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Injuring Reaction of &-Endotoxin upon Sarcoma 180
Ascites Cells and Silkworm Midgut Cells in vitro
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Bacillus thuringiensis (B.t.) 123K & & dic BF
Z2LIEEMERET 5. oz v sto WER,
Bt LT #HEERT C&bd -RER L FiTh
3. HREAE, BRONNETHZLES. 2R
HORWRICCOYEEZEH L THBEROREARSL SN
T, AFRKE2TRLDTHObNE. ZOFEMRE
icit, BREHEROMEIcEIE2E O pH &7 5
T—¥OEHICE DT, MEASAIELT ST &M%
EHTHBWERS, 1976). LHLEMDE, ZORRSK
YR BEOBREBEORKITONTE, LbhD
TV, ERYorRTHRESHE —7k e in
vitro THELL Db HRAKIOEHBL P TV
E—D D ICEBHESBL NTEDTH 5.
B, HREE VIV EDOY T 1=y b O—IHMEHEE

B M S BRRLA, b Jual
ZEHEREORELSMER, REWY
¥ RE FHIFER, BMAW
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b0, ¥, RAR o7 7T -EERERTCLE
&St (Bulla efal., 1977). X5ic, T Ok
BOBRE v BRAE, &A8%HESD, BEl
& HHEY 3 HEMERs /. (Nagamatsu er al.,
1978). Zho%FhviC, EROBELFEEOH
RRABEBECERTS b0 LEbh3.

—%, COMEOHFZERNTOERBEICD T
B, tioBR, HEARYIFYITIFY DYy
VIRERKARTELLBLNMTVS., BRIZBIF 5
REROEALR, BTN FERXBECDIcET S
LB (&) THELELLONTVS. H4
ACKER 2 v BEERETRE, 5H5EETHE
DORENIILCES. Lhl, CoMBTOE—TNES
ERARARAHTH 2. COMBOBRDIDIC, #HiE
EEBORNET 2 HEARMTCEE, FATHS
tEbh3.

Hatano %, 38D HFE oD #Eic, CIR (cell
injuring reaction) & 5 RIGHRZERZRE L 72 (cf.
Tanaka er al., 1971), chid, ERMBEIEROE
ETTRARRYEE e BT 52 &% FIAL
T, BEBEERBMALISILVIAETHS. APIE
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kBBNT, bhbhid, ¢ o CIR 28 Bt. @ -
BERICHATEX AL EI DERE L.

NMARF B EIREFSRER & T HRE I
e Bt. BEREAM 2 ZBEL TR0 T
CIES BHOBRERT 3.
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B.t. O—Fitk var. dendrolimus T 84 Al % A »
7o, BORERE, HREEORIESE OB I
Ztso7- (Nagamatsu et al., 1978). B oi-&EE
g Smg % 3.8ml © 0.2 M 7'y ¥ >-NaOH #2
#H (pH 10.2) &\ L, 74 3 EtEr527 >
Fo 2 RAGTIS FNVEREAF VRBE T 757y 7 2
A-50 7a< 2574 —ickD K80 LT B L 72
Far7—+¥ (BHRM, KFEHK) 0.1mg ZINZ, &
B 4mlT3°C 6044 vdkax—FLLODB,
12,000 rpm T 30 Sp 0 a0k, LEETHEEBREL
THW . TORBEH 1 Ayy/ml 0g vy Bl
EA:bD T

Btk 7 a7 7T —€ORDKBILRF A VA7 b &
/= (ME) THELENBERERSE AN
#5 Img % 10ml ® 0.1M ME %4 0.2M 7
y o~ »-NaOH &% (pH 10.2) cEEL, 4°Cic
—BuRE L o b BOSEE EEE 0.0IM o Lk
#HH MER L) @t L Tivi. Bicids /s 3 —
FEEBBCT ANVREF YA F L 72D b B L I8,
TR TEOLS I L THAKL CIR g, &
HOBRLEDROT EXbhol.

o DFERE, M TEIBEBENSE T &
A EEMDI: (Nagamatsu et al., 1978) @bzl
Lie. SEICGUT, B 100°C © 15 fgsk
UK E, SREL TERICH L.

