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PHOSPHOLIPASE ACTIVITY OF THE MEMBRANE FRACTION OF
PHAGOCYTES IN RELATION TO ITS ANTIBACTERIAL PROPERTY
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The membrane fractions were prepared from the samples of mouse peritoneal exudate
cells in which polymorphonuclear leukocytes or macrophages were predominant. FEach
fraction was incubated at pH 5.6 with tubercle bacilli, staphylococci or E. coli in a high
density. Time-course enumeration of viable bacteria in the mixture revealed that the
decrease of viable count down to 1/100 was attained in more than ten hours for tubercle
bacilli and within one hour for staphylococci. This bactericidal activity was enhanced by
a membrane-active peptide (melittin) and inhibited by indomethacin, EDTA and heating
of the membrane fraction. FE. coli did not receive any Kkilling effect under the same
experimental conditions. The membrane fraction prepared from red blood cells was
almost inactive against any species of above bacteria.

Melittin is an activator of phospholipase A, but indomethacin and EDTA are the
inhibitor. Therefore, phospholipase A, activity of the membrane fraction was examined
in the presence or absence of these agents and confirmed the expected results. All the
above observatlons added a further support for our idea that hyperactivation of
phospholipase A, ‘in the phagocyte membrane may act on endogenous phospholipids to
release long-chain fatty acids in an enough amount to kill the sensitive bacteria.
Discussion was made on the probable conditions which make the above iz vitro event exists
also n vivo.
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E2ERT2IREDSRICEART 205 1) RIFEEOH
EEICBEGE LB, ZOFEREMED in vivo THREIZE
D9 BEMFICONT, LRy, %L CHEEEMESE
»HEHOTHRFITL TE7R,

INFETORBEORET S EZHITLINE, BZS
CEMRAE - W e DT EMmARIRE LT, BEOKZ
R =Lk CFEEILEI NS Z L 0 BEOHFTH
LEHEZ NS, RERALERT, AMIGHEEDH
oy (MEEHE, 7 FUERE, KBHE) LomE
DEVCIRTICBIT2REEERICBWT, RAKRY/—
IEEILHE & LT A1) F20 (melittin, EHEKD
BT 24 F), EEIGWE L LTog o F
AP EDTAY OB LBE L 2L DTHhbE, £
DEEIIFR D INE TORBEE—HTTHIDL
nEEZ, UTHET 2,

M¥ e Fik

Btk El O | AR H3TRY #ko 7+~
Lo (KM) 100 pg iR 2 R L 72, V— b > 8
E37CTT7 ~10BEELLHE A ERK Tk CKEL,
B2 A IZ XA TKREYY, YRR
o TKEERAD 20~ dT 10 mg/mi D)% T
WEL INEZEICEEOHBEICHRL TRV,

7N ERE (Staphyrococcus  aureus) & KWy Hi

(Eschrichia coli) 13\ 34114 KMbug, 7707 7€
> (ACR) 10 ug mtH 8 # A7z, KM 5ug/mi, ACR
W0ug/ml #&0L )7 PV A7 43> CGRRE) T3
C, —MiHEREEL, £AEKTS aweus 13 41512, E.
coli 1Z10fFIZH/RLC, ZhaxT A MERE L2,

By IR AAY = 20, RE 30g Bk L o &
w7z, £/VE y Mdv— b L —f, (RE 450g A% %
vz, WINLIEFEEHTH 5,

B8 RE % M g o U © Hammersten 7 & 4 >

(Merck #) # 9 %Y % 3ml, <7 ZEENICE
HL(ELEY FDBAIZ15~20ml), 158F H 2
3HBICT ZIZEERYMIZL D, =Ly M3z
R[ERICLORLZDL, FEL TERENZEMIEE
~%) o (5U/mi) Wy 7 ZHTHRWH L TIUE
L 72 U 21004 v 2 DB WT 1 EEL, 1,000
rpm, 5 5 DR LIRERIC & - THEZ H o8, 2EH >
JAMTHIEFL 2, — 8 EATA F 772 ETXF—2
TRt L TR Y, F 708 nERGHER L THi
BAEEZ 72455 N2 AR 0.2MKCl TEBERE 5 X 107
~ 1 X10%cells/ml & L, Fé#2KFUzwnT4CIc
REL 72,

