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Studies on Direct Cytotoxicity of Endotoxin

Hiroko Mine
Department of Microbiology, Kawasaki Medical School
(Accepted on Aug. 6, 1977)

BRI ED —ET#H B Pleodorina californica %:34 0. ML LTAHAWL, A
EXO in vitro [CHTIEENRBKREZERERE . P. californica O¥RZ R
OPBHASTECL > THEMCHEEZIA, COKE XEBEMSETTLIHSIREELY
REEBHENELS.

AEBXOLFELELEHOMFEECD LS5 P. californica DRERBEE A LI
—LICLTHRNE.

ASEDOSBOBMMKRSY (BHE, BE, - 7HRD) O5BEMT EEEZRLIEO
EEERSDHRT Ho f=. =, LPS IR O FHE BERFOFELY &<,
LPS. Pro (522 kAEH) OFMEE LPS OFELY bEM - T,

ERBEADS5B ¥ "IERST BERS® LPS &5(2(F LPS. Pro [CEMT 35S
CICEYENENERZHEET I LHBTRINL.

Cytotoxicity of endotoxinwas studied in vitro using a colonial green alga,
Pleodorina californica as a pilot cell.

Secretion of mucopolysaccharide of P. californica was specifically inhibited by
endotoxin and as this result, morphologically abnormal colonies which could
be clearly distinguished from normal colonies under optical microscope were
brought about.

Relationship between chemical composition of endotoxin and its activity was
studied by observing abnormal colonies as merkmal. Among three single com-
ponents of endotoxin (lipid, polysaccharide and protein moiety) only polysac-
charide moiety showed activity. Activity of lipopolysaccharide (LPS) was larger
than that of polysaccharide moiety and also activity of LPS. Protein (complete
endotoxin) was larger than that of LPS.

Protein moiety was demonstrated to have ability to increase activity of
polysaccharide moiety, LPS and LPS. Protein.
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HWERDOIEHBEF BT 2RI L2
FORFHIEHE Y <L, Tihbb in vivoll
BIALDTHA. ¥i2, in vitro BT HH
HROEHBFCETAHRL ML LD TR
RO L icfiifiad <1 = FIFRE L TH
W DI,

BB L in vitro @RB\T, L BERD
BgE L 7o\ fillaE 21 =y MR E L CNESH
DEZE B BRI L T 5. BLE
S |y, MR E L CEA OB AR
B —fET H D Pleodorina californica T
BOD b californica FNBEC X 0 R
FAEARZT 5 2 EAURI NI O T, ZOM
FEEERAE* AR L LRI hE ALy < —
AT BT LI X > THBRDILFEREE LiEE
DRI DTN,

wHE & FE

HERIL E. coli 0111k s 38% L7, E.
coli 1%, 74 2 vEHAE R 37°C TIRE 5 5
BELRXD v+ —7 7~ AV 2 —HHCTERL
7-. Lipopolysaccharide-protein 75 7¢ % 5¢
&7g N#HRIL, Boivin > ww X b il L.
AR, O b AHEHE W S
BEBAIXZ o Boivin Bict Wi L3 D%\
5.

L BRI FRCREEDHEHE TR L
T3, NEEOBRMBKICIL p. californica ©
R TH D Volvox Bih® % o, BED
PEERC 1200C T 15D 4~ b2 v — 7
PUR:: e S R s Y

P. californica 1% Volvox 2z i\, 16/
FE1BAFT + 8 By RIS AT / 24 el D Y64 T T 20°C
T HEBRE L. —ED REIIFELT P
californica D EY D T 7 v v D KEY o
FAF—EHACTHEL BT 2 Miax Bl
1.

B L7 P. californica Ofifa% Volvox
BT FEROEERMECEE, ZhIC—TEE

(FE3% 25 197D

BEONBR XL OBBRTEHEML, —&
Rfifg I 0 B B D LR BEMEE T C e o %
HTHI LIk h NBEROEHAY H~
HEROBIEN R A HX DD <~ v 211 ICR
Rl 4 CEBMEBE 30 A v A
DFHIED HiEit 3 HHIZ bic b BlEr STl
W, TRBEEFLT LDy & kddic.