<) ABKH 4k

<o RHE (Fra—-=) 180 Ky vk (S-180
M &R T 2) &, BHoX S AR L (Aviv
et al, 1971). =w 2 ddN (#, 5:88) i S-180
THERE LT 1 @R icBAKERELL, 1000 rpm 60 43
o BNk b X Lot DBA Bk
(NaCl 8.0g, KC1 0.2 g, Na,HPO, - 12H,0 2.9 g,
KH,PO, 0.2g 2 1Y » b vDKICESPLISD) T
LOMA LML 2.

CIR O1-HOEERIER

CIR MEofEreikit, DBA BHEicHEL~ S-
180 #HfT 2x10° HicxiLC, /R 0.2 A,y BAfT,

F7:13 HeCl, 25 ug ZRIML TR L 72 GALE 0.4
ml). ch% 37°C THRE S Lo2RIGEH, 60 5%
7203 BRI, BEIL7- DBA AR T 1045 &
ReyzcdickoRive i L. 2500 rpm 15 43
(4°C) THELAMOD D LEE 260 nm THIE L 7.
HgCl, itk 3 Ay fit GEFERMZ Rikicd &3O
LT, HBHRICKZ Ay MOBEEZHLL, Ch
% CIR ofs¥k (%) &L7: (Tanakaetal., 1971).
D& &, DBA 0AICL B Ay ORI DT
»T (Fig. 2 B, chREEIckpET N &
FOWEHICHKRT 37 ) >~ »-NaOH ZER SRR T
HDoi:.

DVIBEOEE LROKIEHO EE»S, sun
Fvs-Ag,—n Q1) k> THIEZREB L,
Tl JEEIFE% B (Folch and Stanleys
1957) ob, Bk « REKEDY Y EEFLT
(Fiske and Subbarow, 1925; Bartlett, 1959). <&
NITHRE (25) ARUTHRY VEER S L

S-180 HRAEI~NOREHET I/ BOEY AH

R oERIGK 0.4mD) i, $5ic C-7 3/
MRSy (10mCi/mmol) % 0.2 .Ci 1%, 37°C
TO0AIRE 5 L. @mODEHc XD filak b2,
wEEBEI O LA L CLEBORBAERRE, HREE
WAL TERODDL v v-PPO h Tk v F
V=Yg Ay v E—ICXDEHL T

FEEBEEREON v Fa— gy

5&3~4HEADH A 2 otiER Ly, YBRELT
DBA c3[Ek#L 7. hiE—~EF>EREN IO
STOH T, 10ml ® DBA igi@Ed¥slLik h
i 5 A MOBERE, Tt 625 g © HgCl, %0
Z, 31°C TOORREES Licdb, 260 nm (4K
WHEORH) & 500 nm GFE) i DBA o®
HEZNE L7z

FEBERO SRS BRE Oy Fa N~ gy

MRS, 43 (A88HFHR5S
1~48H) HI0FEMLSRRL hBEEM . A
W& S mm [qFESICEYIL, —BOA—-¥TES,
FYTYy (S, AEA vEMEELT 40
2=y ) 4t 10 ml ® DBA thT 28°C T 60
SBEBEL. DFhBEF—RTEHLO Y 7
vA4t 10 ml @ DBA i L, 20°C < 10 2iE
ESLBASHMEN RS S, by 7y RN
LODPZTHKDOT EEL OPAL, L Hia%
SUNRELED . BRRICHEDHAKEIES~-¥T
WEL, EHE»S 600 rpm T 543 (4°C) oELS



B. thuringiensis ¥ #51C & % iU mg & 21

Bz X b imiaAE R LUz, DBA THFIgedkL, &%
ORI % th e & L THlVW .. 25 LTS
N7 GRBERFICE NS Agg MR SN ZHE) 1T
EE 0~0.3 Ay Bifiy F7-13 HgCl, 0~37.5,g %
Mz, ¥& 0.6 ml (DBA 2~—x&93) ORN
WAERL, thzx 377C THI{EEL SN & ¥
7. 1553 ic#EI L7 DBA © l0{5Icfiile 3 ¢
LItk FIS%E BIE S L LD Ay ZHIE L
2. B4 63—k E57201CR, HoBERO#E
HKEBURIGKER r—NT v 7L, 0.6ml 0 %
FWERR & &R L TR DL E B 2 15D /e

