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Flg22 S H0EH T T AR LA S5

IV, ARS, BHEY, IEH
(Ch I AR, LR 55 266003)

WE: UHFEZE Nsg—MRFW 22 ANEAHR LSRR HA T, ARHLEFEF AT
PR B 4 R RLBY A AE, DL E A 2 TR IE ¥ . KA Evans blue 3¢ 77 3% & I, f1g22 &
FE2hW, RENEF BEFTHRFERARATIAL, HFE 4~10 h, REFAAERTHAR.

TUNEL(TdT-mediated dUTP-biotin nick and labeling)# il 77 3% 3E 52, % flg22 % % 5 i # 71
RH DNA B3I %, WH 3-OH KW # B EMF SR BN EKTH L, A NFFH
B A4 # W # %o 32 A Luminol 7Kt 77 40 M 2| % flg22 % % & 4 # 71K H,0, B
HERER i, T 3h AAFEE, A K20 umol/L, MARLER 2 T-ZA 4K LER
LB 41 (DCFH-DA)# 1T ROS A A =4, X flg22 1535 1 h BIWEEZENTLEST,
FEmEMESHENELTE M, FFE3h F5&5E, MEEERLE S NEEZRTR
. ROS By 7= 4 # % 5 Luminol X AA M 7k W4 R —2., £RKW, 1g22 2 7

M TR B RN B A B K T o
KRR A flg22; WK T B RN
hESES: Q942;S917.3

R AEY T R D, B S S
—FE, TER T A B R B A AL R HE AR A A e
PR G  BFSE R WLk T LA s
He— RGBT I o B2 B T3 IR Ok
MBI F o WIRSCE FRIETF1E £, SER
JoT 22 M, 2 E I AR 43 114 I ik K i A T 4 i
BE = P AN T2 FROo SRR I, s
TR S K 240 B BE (4 L T A0 43 s )
VR B kT S S S 1 B TR S A AT PR VL
(Gracilaria conferta) Fl 45 # % Ik ¥ 47 (Laminaria
digitata) #5431 . Weinberger £ 8% PR [ 1T
2 LR 11 T T 35 0 e ST I SR 7 AR SR
g, e R SRR TR Sy, RS
RILEMHET . MBESHER a-1,4-L-
PR 2 VA H 24 B P 2 iy =2 —, Kiipper 25438
T 2T o-1,4-L- 1l VRIS R ] 55 SRy 7 A

Yis HER: 2011-11-30 1&E BEA: 2012-09-03

XEkFRAERD: A

RN WA, 10 4 i 22 W AT O S T 7 A B 1
e bR T IR T4, BEEE AR AN
Bk T, A WM o6 3 F B 2 (microbe-
associated molecular patterns, MAMPs), MIfi5] %
K7 18 52 1% . Bouarab 25 MOV 18 21 38 4 I A 3K
(Chondrus crispus) P94 4¢3 (Acrochaete operculata)
FR) 200 4SBT g e L A 4R e SR I AR
Weinberger 25! ¥ M B IER4 % Flavobacterium-
Cytophaga 1A ™43 & 4lifk i — M5+ 5 (700~
1500 u)iy) Z RRVLE A 1, [HBA R H AR
¥4 . Kipper %5 URIEIE T415 Salmonella
arbortus equi IS ZWE(LPSE Wik k T 5 52
AR 77 A R R I AR

MAMPs 205 W) AE K BT ab T, S5katE e H ik
AORST 1 — L 43, Q0 5 AT v 24 S A 4 i B 1Y)
YRSy JUT TR ZE f [ ;20 PR A2 B0 o R

BEN A - FZREF R E ARG 3345 11[2010]-1561; 1174 A AR AIES(Y2007D42); # & RIS 12-1-4-1-(4)-
jehl; ETEFEREY: “ERRFACFIZIHE" (201210423048)
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M) 32 B4 4 M0 B AR T AN A A0 B R Y g 2 b
(LPS)ZE! 1 P IE S, 41 T B 2 1 2 1o 254
YA RN, W& H BB  $ 5 )
R UE T A RIS S B 2R N ui il C i EL A IR
SF, AR N A AR X MR N SRS )
22 MEILIRI Z K (f1g22), J&HAE Mk T 1 iE
PERL AL, TS e SR A B AR S . 2§ R AR
FEk flg22 B35, MEEIF =L 20, Bk
PRDTRL, AR, WEPEEUR R, DL K p AR
R RIRITY, B B flg22 BB TN
BT 7 2 M A S, T T AR R R A e 2
IR AR, AN, SRR T KR AS AR 2R 13
2 {15 B i 7 (Pseudomonas  avenae) )i & & H AES
7K T A 0 S 1) A R T A R B AR AH
KL EL2 fRAP, g — iR, ZERIE ST
FHRREANF A A flg22 Mz kER P>, [ H
HIZEAR A 2 v o DL B 2 15 S e 2™ AL B A
N A DG HE

