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1.1 PAACHHRA&SXE

VrEM A8~ 10 F(V/W)EH 50 mmol/L
HCI(& 5 mmol/L B~ FiEZ B¥,0.2% Triton X - 100)
SR BREFK. SHHERA NaOH B pH E 5
~6/5, MA—EBNBEFEGER(CM-C)BE
Mt B, BT PAAC B CM - C 24 20 A4 B
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F2dBK 1K, WHRPESBEMBZFRE. ZEA
IhEHEXEEARTER BEB/®& K. 25C/
15C, BB E X1 200 pmol/(m?+s),12 h B X
AR, B EE 0% Eh . Xt AR L& %
H—&, 59Kz B3 BA(CK), PAAC 200 pg/ml
¥ B b 78 (P200) , PAAC 50 pg/ml ¥ BE AL 38 (P50) , 7E
BEHEABGZBRPMAT #EMLEEERMH,
BEXRS, A R R BT T AERE,
50 pg/ml(B50)F 25 pg/ml(B25), FiALERAE
BHEREN T E. NGB REEZ R EIERS
25 d BHEMAE, 3481 K, E®ES5 K, AR
FENSHE, RIESFM FHREMRE, BF 254
BEMERKPHKEITE L, FHEM LG HTE
AKTEME EZERTERMERT, SHEIEN
ERAIANRINMULHES.,
1.3 BEREFRRFE
1.3.1 sthAtSRESMEL RABTHEMN
K, MEHYALAKNSE(FV)  TE(DW). A
BE(SFW)E, ATRITEU LU EEER:
HAM X & KB RWC = (FW - DW)/(SFW -
DW) x 100%
1.3.2 Zaff it R DNPH HEENE
HABEHRFHEESENEMN, ANTHRBHETE
AEREARGEES, FRO0.1g4EHAMO.5
mL 42 B (50 mmol/L PBS,pH7.5,1 mM EDTA, 50
mM NaCl), 5B BB, 13 000 r/min B 4 10 min,
BEFMA 10 MHREER, FXRAKREN
1% , %8 15 min, 11 000 r/min, B {> 10 min, k&
FHlE. B L& 200 i B0 A 200 (1 DNPH(2,4 -
TREEEM) (10 M, BT 2 mol/L #:88), M EFE R
HAY 2 mol/L £ ERAE Hy 3¢ R, IR KB 60 min, EF
R —E#X, 8 10~ 15 min W 1 K. MA
200 pl B9 20% TCA, YK & 47 %F 15 min, 10 000 r/min
B.LSmin UFIEESR, FEEHE, JIRHM 300
ZE:ZBMZEE(V:V=1:1) %% 2 K, 8K 10 min,
BES, KB 3 min, F 10 000 r/min B.L> 3 min KL
EERERMA DNPH, SR HBE 1K, M1 mL 6
mol/L 1B, 37CAK BB 2 h, EHR AW RE
3000 g B> 10 min, £ 3 B WE OD370, HEHAR
4 22 000 mol/(Leem) (BF, 1 mol/L B3R E7E 370 nm
ALFE 1 em B Ho 5 LA B9 R D618 022 000) (8, Bk B A
BT EF S B Abraham, IR EHSENZE
FRAEDHEE G-250 %, UFnNEEANS ],
1.3.3 A445% XEHEE(P),KILEE(G),
JfalE] CO, BE(Ci) , M A%E LI~ COR AF AN

Li - 6400 St & (R E o
1.3.4 &A%k 5 % FIAEE WALZ ARAE
FEH) PAM - 2100 & XA H LN W E. MED
BRI (Fo) FEEN B KK (Fm), Y& R B /3%
F(F), BB RE(Fn'), BB R 2K
¥ (F) THERH . BXETF=H(Fo/Fmn),
PSIERELFEE T8 (Yild), KL ¥ EKX
(gP), EXHEER(gN), A B FHEEER
(ETR)
1.4 BIELBRSWK