] e

B.t. REXOD S-180 #CxT 3 CIR

S-180 MMIOMEBWK I Bt REHREMLIL.
ShHUDH A T 07T —€ TAEL L ks 5
(3, S-180 205 DEABWIN (Az) YIEORIEEL
ARG 2 < EHbmpDiz. Hatano > T, 2o
% CIR ERE&SZ &L, ZOEHEOEHER A
7z (cf. Tanaka er al., 1971). —#i% Fig. 1 TRk
3. i & FT, CIR 110040 1 v
Fax—varyOo0b100% gl 100 &,
HgCl, ic & 2 MBS RATRIMED it & R U
LRVENS T ETH B, [ERMELT BHT0OREOBE
B OGERLIRYD), H320EIEHLLIzob TS @k
ESEIEHFERBREDA v F 2=V a3 VTR, Ak
ORIBIEEAER VD, E2THTLOFNTED
7= (60 poBisT CIR 32 hFhos, 5%). %
BYE ANVHF T &) AT EBLLIZ DT,
0%EED CIR MHaohi (604). T8 AL Ko
RO TEbicE, BrEHELTA IS R/
—WEDHVFFR VL P DHEBENCTED, OB
iIchhoi- (Nagamatsu er al., 1978) 7T, #F
CLBBABSLETHS.

zZT, CIR B EBHEMEEIREL < FTERF i
HELEIDECIREBETEZTHAS. "Efko
FEDED, H3VEEKERSCEDT, 202D
OEHRBEREICK KLzt Ens, Thdid
BEWCENRERICEE b EEDbNE. LiL, #Mm
KOWTRI LIS EENS.

S-180 #as S a3 WER, Hltox <y b
n (Fig. 2) &, BicLBRE (Fry/ —VRIBIC
B, v7==aT 3 VRIS &5, RNA
BObDOTH B EARENI. Fig. 2 5 WL »
B&kdie, EHEAFEROBRMICEDT, BEilioz~y
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Fig. 1. Cell injuring reaction (CIR) of
B.r. toxin upon sarcoma 180 cells. The
reaction mixture (0.4 ml) contained
buffered saline (DBA), 2x10¢ cells, and
either 200 A, units of toxin (solubil-
ized by gut-juice protease) or 25 ug
HgCl,. Reaction was performed at
37°C with shaking. At intervals the
mixture was diluted 10-fold with DBA
and centrifuged. The supernatant was
measured for absorbancy at 260 nm.
Results were expressed relative to non-
specific release of A,;, due to HgCl,.
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Fig. 2. Ultraviolet spectrum of medium
in which sarcoma 180 cells were in-
cubated with or without solubilized B.t.
toxin. For reaction conditions see Fig.
1. After incubating for 1 hr the super-
natant of the medium was measured
for absorbancy. (a) with solubilized
toxin; (b) with DBA alone.
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Fig. 3. Release of phospholipids from
sarcoma 180 cells due to the presence
of B.t. toxin or HgCl,. Reaction was
performed as described in Fig. 1. The
supernatant of the medium was measured
for phospholipid. The values due to
DBA alone were subtracted. (a) with
solubilized toxin; (b) with HgCl,; (¢)
with heat-denatured toxin.

S-180 HFI~NDHUGAAFEICK T 3 BHEOFEIC DT

bR L 7.

Fig. 3 wwrdkdic, FHROBMcky Hili~o
Yy vEEEOKBBE L RESHE. ) VIEEOBES
izid, RNA oia Ry, HeCl, TRIFEAE %
WEZFiehot. DX, S-180 o¥Hic “C-7
I/ BREAN, HIENNDOLEOABLEHY VLI
(Fig. 4). CORIGETIELBEROTRMICK Ll
FEXhE C EMbhDt. BB, 73/ BROAS
BRBEELA-BRCLO>TOIRVHEEZESNZ LS5
Rz5 (Fig. . CoFERE, REMHicX>THL
Teiksy (BSYF2) PIRET I/ BEFA LAY
, BEZOET I/ BRVABEEIZ CIR 24725
TEELEBRZED/ICIEDE0D, WFhhTH
A3

Ubkoz&ho, B WEHREF, S-180 #HiZick!
L, 8250 BoZEtEZw L THEROME () KV
—LREDOHFHBEREELOT D LRSI S.
DT EN, Bt BFROKED BHRETHE LS
NEBEMPBOMIIc b S TRIEEZNEI hERANS
fbic, HFOERERST.

