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Protein elicitors HSyp1 and HSyp2 from Saccharothrix yanglingensis
Hhs.015 enhance disease resistance of plants
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Abstract: [Objective] Preliminary studies have identified four protein elicitors from the whole
genome of Saccharothrix yanglingensis Hhs.015 that can induce a hypersensitive response
(HR) in Nicotiana benthamiana. This study investigated the two elicitors capable of triggering
a strong HR and their associated immune mechanisms, aiming to provide a basis for probing
into the molecular mechanisms by which Hhs.015 enhances the disease resistance of plants.
[Methods] The protein elicitors capable of inducing the immune responses of plants were
screened based on the HR and reactive oxygen species (ROS) levels. A prokaryotic expression
system was used to purify the proteins. Furthermore, we verified the roles of the protein
elicitors in inducing plant disease resistance by observing the disease spots, measuring the
activities of defense-related enzymes, and analyzing the expression of defense genes.
Additionally, we treated Arabidopsis thaliana seedlings with the protein elicitors to evaluate
the plant growth-promoting effects of the elicitors. [Results] The protein elicitors HSypl and
HSyp2 from Hhs.015 that could induce a HR, callose and ROS deposition, and upregulation of
defense genes in N. benthamiana, were screened and found to be soluble. HSypl and HSyp2
enhanced the resistance of different plants to Sclerotinia sclerotiorum, Phytophthora capsica,
and Valsa mali. Furthermore, HSyp1 and HSyp2 promoted the cotyledon and root development
of A. thaliana seedlings, and HSyp2 exhibited stronger plant growth-promoting effect than
HSypl. [Conclusion] This study identified two protein elicitors HSypl and HSyp2 capable of
triggering immune responses, enhance disease resistance, and promoting growth of plants. The
findings provide a theoretical basis for the development of new biocontrol agents and offer
experimental evidence for their future field application.

Keywords: prokaryotic expression; protein elicitors; hypersensitive response; disease resistance
of plants; plant growth-promoting effect
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MY RG] AT 3 FpoRNFRE
pathogen-associated molecular patterns triggered
immunity (PTI). effector-triggered susceptibility

(ETS)LL J2 effector-triggered immunity (ETI),
TP ] LB AL F ik 3 AR —Fp, ton]
PARIBHAEAE T2 FRE, Ity at 7 —4~ 5 24
FIAFL ) S i AR R AR

WU I — R RE 5 A W 7 A B TR
FEPE R AR YR MBIk
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R YPORTE; A, Wang FOR PR AT
Fi K /N ZERUFF B A60 1B B IR (1 R T
PeBL1 AJ RIS A FQ A S 1 81 0 5 1o Rl R e b

¥ ¥ Wl 4% T4 (Saccharothrix yanglingensis)
Hhs.015 #5325 F B TARERAY A= B ik 1,
TERTIIWESE T, E4ESE Hhs 015 X JBJH K 52
(Valsa mali) . ¥ 9% # (Phytophthora
capsica) & A 2 e % il R 22 B £F (Candida
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[FIE, A58 & B Hhs.015 REMSTEN 2 15 1
SERH, HH A 50 A 8 K B Hhs.015
AIDGE SR . SRR S P
Rk Voo mali Xt ESEA R YU SR
Hhs.015 BARIFEHHLHIATERE . XF Hhs.015
PEAT R RN, KB 142 DRI IDBERIIR
EEM. HiTHEE HERMA T BARIL 5
PeSyl 25 TS g 0P AuFsr
WPk 2 MEABMA T HSypl M
HSyp2, Xf#& & Yhiis ae s ffe A= D Re kA 7
WFFE, B B AP AR 25 10 I & 25 T g St
fitlh, A A R e A FH ) i FH 4 S 3 A 4

1 ®E5FE

1.1 #g
1.1.1  HIXER . B

W BEZ2 T Hhs.015, BAFRH . AR
FRE Bz 72 B SR AE T V8 JL AR MR K44 )
TR 22 B AP 5 e ke 7 4 [ N 5L 0
E, RFFFEEZE GV3101., KRG H Bz &
DHS5a il BL21 ¥ A At st R E U R i
RN

AR MR .1 A B B
(GL-3). A=A Col-0 fAmJvFl 7. JEEkKiE
A& pET28a Ml th45 2 X i 5 2K (potato virus
X)H) A S0 = PRt
1.1.2 EHFE

