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ABSTRACT. The effect of polyamines on the cabbage phospholipase D(PLD) activity was investigated. Th

activity was determined by pH-stat titration of phosphatidic acid, one of the enzymatic reaction product, usin

phatidyl choline small unilamellar vesicles as a substrate. The cabbage PLD was activated approximately 4 fold

mine at 1 mM concentration. This spermine effect appears to be similar to the previous report on the PLD activ

rat brain mitochondrial fraction. It was also found that cationic polypetides such as polylysine and polyhistidine 

a marked enhancement effect on the cabbage PLD. Particularly polyhistidine exerted approximately 5.5 fold e

ment effect at 0.062 mM concentration. The polyamine effect on the cabbage PLD was reexamined in th

phatidylcholine/sodium dodecyl sulfate mixed micellar system. The relevance of polyamine effect on PLD act

discussed in relation to the active site of PLD.
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¦Q ��}#Á� xT6Â=. ,/+ !�8^ Ãp
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� �

�� � ��. lÖ phosphatidylcholine(PC), spermine,

polylysine, polyhistidine, 1,4-Piperazinediethanesulfonic

acid(PIPES), 2-[morpholino] ethane sulfonic acid(MES),

sodium dodecyl sulfate(SDS) Gp Sigma ×q(U.S.A.)

&gØ NÙ6Â=. Sperminep Fluka(Japan) �Ú
m,

octyl-sepharose CL-4Bp Pharmacia Biotech(Sweden)

«� q�6Â=. 1.2-di[1-14C]palmitoyl-L-3- phosphatidyl-

cholinep lysophosphatidylcholine� 1.2-di[1-14C]palmitoic

acid(N-EN�Ú)&gØ s�6Â=. LÐ pH-stat aa

% Metrohm ×q� 718 titroprocssor̄  q�Û=.

	
� �
���� D��. ��� PLD% LeeA

Choi ��� Ü� ¦�6Â=. PLD� 	[Ý �H%

qx
 ��� �� |Þ �� ß	� àp á�¯ 55oC

& â��Z - ã äå� �Ð 	[Ý� æ9 çè*

& à�=. �Ð �c� 
 	[Ý �H¯ octylsepharose

CL-4B column� é�#ê ë 400�� YQ& ¦�6

Â=. 
 � � ìíp 30 mL PIPES (pH 6.2) îï�

ð*& ñÈ#ò*m PLD% Ca2+� óQ¯  }#$

ô� �õ#ò=. SDS/PAGE ~�� ¦�� PLD% �

ö ÷ Xø ù& +úû=.

PLD ����.  pH-stat ��p PLD� �" ü^\

��Ø �s� choline
 � !"89 i�� PA� ½

�� NaOH& �¦6. ¦ý6Â=. PLD a_] PC

% small unilamellar vesicles(SUV) Èþ& à9 q�

6Â=. PC SUV% lÖ PC 25 mg� _���& îK

� äÿ - 4 mL� �� ¯ æT probe type sonicator

& 4 oC�� 1 #�Ð� sonication#ê �2�=. SUV

¯ È�6^ ÊZ �. PC% 40,000�g& 20!� ¨¢

!�6. ��6Â=. 
�7 à9� PC SUV 8 mM

� 1 mM MES(pH 7.0) îï�ð� 10 mM CaCl2̄

��6% 4 mL� �� 	s1� æ9 30oC�� ��

#ò=. �� ��p PLD̄  æ% «*& #
6Â*m

i�8% PA% #�� ÜÏ NaOH� �¦ý*& �¦

6Â=. W�� �¤ �a 300��� NaOH �¦ý�

a
*& PAóQ¯ �¦6Â=.

�q� Ð5¨�& ­^� 1.2-di[1-14C] palmitoyl-L-

3 phosphatidylcholine� 
�Z PLD ��Î¦p PC/

SDS 	sv�j���  �6Â=. PC/SDS 	sv�

p PC: SDS� �¯ 2:1& 6Â*m chloroform� �]

PCA methanol� �] SDS̄  �� _� ��& äÿ

- MES îï�ð� æT sonication6. �2�=. >

r �� �ð 50µL�% 4 mM lÖ PC, 0.1µCi 1.2-

di[1-14C] palmitoyl-L-3-phosphatidychline, 2 mM SDS

1 µg ��� PLDA 20 mM CaCl2� ��8�=. ��

p �� ��&gØ #
6Â*m 37oC 15!� ��

#ò=. ��p 200µL chloroform/methanol/1N HCl

(100:50:3, v/v/v)& r�#ò*m 150µL 0.1 M KCl̄

��Z - ¨¢!�6. Ja�� à�=. Ja�� ä
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( àp ̂ _2p TLC(Merckq �Ú: Silia gel 60 F250)