= #

) ASFOERNLMEH.

E. coli 0111 #%:2:5 Boivin T HiH L7
FBFIT = v AR T 5 LDso 43 2500 ug/ = v A
THote, T, BENTES 2037+ (k
H 3kg) O#FMRIC lmg BONBERYEH L1
LT AHKRO ERNEL R,

ABREMEMETH H, 120°C, 155D + —
P2V =TI Y 5 TLEME (7 AR
) DT ROk 57,

(2) Pleodorina californica @ —jihis

THH.

SA ey, ML L TH . P. californica
O — e B O\ THB T 5. P cali-
Sornica X HHRBRE R ETH D, &
32, 64, 1287¢ & 2" B o AMlaR O A
ERT 5, no REIE1~TTHH, NAK
Zavrae—ALTH5IENTESL, X 2E
BoHblicfilanbBRIh T b, —2ik
somatic cell &I 5 HifGZEE & K<
MmlaTthv, WALV MlamERE s LA
DEHEfEE A O E s Tw B EBbRD, &
iRt L b 5 —Jik reproducing cell &’
nafifaTHbh, A0 LB HRSHE L
B L#AkFO$TXTo reproducing cell 234
Ma33ia s 2 0s - TIRBEGR A TR T 5. ffkL
ESE A RT A, £ OEBYH AT 2 FTEER
DFE I somatic cell »3, HIFER i repro-
ducing cell 2 —=BIZH A TWA. 0 2 fEHE
DB FHRD ST H U 7 B0 EBNIC X D B
HRIHC G L IcE AT 52 L3 TE 5. #if
EORNTITFEREPE TS h TR Y, Th
R HO KT B b I hic b DT
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Fig. 1. Colony of Pleodorina californica.
S=somatic cell, R=reproducing cell,
P=intercellular polysaccharide.

BDH. ZDX 57 p.californica DHETEE AR
Ay Fig. 1 wrlL 7. La L EBE—>
DO FE{kF D reproducing cell oL, Mfas
A, fifast, MEMBIIEHAL T 5.

(3) P.californica [Cx$ 2AEXRDER.

P. californica © —EEI B OHBANLD b
HHe L 5, Zoflaxfvw5Z Ltk b
fExDWECHTHNBROEMY—EC, L
NLBEICTHERDL ENTES., COFBE.
FOEEIRES), WEOFLEREN, Miaszom
B, Mg, Milgo43Etix 1000 pg/ml O
BT hiz A LEERAL R 5T,
ZhieR LT P. californica @B\~ THBERIC
X 0 BRAIEEER SRS R oR S
Hoows, Zhichtic > WREEEERTH -
fo. NERC L Y HRSEEHO GWAHEFES R
D EEF A E R filaDBEEL o= v
7 b IREERA N T EHRD. ZOREHE
i, WEEEET T ToBNBENTRETH S
(Fig. 2).

@ AEFREROREKRFLE.

P. californica ® RERAEHRE AN 7 < —
e L THBRFHOBRERFEZHNC. o
DfER% Table 1. 13, £Pfkdo REH
o b 5EE (%) RAEEL LK. Ok
5 400 pg/ml DEE T50%BAE, 500 pg/ml D
BT 100 B OHER AL R, (KEBE T
KBHERBBERAIETLHEERALRT, B
BEicls WA AL e o, Lol

Fig. 2. Normal (a) and endoxin-inhibited
colony (b) of P. californica.

Table 1. Effect of endotoxin on colony
formation of P. californica.

conc. of
endotoxin| 200 | 300 | 400 | 500 | 750 | 1000

pg/ml

inhibition
rate 0 20 50 | 100 | 100 | 100
%)

No. of abnormal colonies>< 100
No. of total colonies

Inhibition rate =

HEEONERAIFH Iy SEERON
FEEMETEHET B L0 E L VL8l
gahtc., ZoOMBOKILIMEREDSNESR
A X - THRBEEEETTHRET 52 &
PRI T,

B AEREAOHRERME.