S EmEyAat, B iR E Ny e
PR EAE ) SIE IR TR, DRIy DA A T 0 8 1 R
B9 L R X8 SRy SRR O TR, T HLAE SR 0 = 55 T
AR, R R ABURTE, IR TEE NS .
FATZ BT, 22 RS HM I ( Alteromonas
macleodii ) #IA ke S S0 FLES R Y BOR 1Y
AT LRI & R B A 5 B 9 L)
PR A, T AR bRy gty #60 - 0A%,  Ti Ep fift
FH 22 PR A B0 M 77 LA R B e Vi IR R e 3R
MR o X RUITESE R R b, 22 [RACHE U A
A AT BB 43 W — S HUR IR B 15 R A v, T L E i
TR HT G 114 T 2 X L S0 TR o 20 116 2 T AR
FE W B Rt b 4 0 B ] R R B v, T BU
TRl A7 [ S8 2 P AT 7 26 24 ORI B 9 o 2 bt P
S3 WA R A 1 B SR A, X R AR T g
SRR YW B0 I o ARPEHEE A I f1g22 &
R OO I SE, ARSI D) flg22
BUR -, 5T f1g22 155 Bl 6 (AR ST 2 S5 1y Ay
ik, DAt B A8 B 0 AL, = & A o 10
FAE RIS, IR AU RO R B F R
WA

I bR
1.1 SEIeHF#t

7§71 (Saccharina japonica)/NL 4% T 111 4%
BE G 8 S0k, flg22 AW TR LA RRA

HA . FREL 4.5 mg f1g22 ZRKEA#LE 4 mL 0.1%
A 1 A I (BSA) LK H, Bl 500 pmol/L
() f1g22 K o
1.2 flg22 F 5S40 E

TBUAEE B 1 Vgl /N IR I 35, B TR
KK PSR LA, FH G B AR 3K S 52 18 e e AR
KA, ARG KR T R AP #) s NI (1.0 emx
1.0 cm), JFEWEHTE ER] 0.4~0.5 cm K I,
SRIEHE 50 pL f1g22 TAFEM (AU R 500 pmol/L)
AW ] AL, & TORIEE AR R . KR
BE(15+1) C, JEEESREF 20 pmol/ (m*s ), HH:
TF R R — B RIEORE, DU &R AR 284k . 1%
PILE TR, XL 1A S0 pL JCrR K, X HRZH
2HIA 50 uL 0.1% BSA LK., ALK 3
WK
1.3 flg22 iF S A LR P4 A SE - B9

FHIC R MK M2 flg22 5 Hy M 4l 4,
RIGTEA A 0.05% Evans blue f LK H, %
WA T IRE 15 min, FEHJCEREK sl 2l
| Z45h% Evans blue Jek}, B35 (Olympus, CX31-
32C02, Japan) I WAL AH AL T 42 .
1.4 TUNEL(TdT-mediated dUTP-biotin nick and
labeling)#& Il

ZH R ARA ALY A S R E
AP 75 . TUNEL A6 A5 B4k B 70 £ (REF
11 684 795 910, In Situ Cell Death Detection Kit,
Fluorescein, Roche Applied Science, USA)iii i itE
7o 9% (E800, Nikon, Japan) T WIELSIH6 4k
R BRI 450 ~ 500 nm, KK 515~565 nm.,
1.5 H,0, K

B 100 pL 52 flg22 KbFR k#0742 20 B 7
JA 1 mL Ependorf 2048, 2 5IHRIKAIA 250 uL
13 mmol/L K3Fe(CN)s #1100 pL 0.3 mmol/L Luminol
W, RS IVHIR AR AW, BV A
A A S H A g B s EE . T VR EE R HL0,
Ve W 22 TR M 2 o o ety B PRI A5 i 2 i B
FibrE R Lext, 1538 flg22 7 S m s i iAo
X Hy050
1.6 ROS WAL ZHM

FHIGT MK bt f1g22 5 R L 21k, SR
JEA 2 mL &4 50 pmol/L 2°,7° - — /& AL H
W Z.W4H(DCFH-DA, Sigma, USA)IJCH /K,

http: //www.scxuebao.cn



1836 Ko7 OH# R 36 &
R NN . N NN , 307 =
S APE TR S min, T ICEMEAK M 2 K o o5l By "
76 B (BXS51, Olympus, Japan) T M%< ROS i E —a— F0.1%BS AR T K
FEAE BN . WO K 450~500 nm, KGN K 515~ s
565 nm, B
g 53 : ‘_f“‘

