R RSG5, WiE
AR AR ATF 5% 22 1A - e AR B AR SR A3E T
ik, WORIRASENT 20645 5 s 1 2 IR0
DINIEVENIPS 259 N\ 21N

3 W54 #®

AT R B o e Bk RS T 4R
T CIRSEAR ETR1 BB K GAF 454 38(ETR 1-
GAF) I REPER B SHl &, JF@V T4 4H
Fos-14 2535 7 4 %5 Al Anti-Flag/Ni-NTA H Ik 3%
FUZT R B (e b fe, /A5 T el 45
R BAREE . [ %45 3 /R ETRI-

463

AkDa M1234 567809 B e

M1 2 34 56 78

65 80
50 ETR1-GAF dimer g% ETR1-GAF dimer

40

30 ETR1-GAF monomer 31 ETR1-GAF monomer
25 27

15 15

[E2 SDS-PAGE#METR1-GAFE B 4iLLER

Figure 2 SDS-PAGE analysis of the purified ETR1-GAF protein. A: Purification results by anti-Flag antibody
affinity chromatography. M: Protein marker; 1: Flow-through fraction; 2 —4: Wash fractions; 5 - 9: Elution
fractions. B: Purification results by Ni-affinity chromatography. M: Protein marker; 1: Flow-through fraction;
2-3: Wash fractions; 4-8: Elution fractions.
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Figure 3  Circular dichroism spectroscopy of ETR1-
GAF.
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Figure 4 BLI test of ETR1-GAF interacted with
NOP-1. Time-dependent response of the ETR1-GAF
modified  probe with  different
concentrations of NOP-1 (1, 5, 25, 125, 625 pmol/L),

recorded on a Sartorius Octet system.
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GAF 7F 208 nm Fil 222 nm Ab 5 35 818 (1) XL 471 064
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SR LK BFF R NG 32 W e iR S
SRS T U B R SRS AR L, A RE AR
REF IR R R A FF 4 RR B8 A % E 3T S
AT BRI SR AE A, ASHIF ST R e Sl A 2 2 A
Y G Z 2 AR A D RE AL ] e SR At T AT
IO % NZ 258

FESZAR-BCAR BEAE BT 1H , A B UK
IR W R (BLD W T ETR1-GAF 5 i il
Ik NOP-1 Z [8] (1) 52 5 3l 1 22 F 98 . 45 R R,
WA 3 2 1] A7 7 R () vk B AR I 25 B AT R
association [ B i L {E B NOP-1 ¥k B 38 i ifif 7
f1, dissociation [iFs I & Bl Ay ] 39 A = e A1 Ao
B, BIE 1SR F i i S B KD 2R
6.9x10° mol/L, R*#%3T 1, UiW] ETRI-GAF 5
NOP-1 2 [8) BA 5 2% ) HBCHE 306 n] &
FERTIABESE A2 (A D IR B -3 1 A
VEHZAB B GBI I 22 07 ik B3R AR, 1 BLI
RE A 7E 2 5 I5 700 19 22 t A 25 rb DU i i R
HSLHC SRS SR B et B, S L
KA. 5 RSB K IR (surface plasmon
resonance, SPR) Fl &5 i 1 & & #4472 (isothermal
titration calorimetry, ITC)#H kb, AW 58 4 57 1Y
BLI R R TERRA BB | XTRE S i % np iR 2R 1)
et A A YR O S AR R Y e 3
HIHET5 .

MA BRI A R, NOP-1 7 [ Z M
5 A% D 2 BIN2-C SR E AL, ]
i i 7 4P o5 P5 ETR1- GAF 25 # b i 45 & 5t
I, BEMr BIN2 52K Z 5SS, AR
TEARANE B IGIE T ETR1-GAF 5 NOP-1 22 ] fiy
M E, AR NOP-1 S HAT A IKTE &
. VIAEAFRE Y SRS Ak . P Y SR A
BN AL T o373t . BLI S5 AT LA
[M] NOP-1 5 £ AR (A0 P R | DG BHEAN o 2R
AR D=4 IR A 4G T i A T A ) N 2 RN T RN 4G
B RsEm, 0] LLg) AR A 20 52 AR 1
RILL R OK A S FARY (Nt . 22 R55) iy ]
Ui GAF Z5ihk, RGPS W SZAR- IR B2 5 1Y
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WU Ry S P A v T, DT A I & T AL
TR Y B R S B A R IR B AR e SR D
SEBGARG o