<7 21 1 BOW#EIZ50~ 100K, €/L€ > FE 5 ~10
% FHviz,

M 5 B o FA 8L 0 M B o 5 X108~ 1 X10° f@ % 0.
2MKCl 85 & L, %D 10 ml %600 AT | 72,

R H59% B 6 T

% L T 1,000 rpm, 547, ¥I2 3,000 rpm, 2045 DR LIS
& o THARSHE, o %72, EiFiE 15,000 rpm
T 1 BRI L, ZOIE 2Kk T 1 |, 15,000 rpm,
305 CHUILBEE2 451724 EIZ 1 ~ 2 ml DK
IFERE, I0WHEFRE22 T THEFELL, sl
o & L7z MEEOE YRR IE & LT KM % 50ug/ml,
=Y & 100U/ ml DEEIZTI L 2. B S 7
B ol 1% 100024 ), ) AHEHE & L € 100~200. g
(King #:i2 & %), &HA&EIZ200~300xg (Folin test,
HE# 3 BSA) RisE& E N5,

TR B (2 FBF 12 A D M, N> 7 A
3,000rpm TEL L THER%E H D6, KE M2 BEEIC
Lo THEEE L 720 % 10,000 rpm, 2045 CHE43HE % 1572,
KT & RS, BUKIZTREE S S F AR TEE L
MERREIFEE & L 72,

FEZE IS T 2 e 2 BB AR IS L 5
BT AL RERESEEEAE 100k, 0. 05SMESE AR
W pH5.6; 100 &/, 100 mMCaCl, ; 10 g/, B lmg/
m/;100 wl, Y EORE#EEDOEFH A > % 24 F L
729 H,0.05 M BEESREE 0.7 m! Z B L CTEIZ30%
Ao Xa~4 L7, ZORBOIMEFRRT %D
N, 20 0.1ml 2% b F—FREM (5 BicmiEx
) ICHEREL, 4BBRICEBETI e =—HEEE
L 72 B~ DERIE & L THA > K A4 > (Sigma
) 120.5% 0 #20 wl, A ') F > (Sigma %) (3250
ug/ml % 10 ul, EDTA (2 60mM # 20ul # Z L ZH
AnEE L7z, BB, A FXFLrERICHIZ-
ThE, F PRSI &AW, Ca®t D ADIRBIZE
L300 A Xa~A MEICHI, B A F &Mz iz,

FEBEICAT T 5 BV ERER R E I &

BT AL X bR B FE RS M (FER0.1%,
FMiEFE3%) #RNDZA 7 ) 2—% % v 7 RBE
(1.0X10cm) 2 3 m! 247 E L, 5 KT 2N 2 RF
1250172, 9 B 1 RFNC I35 EEEE % 100! 200
272, LT &R 2 ) F 2 10 ul % %) &
L T 10ug, 5Sug, 2.5ug, 1.25pug &7c5 L5 I2F00L
720 BARITAEAZBE B 0.1mg/m/ ND100u! % TXTHH
BREIC BRI L 2, 3TCITA > ¥ a4 b L, 2
~ 3BABNOEDOREBEOMMEEBEL 72,

7P ERE E 22 KRIBE IS T 5 = R ERER M

FafE s L 2B T AL I SEKRICNT S T R
B 53 RS MEB 5 GeBl ik & L C KM % Sug/
m/ZEML 7205, FEEOHAELREL ), =2 ) >~
EEFEN T, EAE; 100/, 0.01IM + Y 2
buffered saline pH 7.0 ; 100/, B¥# ; 100k, 100mM
CaCl, ; 10ul, I LR 2 B HDEER A > % 24 b
%, 0.005MFE#E: buffered saline pH 5.6 # 0.7m/ i
ZBIZ1553 4 » % 2 XA b L7z, B saline 10457
WRHN 22N, Z00.3ml % )7 PV A ERCK
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i) sz (KM 5ug/mi, ACR 10 pg/ml % &%) 1248
fEL, 2HHODav=—H477> L7,

