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DA-6 Xkttt /I 4F 2= S BRURER ST R

(R E RN K2 A2 S AR E R M R, dbat 100193)

B OE: LLCFILKEN e, TR I DA-6 (TR Ik 2 RIRINE N, N-diethylaminoethyl
hexanote) M4t 3 (Chlorophyll, Chl.) 5 e R v i A4 1) 75 f5k LA K A5 O S s I 1 s, 0t
DA-6 $2 Bk i ChL & (K n] e 8 . 45 R A KT 20 mg - L'DA-6 R348 5 T ChLI¥¢
5, Chlb & &ML EIN B2, BAUT ChLIMHI PSR 5 - Z AR (5-aminolevulinic acid, ALA) 7
i, BT )Rsk e EE FE R (porphobilinogen, PBG). JRAMBJRII (uroporphyrinoge III, Urogen
D &6, £V DA-6 4bBAEYE T ALA [5) PBG ¥ 461 PBG If] Urogen IIIH AL, LA EPEERIN CHERG
5~ FIEHA IR LK (5-aminolevulinate dehydratase, ALAD) FlJRIMB R4 Curoporporphyrinogn 111
synthase, UROS) FINGTEAEALBE 5 25 fe . MW DA-6 f2ilid $¢ = ALA [ PBG F1 PBG [f) Urogen
AR, et ChLIA &, f# ChlL & &R .

KEiF: Bk DA-6; MHERE: ARG ATAYII: OCHERG: B TE

hESES: S662.1 XEAFRIRED: A XEHS: 0513-353X (2012) 04-0621-08

Effects of DA-6 on Chlorophyll Biosythesis Pathway in Peach Leaves

YANG Qing, MAIMAITI Aishajiang, WANG Zhi-xia, and LIU Guo—jie*

(Department of Pomology, College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193,
China)

Abstract: Taken ‘Xiangshan Honey’ peach as the material, the change of chlorophyll precursor
contents and activity of the key enzymes in chlorophyll biosynthesis pathway after DA-6
(N-diethylaminoethyl hexanote) application were investigated the underlying mechanism of DA-6
induced leaf chlorophyll content increase. Compared with the control, 20 mg - L™ foliar DA-6 spray
significantly increased the contents of chlorophylls, especially that of chlorophyll b, and chlorophyll
intermediate products porphobilinogen (PBG) and uroporphyrinoge (Urogen III), whereas decreased the
amount of chlorophyll precursor 5-aminolevulinic acid (ALA) . The results suggested the transformation
from ALA to PBG and PBG to Urogen IIl was up-regulated. The key enzymes catalyzing the two
reactions are 5-aminolevulinate dehydratase (ALAD) and uroporporphyrinogn III synthase (UROS),
their enhanced activity after DA-6 foliar spraying was assayed. Our study demonstrated that foliar spray
DA-6 increased the conversion efficiency of ALA to PBG and PBG to Urogen III, up-regulated the
chlorophyll biosynthesis pathway and resulted in higher chlorophyll content in peach leaves.
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DA-6 ( k% 3k ABEIRIRNE N, N-diethylaminoethyl hexanote) & —Fj4fl Jiid 7334 2 I W) A= K1
W, WEGTR e AT DU s A R AR R (Chl) AR, B AR KRR s AR, I
K hRe . $EmEMR = ERNE (REPE, 19955 sk T RAIZEL 20015 Wi & %%, 2007;
HLsFH AE, 2008a).

DA-6 /N N LA MBI A KW N T Z, A (1996). #HMIESE (2008) i1 E HEYH
S (1999) 43 IR 2T RO 2 i it AR BE DA-6, #RE R 48 M4k (Chl) &,
EUNAE (20000 BFST R BT & B DA-6 (2 ~ 10 mg - kg™ AT G IE RIS ARAA N ChL & &, B0
SEHIAE (2008b) FITEE K4 (2007) ] 20 mg - L™ DA-6 AbF B AN Fr, HmT DL 25 g vy
Jff) Chla F1 Chlb &4,