B.t. AEBOHRBERBICNT S in vitro TO £
A (ERHEORH)

H43iT Bt. REREEZ 2 L PIGHRO M
B3, coksic &M invitro THHRLNEME
3% L 5~7-. Table | iZRT & Hic, RBENT
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2 T I 1
5
=) a
! ®
=
S
3
=
S 1+ .
&
(S
= b
a
2
= )
= c,d

0 s s .

0 60 120

TIME (MIN)

Fig. 4. Incorporation of labelled amino
acids into sarcoma 180 cells. The reac-
tion mixture used was the same as Fig.
1, but contained 14C-amino acid mixture.
Precipitated cells were counted for
radioactivity. (a) with DBA alone;
(b) with heat-denatured toxin; (c) with
solubilized toxin; (d) with HgCl,.

Table 1. Release of UV-absorbing sub-
stances from intact gut tissues®.
Addition A, Ago
Toxin, 5 A,g? 11.7 0. 52
11.2 0. 46
HgCl,, 625 g 10.7 0. 54
7.8 0.26
Protease, 0.125 mg® 7.5 0.29
9.4 0.33
DBA alone 6.1 0.24
5.5 0.18

b A gut tissue taken from a silkworm was
cut open, washed, and suspended in 10 ml
DBA (NaCl 8.0g, KCl 0.2 g, Na,HPO,.
12H,0 2.9g, KH,PO, 0.2g dissolved in
11 water) containing toxin or others as
indicated, and gently shaken at 37°C
for 1 hr. Then, the medium was measured
for A,, and Ag, after proper dilution
if necessary. [Experiments were made
twice.
Solubilized by gut juice protease.
» Gut-juice protease alone at the same
amount used for solubilization of toxin.
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FHREA vFax—bLik. BRERELTRANVET T
T4 —NTAE L bDEA V. Fig. 5 o
HMAERY. avibao— (DBA 0, 30T HY
TP YUEBYBET D) AT, MR LE
FAEM L 7 RBTR TR RIE OB L b
. BHSIEZ S-180 OB LKL T 2 RNA #
OARZ bR (KB, DELITR27FH
WOEBRICBWTI vy ro—w EHBREPRMLIRE
OJiIc BEAE ZEBELCRBRIZKSE T EMNBD
7o BEOLREOEMMEEEZ L) Sy
T L BB LY, HMIEOBEIZLLR
D, BRICXBZRIEPREBINIC K IED72DTD
55, XOBELHE SHETT EEE 2ESEZC
&, ZLTYFAR LA FATHELL & SIicHE%:
B ciro#E# (Nagamatsu e al., 1978) 2 3
TEDMNRTETH B.
x -3

WS HEZEOEAEZ IO EDL > I LTEA
AR & RT3 Wi 3 i Do T,
B.t. OEFALAERVED B4, S-180 Mla~D ¥
REMIRECL2TVBEL>THS. BER O, B
HTI/VBRTI_VLEHEERE LD, LEoRHK
TFTTHEEMLLT S-180 fif& 4 vFaxN—1F 3 &,
WD 7 <D BITR A VF ax— b ERIC S
L, I5acfiicEdszhothds. ko K,
EEPE AR E oM T REEBRICD I X I ICE
bhsd (WR#H, RER). (b2&d, TZOERT
B, SRUPEEEE v B bulk OFRSFICABT
B5H5, 2EO—HFEEDTVETH A HIFTRK
BOHEELTL S, KRLBZVWMBLALZN.) —
5, BARNGEORKEIZ 100 304 vFa "~y
YOObiKFS b—ikiET S (Fig. 1) OT, TOR
B, —HOBEADOS L, KRBV FDOTEIE
ThzdLEDLDNG. J VFHEOHERE, 2 ER],
0 NTRIFEEMEICET S (Fig. 3). Y VEEEREK
DEBRTH 200, BEOEAMHENRSBZ S
LEBTES. T/ BIDAAEED, HBRERML
EHEI LA E T3 (Fig. 4).