TS AR Y sv—4 A, assay: L-a-Phosphatidyl-
choline, g- (1-*C) arachidonyl, &’-stearoyl (The
Radio-chemical Centre Amersham, England) @ 0.2
puCi 210m/! DREEIZ & 0, L CEEEL &1L Tk
L, 0.05MBESEE #2187 pH 5.6 ; 100 x/, 100 mM CaCl, ;
100 ged, BEIF0E0 5 100 wl 29012 T 2 ¥ —TiRE, #
$ 1, ¥(2 BCG ##i (1 mg/ml) ; 100 ul 2102 T4
X aNA P, MEOEEMIZZae kLA - XS
/= (CM) 2 @ 1?12ml #in2 TRIE % 1k,
—IRE R S N TEORE 2l oRBEIC - -
TE L, 722 CM(2 0 1) TlRE 2 L7z, &
D—Eh%E 110°C, 605 THEMEL L 728 7'V —F (&)
7171 G60, E.Merck, Darmstadt, Germany) (22
Ry bLTZ7vBRLL - A% /=)L -7k (65125
4), Hrwign-~7yr-x—7F)L-BiEE (9010
1) TEEL, 2x+F—CHE#SREE* L 72,
A kx>, 2)F >, EDTA OFEMIZOWTIE
BE T AL DG4 L FEOBREETH 5,

X B A

KA 2 7 2 5 e % L R el 2 5 TR ) BT 4
M—=X ) F 7234 > F AT ViR g%E | Fig. 1
A A FEH 3 B RO ES AN (B E ek
78%, %WEMER22%, Fig. 1-Bli s+ 4 > H15
BER (HA%EmEk10%6, %250 mEk90%), Figl1-C
(TR IR 2 FAARE & L CA% & du 72 IR sy 4 3 L 724t
BT A NORERTH B KA 2 21100ul 4,
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N ARRE60ug, EHE232ug (Fig. 1-A, Fig. 2-A),
0 ABRE 95 ng, EHE300 xg (Fig.1-B, Fig.2-B),
D ABRE 260 g, EH & 360 ug (Fig.1-C, Fig. 2-C)
EEATWDS, BEIZVWITNLA > X 2a{ 23 ViR
WO0lml L) DERBMTREL TWwa, FEITRLE
FfElo B VT, BT, > X243
TYLEBBICEIT L WD, 2222/ e77—2%
FRE T AMPERARRDOEAIRME NS &, 8 i
T1/10, 1685/ T1/10, 0000 F & THEEIIZ R L 72,
EACEIZ A ) F RN E N5 E EEEIE £
I, 8RR TL/1,000LAF &k o7z, 2N S DI
TERIZIERADA > FAF L DBz L > ThwT i
Ll % 5 1972 (Fig. 1-A) . £ HMERD % W #llia
TR L 0152 & o TLHBIEESERD S 1,
8 B¢ T1/10, 16BFMT1/100F THEBIZRA L 72, %
LT, £ )F izt - T8I T1/100, 168
HT1/10,000LL T 12 £ TRERNR 250D 5172, Th
LOEEL A Y F AT izl T Iy I 2 5
1172 (Fig. 1-B)s L& L, FRILEREARDEDEH Tl
BEEARDOIHEEIZE L L LD TH-T, 222 A
FrAMZ THE 2 HEDRMIEOPE T & X TE
PEILERIZE <, 168RRT 2 42T 4 1/100 £ TO R EEA 12
LrFEo, ZOWITHLTLA P ick
LI AL 72 (Figl-C), &, AU F> Bk
KT 2P FEFIZBTI6REA > X212 3> LT
LAERE T 2 BRI R A

7 B ERB X A 7 Z B S A B s E 0
BN Fig. 213 S. aureus \2X3 28508 7 A b % FEC
FERHIZAN L TR L 72 [F— s (KM 5 xg/ml,
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Fig.1. Mycobactericidal effect of the membrane fractions of various cell origin as activated

by melittin and inhibited by indomethacin.