5� K�6. !�6Â=. K��� c�p ethylacetate/

iso-octane/acetic acd/water(13:2:3:10, v/v/v/v)Â*m ±

R¸ �a& K�� ]^_� 0�6Â=. i�1_]

PA g!p �9� liquid scinlillation counter(Wallac

1409)& , �qb� Î¦6Â=. �� Î¦�2p �

@6. à�*m ñ©�� ��& �6Â=. 
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�8T :=. O MN��% �g� �

�1_ ¥� ��� tu� �^ Ã% pH �¦�� ¦

�� ��� PLD� ��6Â=. ,�T �bZZ ij

c�� JqZ a_~þ¯ J^6a5" PC SUV̄  


�6Â=. ��� PLD� ��¥�p PC SUV̄  a_

& 6Â� Ä >� pH% 7.0-7.2 q
& ;<)*m(Fig.

1A), Ca2+óQ% 10 mM ø Ä �ö  7 +úû=(Fig.

1B). a_óQ� WZ PLD ��Q¯ PC SUV 0.2 mM

!8.0 mM q
�� Î¦Z �� Michaelis-Menten È

þ� hyperbolic curvē  à�*m(Fig. 1C), Lineweaver-

Burk Plot� �" �¦� Vmax% 0.13µmol/min
m, Km

�p 0.82 mM
�=. PLD� ��p �aa"a¯ a


*& NaOHý*&gØ Î¦6Â=. PC/SDS mixed

micellar system] �¤ Km�
 2.04 mM& xT� »

:916 a_& PC SUV̄  q�Z �¤� ��A a_

q
� #}$ Îô�� % J��� '   :�=. Fig.

1� ³Ëc� 6�� hr polyamine2
 PLD� vw

% tu� &'=.

Spermine� ��. ¿C� :% ��¯ àa 5"

PLD ��� �Z NaOH ��ý� 600�� Î¦Z -

spermine� æT =# 600�¯ % Î¦6Â=(Fig. 2A).

PLD ��} ¦Q% spermine� æa K� -� �aa

"a¯ �(6. �¦6Â=(Fig. 2B). Spermine� ó

Q� 1 mMø Ä PLD� ��
 ë 4� ��6Â*m

spermine� PLD ��} tup º¶� 2 mM )^ ^

�8�=. ́  µ v¶·¸�	 !¹� PLD �¤ 1 mM

spermine� �" �*Z ¦Q� ��}� xT 8�=.15


 ��% Ð1 PLDA ü+�^& 01 PLDQ spermine

� �" ��}�� x.°T :=. % +	� ��� 

PLD� ��}% ́  µ� PLDA% l� ¦�� ~þ

Fig. 1. Charaterization of cabbage PLD by pH-stat metho
PC SUV was used as a substrate and product PA w
determined by titration with NaOH at 30oC. A. Effect of
pH on the PLD activity; B. Effect of calcium on the PLD
activity; C. Effect of PC SUV concentration on the PLD
activity.
Journal of the Korean Chemical Society
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Cationic polypeptide � monoamine� ��. Spermine

� o
 	
a¯ �^T :% -a� 	v|½� ªs

j] polylysinep z� �ð�� �K6¯ .T :=.

Ð1 PLD��A o
 polylysine� PLD ��} ��

¯ ��� PLD��Q º¶6Â=(Fig. 3A). aWZ W

& polylysine(5 kD)p ��� PLD̄  3.12 mg/mL(0.062

mM) óQ�� ë 2.6� ��}#ò=. =Ï �
Ñ�

polypeptide] polyhistidine(5 kD)� �¤Q 0.312 mg/ml

(0.062 mM) c��� ë 5.5�� ��} ��¯ x.

°�=(Fig. 3B). /xa& X5!L� polyhistidine�

��� polylysine� «x= W0 20� ¦Q % ���

] «�í x]=. 
2 polypeptide2p bovine pulmonary

artery endothelial cell� PLD� ��L&Q xT89

:=.18 ��� PLD ��} C~� h polypeptide� W

�6% monomer̄  �^T , ��} ¦Q¯ º¶" x

1=(Table 1). ���� PLD% 1.0 mM lysine� �"

�% 1.8�, 5.0 mM �¤�% 2.8�� ��} ��¯

x.°�=. µ v¶·¸�	 PLD� �¤ lysinep �

�} ��� ��=.15 	v|½ !L̄  a
*& polylysine

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 time of
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.

