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ABSTRACT. The effect of polyamines on the cabbage phospholipase D(PLD) activity was investigated. The PLD
activity was determined by pH-stat titration of phosphatidic acid, one of the enzymatic reaction product, using phos-
phatidyl choline small unilamellar vesicles as a substrate. The cabbage PLD was activated approximately 4 fold by sper-
mine at 1 mM concentration. This spermine effect appears to be similar to the previous report on the PLD activation of
rat brain mitochondrial fraction. It was also found that cationic polypetides such as polylysine and polyhistidine exerted
a marked enhancement effect on the cabbage PLD. Particularly polyhistidine exerted approximately 5.5 fold enhance-
ment effect at 0.062 mM concentration. The polyamine effect on the cabbage PLD was reexamined in the phos-
phatidylcholine/sodium dodecyl sulfate mixed micellar system. The relevance of polyamine effect on PLD activity is
discussed in relation to the active site of PLD.
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A& AH83513H . 1.2-di[1#“Clpalmitoyl-L-3- phosphatidyl-
choline lysophosphatidylcholing 1.2-di[1“C]palmitoic
acid(N-ENd|E)2HE] A3l A5 pH-stat7]7]
= Metrohm3JAF2] 718 titroprocsseg AH3-3ict.
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7 2 = o2 vepgo.
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24 NaOHE ZA 3o AaFslodet. PLD 712l PC
+= small unilamellar vesicles(SUVBEIZ o] ARE-
3lgdth. PC SUVE 2% PC 25 mg AAvkA~g 9bd
3] W= F 4 mLe] SFF ¥ probe type sonicator
2 4°CellH 1 A)7Fs<t sonication]A THESITE SUV
= 3JAEHR] F3F Aked PG= 40,000< g2 2027+ €44
23] A7l o]¥A ezl PC SUV 8 mM
< 1 mM MES(pH 7.0)5-83} 10 mM CaCls
E8= 4 mLe] 9kE- £l Wl 30CA ukE-
A, BA WS PLDE 9 702 AEtelel e
A= PA= A7kl ob2 NaOR| HA#e= A4
stdet. w7l 7§ 27] 30027k NaOH A4 =S
7122 PATES T3

v T894 FA)9 1.2-di[14C] palmitoyl-L-
3 phosphatidylcholing ©]-8-3t PLD #4342 PC/
SDS Egm| Al A Al A a3l PC/SDSERm]A
2 PC: SD$] ¥]E 2:1= 3]5327 chloroforn#l] <1
PCe} methanct] <] SDSE 37 24 7k~ 4=l
F MES 5848 Y31 sonicatiodte] 7HEg]c}. 3|
= kg £ 50pLell= 4 mM 22 PC, 0.1uCi 1.2-
di[1-*“C] palmitoyl-L-3-phosphatidychline, 2 mM SDS,

polylysine, polyhistidine, 1,4-Piperazinediethanesulfonic 1 ug 3 PLD2} 20 mM CaCy} 3=} vk
acid(PIPES), 2-{morpholino] ethane sulfonic acid(MES), -2 &4~ 37l24%E Azlslgien] 37°C 1527k vk

sodium dodecy! sulfate(SDS= Sigma3|AHU.S.A.)
ZHE 745k Sperming Fluka(Japanyll&-o]m,

octyl-sepharose CL-48 Pharmacia Biotech(Sweden)
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1B). 7|A%-%q] t)3}+ PLD A %2 PC SUV 0.2 mM
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e] hyperbolic curv& %12 (Fig. 1C), Lineweaver-
Burk Plotl] 2]3] ZA % Ve 0.13pumol/mire]™, K,
2 0.82 mwlgleh. PLDO] 22 271718715 7|
Fo2 NaOHFe = HE A3t PC/SDS mixed
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3)o]1® 1A 2 PC SUVE AMEsl 397} &9} 714
Ate]e] 2131 ZHo|A v f2IFkE o 4 Al Fg.
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1. Charaterization of cabbage PLD by pH-stat method.

SUV was used as a substrate and product PA was

determined by titration with NaOH at 30. A. Effect d
pH on the PLD activity; B. Effect of calcium on the PLD
activity; C. Effect of PC SUV concentration on the PLD
activity.
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Fig. 2. Effect of spermine on the cabbage PLD activity. A.
Traces of titration curve of PLD activity before and after
addition of spermine. Arrow indicates the addition tinfie o

spermine; B. Activational effect of spermine expressed by
enhanced fold. The initial slope of PLD activity obained

after spermine addition was compared to that of blank PLD
activity without spermine.

o] PLDE &A= A1831917] witel sperming
od3ko] BAAM = PC SUWLS] Abszhgel] ofst
Ao SR 4= ol