2 % % 0+ : ;

50 1 2 3 4 5 6 7
21 = flg22 FSEHAEFEIETHEAKET /b time

iz [fl Evans blue Y0 77k, % f1g22 55 )5
LT IARTE 2 h A UEL B A0 AL T B4 (KL 1-3);
S5 4~10 h, 7] DIWELR) K& A Evans blue Jeff
Y, FEA LR AMPET- IS (KR 1-4~7), 1
XFREA1SEE 10 h S A WS 20 A T- B4 (K i
1-1,2).

2.2 TUNEL il

izl TUNEL SN A B, flg22 75510
WA TR A Sk 5OEE S, HH DNase R A7 {H
fLf TUNEL PH ST R SE56 47 KR A 2% 6 5O
SRR TI-1), AN A5 A Sty A A% T 14 ) 1 ) e )
WA SO S (R 11-2) . f1g22 35 F )5 2~10 h,
S0 9 A5 5 Bl % 5 I5F ) (1% 4E T 3 2 (IR
-5~14); 1 H., 4 Ni5SEBA7 ) S Bl i e (]
W 11-10~14) . FIREE R U] f1g22 155 J (1) 1
TR DNA Wiy 3°-OH R4 .

2.3 H,O, B9t

Flg22 i%)5 1~3 h, fFAERB H,0, FifT
[ FER TR, 2 3 h ik FE(H, £9°M 20 pmol/L.,
3h PR, ARG A 0, RG> . 35S
J& 6 h, HoOp ;75 JLT I 2 BRI R (EL . WAL X R
SR TEA ) HyO, ¥ B IR, — B AR
BARKF-(# 1),

2.4 ROS WIHRZWKM

SCHEE IR, f1g22 1SR TR 4141
s E] ROS 177 A . 55 REAH EL (TRl TT1-2,3),
WA 1h BRI S amZ6E S (B R 111-4);
MH, %S5 1~3h, SOOI S R EHTE S
R[] () S T 1 I (L i 111-4~6) . 1753 4~6 h, %%
DA B 72 T 55 (R TTT-7~9).

3 e
3.1 Flg22 A FHIRE

TE R S, 1g22 WOk T E — o2
10 umol/LU'M) L2 10 nmol/L A flg22 L AE Wi

1 Flg22 S EEF AT IR H0,
Fig. 1 Release of H,0,in flg22-induced
sporophytes of S. japonica

S 7 SR POV AR ST Hh flg22 BYHEHE 9 500 umol/L,
A S F 1 AR T RB S S AN AT T MR
WAy, 3 55V 0 I RE A 2 SR AT O o TR 4
it 5 v A6 A A0 LR 1) A2 2 R o A7 AE B
(D, T A RE S AL . AP | R
BRI 0T, A S5 it 1 16 2l 6 7 (A Ah 1 e i
Y, XA R R AR AR PR, A RE b 4
Ji2 e Z2 b 2 M e 22, AN RE TR P 2 T
LA S B B flg22 A REE S AR B
N
3.2 TUNEL i

7R B A4 L B8 T — ol o 2 R Y P 44
HET- (programmed cell death, PCD)id #227, PCD 1t
TR f5c B 2 A A AL RRAE 2 DNA (%A . X Fl DNA
1) % ff 2 R T DS VR PR AZ R N VTGRS TE, A A
B Yol DNA B UI#], HBEE slonUat sl 1T,
JEr7HE 5 DNA Wi B H AR 3°-OH R, wlhiz
R UG8 S MR A% T TR S i B % A 3 19 o7 e 11
i FRiC % (TdT-mediated dUTP-biotin nick and
labeling, TUNEL)#EA 7 st oAl o 98 T i 4 L, e
JU AR AR AZ T R A i e B B (TAT)RIE T, 4R
A 1T TR 0 20¢ S 28 TV I I A A6 0 ] A i 3
DNA /) 3°-OH Ay, P Al A5 B Nk T
PR A0 RGN o T I ) Bl L A 3 B 1 40 LT
%4 DNA [Ii%d, HimkA 3°-OH Bk, FrlifR
DRENSHIFRIC . TUNEL ilgs IR, flg22 5%
JG 2~10 h, HHALTIARA LR H L DNA iLE)
3°-OH ¥, mMiH 3°-OH Wi b i) e b i 3t
PTG 2, X5 & SR Y U Y PCD
(1) DNA i85 SR RIS, 30 s £ T 7E 37
flg22 75 S5 A8 PCD ) DNA [%f# ., Wang %0
TE B 57 46 8 2 4% Ao DA =2 g A B IR (S i 1) Je