Fig. 3. Effect of cationic polypeptides on the cabbage PL
activity. Activational effect of polypeptides was expressed b
comparing the initial slope of PLD activity before and afte
addition of the polypeptide. A. Polylysine (5 kD); B. Poly
histidiene (5 kD).
2003, Vol. 47, No. 5
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� lysine� �(6ô lysine� ��} ��� ë 4��

ý % �2�] «*& +úû=. Histidine� �¤ 0.5

mMø Ä 3.2�� ��} ��¯ x.°9 polyhistidine

�¤�í lysinex= 34 %(10� 
~) ��} ���

:�� x.°T :=. Histamine� �¤% histidine x

= ��� % :�*m n =Ï monoamine] serotonine

Q 95 ¦Q ��} ��¯ x.°�=.

PC-SDS mixed micellar system��� polyamine

��. Polyamine� ���� WZ ��} ��¯ �q

� Ð5¨�& ­^� PC̄  q�6. PC/SDS 	sv

���� º¶6Â=. 
 PC/SDS 	sv��% �ô

���] SDS̄  ��6T :a ÄÅ� , i��¦


PC SUV̄  �¸% «x= �X6=. 
¬ �y�� ¿

C�� öÌ� 
�" steady-state kinetics̄ ./ polylysine

óQ��  �6Â=(Fig. 4). 
 ³Ë�� spermine�

polylysine 
�� XYZ 	
] ethylamine � ethylenediamine

Q ºq6Â=. kcat� WZ h polyamine� tup �

aa"a&gØ N6Â=(Table 2). 
 ��� �Z

polyamine2� PLD ��} ��% ethylenediamine,

spermine, polylysine Y�& ��8�*m, óQ¯ a


*&� �(6ô polylysinep spermine x= 22��ý

% ���*& PLD̄  ��}#ò=. Ethylamine� �

¤ PLD� WZ ��} ��� ��8^ Ã	 Table 2

�  66^ Ã1=.

��� ����  !. Polyaminep polycationic 1

_& X7_
+ [�\ ­ô� anionic sites� ¦Ka

�*& ~k
�� 68&e X7_� Nc+ [�\

� ­ôK6�  }¯ JQV   :=.19 Polyamine�

tu� �T :% ��&% phospholipase CA insulin

receptor kinase G
 xT8�T,20,21 W­�] [�\

 } C~p v¶·¸�	 inner membrane permeability

Table 1. Effects of basic amino acid and monoamine on the
cabbage PLD activity

Amino acid/monoamine Activation (fold)

Lysine 1.0 mM 1.8
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 1.0 mM 2.8
5.0 mM 4.2

Fig. 4. Effect of various amines on the kcat of cabbage PLD
determined by PC/SDS mixed micellar system at 37oC. A.
Ethylenediamine; B. Spermine; C. Polylysine (5 kD).

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

Dependence of kcat on polyamine (kcat/ mM)

Etylenediamine 0.175
Spermine 2.32
Polylysine (5kD) 51.0
Journal of the Korean Chemical Society
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C.

a,

,

h,
transition� \	°% «*& '(I :=.22 , �

potassium channel kir 2.1̄ spermine
 \%=% xT

Q :=.23 O ³Ë�� ��� ��� PLD� WZ

polyamine ��} tup =�� E �^ ��
 �b

6=. 9:% polyamine
 ��X7_� ;< 
�6.

�� ��� ��#$% «
T, E =:% a_] PC

� 
�" PLDA a_ @sj È�� > % J�Z È

þ¯ �?6Q6 6% «
=. 
 �b� z ��A a

_q
� @sj È�� tu� @ �b�
  =. 


/Z ®Îp >? Nc� ;<� AB�	(Streptomyces

sp. stain PMF) PLD�� a_
 �s8% ��g5(HKD

motif)� aspartate residue� �
Ñ
 a_� �
Ñ�

~k
�� �b�� �#Z » :=.24 
 �¤ polyamine

op �K6¯ C% 1_
 a_� phosphate �
Ñ�

D¦�*& z}#, �b�� ihV   :=. Ev

:% C~p C¿ PLD̄  ��} #$T :% lysine�

histidinep ��g5¯ N�6T :% -a� 	v|½

2
�% Ì
=. 1F C¿� ��% �¦�] X�¯

�?" °^ Ê6a ÄÅ� spermine ¾¿ 6��� X

7_� Nc }+ % G�Z kinetics�  �
 D±6=.

O MN% 2002HQ I�.LW�( LM��MN�

MN^¨�� �6. 
H9)*m pH-stat �¦��

�Z ³Ëp �t�� Jq�5 KÅ� ø�*&  �

8�=. �q� Ð5¨�¯ 
�Z ³Ëp �"W }�

g� 
��� QL� �1=.
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