BERAE6, FAKEKR, mEa, GGG R E R M. AL S22 FEMAK
L, DA-6 RHEHEHER A1, Sk b ChL & B B A W BER . AT DA-6 XF Bk
ChL & BHIHLIT, AR th DA% 5 R B 20 mg - L DA-6 ALBEREI P, BFFT AT Chl & it
T b B AR I3 M SR Bl 5 R R 550 o AR SR ChL & WL ORI T IO 80 2, IRIREIA 45 1, fent
SRAMM 16 NPT, ALA (5 - ZIEN X, S-aminolevulinic acid) 1] PBG (JH{AZ R,
porphobilinogen) 1441k, Urogen I Al Mg 2 4 A J& XD ] (David, 2007; DR TT %5,
2008; AE AF, 2008; ML AE, 2009 FoPOR 4E, 2009). {H DA-6 XA ChL& G HIHL
B LRI o

AR R ARE AR Chl & ot 2 BRI a5 o ZE i, 10— 245 DA-6 % Chl. & i £e 4
BB TAEM, M ChLA B a4 R DG BB PE ARk ) 18 DA-6 % Chl& B8 15 HL,
WA kB WE ST B4 5 FL

QY i SRS DARF

11 #RIE4E

TR A AT B DTN B SR

WA A 8 AR BBE R FE A l/KE MR (Prunus persica L. “Xiangshan Honey’ ), fifik &
Bk (P. presica var. Batsch)o #RATEE 4 m x Sm, IE5 H A H,

KHBENLX 8, Bkk/NX, 3 EE. T 2009 fEHEBPRk A KHE—E00 6 ¥R, BEFLIE 3
PRAE G AbEE, 5 3 BRI . FY54E)5 20d (5 H 10 H), MfimEii 20 mg - L' DA-6 (HLIKRE K
S % 28 2 AR I R A B IE BB, R ORI A5 S K . R R AR BN 30 ~ 35 cm
(B RE, S AT bR, TSI 0~24 d & 3 d BUFE 1 IR, EAEIRRCR 10~ 15 A
M, FEMBONVK SR Rl S g %, AR B S ORAFAE VKA S FH 000 5 AH 5G4 Joi 2 e R M I A
K54 o

12 MEZEEBERYI R R XEERNE

&L Chl., Chla, ChLb [llERHZ=H4E5 (2000) /5%,
ALA SEIESM Dei (1985) 5k HBREMEFLL N 4%M =E LREEH 0.5 ¢ M A
ALA, 5 mL #2045 2.35 mL NaAc (1 mol - L), 0.15 mL ZEA A 2.5 mL BERRERZE vyl (1
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mol - L, pH4.6) &5, TN 10 min, AHE 55, JH Ehrlich-Hg 37 W (4, Kl
WK 553 nm 4L OD i

Ehrlich-Hg i{7: 1 gP - ~HEIEIEF BT 30 mL KESER T, I 8 mL 70%1) & &R (s
AR AR BN, THUKEERRARES] 50 mL, ) INA 0.2 g HgClyo LIERAE TR IS, 4h
TG, W LAZE 4 C ORI KB ERAT

PBG 7 &l 2 Bogorad (1962) [1777%: HL 0.5 g i FHAWIES 5, I 5 mL $&H gt
W (0.6 mol - L Tris, 0.1 mol-L"EDTA, F#:MiH% pH 8.2) UM )i PBG, 10*x g .0 10 min,
HY 2 mL B350 2 mL Ehrlich-Hg 3457, SBIEH 26 15 min, WK 553 nm & 1) OD fH.

Urogen 1% fE 5 2 [ Bogorad (1962) #7592 B 0.5 g M /728 0.067 mol - L BERRZE+ (pH
6.8) $2HL, B S5 mL FEHUB NI 0.25 mL NayS,05 W (1%), #8620 min f5, 1 mol - L 3K
MEIR U pH %2 3.5, SWAAHL 3 Ik, & IF/KAHIFM 405.5 nm ALK OD {H.