398

N EEE RV TIHA-7HETH B, T
ML 4 vXxa~4La iRl 03ml FORKTREL
Tnd, ZOWICHLTE=7077—Y550wii%
T E MERD %\ HABIEA ISR T 5 ISR W HEE
MR, 1EET1/100LA Tz, 2 B T1/10,000L1
TloEEEIIEY L2, £ L CZOREERIL, 1>~
B AL L DERINC & - Tl % 5 72 (Fig. 2-A, B),
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(=)

BH W59 B W6
Lo L, RIOFKEROBESETIIEC ZOREMRIT
TEN o7 (Fig.2-C), BN L ) I LR
MiafEsSE O S. aureus \2XT 3 AP EMEIX 100°C, 5
S & - THE L 72 (Fig. 4-A) . & 8, S. aureus
IIAT Z FBED ) F A URZHETH 720,
AN F A L BIEET A NI T b o7z,
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Fig.2.

Bactericidal effect on staphylococcus aureus of the membrane fractions of various cell

origin as activated by melittin and inhibited by indomethacin.
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Fig.3. Inhibitory effect of EDTA on the mycobactericidal activity of

the membrane fraction.
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EDTA RO REE . 4 > X 21 3 VigHIZ EDTA
EIRINT 5 &, BEKOIEGEEL, AV Fizd-
TeEME LR N RR D & L ICEaREE % 5 1472 (Fig.
3. F72, BED100°C, S5zt ), SLEHEEIT
FELCRTGL, MRE L TOEDIOEM A > % 2~
o3 YHBROBFAEREO R TL.39, BEaEORMNT
1.59TH B D & e, INEAIE SIS Tl33. 78D &4
e EF o, MBEE X)) FoDFETIELTH L
PHIEEILARESH LN, 2.90TH-72, THT AL
AL 72 BoE (B EMmER71%, %HF 6 mEk29%

i
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S. aureus 8

r 4+b E.coli
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Fig.4. Comparison of the sensitivity to the
bactericidal activity of the membrane fraction
between S. aureus and E. coli.
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FHR) (X 100 /24 1) D AREHE 65 ug, &EH = 300 ug #
BATWS,

KIFHE T 2 =7 2 &MEsEOHEIER © S.
aureus |27~ L 72 % TF% B MER (94%) HA R 5458 (100
ul BN N APRE 113 ug, EEAE20ug 2 E50L) D
HEWHIREEMET E. coli 12 L T3 MRE2RIE L%
» - 72 (Fig. 4-a, b).

ENE v RS IS L AR
DEHESE BT o b O BERESH M B 5 ) #E 1
HIoH+ 2B T2 McBWwTL, A )FBEmick
iEHAL RS S (BERER) 0T, ABHET
Z MZiEREE L TELE S P EERL M (B
MER51%, ZIALHE MERA9%) IZEKT 2 oy E &
AL 72.Fig. 513 2 ) F>DELETICBITAEE T /LT
v MRS EIOFERLTE 2T A FEER 2R3, B
ERML ZWRAICB W, A FrDBEDEK
&L, WTNLHEEFTIIREETH- T, B
DIZONTEELXEWV L2 IO A L7z, L
»L—F, BoEOFEICENTE, A Fro
BEICIEL CEREBIZMEZ 5 I, 20=—%»Hd
T3 LREIBCHEIFERICE > T Z e g nre,
IO —RERTHIRENRESICETREL 2,

> ZBESH AR EE X ) F 2 H DI >
FAH S DFHETIEBITAL L F D5 L-a-
phosphatidyl choline, g~ (1-'*C) arachidonyl, o'~
stearoyl #Z8 & L T M (HA%H MERSS%, %1
BB MmERIS %K, 100 wl 24, D ANRHY 168 ug, &

25
©g

125 0

®

Melittin-induced bactericidal effect of the membrane
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HE280ug #88) & & LICO6 MM > X2~} L
rEE, ARDGBYA LIS, ZZITAY) F N
WME N5 oI EEI N T, 3EEHT21.3%, 6
B 736.5% TH - 72, = 7 phospholipase A JEMIZ
LBV FrDFRIEA S P AT CDRMICE ST
o ES 5 1772 (Fig.6). 72, EZpmEkz
FRE L 2EaE (Fig. 4 OEBRICLEERH) L 40 F
iz ko TEMEIEEN29Y, EDTA OFnic & - To
ORI DA STz, A1) F > I 8 B T88%,
ZHIZEDTA #2512 % L ED»0.4%DFHRIZE S 26
Nize ANVFEA 2 P AT VHEMTIZE9.7%TX
12 BRI ED A & 172 B BIRD S#EFEI$3.3% T
BHo12,

