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Suppression of Phospholipase D§ Enhances the Membrane
Damage Induced by UV-B Irradiation
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Abstract: The changes of molecular species in membrane lipids under UV-B irradiation in WS and PLDS-knockout
plants were profiled with ESI-MS/MS based lipidomics. The content of membrane lipids double bond index ( DBI)
and carbon number of the fatty acid were examined in both of them. The results showed that UV-B irradiation induced
the degradation of membrane lipids in which chloroplast membrane lipids such as MGDG and DGDG were the main
targets of membrane injury. In addition the degradation of membrane lipid in PLDS-def was more severe than that in
WS plants. The results suggested that suppression of PLD3 enhanced membrane damage induced by UV-B irradiation.
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Table 1  Relative changes of total lipid under UV-B PC. PE. PI
irradiation in WS and PLDS-def plants PC. PE 75%
Genotspes Relative changes of total lipids ( %) (Harwood — 1998) . 2h
Control 2h 4h 8 h PC. PE. PI 4 h
WS 100 54.4:21.5° 89.7+24.9 77.331.5
PLD3-def 100 60.4x37.8  43x18.4°  28.217.5" ) pC 47% . PE
£ (n=d 3 41% . PI 59% ( 2).
( P<0.05)
Values are means +S.D. (n=4 or5). “* ” indicates that the value PLD3 Uv-8 PC. PE,
PI 4 h

is different from that of control ( P<0.05)



302

33

0.3

0.1

0.2
0.1

Lipid/dry weight (nmol - mg™1)

WS PLD® -def
PA wm Control w2 h _
== 4 h == §h

JJ i hL L Lk
PS

i y ron m.ﬂ kil fiic hL
PI ht
PE - =

LW: ““.h u
) b i
PG ﬂ
MGDG B
DGDG B i} B N

- H [

NOTUErMNONTINECNNTNErMNATN-MNOTNG c-—NnaanvmmrNnv\ntnvwﬂvmwrmnvm—mnvoln

oranoro
SHUNSEINIE348885888

858

899999999933

CIOIOI T T T T D DD DO DD WD
MEEOEAMOOMOMAOOMNMmON 0NN

Lipid molecular species (total acyl chains: double bonds)

899888

$99933

1 o + (n=4 5)
Fig. 1  Changes of lipid molecular species under UV-B irradiation in WS and PLD§-def plants. Values are means+S. D. (n=4 or 5)
2
Table 2 Relative changes of lipid classes under UV-B irradiation in WS and PLD&-def plants
Relative changes of lipid classes ( %)
Lipid classes Genotypes
Control 2h 4h 8h
DGDG WS 100 46.9 + 20* 69.6 + 18.2° 79.6 £ 3.9
PLD3-def 100 51.3 +20.9* 50.4 £ 22.5° 29 £ 7.9¢
MGDG WS 100 54.3 £23.6% 90.6 + 26.6 75.6 £ 32.7
PLD3-def 100 60.1 +43.3 40.2 + 18.7¢ 25.7 +8.7¢
PG WS 100 67.8 = 14 99.5 + 19.8" 84 +39.8
PLD3-def 100 88.3 £26.2 62.6 + 13.2° 67.7 + 15.5*%
PC WS 100 55.1 £13.7° 92.7 + 19" 53.5 £19.9*
PLD3-def 100 59.8 £ 17.5 47.3 £ 18.1*% 38.8 +7.2¢
PE WS 100 43.3 £ 12.8 125.3 + 55.7" 58.9 £ 8.4
PLD3-def 100 57.2 £ 26.3 26.3 + 10.8% 24.6 £9.2°
- LE 100 38.7 £5.1° 94.1 £ 31.4 41 = 19*
PLD3-def 100 60.1 +28.2 27.2 £ 6* 25.1 £9.7%
s WS 100 57.9 £ 41.4 101.9 + 51 46 = 20.6
PLDS-def 100 102.6 +26.6 90.4 + 23 36.4 + 8.7
PA WS 100 38.6 £29.2 303.2 + 134.4° 18 £5
PLD3-def 100 40 + 33.7 22.3 + 13 18.9 + 11.2
+ (n=4 5).a (P<0.05) b 2h ( P<0.05)

Values are means £S.D. (n=4 or5) .

ferent from that of 2 h

a

@ _»

indicates that the value is different from that of control ( P<0.03j

“b” indicates that the value is dif—
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Table 3 Changes of double bond index ( DBI) in lipid classes under UV-B irradiation