PDA 15333 (g/L): + 5 200.0, %5 ## 20.0,
15.0-20.0 FAEHMY; LB WAARE 5 (g/L): B
BBy 5.0, BEEMA M 10.0, NaCl 10.0; LB [E{A
FEFRIEAN 15.0-20.0 BUARA; V8 Bt g
(g/L): V8 H ¥t 2000, CaCO; 3.0, Iifg
15.0-20.0, pH 5.8"; 1% /KBilEHE;FEH(g/L):
gk 10.0



T & | UEY2ER, 2025, 65(1)

271

1.1.3 FERF

BEL o 1 PN O g, B R IR A ]
2xTaq MasterMix, BN 20 4 YR IR0 A R
/N); RealStar Green Mixture 5 &= 6 Mix,
At 5 B WOl A= YR A RS R 5 3 TR g (MP
biomedicals), 5xSDS % [ I FE 2% nh i F 8 (1 T
SDS-PAGE Marker, Jbat &R RHA RA A
B PR YL, bt B T B AR A R R
AR AR; FI%E DNA B4 Phanta® Max
A&
ClonExpress Tl —# 7 7 &, 7 B MEHe A
IR A A PR A W] 5 ik DNA $2 B &
FEEHE A &, Omega 2~ \]; FHY) RNA
PO &, AR Y RHCA R A A
41 DNA =RBGR 7] & PrepMan'™ Ultra, JZ 5
SERFIE A Ni-NTA A 4ifbilin g, 83K
HRBHL A H]
1.2 ZEAHAFERBHEDREHE
B SN A HE

ffi 4] Primer Premier 3K {47591t
T R By 80519 e 50 WEHR S1 (2458
FIEY R 8 ., 458 HSypl:
NMDCNO00646H, HSyp2: NMDCN0006461,
HSyp3 NMDCN000646] ,  HSyp4
NMDCNOO00646K) ., fdi Fij % 3K €A /R BE 424
i) PrepMan™™ Ultra $2£H¢ Hhs.015 J&[K 4] DNA,
XTH B FEF TP 3. PCR UV AR ZR (50 pL):
2xPhanta Max Buffer 25 pL , dNTP Mix
(10 mmol/L each) 1 puL , Phanta Max
Super-Fidelity DNA Polymerase 1 pL, I, T
514710 pmol/L)4% 2 uL,DNA 4% 2 uL,ddH,0
17 uLoPCR J v 544 : 95 °C A8 Pk 5 min; 95 °C
AP 30s, 57°CiBA 30s, 72 °C ZEf 2 min,
35 Mg 72 °C ZHEA 5 min, A1) PCR
P S V]S ) pET28a 2 44(Sal I/EcoR 1)UL

Super-Fidelity DNA Polymerase

PVX # K (Cla l/Sal Dikf7iERE, Pl A K
¥4 DHSa 5225, 24 h R #BUTRL, FrA R
Hr ik 2 A0 SR A MR 0 A PR A W 2R A 5
J¥BIE
1.3 FHHBA FEMEEHERRRIAX
# 5k PVX-HSypl (His.015 GMO002882).
PVX-HSyp2 (His.015_GMO007256) . PVX-HSyp3
(His.015_GMO003220)F1 PVX-HSyp4 (His.015
GMO007061) %6 A £ # 0 & Z & GV3101, 7E
28 °C. 220 r/min ¥EPRTEDEREFE 18 h (LB ML
KBS, FIFEER 50 pg/mL, FIFEAE- 25 pg/mL).
FH 10 mmol/L MgCl, %I WA I TR AR R % 2
&, 7 000 r/min &> 2 min, F FiF; BHH
10 mmol/L MMA ¥ # (10 mmol/L MES .
0.2 mmol/L Z Mt T %M. 10 mmol/L MgCl,)¥t
B 1WEEEREME, 5 P19 L1RA, F MMA
TRWEETT ODgoo 2 0.6, #OLFEHE 2 hl', 3EH
KR A R B, B A7, JF L
PVX-GFP (GV3101) 4 B ¥ X% B, PVX-INFI1
(GV3101) Ay BH P X B8 . 73 5 )5 8 00 52 B T
22 °C #i%5 (14 hyEHE/10 h BBwRHgkeiAE K, 5d
JE S AE IR, B SR IF IR S
1.4 WHEMFBYEM S & BFIR BRia
FH AR Y (415 (DAB. e 04,725 X
B AT Y, K HoO, B9 RS, AT
WUEST 24 h 5, XM R HETEEE, REET
1 mg/mL DAB (pH 3.8)iAWH, 7EEHREMT
i 18 h, ARG (75 mL JC/K 2. 25 mL
A B EL 0.15% 0 =R BRI T 6 =
MR RO Ak, WA IFFFIRIC A5 R .
O RIS UL 28 SR R e i e 31, Sl
AN AR T, SREE TR
W L 4 (150 mmol/L K,HPO, . 14 FH 43 4K
0.01%MZK % . pH 9.5)HREEHCE 12 h, il
U ) RIS BIER L S P 1 T 8
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1.5 ERHAFHEKRRIERERL