ThenT End, FEHILLILERS S-180 i
T5 &, FFHEOESHEL, MEORYAHRE,
ZL7T, MR YRS —s0H#E RNA 532Y)
DL ED —HORBHEBZZ b0 L RS 5.
FM OV TCTR AR EHER B FREE SV,
WFRiIRL A, EABRIIEE ) vIEEORHI, &
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Fig. 5. Release of UV-absorbing substances
from free cells prepared from midgut.
A. Reaction was performed at 37°C with
shaking in 0.6 ml DBA solution containing
gut cells (liberated with trypsin) and various
amounts of toxin (solubilized with mercapto-
ethanol). After 1 hr the mixture was
diluted, centrifuged, and the supernatant
measured for A,, as described in Fig. 1.
B. Similar reaction to A was performed
but using 20 ml reaction mixture containing
3.3 A, units of toxin (solubilized with
mercaptoethanol). At intervals aliquots
were withdrawn and treated as above. (a)
with toxin; (b) with DBA alone.
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CIR &, Josk &AM Es/Ego= 7
y—= 7o (Tanaka et al., 1971). 4
EMHv/: S-180 Mka s v AR —>2THD, =
R E T B EEKA v EBCT. CHLTTELE
&7y RiC Bt FREWLLT B &, Frnmpid
50DTHAHSH. Parasad and Shethna (1974) ic
&3&, SHREOBEERII/LS v b, FEMLL
7o Bt #5889 (F70E5E LIRS ko TEa
PEAERTENS., HORZOMAEEL LI Bt D
HEICIREBEL > ENH2 EERLTVS. LL,
EHAL L7z Bat. EEH, EEMEEICH~TH ik
DHICL O BIRAIERAT ML LE I &S BRMBE
3. EERIFEELEED CIR ob&sEihs.
12 %, Fig. SBiTRT LI, Mlah S0 4K
B OKHBIEE, HELVES A2 —REHET S
&, REILTWALSiLAZD. Chid, EREEK
E£5b0THBEEDLNLY, EMOBHORIRTS
b LA, AERKIGROEH T LMo T
2. NI BT 2EOEEIC LD, FEMED
BB ORMNEEET TR R, +2EZ 50
BLLTHB.
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Bacillus thuringiensis T 84 A | fkDpEH: 4 5% -4
BRE, M THLE a5 T LR EICLDB S0
UCHEBILLTEL &, =y X ¥z —= 180 KA
vHERZIC in vitro THERI L C, HEHb~ O SRR
HORMZE L RET S Esbhoik.

TRH S N PE I, 260 nm KA IR & RNA
BoboThol., T, ELBERIF LI —-<M
Ranbo ) vIFEOHER - bAE L.

COHROEBOENBETH 2 Lvbh s figil
W (W4 a) &, AU AERESUR AR L
THL &, HHICEABRNE QR ABEES L.
#14 GRS S LY Y BB Ic & b RO R
ZEDTHETUIEL THREKOEENE SO, &
7ZUH 4 3 OFERI DR TIE, BRICHLTHRE
I RIBZRT X D BRI OMIZE 2 & EBHET
Ho7.
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Summary

The insecticidal d-endotoxin produced by Bacillus thuringiensis strain T 84 Al
was found to attack mouse sarcoma 180 ascites cells in vitro, stimulating the release
of UV-absorbing substances from the cells into the medium. For this effect it was
required that the proteinaceous endotoxin was previously solubilized by gut-juice
protease from the silkworm or by a reducing agent. The substances released had
a UV-spectrum like that of RNA. Phospholipid was also liberated significantly
from sarcoma cells in the presence of solubilized endotoxin. After the midgut of
the silkworm, which may be the primary target organ of the toxin, was suspended
in a medium containing solubilized toxin, it released significant amounts of UV-
absorbing substances into the medium. Similar effects were observed for free cells
prepared from the silkworm midgut treated with trypsin. In the latter experiments,
however, nonspecific liberation of UV-absorbancy was often observed even in the
absence of toxin, suggesting that the intactness of free cells after trypsin-treat-
ment may be critical.