Relative changes of lipid classes ( %)

Lipid classes Genotypes
pie el w Control 2h 4h 8h
DEDG WS 5.15 £ 0.07 5.10 £ 0.11 5.17 £ 0.05 5.02 £0.12
PLD3-def 5.22 +0.08 5.26 + 0.09 5.15 £ 0.13 5.12 £0.15
MEDG WS 5.90 = 0.01 5.89 + 0.01 5.89 = 0.01 5.87 £ 0.01"
Y PLD3-def 5.90 = 0.01 5.90 = 0.01 5.89 +0.02 5.88 + 0.00"
- wSs 3.15 £0.18 3.14 £0.11 3.19 £ 0.08 3.00 + 0.09
PLD3-def 3.28 +0.07 3.34 £0.10 3.13 £0.17 3.07 +0.21
pC WS 4.06 + 0.11 3.92 £0.10 3.84 +0.01" 4.05 +0.17
PLD3-def 4.07 £ 0.07 4.05 +0.15 3.98 £ 0.07 3.97 £ 0.09
- wSs 3.62 £0.27 3.60 £ 0.17 3.46 £ 0.05 3.73 £0.24
PLD3-def 3.58 +0.11 3.41 £0.17 3.55 £ 0.31 3.52 £ 0.23
- WS 2.95 + 0.05 2.79 +0.07" 2.72 +0.02° 2.90 + 0.07
PLD§-def 2.94 £ 0.05 2.87 +0.05 2.76 +0.07" 2.84 +0.03"
- WS 2.65 +0.11 2.61 £0.26 2.65 £ 0.09 2.62 £0.10
PLDS-def 2.73 £0.15 2.57 = 0.11 2.57 +0.25 2.56 + 0.11
A WS 3.63 £ 0.25 3.59 +0.53 3.58 +0.18 3.45 +0.88
PLD§-def 3.25 £0.32 3.52 £0.19 3.51 £0.13 3.27 £0.29
* (n=4 5)." ( P<0.05)

wE o

Values are means +S. D. (n=4 or5) . indicates that the value is different from that of control ( P<0.05)
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Table 4  Changes of average carbon number of fatty acids in lipid classes under UV-B irradiation in WS and PLD&-def plants

Relative changes of lipid classes ( %)

Lipid classes Genotypes
Control 2h 4 h 8h

DEDG WS 35.34 = 0.03 35.29 = 0.13 35.35 + 0.02 35.29 + 0.05
PLD3-def 35.33 = 0.06 35.37 + 0.04 35.32 +0.05 35.31 = 0.11

MEDG WS 34.19 = 0.04 34.22 +0.03 34.18 + 0.01 34.20 + 0.04
PLD3-def 34.16 = 0.02 34.18 + 0.06 34.21 +0.06 34.24 +0.03"

PG WS 33.89 = 0.05 33.91 = 0.02 33.92 +0.02 33.91 +0.02
PLD3-def 33.95 = 0.00 33.92 +0.02" 33.92 +0.02" 33.90 + 0.04"

PC WS 35.22 = 0.03 35.12 = 0.06" 35.20 = 0.06 35.27 = 0.07
PLD3-def 35.22 +0.06 35.26 + 0.09 35.20 + 0.08 35.23 +0.09
PE WS 35.11 £ 0.07 35.14 = 0.09 35.25 £ 0.07" 35.31 £ 0.06"
PLD3-def 35.16 = 0.04 35.08 + 0.03" 35.12 £ 0.07 35.16 + 0.06

- WS 34.27 = 0.03 34.14 £ 0.04" 34.19 £ 0.05" 34.27 +0.02
PLD3-def 34.26 + 0.06 34.24 +0.02 34.14 = 0.02° 34.24 +0.04

Ps wSs 40.80 + 0.78 39.97 + 1.17 39.74 + 0.15" 40.64 + 0.60
PLD3~def 40.92 + 0.73 39.48 +0.39" 39.29 + 0.08" 39.57 +0.78"

A WS 34.73 +0.28 34.77 + 0.42 34.93 +0.15 34.69 + 0.62
PLD3-def 34.44 £ 0.21 34.54 + 0.31 34.71 +0.21 34.48 +0.23
+ (n=4 5)." ( P<0.05)

Values are means =S.D. (n=4 or5). “*”

o 4 h

Uv-B

o PLD%
PLD3

PLD$§
( Zhang 2003)
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