ALAD B35 £ 5 2 4 Mauzerall 11 Granick (1986) f{177%:: B 0.5 g M, N 2 mL I$2HL
22 (pH 8.5, 0.05 mol - L™ Tris-HCI, % 8 mmol - L™ ff] MgCl,, 5 mmol - L' %24/ 5)3%,
10° x g B0 10 min. HUH {42 J5U I 2 BHRBUK 0.2 mL 7E 37 ‘Ci%tk 10 min, HIIA 15 pg () ALA, X
[ ZARFR 0.5 mL, 37 °C N 20 min J5HIA 0.5 mL 500 g - L™ /) TCA F1 10 g - L ) HgCl, IR & ¢
1B . 10° x g B0 10 min, FEUUHE, LW 0.5 mL ¥ Ehrlichs %71, MK 553 nm &b OD
i, 1/~ ALAD MBI A7 A Bl 44 N BNl =4 1 pmol 1) PBG.

UROS i 0 5 2 IS 2 838G (2000) [19777%: B 0.5 ¢ it A, I 2 mL $&HX 22 i (pH
8.2, 0.05mol - L™ Tris-HCI, %5 8 mmol - L™ ) MgCl,, 5 mmol - L™ $iJ3E Z85) 513, 10° x g .0 10
min, FEYLHE, F3EMA 0.1 mL ff) 4 mmol - L' JHEZEJE, RV N 1 mL. 37 ‘CRV 5 min Ji5
B 0.03 mL AT HON 5%0) L%, 37 “C R AR S min, I 0.05 mL B B il 5T i 20 308 1%
1) NaxS,03 %, ARJE N 0.1 mL B =5 LFRE W, 8 000 x g .0 10 min, FYLUE, BTN
553 nm 4bf) OD fH, 37 ‘CJJW 5 min J5 I 0.03 mL AT H0N 5% I, ARG INRITEEA,
Fota, BrilfE4 UROS JRA)FE LA A B2, 1 A UROS B AR IR 4 A BRI A=
A% 1 nmol ) UROS.

2 HiR 50

2.1 DA-6 &:IBEXMF Chl.E S/ M

HIE 1 ATA0, 7EAREESS 0 ~24 d, ACEES XA i ChL & & S ARES S BT #ads, AhERZ
FHEE T ChLE =, 156+ 12, 15, 18 d WX RUAN B 227 . 55 Chl R AHF, 435 Chla
K Chlb &AW BRI e, BeE 6. 120 15, 18 d N SxRIL B %%, 5 Chla #HEL, Chlb
(3 IR B BE K, AnAEAL PRS2 18 K, Chla #2511 7%, 1 ChLb W T 37%.

2.2 DA-6 &:E¥ ALA. PBG #0 Urogen II& = R ME

TR0 I (0] A B 00 T - ALA Rl PBG (AR L& A3, HA41 ALA & =B E 4K, PBG
Faitm (B 2). 4G 6~20d ALA FITF LT D T 26%, PBG “FRIBEINT 20%. ALA |7
PBG AL e ChL A& MRS ] —, AF S PBG SN, ALA F&Eukd, RMRHET
ALA [i] PBG KA.

ChLAEY)E i B rh PBG 71 UROS FIMEH] T 2R G F M B R I¥ Urogen TIT (24, 2009).
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M 2 ATLAE Y, DA-6 ALPEAEUSHE T Urogen L& &, fEACPLS KA 15 R EEXHRIE S T 32%,
LA IS A4 5 12%
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Fig. 1 Effects of DA-6 treatment on total Chl., Chl.a and Chl.b content in peach leaves
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Fig. 2 Effects of DA-6 treatment on ALA, PBG and uroporphyrinogen III content in peach leaves
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2.3 DA-6 A BN B ALAD FA UROS SE 4B &2

AbFR ) ALAD 5 AR A AR A — BOH e &, (I 28 m (B 3), 75 6~18d BRI E
HIAF G E 2. AR 18 d EistEf AT F . DA-6 {E#t T ALA 1) PBG %44k (K 2) ALAD
NoEAEAL ALA TE R PBG [ G HERY, ‘& 5 PBG A2k a3 2 — 21 . DA-6 Kb £ 5 B W3 = 7 1+ UROS
(V3G Pk AL R 3AFIT B, UROS i fbF2 F L IH (4 2 5 1 Urogen 111, #F 18 d ik Fmide, X
55 Urogen 7L 18 d ik 2 5 K& —2 .

