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Table 1 List methanol or methane utilizing bacteria

Group® | Fatty acid type@ Bacteria

I A-1 Pseudomonas sp. C

2 Pseudomonas methylotropha NCIB 10514

3 Methylmonas methanolica NRRL B-5458
Isolate K-81, Isolate B-452, Isolate B-185,

Isolate B-341

A—
A-—

A—4 Pseudomonas methylotropha NCIB 10592,
Isolate BNK 84, Isolate B-145
I B—-1 Protaminobacter ruber NCIB 2879,

Pseudomonas extorquens NCIB 9399,
Pseudomonas sp. AM-1 NCIB 9133,
Pseudomonas sp. M-27 NCIB 9186,
Pseudomonas rosea NCIB 10610,
Pseudomonas rosea NCIB 10611,
Pseudomonas sp. 1, Pseudomonas sp. 135,
Isolate V-172

o B—-2 Microcyclus aquaticus ATCC 27068,
Microcyclus aquaticus DSM 334,
Microcyclus aquaticus ATCC 25396,
Isolate C-42

v B-3 Hyphomicrobium variabile NCIB 10517,
Isolate B-46
CH.4 Isolate N-5118, Methylomonas agile A 30,

Methylocystis parvus OBBP,
Methylosinus sporium No.5

@) ; See reference No. 10.

Table 2 Fermentation medium

Components Flask Jar fermenter
(NH4)2504 3.0g 1.0g
KHzPO, l.4g 3.0g
Na,HPO4 2.1g -
MgSO4‘7HzO O.Zg l.Og
FeCeHs07-XH-20 30 mg 30 mg
ZnS04*7H,0 20 mg 20 mg
CaCl;+2H,0 10 mg 10 mg
MnCl,+4H,0 3mg 3mg
CuS04-5H,0 1mg 1mg
Methanol 10 ml L
Water . 1,000 ml 1,000 ml
pH 7.0 6.6-7.0
Vitamin solution® 1ml 1ml

@ Vitamin solution:
Biotin 20 mg, Ca-pantothenate 4 g, Folic acid 20 mg, Inositol 20 g, Nico-
tinic acid 4 g, Pyridoxine-HCl 4 g, Thiamine-HCI 4 g, PABA 2 g, Ribo-
flavine 2 g, Water 1,000 ml.

Y See text.
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Table 4 Antitumor activity on Sarcoma 180 and IMC carcinoma

#87°C 55 COs SPPBHRL, X\ C1MM%KL

Dose® Sarcoma 1809 IMC carcinoma®
0se
Sample (mg/kg/day)
MSD®(range) ILS*(%) Survivors® | MSD (range) ILS
Saline - 14.2 (12~16) 0 0/8 13.6 (12~14) 0
25 46.0 (32~60) 224 3 20.4 (12~29) 50
Bods 6.3 33.0 (19~58) 132 1 14.9 (13~16) 9.6
Fr.II 1.6 41.5 (28~55) 192 1 15.4 (13~22) 13.2
' 0.39 32.5 (19~47) 129 1 15.9 (14~22) 16.9
0.1 24.3 (16~47) 71 1
25 41.0 (22~50) 189 0 18.6 (12~25) 36.8
B-46 6.3 40.5 (26~50) 185 1 16.2 (12~19) 19.1
Fr.IV 1.6 27.5 (27~28) 94 3 14.4 (12~16) 5.9
: 0.39 40.8 (14~60) 187 1
0.1 41.3 (18~52) 191 1
25 14.4 (14~16) 5.9
M-27 6.3 42.8 (39~56) 201 0 13.3 (12~14) 0
Fr.IV 1.6 44.5 (19~60) 213 1 14.6 (13~17) 7.3
0.39 23.0 (16~34) 62 2
0.1 20.0 (13~27) 41 2

are) : See footnotes to Table 3.

