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Isolation and characterization of methane utilizing bacteria. Omnrta, Y., Y. ApacH],
and K. OpA (Department of Food Science and Technology, School of Fisheries and Antmal
Husbandry, University of Hiroshima, Fukupama, Hiroshima 720) Hakkokogaku 56: 249—
257. 1978.

Active enrichment cultures were obtained using soil as seed. Culture No. 12 grow-
ing most abundantly on methane was selected for further study. The culture, however,
contained two kinds of bacteria as seen by microscopic observation. They were separat-
ed by Lindner’s drop culture method. One bacterium, strain M, which was determined
to be Methylosinas sp., was able to grow on methane and methanol as a sole carbon source,
but the other, strain G, which was identified as Pseudomonas sp., could grow on glucose,
methanol, and formaldehyde, but not on methane. The growing ability of strian M
decreased within 1 month when it existed alone. Strain M showed poor growth on me-
thane when it grew alone, but its growth on methane was enhanced 6-7 times as
much as its pure culture when it was mixed with strain G. Strain M could also grow on
methane abundantly in the medium containing the supernatant fluid of the cultured bro-
th of strain G with methanol. Strain M was supposed to supply methanol, which is the

intermediate metabolite of methane, to strain G.
Culture No. 12 is thought to be a new system of mixed culture different from others
reported so far, based on differences of cultural conditions, cell composition and amino

acid composition of cell protein.
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U7 22 v B HEEOERERABELT L
cherichia coli K-12, Bacillus subtilis IFO* 3007, Pseudo-
monas fluorescens NRRL** B-10, Staphylococcus aureus
IFO 3060, % X U8 Aerobacter aerogenes IFO 3317 % F
VAR

B 24 vMEN. 7B (HARKZEOLODZ,
ORI IR O F#h =R L7

B KU EEHE  KiHhid Vary & Johnson®
BtV KHaPO,, 1.1g; (NH4)2HPOy4, 0.04g; NHa-
H:PO,, 0.3g; Na;HPOy4, 2.0g; MgS047H:0, 0.04 g;
CaClz, 0.03g; Fea(SO4)s, 1.2x10-4g % 1! O7ERK
WAL, pH 6.8 KL TR L. Wi
Zhic 0.25N @ KCl T LB RER? 158 %0
ATCHEBMLU:. REFEIA 2 vEl3sva—-2%H

* Institute for Fermentation, Osaka.
** Northern Utilization Research and Development

Division, U.S. Department of Agriculture, Peoria,
U.S.A.
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Wi BE§IE 120°C, 15T o288, s va—x
BREFOEAIERIEF L IHRCHEL, HHK
WU 7e. EigER JURBREERIT 100 BoF Y
r—a—%RHN, FYr—F-REKAR7a—-2—2%
— (K7 o — 2 — % —T3518-25108) THELH]
FBURBOEET2IDX 2V 2 ANTIT-Te. &6
CBZHP LT 50ml $7043 1 ORE AT 13,
Fig. LIGRY VM A B EEZT O 172 500ml % 7c
B5BOROKES 752 a2 FHLE. EEOR
RO EEEER L, FABERREELIROMNT
500ml ADFEE S 7 5 2 i 50ml OEHE AN, R
FEKD S TR EEEEAT ST 1 A€E, B
BRI 1ml 28EL, ROFON 7 2EH6
B —X =2 —THRBEEAE LSS, BET 100ml
DAEVEAN, A2 Y 2a—2 v 2 2B AL T30°C
4 HRE SHE®E (120rpm) UL THEBILE. 3%,
Z OB DO II24MEIC 7 3 R ahDH R Z /N
OH FABNMOLTALL— 2 —TiK&, HILLER%E
ANEEZ 7o 8IC, FHICHEET100ml ©ox 2 vEA
Nl Ffe, Suva—-z2PREE 0.2%) OB,

ae

\J] E—-Conon plug
ilzle
0 / 5 Screw cock
-4 ;-4 =
Rubber stopper
/Class tube
Sakaguchi flask
\——_—_—__//—Medium
Fig. 1. Culture bottle with a gas changing ap-

paratus used for growth of methane utilizing
bacteria. An approximate amount of me-
thane under atmospheric pressure was put in
the flask through the long glass tube of the
apparatus. During cultivation, the mixture
of air and methane in the flask was replaced
with fresh air by evacuation with an aspirator
through the short glass tube, and then an
approximate amount of methane was freshly
put in the flask at 24-hr intervals.

MRELA 500ml BRoFEOEES 75 X3 50ml
OHE AN, REEKE EEEEREBCEREL, 30°C
T1HRMIRESEREL, ChEE#KE LTHVE.
AR OB RIE I BICY LT 2 BERE
L, BEEEKOEROBEE ERRCERET -
EBEBEORAIER, 2828 CHREEHS CTHERER
ZERELL, 660nm [ZBIFAERNEND, KREiREE
RAOSELUERERS UTERRLL.