ALAD 515 ALA F1 PBG 7 518 BB D A 0C (FEXTIRZLD ALA 5 ALAD MAHRRECY r=
0.982"", KbFEZ r=0.928"", 7ixf 4t PBG 5 ALAD A5 2% r=0.938", A4 r=0.965").
UROS i1t 5 PBG & &M Urogen I EABIE I W EMC (EXTHAH PBG 5 UROS [AIE &
Bl r=0.884", KB4 r=0.960", 7EXIHEZL T Urogen 1115 UROS MIAHZE R % r=0.980"", kboi
4l r=0943"),

1.0 1 —e— XJHE Control

—&— DA-6

0.8

ALAD / (umol - mg™ - h")

5-aminolevulinate dehydratase

UROS / ( umol - mg* - h')
Uroporphyrinogen Il synthase

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24

AbEEREL / d AbEEREL / d
Days after treatment Days after treatment

3 DA-6 b3 ALAD #1 UROS SE1E AR

Fig. 3 Effects of DA-6 treatments on 5-aminolevulinate dehydratase and uroporphyrinogen III synthase in peach leaves

3 e

MR R AED G e N L - 23200 - t(RNA—> B 2R~ B R AR INE—~5 - 2 S0 R —~ IH
e — 0 F (0 2% J — J SRR 5 T — 280 MR S LT — 52 bk 5 TX — Ji SR IX — 5% J5 SRR TX — B Ji
WBKIXC P I — 156 0 i - 2 32 R IR — D i 28 PR I — W4 2R INE —~ Chla—Chlb, 3L 16 20 (B2t L 4%,
2009; Wil %%, 2010; Xingetal., 2010), 120 ZAIEKGRILK) 16 FEE5EE (Smith & Griffiths,
1993; Beale, 1999; HHHE 5%, 2007). Z5HY) Chl& I 16 BHUTT— KA1k, #A AT
REIE 8 ChL & 2 A4k o AR T4 (2009 BIFFTE B G o HR -9 A i &5 38 5 A Urogen T
F ProtolV &/l A3ZFH . ALA (4 S FALAT Mg 2574 N JE IR DR 28 256 1) 2 A 32 2N
(Simon et al., 2003; David, 2007; T P& 5%, 2009), EIRMW ChLI& . M5 (2006)
TR S BEIT SRR ChL k> )& T ALA 5 PBG 2 M4 Rl 52 . ARI A 70 A 3 ALA
B A FEAL R ChL A B 8 R K. BT LA DA-6 2Bk A Chl & B2l ik (2 30E 2 R 744
TR G s DA K B v A IO BRE i R MR S B o ARG 1 B ] DA-6 JbFEBkI S, i v ChLL()
PEE M TEEE T ALA 7 PBG (#A4LF1 PBG ] Urogen IIRHEA, FEEGIE T (EREX P A S Wi 9%
B ALAD Fl UROS 3G PE W& 4w, XIS DA-6 14 40 i 7> 24 = - i Re g ML RT3 &
Pt DR ) 2 T8 S i i AT O, S G IS 75 B 78 43 (AR B HEA T 36
DA-6 4 PJ5 Chlb HEMfEmICA R E, X5 8 #M% (20000 H DA-6 ALFEFEAA M A%
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R THFIM LR, vTREEK DA-6 AbFG, —Hi4r¥ Chla o5 i ML 85 A T8 e oIS
NI Chla, AZIYIFIEFIRM Chla /£ CAO WIEH T &id P s Vi 244 Chlb, FA45
(2011) WFFERBIERN v Chlb A fRZEDIRE, BRI N Chlb Lt Chla B 5 T 75 I
FL AT A VEH, BB (2003) WFFT R BUEIR B DA-6 et KR4 i vk, TR 4% (2009)
134518, DA-6 W LR SR ATE T 5 R K R R A G2 . Pl ChLb & Eig i B2
Al e DA-6 BeT& mAHD IPTi A K
AP L5182 20 mg - L'DA-6 AbBEBER )5 ChLI &4 T W R, Hh
Chl.b [R50 R i 2 DA-6 i $2 7 ALA [7] PBG A1l PBG [fi] Urogen IR ALK, BRI CHERF ALAD
FIUROS 5 PE € iR A2 12 ChL I & o
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