W E A BRI A KA A BL21(DE3)/gk
A, PBHMREREMT 5 mL 54
50 pg/mL FAREEE A LB Wik ks 72584, 37 °C.
220 r/min 1555 14-18 h; BUBIRIFAO R 1:100
FL A1 4251 300 mL LB 4555 2 H1(50 pg/mL R
HBEER), 37 °C. 220 r/min ¥ % ODgo N 0.6;
ALy 0.3 mmol/L Y IPTG 1E 16 °C44F
#5518 h, 4 °C.8 000 r/min &> 3 min WAL A,
PBS ZZMIRVEN 2-3 WG AR, ALK
0.2 mg/mL K. 1 mmol/L PMSF Al 1 mmol/L
B-Fidk LWEfG MR 30 min, SR E VK
P THRA AR (R 40%, AT 3s K4, FsE
30 min), ZJ5 4 °C. 12 000 r/min Z5.0> 15 min
R FIEW

EIRIERE A EIE®RA 0.22 pmol/L 41
Pt PR g X AT Tk JE 4B, ffF Thermo
HisPur Ni-NTA Resin Jf4&$i il B 45 11 7 4lifk .
153 B9 4l Ak 25 (18 ] PBS 22w R4 733 B [ B
W, B 200 pL IO 50 uL 5xSDS-PAGE
FE EREE b, WS 10 min 5T (1 HL K
R, SR 25 e i g W 55 R 1 Al Ak 4
Ho HARAME MR EEEG T-80 °CIrfrs .
1.6 EREWNENEEESHT

WL ExPasy X [FSI#EAT07,
SMART  (http://smart.embl-heidelberg.de/) Hi
InterProScan %ﬁ?}i’;}?p(https://Www.ebi.ac.uk/interproh
X B - 1 R 1 BT R AR 245 A S A 90 4
Bro ifid NCBI ) BLAST %4 %2 (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) ¥ 3R & H ¥ & F A1)
51, FHHMEGAW# RS KB, it Phyre2
(www.sbg.bio.ic.ac.uk/~phyre2) X} & [ # & F =
REER AT
1.7 E|RHAFSIREEM FRE SR M

W 22k a4 HLg i bR 5 1Y 8 Ok 1
BEZE 1, 2.5, 10, 15, 20125 umol/L ¥ FE#6
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B, AR R AT A TR, AR
H O . PSR 1 IR PBS B M A% R
1.8 AHERE

PERTHCH] 5 B i W, FI8 1 mg/mL Y
WEERRICE W8, I ASEIRER M ZE 18K . FLIR
N = EERURE (AFREE R 1:1:1:1), FAMRSIG
o # AT 20 A TR ME R R T A iR
R, SERERBEE 4 min, ik NEDE
#iHE 24 h, 2.5 g/mL BKEGRREH TG, WEE
FHAMIC R AR
1.9 RNA $ZEUF0 RT-qPCR #& 7

ERMAE T RAE TS WEE T, 1 0,
12, 24, 367148 h 7Rl ke, WRGE A . R
TR A YRR BR A A Y 441 RNA
WG &, S MU BRI RNA, FH
NanoDrop Micro Photomenter #F47¥¢EEM % ,
¥ FH RevertAid™ First Strand ¢cDNA Synthesis
Kit ;%5 ¢cDNA. LI cDNA WK, 5]491)7 51
TEULK % S1. ] RealStar Green Mixture #£17
RT-qPCR. JZWfK & : RealStar Green Mixture
10 pL, Primer F (10 pumol/L) 0.5 pL, Primer R
(10 pmol/L) 0.5 uL, ¢cDNA 2 pL, ddH,0 #hZ
20 uL, Roche LightCycler 96 ZZHZ¢YE &
PCR AT I AE , JBL 6. 95 CHUAL Tk
10 min; 95 °CA&PE 15s, 60 °CiRk 30s, 72 °C
WEA 30 s, FLPRER 45 .
1.10 B fEDEEENE