S, FEDZVREAERTT V-4 -
X 2 VEHMET 30°C T 7 HRERE, X544V
KHhT 5~6°C THREL:.

BERSOST  BEREHTRIEREA 2 VvE
B7va—-2E UTEEE%E 105°C T 24 FREHER
%, RS R UBEKRRS O 21T - 7e.
Bik7: AIZEORERT I/ BOAITE, BEROKE
Bk GE7ZAEERE LT 50mg #84) % 3ml ©
6N HCl [ X#T, 77T 110°C, 168
KRR ELT -T2, T D%, T OMKIEEEN 7 2
T4 N2 —THBL, BET 35°C TERERI .
ZLT, zouBENELBROERKCEREYE, 35
CRET CHEREBEET > To. COBREERERAA Y
ORSHEL B2 FTLOEL, BRICERLENE:
50ml @ 0.2N { X ABRERK (pH 2.2) [CIERE L T-.
chzZ7 3/ B (B 8304%) 2 RHWTHHTL
te. BB, YRF VOERIL Schram 59 OFHEICHE
> Tir-7c.

E -

AT UR(EHEROSR A 2 VEIHEDOSERR
EUTHERILTTROZ O %, FIK, #k BIU
ARZAVE. SRR TEROBARBEAREAR
AICEE X, 03MRER €0 LBEEBKDSE
ARE0FEF 12 HEThTh 20ml O RBREIC
7ml ANk EcimLc. chieFvr—4—
WT2 2 V&M (LKE) TT 30°C, 105RIEEHE L.
Z 0%, EBEORIFEERKE 1 ASERY, BRE
HicEE U, COFRET v —2—RNA 2 V&M
Tt 1~2 38R 30°C THEFE L. DT, BRIFICAEE
LIcBEXZAEHE THEL, BUYHNH ©%®K
EEEZLDEL. TOXSICLT, 1~2EOHERK
SBT3 MR EE I B TH B & D Stock & Me-
Cleskey® OHLEITHEN, £ & ?gfbﬁﬁ%ﬁ}% L7c.
Z DR, DBEE 180 ORI SRR T A £ V1IT

BREBL0AKD 1 REREEB. £01ALE%:
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iR B L, Fyr—2—-RWAZ Vv &MEPT
30°C 10BME®T 2 &, AR, Bk, Ikidke:
ST 3HEZEHN I~1.5mm OEX % KLz, €0t
THHRROEEINTNO 1 RERITENTHLED
60~70%% L) T\, Fio, HEOEEKR, XL
BEE S DIRT EEFBA LN -7 &
o ORBEX LADIBEOEERICOVWTHERBREHT
* 2 VT CRIKER% 30°C, I0BRITL, Bb4k
BOBRM -7 1 ks No. 12 28R L7,

* & YEAME It S ER IC g TH
BE0HNTNS, 2T, £ICBRLIL1IKRES
No. 12 it %, EEOK, Pk L BTN
KEBBBCI - TR L. ZORE, XL
ZOHIL 2~ 3B LR ER U T » I BEES
BT —&lio0cds, XIOKIOEIOBEESBEALD
BUI. D1 &KIEE No. 12 % # &4 &[T 30°C,
10HRIERIEEE T2 &, COEXOBIIKAT, B
BHMy 1.5mm TH-7z. DT, O 1KkEE#R No.
12% 2 2 VA RFEFRE LT Fig. 1 IR LA 500ml %
DIRE D 7 7 R 3 CHEEER% 50m]l A, 30°C, 4 H
MIRESEBE To7c. ChIOEREL 1ml 1D,
#r L\ 50ml O3k inz ¢ 30°C, 4 HRMIRE 5
BBRLZTD, CORUEBELTIEILVELK. £0
%, CO1XE#ENo. 12 %277 v v ¢ BYE UK
SETHET 3 IBENED S, £ OEBRREIN
TH-1eDT, ZOMPHECEMBE/I i, ZCT,

Table 1.

COEBRTERETERSECERET S L, HobK
FRDORIL B[N, €7 o4 FIROM &R O
L0 2EHOMBEORENED b, MMROBA
BAR T 11 Tho 7o, BHEOBEE SRR
REBRETE, ThEFTIZTENTE LT, T
T, —RICEROBEMRS#ICH O 55 Lindner
O /NEERED 2V, 1WEE No. 12 kg h
3 2EHOMROSEEIT-~1c. £hicid, » & v%
ME—DRFFE LT, 30°C, 4 HRY, 17KiE%# No. 12
ZIRE D RS EHRER LS (17,000 xg, 54) T
#Y, 20mM Y ABEEK (pH 6.8) T 2[E%kEL,
COEBERAEHICBB IS, COBKRBRERO
INEZBRBOIRY TH/N— 252 LITED, TO
ANR—TS2ER—=NTS2AOLICH I LTE S,
BET T 1 MRSEET A/NEE# L. 2L,
F=WT 5 ADF—NVHOESEERBE RSB
ULIBRA4 LA 2 V1 OBRAKEKTERLI.. £DK,
AN=752ETEY VTHEHEESH L. AkERZY
) VABLUTHELEWLDY, x2v3ve) vaERE