Table 5 Antitumor activity on B-16 melanoma and Lewis lung carcinoma

Dose® B-16 melanoma® Lewis lung carcinoma® MM 46 carcinoma®

Sample (mg/kg/day) " ) S
MSD¥(range) | ILS® | MSD (range) ILS MSD (range) | IL

Saline - 21.4 (12~28) 0 18.6 (16~22) 0 13.6 (13~14) 0
Bo46 100 22.4 (20~26) 5 19.8 (19~21) 6 15.4 (12~18) B
;,r m 25 21.0 (19~23) 0 19.8 (17~27) 6 14.2 (12~16) 4
’ 6.3 22.4 (19~28) 5 18.2 (16~21) -2 13.8 (12~15) 1
Bo46 100 28.6 (19~30) 34 23.0 (19~28) 24 12.4 ( 6~17) -9
;_; 1v 25 27.8 (22~26) 30 20.4 (12~26) 10 13.2 (12~14) -3
’ 6.3 22.0 (20~23) 3 20.4 (19~20) 10 13.0 (12~15) —4

M-27 100 28.8 (26~34) 35 22.6 (19~26) 22 13.0 (12~14) —4

Fr.IV 50 24.8 (18~28) 16 20.4 (17~26) 10 14.2 (13~16) 4

’ 6.3 24.4 (22~27) 14 18.8 (14~23) 1 12.6 (11~14) =7

a-e : See footnotes to Table 3.
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Table 6 Antitumor activity on IMC carcinoma and
MM 46 carcinoma transplanted into sub-
cutaneous

Tumor size (mm?)?

Sample ( ?kos/ed )
me/ke/day IMC® MM 46
Saline — 239 (0)© 73 (0)
B-46 100 185 (23) 71 (3)
Fr. I 25 115 (52) 45 (38)
B-46 100 149 (38) 60 (18)
Fr.IV 25 95 (60) 27 (63)
M-27 100 153 (36) 45 (38)
Fr.IV 25 139 (42) 50 (31)

@ IMC carcinoma (1X10% cells/CDF;) or MM 46
mammary carcinoma (1X10° cells/CsH) were in-
oculated sc into 6 week old mice.

8 Tumor size was determined by measuring the maxi-
mum and minimum diameters of the tumor with
calipers.

HiaTT, JEFRMAIRTERELR,

1) EBMHAEMHRE (cytostasis) DRE

CyBL/6 = R DIETRANBM LA, EL-4 <=9 R
BFEMEY, RPMI-1640 ER®CC3EES L &t
%, ERBWCEEIE, B L CEEASREROA
o244 77— I 1x1040.2ml/well B X,
37°C T 40 B5R 5% CO, LSRR IC THERE LT, KEBK
T 16 B30 *H-Thymidine % 0.2 uCi/well S8%50
L, & THEc EL-4 §ig% Cell harvester @ TX/ 5 X7
74 3=7 4 V& — LD, KTHS LEKRSE, Pac
kard b v vF Vv —v 3 vV v E— CTHHEESRY
JE Lo

2) EBMIEALE (cytolysis) DRITE

EL-4 #ifa 1x10° f/ml *# 4ml 7525, 7o o
—vicAh, Zhic *H-Uridine (RCC Amersham) 200
#Ci ®in%, COp 55PEIC T 5 BEMIET 2 Ui, BIHHEN
RPMI-1640 1= C 3 EgE¥# 1x10°E/ml 12358 L,
Chi g LHEAEMAROA =120 7L
-+ 0.2ml 5EiEE, CO. SIPBRICT 16 BERIEIR L
Too BRRTH, MROBKSHENY Cytostasis & RO
FECRE L,

8. fiamEiRARR

10% fF4-myin MEM 353k Hela fiifla%, 2.5
x10¢ @/ml ¢725 X5 BPHEIE, ThEER 3cm
Dyy—ViZ 2ml JEiEE, 2 AM 37°C © CO, LHI8%
CTHR U, R\THi4 DWRED Sample ¥ S1rkE 3%

WETRL, 2o 3 BMISEE LA miBoy R
WiETHE Lo

9. 41 va2—7xwv (IFN) BRER

= v 2 DRMIRIC Sample ¥ M L7 HBREYCRN
L, Mo IFN o titer % MaeHARAs HDH Y T
HE Lo Thebb LAREAY, v oKEKERPIEY
AAARBTRAYIAVRELT 50% 73— 7BV ET
TUE Lo

1II. M R»

1. HlmiE

1) #MMikD Ehrlich &

B L7 29 MO R X h#d, BELER
LKATiep L R VT, RE X 1/10 N NaOH e TH
BEL, thEhofEEEEL LOR, Tb b,
Ehrlich #ifg 2.5x10® xR BEL, BRXH9H
W 5T 5 WRTECHRELORIEL S, TAAY
TR E S BN o HImEES R S b hi, £
T, Zhb05 b CHRIRBEDIRITMER OREND, 5
WOBGELYRY, FThOD7 AN Y AEEMCOWTH
[ spectrum %, 5WEDO <Y AEFLXAVTLLN
o