aifb 5 B FOR 7 B A TR
FEO. 12, 24, 36 Ml 48 h 4)HIHUKE, Fpdlff
0.2 g, LAPBSZmi XS ZH , RReHc A
3 W, MM E TWATR R, 4 A S
P AT A HEA TR o ] O A NI 2 mL
B EEHOR , IRAZE TREE.OHLH 4 °C.
10 000 r/min #.0> 20 min, $5 805 F 5 A B
)2 mL B0, BRI .
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¢ 2.9 mL 1 B ALY (Peroxidase, POD) i
WHERTE T 37 ORI A 15 min™, K5
BIA 0.1 mL FEHERHOREIRS], EA R a
R 470 nm RO (A), 2 min J5 I E
TAE(A) o LAEE Bl BN AR A T Ao 1ELZEAL
0.01 2y 1 NS AL, T ()15 POD i .

POD i 7 (U/(g FW -min))=

A7 X RS AARA (mL) "
0.01x0.1 mLx 2 min x £ i Jfi 2 (g)

¥ 0.1 mL EAH PR AEREE A T A Z
2.9 mL ALY L EE (superoxide dismutase,
SOD) iz i ik Hh 2%, YR AR EAE H LK T RO
20 min, SRJESZZECLE SOV IFHIERE 560 nm
R PRI GABL(A i) FHZEE 5 min (Y EHH 42 VR AR
Ty XFBEZH (A ww) o DA fiF 255 85 DU M (nitroblue
tetrazolium, NBT)JEALIEE N 50% A 1 1>
B 3By, FHAN(2)HHSE SOD il .

SOD i J1(U/g FW)=

AP X B SARFA (mL) X 100%
A X 0.1 mL X FE 5 5 5 (g) X 50%

HF B i S8k Uk (catalase, CAT) S iifde
BT 30 CCRIBHFHE 15 min®", # 2.9 mL
CAT B W E T 5 mL B0, SRJSHIA 0.1 mL
fifg AH R GE TR AT R R e L, I g AE
240 nm ALFIWOEIEA) . S 2 min J5FRRINE
(A)o VIt S B Avyo THAZ1E 0.01
ARG AL, FIAZNQG)IH TI1HA CAT B

CAT & 71(U/(g FW-min))=

APy X B AT (mL)
0.01x 0.1 mL X 2 min £ i it (g)

1.11 A& FAERERIFRIEEEN
PDA i 3% 7% 1k # & 1§ (Sclerotinia
sclerotiorum), V8 Ryt 155731k P. capsici,
1 5 mm FTFLASTERLZINGEREDF. 2 pmol/L
HSyp! il 5 pmol/L HSyp2 i) %] 4—6 JE# iy
MR e T LA A, DR s 1 IR PBS & 4T

(2

3)

WA IR, 24 b UM PR SRR, 25 °C4k
L3R 24 h, AAREICSE, FH Image] 55005 Bt 1
H, MASLImER 3 IR,

PDA £:35:305 4k V. mali, {#i/H 4 mm $T4L
e V. mali 22 GIEYE, EAMAET
HSyp! #1 HSyp2 7% 2 pmol/L F15 pmol/L.
e B — H % 557 S 41 55 1 (Malus domestica),
BRI T E AR 5 min, TR A 1%0 7K B

RREFEILEE R 24 h, BOERM F BRI A,
FIMARLEREFE 24 h, H Image) 1A BRE TR
SLHGHEAT 3 RAEYFEL
1.12 HEFRIEBEBPYETT

W B S5 LR T R (75% & R I
10 min, JCRIZKPES 3 IR, 3% 5% IK AT
WREGIR 10 min, JCIRZKBERS 3 ) MTE 1/2 MS
Brgedhd, BOEET 4 cCUKEESE 3 do &
22 °CHEFAE AR K 10-14 dJ5, 23504 2 pmol/L
HSypl F1 5 umol/L HSyp2 & 1A 12 15 28 1 19
PIRIT b, ARSI FR4E, 14 d S XHIRST
TR A IRIC %, X R T St
G3MTe VAR 1R PBS BT X R, RRZH A0 3T
HEFT 3 R, SLEHET 3 A ESR

X AR & 7 AR B S BT LR T R T A
KFHEH RT-qPCR ¥, FEAFEAK ZZHE
5L R (AtAUXL . AtEIRL) FlAE K 28 sy IR 1A
KR (AAXR3 ., AtARFL), DL KA &Pk 3 A
RT-qPCR 4341, AHOCHERFH RS IR S1.