FRA B4 4 8 R 53 7 SR A Excel 1 SPSS10.0,
FH Origin 7.5 fEE

2 BRS04
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¥ m
FEMHEYHEEREARESIEHA4EAKK, 2

HEMRBEHEL. HFFKBR(RWCOREE

BYRAAKSRENFEASES, B 1 TUEF

H EETERNAMER, FHA RO EXRGET

RWC B %8 F M, K58 958(Z) BB E 22(Y) 8

TR THX B RWC, [F 3 & &3 8 (CK)

A EKBETEME 2dFHEBMT PAACH

4bFE (P200. PSO) A1 # 3% 58 ) &b 22 (G50.G25) L A
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30k 40
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f13(-OH) B E M E F(0*7 )M H,0, &, T3]

— YRS TFREL, AR E R, AR

WHNFES , BEHTR § & E M 8RR

TEHF. EAZIEALRGH, 4 Lys, His,

Arg,Po UHEERN R E T EH A EREE,

MEARAERUENEALTIREE~DHR

B, BEARMBRELSS EHATHFNEREYSE

VEGEHEAERE BEREESEREOR AL

Gy URIER), WE 2 TUE N BEF T £ 6t E

WERK AR EXEARPHEESENZESH LT,

HHETERBEZNME, AARENELHEEZ,

NEARSTFTHELBEARS LA, BRTUE

HOPAAC HIFH XML Y B ERESEVERT

e 3t B, £ 2= PAAC 4 2 (P200, P50), i BA

PAAC AT B R BIZEME XA MM EA S FE B

BERRPER, MR TR RENRES,
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Fig.1 Effects of leaf application of PAAC or betaine on the leaf relative water content of maize seedling before and after drought stress
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Fig.2 Effects of leaf application PAAC or betaine on the levels of protein oxidation injury of maize seedlings before and after drought stress

2.3 PAAMCHTFERBDETEXRDEHRAEGERYN
4.0
KEERREYEREEMNRBLRE, 32K
BR800, AT FEEYREHENE
E4EER. WE3(A,B) ETTUE L, HEH TR
EREHME FHEXSALEEZYEALAE
TP AL 2.3 Xt BAN KRS FEE TR
B B X FFRA PAAC 4L 2 (P200,P50), TIZET
BldN  2EMET, MBEALEFAGERASY
HEMNER FRHEREA -, B3(C,D)EH
ETERRAMEXRNIIL G ERTHFERK,

H A X (CK) 5 PAAC 4 EAI40H (P200, P50) EX,
ASEFEXHEZR, EH T28 PAAC ST
SERAVHEMNYE, B3ENER BETER
BERME,RE Cco, RELATRE LT, 4 TEHE
BAELX BTERERERM,Z PAAC LB H4)
WO, %RELABREHENTXE, BAEKE 14
B HBRALAABRER  XSSLFENEA
Mo TRYE%ESIBKILAA . XRHEYETEME
Bt PRIR R ok W — BT HF R, HRILXALM
IR CO, ALK, RE CO, R, FBHAEER
M ILRS .
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Fig.3 Effects of leaf application PAAC on the leaf net photosynthetic rate (A, B), the stomatal conductance
(C, D) and the intercellular CO, concentration (E, F) of maize seedlings before and after drought stress

ETR 140, I82ETREWET . HEHHN
ST FE(Gs)H T M (E 3C.\D), 41 EIBR CO, W
(C)HREE(E 3E.F) B FBOLAHEN T H(E
3AB) AR~ XA R ENREETERSK
LRHSEE  BEERENNE, i FEEAE
3EVF), WA ERMALETRE, AHSKLRHNAETER
FHRAANEERR, ESKABRHFEEEREM,
FEREET PAACTRETEERATHYASLE S
HESAER.