FhEhoEEY <Y AHEACBEL, BREXIVH
R TR Ui, Table3 iR+ X 5 & Ehr-
lich 2s X0° Sarcoma180 wstL, WIFhoMETLE
NI HIRIERETD & h T, ¥ 7 P-388 AME, IMC
carcinoma ¥ X 7¢ B-16 melanoma iz L, BRI X -
TIRBWEAS LESENLLR, £2T, ThbEk
D 5T B-46 3 XU M-27 0 2Ek¥RA T, HE
ENBEY HEET S OBENYEYD, ThEhoBkL Y
Fig.2 iR LI 4 B 2B, ThbESD 2-keto-3-
deoxy-octulosonate (KDO, Lipid A O#RES) %,
Drooe HDFEMC X b BREMCRE LIcL TS, WH
o Fr.I, T X8 M-27 © Fr. I & KDO 2§
FhTWBHZ EAERB &N, £ T, B-46 Fr. M, V
3 XUF M-27 Fr. N o\ CHISREE» B3 L1z,

2) HMES O HImEE

Sarcoma 180, B-16 melanoma ¥ X U Lewis lung
carcinoma % i.p. Bif, MM-46, IMC carcinoma
% i.p. ¥lixsc. KBML, BHEXIYIRMHER
ip. HELTHEEDER, HHVIXEXTEHOK &
¥ 7 ¥ ATHE L THBEESE Y L b~ (Table 4~6),

FOEERKBES T, S-180 AT L\ h
D v 7L THEBRCESHESBOH, HERT L
Tit 5 PErh 3PEA AR Lc, IMC carcinoma Tl B-46
Fr. I »%EHETH-7o B-l6melanoma iz 3 L T
12, B-46Fr. V % X108 M-27Fr. N coER»EL
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teAt, Lewis lung carcinoma ¥ X UF MM-46 IZiXi%
LA SRR & Rt o teo — EEIRWTIX
IMC carcinoma ¥ X8 MM-46 2L, WLWiho+ v
7 40 REOAMMMB RIS hient, MBRDS
L1z 100 mg/kg/day X b 25 mg/kg/day B X H WA TH

hel f\'.o

2. BiEharem

Fig.3 Cytotoxic activity on HeLa cells in vitro

Cell number (10%/plate)
—3—
—
—
S oot
—_—t

ont. 500 1000 500 1000 500 1000 (g/ml)
B-46 B-46 M-27

——

NBEHELBD SR hHDHROREBHNY L
LB BT, in vitro THMLTVS Hela i
RA S, 3 BHRICHMMOMNY Lo~ 2o,
FhoM%Th 1,000 ug/ml DRE T2 RMMIFALE
»ohich -1 (Pig.8),

8. MR A GRS D SRR SE

CyBL/6 w9 2D L.p. CEHRMEREL, 4AkK
MR IR LA L LT, TolN
WiEN (cytostasis) % EL-4 #B0 *H-TdR oty
LMWERME LT LR, £OMRV-ThopRe
b cytostatic LfFAA RN, %HIC 200mg/kg KER
HETH 7 (Table 7),

&\ T cytolytic 7ok LHXBHMT, CyBLS6
% AD i.p. LEWYR%Y 200mg/kg H4L, LA
DR LT R MENL BT, cyolytic IefEBY 560
L SH-UR 9 <A L7 EL4 RSB LLTLY
iz DR Table8 KT L5, WwiFhogtt
b cytolytic 2fEANROIIA, B46 NV #5HCH
BRI EER AL R,

4. IFN BR(ER

B-46 Il 3 XU'N® IFN BRIEMAY <9 A%AWT

Fr.l Fr.v Fr.N LbR-ETH, Fr. N TR IBFHMTCHBRL, XV TR
Table 7 Nonspecific cytostasis of peritoneal exudate cells
obtained from mice given bacterial component
Peritoneal cells®
Sample Dose )
(mg/kg 0.1 ml 0.2 ml
Saline 12618+410 (0)® 11845+1065 (0)
B-46 200 971412885 (23) 2669+3173  (77)
Fr. Il 50 132611886 (5) 6511+4532  (45)
12.5 14682+900 (—16) 127584588 (—8)
B-46 200 121154527 (4) 4808+1648 (59)
Fr.IV 50 13138+56 (—4) 7209+1418  (39)
12.5 137124544 (—9) 8872142855 (25)
M-27 200 9436+3040 (25) 3623+3300 (69)
Fr.V 50 10026 +2527 (21) 4804+4350 (63)
12.5 8737+1760 (31) 66062617 (44)

a)

b)

Whole cells in the abdominal cavity of female ddY mice (6 weeks old)
given with the sample were collected on Day 4, washed with minimum essen-
tial medium (MEM), and resuspended in 1.2 ml of MEM. The cell suspen-

sions (0.1 or 0.2 ml) were seeded into 96-well tissue culture plates .