% =3

MO L O EWE BT 5 Elsbach® D#8EH1Z &
ML, MR OREED & LT3, EEEECILEES
DEMIC L BN (B 75 < I3ERN) pH DIET 7%
Ehd 0, —F, REHCKFEET, Migsme L TR
HEnzLonlzlt, EEREEAD L VIIWESHERE
NHHHEEFER (lysozyme, protease, phospholipase
A, %) BT LN TS,

bR ZOWETED HIFFEEIE, D250
TREMED 5 bR BEICET 5 LD TH %% Lo L phos-
pholipase A ZD L, DA HICE C D Tld% <, Aflig
BICHNET 5 ZOBROBENEEIZE - T, B
ASGE ORISR D ), Tz & - TERET 2
PO G o s BRI EE X ) VIR AV ISR L TR
ICHEART 5 & v ) BEIZBWTIE, Elsbach /R L 72 2
ODOTREMEDHFEICMET2L0EE52 £,

f& |z N7E$ 5 phospholipase A, DA FEAYERICEI L

40
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Fig.6. Phospholipase a activity of the membrane
fraction as activated by melittin and inhibited
by indomethacin.

o 59 & 8 6 &
TiE, BIE, 7RSI OBRELTNE
AR EFI AR ES % 5 D A FRE 2 b HREAEG T 2 512 B
OHERLTnwa, 72, BY) »osEkizsWwTid, Fey
L 7% —|Z phospholipase A, il EH5EH H11H & H
EHEn, NK gl EickE L TH phospholipase
A, DIEMEY PEREI NS A &, BEROBEBEEIIK
BIZCFHZ N T3,

Lo L, RzbygREE L 72 B ofiEiEEz
517 % phospholipase A, N EFIL, FELN L ) L AEHE
BES V) LD IREBHRICETALNEE LT
v» %, phospholipase A, D iEMHELIZ L - T, HEMNE
IZREX N AREOIRIEES ) VIR BT 5120, B
FLABEFNBEKRDOEDH L LHETINHLTH L,
TEUEBEICLABIEFDOLOD L OMEGEEL Y E
FIzBT & 207 L T\v»5 Dye & Kaprel® O#ig,
ZOBEOEAIH L TERL 72 S E ERD ST ERE
M A RAE L CRESMELRT 22 2L T
Wb,

FL72 513 A MAARE 2 3175 phospholipase A, DIEE
{5, W EMBEERE LML 72— 7> b
S EREEERM T, TR B2 TOmMIED
KEEAE VY IRERRTH S L BEL2, 21U
F|EAIZ & ATEREFRIFT R b DIREIC T E L why, 2
S LAEHD L S ICERES L L TURSEENHF T
B & & DT M A M L2, T2 ERL
TEHEBEETA LN 5 ANIE L MlNEOEAE KL
HIML 228D, HBOBMT2FEDZ LIk 575,
7 BIZ ZOEBREEIVREMR L EFINCHEIRL 2
RHEBNOVEDEEZ T, intact DAEMIBEH & D
B2 5RATIREL Zvwold, Re 7N TIE
BB THMEBEEDEAVEBRL 2 vwor i Lk
Vo F72, 7 FUEEOSBEICE, ZORENLOHN
BipEsE (v 232 v >) HED phospholipase A,
ZEMALT 10 Z ML N T W ANT, HiLHMEK
R, HEEL 2 BIEROSFRESD, SEIISICHE
RT3 & v MR — B2 MHTW 5,

B & MHRARE L R &\ T &3, B phospholipase
A, DIEHACD 72DIEH ) Tld 7 <, HHEL 72 RIFEES
D) VIRAMERBRNEBREIC L > THFMENE Z &% <,
RELICHICERL ) 285 RIET 5 L v ) REET
LEETHI2L LAV, HBEOL DY K74
v I RBIIEOIRE 2 B & DBEMICIHFEHETH A
Do