- UTH##K 9 5 &5 Ribbons (FuE) OWFEfRICE

BT, TOR=NITFRAESIBOF U —&—{C
A, DOWTEETTUOOA 2V ZEEREFLESD
WLUTAN. £L7TC, 30°C 4 HRGE®ES, 14
H DHGE U 7B OSTEAE S A /N2 3R B AR TR
Y, 7Tml OBEKEHICINZ, For—2—H{A &Y
KAEPT, 30°C, 7 HREER Ui, —7F, 1Rk No.

Characteristic descriptions of strain M.*

1. Morphological characters:

Shape and size: cells occurring, vibrios, 0.5-0.6 X 1.5-2.0 um, non-motile.

2. Cultural characters:
Nutrient agar: no growth.

Mineral salts medium** agar colony: 0.1 mm in diameter after 12-day

3. Physiological characters:
Gram stain: negative.
Strictly aerobic.

4. Assimilation of substrates:

culture on methane at 30°C.

Methane and methanol as sole carbon sources.

5. Temperature for growth:
Good growth at 30°C.

* This strain was obtained after separation by Lindner’s drop culture method
from the mixed culture, culture No. 12, which was isolated from soil by the
enrichment culture method.

** Mineral salts medium described by Vary and Johnson? was employed throu-
ghout the present experiment.
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12%0.2%D 7' v a2 — 2 A WE—DRER & T 5 KK
T, 30°C, 1 HRIRE HEEL, TOHEGKEE ELE
RUAFETHREL, BfiRaEET-7c. XL, &
DOEBAIR, BRKIR0.2% O 7w a — & AN KK
BB L. TORKE, HRORLZ 2EEOME
BABEINT. CO2EEOMEDS b, —HoET
o4 FROMER, * 2 vEXUx 2/ —NEZTOhT
NE—DORFZEFRE L TEETIZ EBTERY, I
I-2ERERELTEBTE - To. KEKED
TMBEFHRL, TOWE%E Tablel itk &, M
¥z, ©7 o4 FROEESXU L & v 2HE—DIRHE
B & LUTHEE T5HHE 45 Whittenbury 59 O3
Tk B Methylosinus BOERETH 5 LHEEI NS,
FOBER, BEREE LTI/ VI —RCEBTEM),
AR VEREFEELUTHRATEE» 7. DITARERK
2 GHEHTE. COGHIIIVI—~RDOMITKHE
BEULT, =& /=N, -/ =, n-7 ) —w
KREBL, Ldd, ZhoORBFREAEFI

Folcds, 24 VRBOFRKTHSE X £/ -, &
WLTNTFEF, EMITHAEF LI (Table 2). T,
G #%i3 Table 2 KRT X DL, 75 2RHEOIFRRI
EBEHODIBET, #+ Y4 -¥RICHBY, HEEE
LRI AR LA ZAZBELIZD., ZhoOEEED O,
Bergey’s Manual of Determinative of Bacteriology, 8
th ed.? {ff - T, Pseudomonas BOKEE TH 3.
BEEE MBEeBEMTEETSILEFTSER
WCELRY, A 2V SAPEREHT, 30°C, 12HMHE
OEHEETERZ 0.1mm BEOEELFR LICT
Eighote, Udd, BRI ERERTRERY 4
~5EK VR D BICEBREAHBRLTLE > .
ZTT, WHREHTA 2 Y ERFERELT30°C T,
MgpEBMF 3G HREBAREEL, TOAFRE
ZRE L. TORER, MKEEGHEIEZBAERET
5L, MERBURE D & 6~7EAFSREEL N/ (Fig.
2). FIBROZ LK CHROAHTIRA 2 VIREB T
otz DT, Table 3 ICRTHASHY CEHLO

Table 2. Characteristic descriptions of strain G.*

[y

. Morphological characters:

Shape and size: cells occurring, single, straight rod, 0.5-0.7x0.8-1.5 ym,

motile,
2. Cultural characters:

Nutrient agar colony: 2-3mm in diameter, convex, circular, smooth, en-
tire, yellowish white, opaque, fluorescent.

Nutrient agar slant: growth abundant, yellowish white, opaque, flourescent.
Nutrient broth: turbid with sediment.

Gelatin stab: liquefaction.

w

. Physiological characters:
Gram stain: negative.
Strictly aerobic.
Hydrolysis of starch: negative.