2 EREGHN

21 RAFBENSHWERHBL FIIEH
B8R~

¥R FE GV3I01 A W EAMA T
HSypl. HSyp2. HSyp3 #l1 HSyp4 FEMHE M F
TR T A T, WS R BRI R IR%E 5 K
BF, 4 A FOR YRR A R A A I A
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WFE(E 1A), Hod HSyp2 YRAEHR R ek .

R T k2P IR G B R TR R RE S
AR A R TN, TEBERT 5 24 h
Jo, WL HE PE A (ROS) FUFAR i iy 2R, H:
R L T HSyp2 FEUWI A H,0, 2R
W%, HSypl ik, HSyp4 ERU &b (E
1B). 4 M8 Uk TRl st = A BRI
Rt & (K 1C), Hid HSyp2 REME (40 &t F-
PR IR TR, oAl 3 MR AR T
TCH B S, FHMEXTIR INFL 5 R0 B 5
YA BRI, BAEXT R GFP WAH I .

A Hypersensitive response

3
C Callose deposition

HSyp2

1 RAFE GV3101 N FHIEERERT FRIX
Figure 1 Agrobacterium  GV3101-mediated
transient expression in Nicotiana benthamiana. Five
days after Agrobacterium injection into Nicotiana
benthamiana leaves. A: Hypersensitive reaction; B:
H,0, accumulates; C: Outburst of callose.
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22 HAEAFHEBDL LK Western
blotting #&

Pl A B R R KT BL21(DE3)ik
TS, &dmPike, BF50N IPTG
0.5 mmol/L, 7 16 °C . 180 r/min 537 18 h £,
et alifb S5 R Ih i3] 2 ML TER, 439
4 HSypl Fl HSyp2 (& 2A).

H T IR H M E R R SR, RH
Western blotting W4T — 0Bk . 458 3%
B, HB K F HSypl Hl HSyp2 BEflfa e
ik, KR/ANGHILE 25 kDa #1 55 kDa 245 (&l
2B). Z5G B AR, Lk E R ME T
HSypl #1 HSyp2 #1715 205 .

A kDa M

HSypl

HSyp2

75
65

45 55 kDa

35

25 25 kDa

B kDa _ M HSypl HSyp2

45 — S

S s D

<« 25 kDa

2 FZEHAFEXEE DHS0 RHIRIE
Figure 2  Expression of protein elicitors in
Escherichia coli DH5a. A: Coomassie bright blue
staining of HSyp1 and HSyp2 proteins; B: Western
blotting analysis of HSypl and HSyp2 proteins.
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2.3 EHMATF HSypl 1 HSyp2 4 #2242 EmNESIK. 2 EA#MATY
SERESH KW R O E A KK, MEREEA

i3 InterProScan $(4f& 5 1 SMART X}  (hypothetical protein) . HSyp2 A 1 4
H i &+ HSypl F1 HSyp2 #4708, 45K Septum-form Z5t4 5L, {7 B 7ES 43-258 14
/N HSypl B 18 %M A {55k, HSyp2  HEMZIEI(A 3A. 3B).