WA IS, ABESEATIRAFFE— 2 R PR
PeEo e, YETA R AL B RIS S GAF 45
FOSRY ETR1 R B, JF o 7 25 S AN 42 0 4 4
S, PRI AN B 4 T S 4 K A2 AR AE IS L 1A
SAME I E S R HIR, Fos-14 2357
R A SR8 15 PN 5 RO/ R A 25 R AR I R 48
MFAEES, TREX Z IR ZEERRE . R
PERIELARZE G222 B0 g . ILAh, A
WFFE LIS F DI Bk NOP-1 R it A, i A
15 A —1& 2 T B 3 A BIN2-C 3 R4 T Bk 5
NOP-1 Z MBS F R, i AR o PR 2
¥4 J2 R AT ELAAR 25 5 A TR DG E R I

RN FRA R, JEEETAET A 2 N2
E— Rk, H—, ERAEZEmE, v 2260
ETR1-GAF M Tk N5 iR ol & 2 Ttk
BALRY(Un DIBMA)JE B AR, R4
AR EA R TEATERES . FERT
i} NOP-1 454 81 12280 =5, LAiFAh 4
Rl Fos-14 501X 32 (K G2 25 1) T HE R 5
[, ] 224 R G o 4 A ol T 2 i, 9
RNRTTL 73X g S AR B E AR R H
B, fEsrFRoALHZ m, ol A R Z A5
W Z AL AR = o HER R, X EIN2-C
Ui 5 ETR1-GAF BYAH E AR EA TR AT A «
filan, 4 PN o PC/PN bR ) EIN2-C ki 45
Fadel, i HSQC ke = LR 5286 5¢ )i s b~y
A% 0 &, LAk 2= 47 % 3l (chemical shift
perturbation, CSP) ., W[ FUFIZL Te A8 (i 45 &
SR AR G AR s P2 A R R I 5 AR A
IhReF AN , ¥ BLI 52 135 0 H1 284k 5 4%
MRS —— XL, PR T PR 2 s 4
§5 32 AR-BIN2. DL LA iR (8] ks 2B T EOm AT LR

ZE LT, AR T — LA AR
A FE IR 1) ETR1-GAF WAL, 454 BLI 520}
Bl 1R 0 A SRR SN BEAE BT &,

2: 010-64807509

345 T ETRI-GAF S50l ik NOP-1 2 [a] A &
YERBERESE, T fn g i 2 4~
JETIE TG AP, Kok,
WHEZF & ERGE G ARFE LA Z R A
EIN2 2543k . ZFp A K RN e, A
221l AT 5 O 45 S B 4 43 B B R AR
FEAE LA b 0 6 4 ELA T R MR AR e
PER RS, N EAEYI RIS IR EE . W F
FE W) 75 i JE K B2 0 A 5 Tl 2 A B 1305 1) 43
T THMB AR

(3=t

PR—Wl: st SRR MR Wi
e R TR, CRERE . REE Al
oy Mg SCERARAME . BB RO SRR
i MEHE T RECRRE G

&M & AT =R

VR PR AT AR T ] RE 22 MR A SO T AR
EYSELS o E T NS S

REFERENCES

[1] BAKSHI A, SHEMANSKY JM, CHANG CR, BINDER
BM. History of research on the plant hormone ethylene[J].
Journal of Plant Growth Regulation, 2015, 34(4):
809-827.

[2] JOHNSON PR, ECKER JR. The ethylene gas signal
transduction pathway: a molecular perspective[J]. Annual
Review of Genetics, 1998, 32: 227-254.

[3] IQBAL N, KHAN NA, FERRANTE A, TRIVELLINI A,
FRANCINI A, KHAN MR. Ethylene role in plant
growth, development and senescence: interaction with
other phytohormones[J]. Frontiers in Plant Science, 2017,
8:475.

[4] JU CL, POEL B, COOPER ED, THIERER JH,
GIBBONS TR, DELWICHE CF, CHANG CR.
Conservation of ethylene as a plant hormone over 450
million years of evolution[J]. Nature Plants, 2015, I:
14004.

[5] BANKS JA, NISHIYAMA T, HASEBE M. The
selaginella genome identifies genetic changes associated
with the evolution of vascular plants[J]. Science, 2011,
332(6032): 960-963.

[6] RENSING SA, LANG D, ZIMMER AD. The
physcomitrella genome reveals evolutionary insights into
the conquest of land by plants[J]. Science, 2008,
319(5859): 64-69.

[71 HELLIWELL EE, WANG Q, YANG Y. Ethylene

P: cjb@im.ac.cn

465




m ISSN 1000-3061 CN 11-1998/Q “E#) T.F#2*%4i% Chin J Biotech

(10]

(1]

[13]

[16]

biosynthesis and signaling is required for rice immune
response and basal resistance against magnaporthe oryzae
infection[J]. Molecular Plant-Microbe Interactions, 2016,
29(11): 831-843.