WNEED P. californica O ¥ 2k B W
HEEHOREEOBEXHF L. AHEHED
LS IERE, v <27 BEEHRTH D,
BB RB X 5 ARG EIEER AL R
7oDT, FEAxDEBED P.californica W35
EREANKE., AWcEER 7 v -2, v
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—/mr—ADQ_FEEOBER, 12V, 7Y
24y, FEALNT YV, eT7rYRVEE =
vV ¥egFVERE, ~SY Y, T2 e EED
7 TR D R X O Chlorella ellipsoidea( B
WlakkEE) & P.californica hbHHEHR &
U T i Lic RASHEE 2 ot 11
oW T 1000 pg/ml ¥ TORE A DRET
P. californica AER &€1c 2, AHFERTHRD
iz X 5 HEER L BE I eh o,

(6) AEFREAOTHE.

WEZEH O LT L. 100
YBHED R = B 500 pg/ml ONEHEFET 12 FlHE
P. californica % B L RERHEN BRI N
AT, hb REHG Y AEFRY 3RV
Volvox ##ific AR THE#ET 5 L b & Ml
Fask~ O FRSHEEOFWHRIEED, T IE
L WEHRC e 5T, Tieb b NERO P
californica & %35 HEEHIL THHTH 5
Z EARA NI,

(1) AERDFEMEEML.

a) AEFROLFMERK.

Boivin HiZ X h Bbhic ABRIX 5 FEHK
BHCETHERGTFTHY, TOLFEHEEIL
WIRE, 2 v 7 BEAEKTHD. ZO5BlE
BRGH 9~12%, SRR H 50~55%, %
VR BRAD 17T~20%TH 2. Fic, HilH
S mE % 5 & BEEE (Lipo-polysaccharide ;
LPS), Y £7rF 4 v (Lipo-protein; L.
Pro) n&Ebh%. JHE, WHE z2v7HD
3 o ¥ Boivin ¥ECHIE L - NBHR
(Lipo-polysaccharide protein; LPS.Pro) =
LPS, b xDHKC L - THEEI IS,

b) LPS. Pro O{&A.

LPS. Pro offHIc oW Tik (4) DRFHD

e (Table 1) #&BRT5Z L.
¢) LPS 0.

LPS i E. coli 0111 7+ Westphal 0O 7
=/ —AKEHEY X O LA LPS &
FA\T P. californica 253 % BATE BBHEC
DWTHFHNRIE 2 A 400 pug/ml OEETH50%
DA, 500 pg/ml OEET 100 % DFEE &

£ gk (3% 25 197D
Hht- (Table 2.).

Table 2. Inhibition effects of endotoxin
moieties on colony formation of
P. californica.
Numbers in columns are inhibi-
tion rates (see text in Table 1.).

conc.
pg/ml
200 | 300 | 400 | 500 | 750 | 1000
com-

ponents
LPS 0 0 50 100 | 100 | 100
L. Pro 0 0 0 0 0 0
Lipid 0 0 0 0 0 0

Polysacch-
aride 0 0 10 50 50 90

Protein 0 0 0 0 0 0

d) L. Pro OH.

L. Pro (¥ Boivin g CHitH L 7z LPS. Pro %
1% OFEElET 90°C, 4 ek @ L, 173,000
g 205D Ok & LT3z 1. L. Pro &
1000pg/ml O R\ T P. californica i
T BEEFERN 2L Rbhich o7 (Table
2).

e) BE BEELLVYI7EARIOER.

Westphal iz X h#§# L7 LPS # 0.1 N
HCL © 90°C, 304rfipnAk%f#L, 17,000¢g, 30
SomLIEEY E L TIRBERS %, EECS G
Bo=x /) —A%mi, WBEGE L TEER
Sa b #fo, LPS » Westphal #IC &
DHHBEIC R\ T = 7 — B0 D 9.5 R
D=z ) — LIRS E LT 2 v R BRGY
.