A B  HSypl
Hsyp l Math PS51257: PROKAR_LIPOPROTEIN
l- 1 iy NON_CYTOPL “\\\7"(' DOMAIN (1)
0 100 Gy
— S Tarepameny
—_— S
HSyp2 ‘o SIGNAL-PEPTIDE N REGION (10
‘ HS
Pfam - Dmnyaﬁ2
' — IPRO26004; Septum_form
Septum_form - Predictions R
0 100 200 300 o
— *ih'\l ‘\l.T\'?'I:l.ill!'EKl_
— :}(:’:!‘;IILL\‘"‘[{_;I';I‘.»‘\‘;\II( DOMAIN (9)
C HSypl HSyp2
— WP 090063939.1 Lentzed flaviverrucose ~ WP 073897525.1 Saccharothrix sp. CB00851
— WP 030476013.1 Lentzed albidocapillata _ L WP 106616330.1 Saccharothrix camea
WP 090004889.1 Lentzed albidocapillata - TQM 81819.1 Saccharothrix saharensis
— WP 154697784.1 Lentzed guizhouensis WP 141984039.1 Saccharothrix saharensis
— WP 089951442.1 Lentzed xinjiangensis [~ WP 123744718.1 Saccharothrix iexasensis
— His 015 GMO002882 Saccharothrix yanglingensis® L WP 201441735.1 Saccharothrix sp. 6-C
WP 143139089.1 Lentzea waywayandensis |~ WP 230569369.1 Saccharothrix sp. NEAU-S10
WP 015101294.1 Saccharothrix espanaensis L WP 053715741.1 Saccharothrix sp. NRRL B-16348
r WP 157374518.1 Haematomicrobium sanguinis : NUT 49568.1 Saccharothrix sp.
—— WP 033433117.1 Saccharothrix synngae ~ WP 077011140.1 Saccharothrix sp. ALI-22-1
WP 141982601.1 Saccharothrix saharensis WP 158850759.1 Saccharothrix deserti
— WP 230569009.1 Saccharothrix sp. NEAU-S10 WP 033436864.1 Saccharothrix sp. NRRL B-16314
— WP 146173980.1 Saccharothrix camea | | — WP 184929542.1 Saccharothrix ecbatanensis
— PSL 52740.1 Saccharothrix camea L MBB 5806939.1 Saccharothrix echatanensis
— WP 143193746.1 Saccharothrix sp. CB00851 —— WP 148303199.1 Saccharothrix espanaensis
OKI 13797.1 Saccharothrix sp. CB0O0OS5 1 i | — WP 184695514.1 Saccharothrix tamanrassetensis
NUT 51092.1 Saccharothrix sp. | WP 121010628.1 Saccharothrix australiensis
WP 106187686.1 Umezawaea tangerina - RKT 51977.1 Saccharothrix australiensis
— WP 209619881.1 Saccharothrix coeruleofusca ———— His 015 GM007256 Saccharothrix yanglingensise
WP 033442190.1 Saccharothrix sp. NRRL B-16314 WP 121223725.1 Saccharothrix variisporea
WP 172803360.1 Alloactinosynnema sp. L-07 WP 204846101.1 Saccharothrix algeriensis
WP 018684098.1 Actinokineospora enzanensis | - WP 228122467.1 Saccharothrix syringae
- WP 148088998.1 Saccharothrix texasensis — WP 051766888.1 Saccharothrix syringae
D o

HSypl
3 EHHATFEVMERESHR
Figure 3 Bioinformatics analysis of protein elicitors. A and B: Protein structure and function prediction of
HSypl and Hsyp2; C: Phylogenetic trees of HSyp1 and Hsyp2; D: Protein 3D structure prediction of HSyp1
and HSyp2.
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h T HINECR AR S B R R N
W2k 5 0930k F 2 1 HSypl #1 HSyp2 #i B J5
SPHR I R A VST . 3 d R AR B A
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(I 4A).
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) HSyp2 FEHFMHEL M fr, 34 24 h J§H DAB
Yok AT IE AR, R PR R e e ik R A T
DR B LR AN . W DL B 4lifb J5 1 8
& HSypl 1 HSyp2 0] LL5|EiE e 1 2
R, b HSyp2 AR IE MR Z . BRIRETITAR
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HSyp2 4 REFE T M0 B 7™ A BF AR5 1 T A7
(K 4B),

H 2 umol/L HSypl 1 5 pmol/L HSyp2 *f
W B R AT LS VAT, AN R ) B ) i 3 ) K
EEA BB AEL . Kl 4C Firs, HSypl 4k
PMHRE )5 POD BTG JI7E 24 h ik B IE(EH, £
36 h BHER TS BT, AHECT R R 2H 22 )
AN SOD HiE S17E 24 h Z J5 KF-218 7t
J5 TR, 7€ 36 h EXTHRALW 2.0 f5; CAT i
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W SRS BT, AE 24 h BF AR E, AN
X HALL Y 55.0 £, 24 h 5 s A%, 7 48 h i}
55%f B4 Fe A —% . HSyp2 b BIK % J5 POD i
TEPGE BT, 24 h 2XTREZRY 2.1 £, 36 h k%]
AR, 29 0%t HRAHAY 3.2 £, 7F 48 h AHZXTHEZH
1) 1.6 f5; SOD BTG J17E 24 h By PR e, IF
HiFg: FIb, 16 48 h BHEXTBELAA 5.0 1755
CAT fif§i% J1 /K78 12 h J5 TP LR %18 ETF, 24 h
Za 2P K&, 36 h f5BEEE-T
2%, A3 48 h B CAT FE J17KF 2 X) BZL Y
12.9 fi%.