http: //www.scxuebao.cn



12 4 FEIVF, 2 Flg22 75 5 i e 46 1 A A S 90 25 F 5 1837

Bk | Flg22 S EEFHE T Evans blue aNE
1. JOHF A BESEIG 2. 0.1%BSA (1K G /K X RSLE; 3~7. flg22 555 2h,4 h, 6 h, 8 h Fl 10 h TR LY. 1~3.7. 50 um;
4~6. 25 pm,

Plate I The observation of Evans blue dye in flg22-induced sporophytes of S. japonica
1. Control experiment treated with sterilized seawater; 2. Control experiment treated with sterilized seawater contained 0.1% BSA; 3-7.
Sporophytes induced by flg22 at 2 h, 4 h, 6 h, 8 h and 10 h respectively. Scale bars: 1-3.7. 50 um; 4-6. 25 um.

20pum

BT 11 Flg22 S EETAT AR TUNEL &R
1. TUNEL BHYEX R 528, 7R DNA WrZLEY 3°-OH AHi; 2. TUNEL BITEX BRS256; 3. TEmi# K A B2 4. 5 0.1%BSA TG4
TR BES23 5~14. f1g22 #5925 2 h(5, 10), 4h(6, 11), 6 h(7, 12), 8 h(8, 13) FI 10 h(9, 14)iY TUNEL K ill45 5, #ik /K DNA
W24 3°-OH i o

Plate Il The detection of TUNEL in flg22-induced sporophytes of S. japonica
1. TUNEL-positive control experiment, showing broken 3’-OH groups of DNA; 2. TUNEL-negative control experiment; 3. Control experiment
treated with sterilized seawater; 4. Control experiment treated with sterilized seawater contained 0.1% BSA; 5-14. Results of TUNEL detection
in flg22-induced sporophytes incubated at 2 h (5, 10), 4 h (6, 11), 6 h (7, 12), 8 h (8, 13) and 10 h (9, 14) respectively. Arrows show broken
3’-OH groups of DNA.
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S

36 %

A 20~60 min, 135 TAHHEAYZEE, (B 3°-OH W
24K sty B B A R TE) B B B AT, X T BB S SE 08 A R

A, ARSI T B Tl AT (YE )5 A L
HORREA, Rk, PURRE T i

Bk 11
Fluorescence images of ROS production in flg22-induced sporophytes of S. japonica
LR 2, 7- A RSO Z BRI (DCFH-DA) I R 5 R 5 2. JETIE KT JESEAR; 3. 0.1% BSA i JE 171 7K 0 IR S
4~9. 1g22 iS5 1 h, 2h, 3h, 4 h, Sh 1 6 h LR EER . 1~4, 6~9.50 pm; 5.25 pm.
1. Fluorescence images of sporophytes without DCFH-DA; 2. Control experiment treated with sterilized seawater; 3. Control experiment
treated with sterilized seawater contained 0.1% BSA; 4-9. Results of ROS histological detection in flg22-induced sporophytes incubated at 1 h,
2h,3 h,4h,5hand 6 h respectively. Scale bars. 1-4, 6-9.50 um, 5.25 um.

Plate 111

33 H,0, M=%

FE RS R, A2 BIHURI 5 35 9 Sk
SGEANMRE IR TR YRS, B8 BN ) — A B Ay
fEJE R Hy0,, Weinberger Z617% BOK F
VU A0 R (R A V108 15 min NED B
H,0, BB, X 02 F b 45 & 76 40 i B F 4K i
NAD(P)H 5 A" el A J5 5 1A i 8 42 Ak i 21k
BOE, I SEU> 784k . Kipper Z:F5% & PLAE
WM ZR o-1A4-L- 1 ISR RS S R S5~
10 min N H0, ik KB, Z/5 H0, VR
TFURZE /D, 40~50 min J5 81 R 90 44K, i
A V7 A SR A R A AR R B B AR AR B A AR
VR 200 B P e AT B 0 O 5 T B AR AR L
A 5. EARWIFY, f1g22 i S TIA)S 1~3 h,
H,0, MR B A B T, 76 3 h s B T 04,
Z G H0, W EEFF IR B/ . AL 2R Fig
SR A AR, BERA flg22 REREE ST Al T
TR A R 2 PR, JF H H,0, AR = B
FEVE S R B B, 3 AT BB PR R VA A AR AL
ZUa LIRS 11g22, AT RS Sl B A S 0, 38T Sl d
AL, MBS R A H0, R TE RS
J& 3 hkEIRKAE, 25 HO, WREE TR E Him /b
AT . — 5 TRV Hh PRI R ST iR &
FEVE R DA A3 8 1) Ho O, XY F AR Al AR 4534735