(Corning) and incubated for 60 min; macrophage monolayers were washed
thoroughly with jets of medium before addition of the target cells (EL-4

leukemic cells). Triplicate cultures were maintained for each mouse.

Cytostatic activity was measured by uptake of 3H-TdR into DNA of EL-4
cells (cpm). Numbers in parenthesis indicate the cytostatic ratio (%).
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Table 8 Nonspecific cytolysis of peritoneal exudate
cells obtained from mice given bacterial

extract

D Peritoneal cells®
Sample ( O/se

me/kg) 0.1 ml 0.2 ml
Saline 15653+701 (0)® 1490541497 (0)
B-46 200 932541155 (40) 79824611  (46)
Fr. OI
B-46

200 8527+706  (45) 711241784 (52)
Fr. IV =
M-27 200 11094 +1131 (29) 9884+509 (34)
Fr. IV

@  See footnotes to Table 7.

5 Cytolytic activity was measured by release of 3H-uridine from
EL-4 cells labeled with 3H-uridine before mixing with macro-

phages.
Fig.4 Production of circulating IFN with B-46
Fr. I or Fr. ¥V in mice

N
S
T

-
S
T

Fr.v /Fr.m

IFN titer (IU)

[
S
T

1 L 1 i 1 1 1
3 5 7 9
Time (hr, ) after injection

Male ddY mice (5w old) were given with a 100 mg/kg of B-46
Fr, W or Fr,  intravenously, and IFN titer in serum was
measured periodically

Y7k Hic 6 B CREECE LUGSECHES L
1= (Fig. 4),
5. HBEENHER
B-46 1, B-46 V s X ¢ M-27 NV & DHELEHR
#HRIZOWT LS, Table9 wRTHREEY B *h
CHRIBERIGH SR LV T I 7 BEERRS & T
PRBERERI FHETHH LEL LIS, Fig.5 iIT
RABBLD < 5 — v R HEEET < /B (F7 ¥
YRBRL) AU EATRBE SR, HAFRIUE 3R
HELRIERAMTH Y, Fig.6 ic B-46Fr. 1 DX T
'+ 3,500~3, 300 cm™!, 1,100 cm™! DRIUIZAEEE,
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Fig.5 UV spectra of M-27 Fr. N and B-46 Fr. ¥

Ly
1.6F
1.4
1.2p

1.0
0.8
0. 6|
0.4}

B-46
(250 ug/ml)

0.2

250 740 260 280 300 320( ?40
DEEXLH, EROHEEXENT S,
I11. * ®

e s s 7 — VEICHEMES XU 4 5 vEEME
DEGRSC, HIBEELDENEIRNTHENT,
29 FEOMBEOKHHSE X BT 47 ) FhlHOFHIRE
EHYRE LIcE B, 7o) MEESCHEEN
o EHEATED b, £ 5 b TIRITRRER O EES X
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Table 9  Plysico-chemical properties of antitumor substances
isolated from methanol utilizing bucteria
_i’li_-_l:l]l B-TU-IV ! M-27 1v
Analysis (%) T 16,31 H:7.85 t'_::u_.m 1:6.53 ©:49.28 H:7.25

Ash (mg/sample) 0,062,'1,599 mg

0,111 2,231 mg

0.093/2.091 mg

()5 (N/10 NaOII) | =064 (e=0,1)

o0 (cwm0,25)

—=62.5 (¢=0.25)

UV Max.(nm) 203,7 (EM% 11.5) 221 (1™ 68.9) 22u.0 E)% 60.3)
(N/10 NaOH) 240 (EYs 10.0) 242 (fl) 242 (sh)
280 ish) 288 (rh) 28 [gh)
Color reaction Anthrone-Ha S0y, Anthrone-Hz S04, Anthrone-H2S0y4,
positive Molisch, Molisch, Moo,
Sakaguchi Sakagu:hi Sakaguchi
negative I'eClj FeCly FeCly
Melting point 271~298 235~ 250 239~262
(°c) (decompose) (decompose) {decomprse)
Solubility