Zhb 3EEONER O BRSO P.
californica 43 B R % #~7-(Table 2.).
CORER, IRER IO &V R BRSTHMT
mz TL L HEER 2RI h o 7en, HE
B BT b B E TR R R L e,

f) ERHSOREBERMICELIBR.

HNEZOM 4« DBERB S D P.cali fornica #f
B EE % % & (Table 1., Table
2), Bb gD B ot LPS. Pro T 5%
CEMNRER., FZTHEEDRONICHEEK
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Bz, &V 2 BRSE X ONRERS & R
HBML T OEROBELE R/, ZORER,
BRI RN R ORI h o, &
VR BEACIEE L WEEREINEROH S
LRI N, FOTID RV I BRGARE
B4y, LPS, LPS. Pro 12¥iin LT + ik

Table 3. Additional effects of protein moiety
on inhibition effects of endotoxin or
its components on P. californica.
Numbers in columns are inhibition
rates (see text in Table 1.).

N conc.
‘\\ug/ml
compo- 200 | 300 | 400 | 500 | 750 | 1000
nents ™
and protein\\
Polysacharide 0 0] 10| 50| 50 90
Polysaccharide
+ 0 0, 30| 80| 90| 100
Protein
LPS 0 0| 501100 | 100 | 100
LPS
+ 0| 40| 90| 100 | 100 | 100
Protein
LPS. Pro 0| 20| 50| 100 | 100 | 100
LPS. Pro
+ 0| 50| 100 | 100 | 100 | 100
Protein

Table 4. Additional effects of protein moiety
on lethality of mouse by endotoxin

(LPS. Pro).
Experiment Lethality
Protein 1 mg/mouse 0/4
Protein 2.5 mg/mouse 0/4
Protein 5 mg/mouse 0/4
LPS. Pro 1 mg/mouse 0/4
LPS. Pro 2.5 mg/mouse 2/4
LPS. Pro 5 mg/mouse 4/4
LPS. Pro 1mg + Protein 1mg 1/4
LPS. Pro 1mg + Protein 2.5 mg 3/4
LPS. Pro 2.5 mg + Protein 1mg 2/4
LPS. Pro 2.5 mg + Protein 2.5 mg 4/4
Lethality = No. of dead mouse.

No. of total mouse.

BnfER % < b L < 7 (Table 3.).

DX 57 xR BRSO N EHEE RN
fER & = v AR 5B R AL 7 = —
L CHA- 8, LPS. Pro I X ABUEE%
ME VAR BRGOEMC L DRI D Z &
AHBEL 7= (Table 4.).

z £

P. californica % -4 = » Ml E L THE
FOBEEN MRS ER 2 AR, AR
FITMBE D ETEC 2 b B X 5 To SRR 7o AGH
RHEEY, kb EEREE (PR o
a5 X 5 ik HBAETH LN
s xhtc. P californica OFEIT AR
DEFEDOFWHBAE S, ZOR, Y
BSEECI D EREhic, ToX 5N
HFEOMREERB—ROBWMic L THE
BILTEBNE S DSEBEH L TV FETS
5.

& 4« D NEREBRES O E 2w T P
cali fornica . %35 BAEHHRHEEY A7 =
— A L THAN SR, BHRES T LERD D
ST DI BERSDHRTH 7. LarL, LPS
(BEIEE) OFEEIERmOEREL D &<,
LPS. Pro (584 7cNHEE) OFEMEL LPS off
I LE,h . ZhbOEREFL, KE
B IO & VA2 BRI BERG THRDRICTHE
AT AERAD D L REL TV 5.
B/HE, 2V BEG R BEERS, LPS 256
ik LPS. Pro i fhnd 5 & ThZh s
Wi asE&ERALRI. ZDX 51 P cali-
Sornica & 2 —% » MlRELTHWSZ LI
I o THBLRERBROE L, ToOfoMEE
Vi3 B IER & OFATBITRIC OV TS
BRHAL T FETH 5, BERSIR-T
W AERICE VT = v ADKIEEM: & DT
BRI RO R TV 5.
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