Flg22 ESEEHEBTFHTE ROS HALFHMER

T — 7 T T RESE TR Ry f1g22 75 (5 Vi IR 20 it 25 44
SEREPERE IR | A0 S A RE ST RRAI, AT TG
PP R R Hy000

TE = SEREA 3 W ST S B 1 S g AR
FJE: ERAENBUE R, JEdk27 4N RE 251 1
TEERH S VR A ok 42 Y A et Rk SR 26 A4 R i 15
S B0 DL R A SR S A R AR B A S S R
PRI IR S B RE R A U R A BT e i
rh, O T I M SEUTE SR s 97 0 S 0 AR A e ot
Y418 . Bouarab ZEVER IR, 4K M SRR AR 4R
% Acrochaete operculata 40 il H2 B S H ™
A RS PR, ST S AR SR LA AR w1
Ptk Weinberger 25 Y, SEMHA T8 7=k
(T P A P T L T R A A 9 A= £ Kipper 2507
TEIRFHT TPl A IUSE T IS BRI IR 175 1Y HL0, BEREHE
il B A SO PR R AR G, FF RN T A X LN A=
16 35 3R AT 4935 (Laminariocolax tomentosoides) J&%
Yeg i . SE802 H Luminol 26 YGRGIN ik, A #L
flg22 SR iR H0, M-I i,
AR kR ) ROS WA B H S
Luminol 946 I 77 2k 1 25 e — 8. SEERHEN H,0,
(R B AR AT DAY gy A S Pk, e R
R AE SO TR AR, DL R 43 A5 5 0 T UiE
() — ZR 9] G 5 B A S 0, 7 T 7 0 B 8 97 R I
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I H R AR A .
3.4 XFLEITRAIZIT

H,

7RI AR T (BSA) A L P A — Fh Bk

— B R R SR T T R s KA R AT

VA VBRI S IR, A B L il 1 A AN AR
A BSA J&, BURRERE Ry sk Hk” E
FH, BB B P15 2 IR T R L SE R T
flg22 1755 1) e S 0 907 A0 S L A 9 v, B
0.1% BSA 10 flg22 FasE ], VAR Hag Rl e,
R, AWFFEMRA 0.1% BSA Y JCH i K i B
flg22 WAF, LIS flg22 myiEdE, [RIET, 35t T
JCIREEZK N 0.1% BSA JCR TR K PR AL BRSE S 52
IREE KW, 0.1% BSA BYJCE KN BESZIE Y 45
S5 B JO R TR KON BRI A R — 5, OB
25, WA A 45 AR i 1g22 153
R
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Preliminary study on flg22-induced defense responses in
sporophytes of Saccharina japonica (Phaeophyta)

WANG Sha-sha, WEI Xiao-jiao, LU Bo-jun, WANG Gao-ge"
(College of Marine Life Sciences, Ocean University of China, Qingdao 266003,China)

Abstract: Flg22 is an N terminal 22 amino acid peptide of flagellin. Flg22-induced defense responses were
investigated in sporophytes of Saccharina japonica in this study. Our results would enrich the theory of
plant molecular pathology. The results of Evans blue dye showed that cell death in the sporophytes of S.
japonica was not observed within 2 h after flg22 induction, whereas large amounts of cell death were
observed from 4 to 10 h. By using TdT-mediated dUTP-biotin nick and labeling (TUNEL), fragments with
3’-OH groups of nuclear DNA were observed. The number of 3°-OH increased gradually with the
induction time and spread from the induction sites. The concentration of H,O, increased rapidly in
flg22-induced sporophytes of S. japonica, with a peak of about 20 umol/L at 3 h by using Luminol-
dependent fluorescence detection method. Histological observation of radical oxygen species (ROS)
production, detected by using the fluorescent dye 2°,7°- dichlorofluorescein diacetate (DCFH-DA), showed
that green DCF fluorescence intensity increased gradually with the induction time, reaching the highest
level at 3 h, then decreased from 3 to 5 h. The histological observation showed a consistent result with that
of quantitative analysis of H,O,. The results indicate flg22 is an effective elicitor which could induce
defense responses in sporophytes of S. japonica.
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