1N NaOH, H:0,
cone. HCI

organic solvent

soluble in

insoluble in

1:. NaOH, H,0,
conc. HCI
organic solvent

1N NaOH, H:0,
conc. HCI
arganic solv«rt

Component*(w/w%)

Sugar (ug) 3.1 2.6 3.2
Protein (ug) 65 o4 g
Nature Pale brown powder Pale brown powder

amphoteric

|

Pale brown powder
photeric

SeIN

amph .ceric

* Sugar: Anthrone-H:S0,. Protein: CBB kit.

Fig.6 IR spectrum of B-46 Fr. m (KBr)
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HREEARILVWEBbhb, SEEYERI> L LT, &
B RAREAY R S R W ESFHENE LT,

PS-K'2, Lentinan®¥, TC-131817, KS-219 7 ¥'3% %,

ZhO OHBEN I A SN R ERE R L T HER
HELT, WFhoyRT b, Bl EREEIRE
¥, TOHBEROE FF 12, BEOHBBEERL
T, #J;E%i&ﬁiﬁ?m\b@%ﬁz‘EME&Df'ﬁﬁk’:
2 HRTWD, #2 T, M-27 35 XUF B-46 GEAXD
HIME OB L B T A EAL M5 BNT PEC
D MDD cytotoxic activity DRIELZ LAk
2B, WTROBRYRY L T bAHEMEO oot
activity (cytostatic 35 X T cytolytic activity) DL
bt PEC s adherent cell i3 kH2 M§ T
B b9, Mg O cytotoxic activity ¥RIEELTS LEb
hB, Foftiz IFN KA RS, FN 05Y
TR EMIEHE DI H T, Mg oﬁwgm;mﬁjmﬁmm
ft, 5\ NK Mo EE{LomEsx < aphl
W, ERIni IFN b, SEEEcEFLTD
LEZOLNhD,

LERLICXB A2 —ABIVAS Vﬁﬂﬁﬂg
DEG X DM, BH LR, B OLHIH
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ANTITUMOR EFFECT OF BACTERIAL COMPONENT
OF METHANOL AND/OR METHANE UTILIZING BACTERIA

Nosoru Orake?, Tovosuice Enoo®, Kankr Komivama®.
Hirosu1 Nakavama?, RyuicHiro Harapa?, Iwao Umezawa?,
Kazuo Komacata?, and Harvo Seto!

1) Institute of Applied Microbiology, The University of Tokyo

2) Kyoritsu College of Pharmacy

8) The Kitasato Institute

4) Niigata Research Laboratory, Mitsubishi Gas Chemical Co., Inc.

Antitumor activity of the alkaline soluble fraction of methanol and/or methane utilizing
bacteria was observed on murine tumors. For the purification of active substance from
the alkaline soluble fraction of two bacterial strains (Isolate B-46 and Pseudomonas sp.
M-27) which showed relatively marked antitumor activity among the 29 strains examined,
extraction with chloroform and gel column chromatography were performed, and Fr. III
and IV from strain B-46 and Fr.IV from strain M-27 were obtained.

These substances were water soluble and amphoteric, consisting mainly of sugar and-
amino acid. The substances did not show direct cytotoxic activity on mammalian cells
in vitro, but showed marked antitumor activity on the ascites form of sarcoma 180 and
IMC carcinoma, and slight activity on B-16 melanoma in vsvo. Furthermore, growth
inhibitory activity was observed on the solid form of IMC carcinoma and MM 46 mam-
mary carcinoma grown subcutaneously.

Cytotoxic activity(cytostasis and cytolysis) of adherent cells in peritoneal exudate cells
from mice treated with i. p. injections of B-46 Fr. III, IV or M-27 Fr. IV was determined
in vitro using EL-4 mouse leukemic cells as target cells. The enhancement of cytotoxic
activity of adherent cells was observed by means of the uptake of 3H-thymidine into DNA
of target cells or the release of radioactivity from *H-uridine-labeled EL-4 cells.

When mice were given these substances i.v., the maximum titer of interferon was
observed in the serum 6 hours after the injection. These results suggested that B-46 Fr.
III, IV and M-27 Fr. IV isolated from methanol utilizing bacteria induce tumor regression
by specific and/or non-specific enhancement of the host defence mechanism of tumor
bearing mice.