TEH HSypl ACFRMHELfS & 8L, PR %
NbPR1. NbPR2 Fl1 NbPR4 & ET i &5 idi 2k
NbERF1 4] Fif, Hrh NbPRL7EALFE 36 h
Ja ek R IE4L Y 120.0 1%, NbPR2 7E 24 h
Wk ik B (E, BG4 FE 9.0 fi5.
NbPR4 il NDERF1 7E AL H 12 h J&5 32 1k 2 1k 51 0
B, LB iAot B4 8 23.0 £%5F0 20.0 £ .
JA B NbLOX1, NbPDF1.2 FIZE A & R fi
Z i} (phenylalnine ammonialyase, PAL)AH ¢ 3 [A]
NbPAL #4545 /)M 8 . NbLOXL 7E 36 h if4s
XFHEZH FH 3.5 4%, NbPDF1.27E 12 h B4 iR
4 F9F 4.3 7%, NbPAL 7€ 12 h B EiRZE L 4.6 1%
(Xl 4D), HSyp2 AbHHE 12 h J§ NbPRL Fl
NbPRA FRIATHAIE(E, I3 5IHO REZH Ei 116.0 %
F11100.0 f5. NbPR2 M 12 h J5#54E Eif, 36 h
bk B WA, SEAT A BR AL R 18.0 fiF.
NbLOX1. NbERF1, NbPAL 7t HSyp2 4bF 51
AH/NEE FA. Hd NoLOX1 78 24 h Bf ik &
IRIEAE, X IRZH FIA 6.8 f%, NDERF17E 12 h
BXTHRZH EJA 6.4 £, NbPAL 7£ 24 h i i
2.6 {5 NbPDF1.2 #%f B4k ik, DLk
2k L6, HSypl #1 HSyp2 #43% T SA. JA/ET
A0 AR PR R G 1
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Figure 4

Injection of four-weeks-old Nicotiana benthamiana leaves with different concentrations of HSyp1

and HSyp2 proteins elicits an immune response. Nicotiana benthamiana leaves were injected with different
concentrations of HSyp 1 and HSyp2 pure proteins at four weeks of age. A: Hypersensitive response and
Taipan blue staining; B: Assay of H,O, and callose; C: Assay of defence-related enzyme activity, in the order
of SOD, CAT and POD; D: Assay of defence-related genes.

2.5 ZFEH HSypl #1 HSyp2 32E 440
=

Ff1 2 umol/L HSyp1 1 5 umol/L HSyp2 AY &
XS B M By g AT s S, M S
sclerotiorum 24 h Ji X it B & 15 B0 21T 0

g, M SA FTLIE Y, X B4 & 1 o W]
i, Zead B P kA B AR R R B R
/N TR R Gl R BTN, 6 B4R
BEIFRAE 24 h £5°4 HSypl #1 HSyp2 AY 2.0 175,
36 h 250 3.0 1% (&l 5A).
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Figure 5 HSypl and HSyp2 induce enhanced disease resistance to pathogens in different plants. A: HSypl
and HSyp2 induced disease resistance in Nicotiana benthamiana against Sclerotinia sclerotiorum at 24 h and
36 h; B: HSypl and HSyp2 induced disease resistance in Nicotiana benthamiana against Phytophthora
capsica; C: HSypl and HSyp2 induced disease resistance of apple histocultures against Valsa mali at 48 h
and 56 h. Using t-test for comparison, ***: P<0.001, indicating extremely significant differences.
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Figure 6 Promoter effects of protein elicitors on seedling Arabidopsis thaliana. A and B: Arabidopsis
thaliana seedling phenotypes after different protein elicitors treatments; C: Arabidopsis thaliana seedling
root phenotypes after different protein elicitors treatments; D: Root length statistical results; E: Fresh weight
statistical results; F: Growth promotion related gene expression. Using t-test for comparison, ***: P<0.001,
indicating extremely significant differences; **: P<0.01, indicating highly significant differences.
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