SHULAEV V, SARGENT DJ, CROWHURST RN. The
genome of woodland strawberry (Fragaria vesca) [J].
Nature Genetics, 2011, 43(2): 109-116.

LACEY RF, BINDER BM. How plants sense ethylene
gas: the ethylene receptors[J]. Journal of Inorganic
Biochemistry, 2014, 133: 58-62.

SHAKEEL SN, WANG XM, BINDER BM, SCHALLER
GE. Mechanisms of signal transduction by ethylene:
overlapping and non-overlapping signalling roles in a
receptor family[J]. AoB Plants, 2013, 5: plt010.

CHEN YF, RANDLETT MD, FINDELL L,
SCHALLER GE. Localization of the ethylene receptor
ETR1 to the endoplasmic reticulum of Arabidopsis[J].
Journal of Biological Chemistry, 2002, 277(22):
19861-19866.

ZHOU X, LIU Q, XIE F, WEN CK. RTE1 is a Golgi-
associated and ETRI1-dependent negative regulator of
ethylene responses[J]. Plant Physiology, 2007, 145(1):
75-86.

HUA J, SAKAI H, NOURIZADEH S, CHEN QG,
BLEECKER AB, ECKER JR, MEYEROWITZ EM.
EIN4 and ERS2 are members of the putative ethylene
receptor gene family in Arabidopsis[J]. The Plant Cell,
1998, 10(8): 1321-1332.

MULLER-DIECKMANN HJ, GRANTZ AA, KIM SH.
The structure of the signal receiver domain of the
Arabidopsis  thaliana  ethylene receptor ETRI[J].
Structure, 1999, 7(12): 1547-1556.

ALONSO JM, HIRAYAMA T, ROMAN G,
NOURIZADEH S, ECKER JR. EIN2, a bifunctional
transducer of ethylene and stress responses in
Arabidopsis[J]. Science, 1999, 284(5423): 2148-2152.
BISSON MMA, GROTH G. Targeting plant ethylene
responses by controlling essential protein-protein
interactions in the ethylene pathway[J]. Molecular Plant,
2015, 8(8): 1165-1174.

http://journals.im.ac.cn/cjben

[17] QIAO H, SHEN ZX, HUANG SC, SCHMITZ RJ,
URICH MA, BRIGGS SP, ECKER JR. Processing and
subcellular trafficking of ER-tethered EIN2 control
response to ethylene gas[J]. Science, 2012, 338(6105):
390-393.

[18] BISSON MMA, GROTH G. New paradigm in ethylene
signaling: EIN2, the central regulator of the signaling
pathway, interacts directly with the upstream receptors[J].
Plant signaling & behavior, 2011, 6(1): 164-166.

[19] MILIC D, DICK M, MULNAES D, PFLEGER C,
KINNEN A, GOHLKE H, GROTH G. Recognition motif
and mechanism of ripening inhibitory peptides in plant
hormone receptor ETR1[J]. Scientific Reports, 2018, 8:
3890.

[20] BISSON MMA, BLECKMANN A, ALLEKOTTE S.
EIN2, the central regulator of ethylene signalling, is
localized at the ER membrane where it interacts with the
ethylene receptor ETR1[J]. Biochemical Journal, 2009,
424(1): 1-6.

[21] HOPPEN C, MULLER L, ALBRECHT AC, GROTH G.
The NOP-1 peptide derived from the central regulator of
ethylene signaling EIN2 delays floral senescence in cut
flowers[J]. Scientific Reports, 2019, 9: 1287.

[22] BISSON MMA, KESSENBROCK M, MULLER L,
HOFMANN A, SCHMITZ F, CRISTESCU SM, GROTH
G. Peptides interfering with protein-protein interactions
in the ethylene signaling pathway delay tomato fruit
ripening[J]. Scientific Reports, 2016, 6: 30634.

[23] PATRA P, DAS M, KUNDU P, GHOSH A. Recent
advances in systems and synthetic biology approaches for
developing novel cell-factories in non-conventional
yeasts[J]. Biotechnology Advances, 2021, 47: 107695.

[24] KRELL T. Microcalorimetry: a response to challenges in
modern biotechnology[J]. Microbial Biotechnology,
2008, 1(2): 126-136.

[25] JUG A, BRATKOVIC T, ILAS J. Biolayer interferometry
and its applications in drug discovery and development[J].
TrAC Trends in Analytical Chemistry, 2024, 176: 117741.