Cationic polypeptide ™ monoamine2| &%k, Spermine
I} Zro| o}17|E 7HA L ol G471 obn)eAke] 3t
A2l polylysine>- Fd~8-2ol|l A FAlstE =ar s+,
5= PLDeA S} 7] polylysing] PLD #A)3) &3}
£ PlF PLDAME ZE313H(Fig. 3A). 7]dgh of
2 polylysine(5 kDE- 3|5 PLDZE- 3.12 mg/mL(0.062
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Fig. 3. Effect of cationic polypeptides on the cabbage PLD
activity. Activational effect of polypeptides was expressed by
comparing the initial slope of PLD activity before and after
addition of the polypeptide. A. Polylysine (5 kD); B. Poly-
histidiene (5 kD).

mM) F=ollA of 2.6 SAAH. o ol A
polypeptide! polyhistidine(d kD¥ 73-%-= 0.312 mg/ml
(0.062 mM)ZAe|A] ¢ 5502 B3 G2 Ko
ZF9Jh(Fig. 3B). ZH7)2 =] EA1 polyhistiding]
Z37} polylysing] X} =k 200 A= o 314
Q] 72 B3It} o= polypeptid&-2- bovine pulmonary
artery endothelial cgll PLDY] FAAEZE H 37E]|o]
AT oful S PLD 2433} 3442 7 polypeptidel] =
23= monomeE 71X 1L 1 EA 3} A EE AR B
Sk}(Table 1). <hl5=2] PLDE= 1.0 mM lysinell 2]si
A 1.81, 5.0mM7$oll= 2.8 23t a3
HodFsiet. ¥ mlEZ=2]o} PLDY] 7% lysine> &
A3} g3} glgiet Bom e A1 7|2 2 polylysine
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Table 1. Effects of basic amino acid and monoamine on the 52
cabbage PLD activity A

Amino acid/monoamine Activation (fold)

Lysine 1.0mM 18
5.0 mM 2.8

Histidine 0.1 mM 1.8
0.5 mM 3.2

Histamine 0.1 mM 3.1
0.5 mM 4.2

Serotonine 1.0mM 2.8
5.0mM 4.2

3} lysineS vl wshe lysine?] 243} Ep7} oF 47}
% ol A8H< 22 vehdt. Histidineg®] 73-% 0.5
mMe! = 3.20¢] &4 3} F3HS HeFo] polyhistidine
729 lysingdet I v (100 ©]4) S 3 &3t
Q)22 HodF31 glr}. Histaming] 73-%-+= histidine X2
o} 37} o] 91912 = ohE monoamingl serotonine
= o= AHx FA3} FIE BT

PC-SDS mixed micellar syste®lAM 2| polyamine
gk Polyaming] cjufS=ol] w3t g4d3} &35 ua}
d 91942 FA¥ PGS AM3le] PC/SDSE3W]
AA A 7 E3I ). o] PC/SDSER|AAE AH
FAAIQ] SDSE EFFEIAL 37 vkl L A A ¢
PC SUVE Rt== 7B} Zhddsie), o) zbdAd ) Al
A o] AFAS- o]-8-5)) steady-state kinetiBse2] polylysine
2ol a3leit(Fig. 4). o] Alel|A] sperming}
polylysinee]£jel] ti4=3} o2le] ethylamine?} ethylenediamine
= ZAKeIAS kel S8 ZF polyaminé] edak> %=
7171 €71 258 T35l cH(Table 2). o] wWhgel &J3t
polyamings-2] PLD A3} &3+ ethylenediamine,
spermine, polylysing=AZ Z71=glon, 55 7|5
o 2uk v)wahy polylysine2 sperminelt}h 227}
o a4 o2 PLDE 4432134 Ethylaming] 7
¥ PLD wigt 43} 37} #= =] kol Table 2
ol #F351A] it

23| O|7IL|E D& Polyaming- polycationicE
A2 chfzlou} M Eq 9] anionic sited] A#17]
How AuAe-S slmes whde] -t AlEE
o] FAsle] W3kE = 4 vk Polyaming]
o338 Wk 9= §42X phospholipase & insulin
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Fig. 4. Effect of various amines on tkg: of cabbage PLD
determined by PC/SDS mixed micellar system atC37A.
Ethylenediamine; B. Spermine; C. Polylysine (5 kD).

Table 2. Effect of polyamines on thie, of cabbage PLD
determinaed by PC/SDS mixed micellar system

Dependence ¢, on polyaminek./ mM)

Etylenediamine 0.175
Spermine 2.32
Polylysine (5kD) 51.0

receptor kinases-o] W TE|gl 1 202 )2 ql M| Et
W3} FAke n| EZ=2]o} inner membrane permeability
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