2.4 PAACHTEMETEXRGEHRHFRELN
BHHYM

Fo/Fm # PST B REHEE, RBT PSII
RRALHREMEEEANER, BEEYEERE
AGETHE—BREO.8 UL, YHYZIFEHHE
B, EZANFHAHAX—-SBEAHE, ERER
Fe IR B A B R AR, B 4(A,B)ER
BR.BEETEEBENME, MRAHEXR Fo/Fm E
HMEHBE TR, HFKHLISSETE1dR Fo/Fm
HERMES TREXSHAFRRHAEHRA
X, REMARTIEMEEYH LA EE, RN

PEH, TR 114G PAAC B E MK IILER
ZEBKBEE/NTX B, Yield £ PST AR K%
BFFE REPSIKNPLERSRAFRLTH
LhREPEMENE, RET A RAESREEN
MAEXBRTHENE. EXREERETE B,
B 4(C,D)HFAA G Yield T LAERARE
BI%GT ,PAAC b B4 3L PSTT Ehr R L REH
KBRENEREEEAR DT RA., UERAS
FAFER S PAACET AT 652 PSIT Kk
FEMAREE, X 5P PAAC 5B &N RE&/ER
WEBERHEYAM, EWTHERMCAEEA
FHEREXBERE EZEVEEEMEHT PSI
HEkE 5,
KAEBRKEERRFERBERE(Fn) THRAZ
MR REYEAXEETFREASHN—-IEE
FHE, B8 RAEREK(qP) BN ER K (gN)
Bk, P BRPSIXREBERBOCREA TXIE
BFEENOH, ERREN A EEXAREM
PSO R L TFFR"RE, LEEREXXE—
EBREERBT PSI R AL HFREENM,
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Fig.4 Effects of leaf application PAAC on the maximal photochemical efficiency of PS [[ ( Fv/Fm) (A, B) and the yield
of quantum efficiency (C, D) of maize seedlings before and after drought stress

Jefb R BT PSR -F 4Kk QA A
FRE, Eh QA" EHALE RS, HUERKE
B AR, QQEFEAMERL QA-HEAK, B
PSIMHBFHAEEBEEAKR. oV NI RB PSTXER
ERWHIERER A TYe b %8 T 3w A AT
REPHOTS EAMFERERNRER BT
HEIHNBEAE ZRAENASEANY
miel, R FERRE—FERBFNH, HE
NHE—E/RPEM, ETR ERH FHHEMNEES
FrEEE, EASABTUES , ETEMAT
R R oP fHIFEMR, PAAC AL B 40 B FEVE B/ F
MEA. et ETR HE 5(E,F) ML, F i PAAC
STFEMET PSIMM G B FEEEEREY
ZEER. ULLEREVETREWMAT PAAC BT
FRHGED PSIT B ABEME N P LOMTFRE
Bl BRI H, B RRE X A B TSR RN
B, X5 PAAC M A A EBHERSE R~ IE
BT PAACETEMETHYZREYHESILR
HHEE. M NERBAS(C,D)ER,METERE
HmE ARERGIEXLEERT LA, B
PAAC Sb B fuxt ME AR A AR M. BANIHE
BT PAACK HEIRRBAERES . TEME
THEERBIWH, AR T, YT REKN
TEMREER ST LS RO RERNRE, R

B R R R AR R —,
FANX RS REYSEEGENEERL 2 —,
PAACHI X R fE I MR TH ML R =Y (A &
®),EMTERBNEGE, AN ERRBBT A
MRS ZMERAMGF. BE N WELERE
AT ARIMBFERES

3 3 #

ALRHE NP EROTEEEREMYE
ABHRESREPBUERA, B, EFTEEHE 2,
3R, A8 B(ABHBBIRE 2 SHEH
BH)ERTREORM KR, TEESEAR
BEMEHRFT AEHRAEZAHVBNES, T
SR TRENEPNERRBEMAESRRER
2, FUSHANTESERERES AL R,