72, 7R EREIASEE L 0 LSRRI ER xS
BREZESTICL b 5T, SENEREGTIE
BORLREMRE I 1T T B, 21U, ) VIEROREIE
BICH L T7 F ek A L LIz v st £ b
DI LRSS L L, 2, REPEIHEE
2L ) VIRIC R L e W RIBRIICH L T, B
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BT E N2 RE L o722 £, bR E
—FTEFET2LDTH D, MEABESEIIFEZRE, 7
B ERE O W ALK LT LI I DRSS & A 72
7 BRETE L T BIETEI B I W OB ENRT L, B
LI FOMOEEIEOVER B L T\ 5, NE
L 725, &5 WIZBEEEEZFRA SRS L o702
FRMERRE A S £ ) F 2 2T L 72 & & DENE EA
IR oA ) F A BREEL TWwd R AR Y 2 ¥—
v AERDOHIEICL D BN,

In vivo, D F D EEBEPIREIZBWT, ZOWMET
HEL 7 L ) BEBREEIEALT A PENICOVWTE
CHEDSUBETH LY, Ll ELINFETORED
D—EORE |2 LR, BPRETOW &ML D
BRI s B W LRSI S »ERTH D, 1
ZrAEaL 2T u— LT 2T, FICZ ATV
DEEA~DRTE & Vo RBEPR LN, T4 VYV — 4
D KIREER D EEADIRTE & WO BEERET S
B¥, phagolysosome D Ef#iE & Hik & DFE L W H T
%%#%<Twéntotﬁﬁ,:m:t%ﬂt%u

ICEBHAICBZE L Tw b,

EL, in vitro 7)/—{\( KEDIEALHE & o & %]
HEA X 24 FLT, EORAKY 2 S— ADTEN
{BENBZ & 2BDORY, $ 72, $ELHIZIRIFRED = 2
FOAGIEEDSE <, R ICHN LA BRI E PRI EE L
AL 2T Rl T ATIEEET S E, TOMEIH
bW,z L, EoElcgEFnsaL are—/b
I2AT 7 —REEEROFELENY & THEL 1T,
AL LRENEERERT > SEEe e T =D
)oe— 2 RHET L2 WHE ZFEH L 722,

Pbo & 5z, EEEEKEL S IZEEROHEEER
2BWT, RERBEEOBE S »REFAICERE L E
HE#Ez2oNb0, %9 Lzd{bmk KsanFmn &
R E XA T AMNRERG L E LS EIEEITHD ),
BRIz, WEEIRIGERIZ £ 0o THE, &, BRSNS, WO
AETREPREFIC L - C, BicH L TRBEHIEIZY,
PREXFICLE DT, BERRCIBIT2)EFD
BERICOWTIE, BE—ETNVEBROBMEY & GRS
E2 Bk, MROFUEDERBEL L, HBEH
BT 2 2 ELETHA ),

¥ &

EE=7R, ELEY FOEEEHMEE (w707
> —, HHWIEEHANEKE FERG ET ) 26
fEomE AT, I EEKE, 7T FVERE, HDH
HRBENBENEWERZ S, pHb5.6 DEEIEER
ETOAEBBINE L ERL 2, ZomMEDNEBRENS
WEHICBWT, BB CIZT F VRO ERET
SR I L, BTE L1050 T, BB 1T 1/
10012 % » 72, TORERRISBEEEWETH D A )
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FoehEEN, £724 > F A >, EDTA, ED
MEETHIHIE N7z, RIBEOEEHIIE—&KGTE
CEEL ST, 72, RMERBROBEES L ZNE
RTHA ETEMEE L 2 h - 720 PLEosuEaE oz B
SED R AR Y e —REEDBPIED b, EELOIEED
Bz 2 BERERD FRIC L - TEY ARE»5#HL,
ZORIGICHET 209 Y H‘EHEE%@E?%T’EH%&E%%?
Nze ZOBED in vivo 2B B AFEHEIZ DWW T
L, ﬁ#ﬂiﬁﬂﬁﬁi@ﬂﬁ@%‘%%t Lf@@%%ﬁﬂ;}]%
w72,

X L
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