MBEBAEN S WX R, BTN E KL
BAEARNRES &, RY PAAC SR A HL
BFEME TR EANSEEL NTZREASR
KBRGRE. RIEASHEBEMN. HABREH
PAAC B B B B 21, i F PAAC AR A
HEMEERREN, FUTEAELEENBET
FEEARGNEE. TEARE—LEEMNEY
AT EMEN KO ERERYRERSBES,
HRANBESEENRBYE B EYREORE.
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Fig.5 Effects of leaf application PAAC on photochemical quenching co-efficient (A, B), non-photochemical quenching co-efficient (C, D)
and relative electron transport rate (E, F) of photo-system II of maize seedlings before and after drought stress

FTLA PAAC BB BB ML B M AT, T AR
PEAFRRRBEYKRSFHEHMIIEBRME L
S o

EiExt T8 BES A EBRHY B A S et
BEXABENUE, ENEDPEFRERNTY
PAACEHYZBPEMEE TEaT, BB A S
ZRHEYH H A BRI, BH L MH R %
BEABEE SIS EENE, —FBELARES
BFHRERER, SHIAXT PAAC 5Bk &IK
MIERER -, #—HEHT PAAC X FrH &4k
BEGRPER, EXSALFEMME CO, KENE
16, %3 PAAC X HERTHIMSILEENERARY
B #REXAERTEAN—RIINKAESE,E
B PAAC E TEMARENMNEAEANRPEE
REMMER PSIEAEFEHIAELTFERES
ESARMBRF RN RLH., BE RS Y7 PAAC
Xt B fk o SRR 1 FA B P IESE PAAC BB @0t
SEAEE, ANIER PAACEY A HZAREE
BH. BINERNAFE R, EHEYBK, XS

fEREEgMH, W FRESLEERSBIRE
BAMNTEE A ERERMR XEHKERE
EAMmMEHEATENLEY, BREYERE
BREAEBRAETUEREER, BXFSHEY
REETLGEDS B SRBFERBAERERALE
HRANYR FEABERRE T EERERNYG
F. MPAACERZETERENHAT, UXFL
H—ERELRPTHONERSRLERBHT
NEERNTE, ATETER/NT G TR
BENILE NELH#— PR T ERETEHT
fto SRIAXT PAAC EBEHEWR AENER
WG E#—SBBTXTTEMMAT PAAC 8
BHERNEXGEH FESRCRGRE, ¥R
M RS L.
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Effects of PAAC specifically contained in dune reed on maize seedling leaf
photosynthesis and protein oxidation injury under drought stress

LIU Zhen-bin, YI Wan-wei, PU Tong-liang"
( College of Life Sci , Lanzhou University, Lanzhou, Gansu 730000, China)

Abstract: This paper studied the effects of the special polyamine aromatic compound(PAAC) on relative water con-
tent, main photosynthetic parameters, chlorophyll fluorescence parameters and protein oxidation injury of two different
genotypes maize in seedling stage under well-watered and drought stress, via sand culture experiment. During the culture
stage, maize leaves were sprayed with PAAC solution. Ascertain the function of these physiology indexes on evaluating
drought-resistance of crop at seedling stage. Comparison was also made with the betaine treatment to study the effects of
the inclusion on protein oxidation injury. The results show that spraying PAAC solution on leaves can significantly reduce
the increasing of carbonyl content of plant leaves protein under drought stress. It suggest that the inclution can be effec-
tively reduced the level of protein oxidation indury in plants under drought stress, and simultaneous measure the leaf
RWC, found that the relative water content of PAAC ~ treated seedings are higher than others, which shows PAAC re-
duce water loss. When the plants are under moderate drought stress, the PAAC significantly slows down the photosynthet-
ic efficiency reduction. Furthermore, the values of Fo/ Fm, gP and ETR are also significantly higher than the control in
the same period. It suggests that the PAAC can protect PS [ photochemical activity, maintain physiological function of
plants and enhance the drought-resistant capacity of crops.

Keywords: drought stress; PAAC; chlorophyll fluorescence; photosynthesis; stomatal conductance; protein oxida-

tion injury