Utilization of citric acid: positive.

O-F test: oxidative.
Catalase reaction: positive.
Oxidase reaction: positive.

4. Assimilation of substrates:

Glucose, formic acid, acetic acid, formaldehyde, methyl alcohol, ethyl al-
cohol, n-propyl alcohol, n-butyl alcohol.

o

Temperature for growth:
Good growth at 30°C.

pH value for growth:
Good growth at pH 6 to 8.

o

* This strain was also obtained after separation by Lindner’s drdp culture me-

thod from culture No. 12.
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WH S B LU G HEENEN M B EIRKIEHT #
FVERBRELTI0°C TRAKE LR G
DA ICHETERERI R DS - 72, Tablel & 2 KRITM
BIUGHOZThZThORELS, MKEGHEE
AR VERRBRE UTRAKEETS L, MDA &V
AR —-VEICBILL, ChZE GHBBFIRELUTES
TBHEZLEERBLTNE, 20T, GkE1BDA 4

()

ght (g/L)
[o)

Cell wei
8

é X/x/x
5 S % 4 8

1 3
Culture time in days

Fig. 2. Mixed and pure cultures of strains M
and G on methane. Cultivation was per-
formed at 30°C in a 500 ml-shaking flask
with a gas changing apparatus as shown in
Fig. 1, containing 50 ml of mineral salts me-
dium. One hundred ml of methane under
atmospheric pressure was introduced by the
method given in Fig. 1.

Symbols: @, mixed culture of strains M and
G; x, strain M alone; O, strain G alone.

/= WERRRE S AHAARERT, 30°C, 2 HRMIRE
D BEEBRB LS (17,000 X g, 54) L, €D LKA
Blc., ThERBET3(CT2H0 1FICBMHL, T
& KEEHAERR O 2 e BB QMRS E 1 1 0 EA T
B&L, BEBRELTMBELEREL, 30°C 4 BGHKR
ESKER L. ZORKE, LBEREANIERTRIE
IRUISOEEHBIC T M BRI3 5~6 fEE B REIh
7 (Fig. 3). #-> T, GHOEE LBKIC M BkicHd
EEREVE OFEESRIRINT:.
BRAEREOERERHE MBELBEMTERELRLD,
Floidx &2 VBB T 5~6°CItFFELTELE, &
14 RTA 2 YEBHEENSLL, DORIRERLT
Lo/, 22T, BYIERRDP OB LI M#KEG
K& DEAREE 730 H 1 kK No. 12 OREREH:
%, B#ESY ORBGEROEBRRGLHEB T 510
BE L7, 1RE#ENo. 12%4 4 vERFER ELLT
WAKEE R F WY, 25, 30, 35, 5 KT8 40°C TENREN
4HMRESER TS L, 30°C THRLBLAEBL,
35°C TIRIBEALEETEXEh - i (Fig. 4). o ¥,
Table 4 IR FEERFE O FHREZ 448mg/l L L
T, BEROTEO—KKEE No. 12 DEBRKIZTE
LR UIKE, DABT vE=Y AROEREDN
Bofc (Table 4). F7c, WEBBELD S, TVvE=T
BEZETOEBOHBEL -7z, 35T, EBEEN
YREERBTENTHRIKER 1! %/:0ic, B+
Z, 7 bV, BREKET VA )il BEEE B
JPa—-VRF4 =LY H—-2ZENTh 01lg, &£&EE
& Table 5 WKRTEBETEBICHEMLT, 1XRESR
No. 121035 Zh & OYH OAEBREFREL R L

Table 3. Mixed culture of strain M with various authentic
bacterial strains and strain G,

L Cell weight*

Combination (g l)g
M 0.19
M+ Escherichia coli K-12 0.21
M+ Bacillus subtilis IFO 3007 0.19
M + Pseudomonas fluorescens NRRL B-10 0.20
M --Staphylococcus aureus IFO 3060 0.19
M - Aerobacter aerogenes IFO 3317 0.18
M+G 1.20

* Cell yield obtained after 5-day culture at 30°C in a 500 ml-shaking flask with
a gas changing apparatus as shown in Fig. 1, containing 50ml of mineral salts
medium. One hundred ml of methane gas under atmospheric pressure was
introduced into the flask as a carbon source by the method given in Fig. 1.
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Fig. 3. Growth of strain M in the medium con-

taining the supernatant fluid of strain G
culture broth. Cultivation of strain M was
performed at 30°C in a 500 ml-shaking flask
containing 50ml of the following medium
with 100ml of methane under atmospheric
pressure introduced by method given in Fig.
1. The medium was prepared as follows:
The culture broth of strain G grown at 30°C
for 2 days in mineral salts medium with 19,
methanol was centrifuged at 17,000 X g for 5
min and the supernatant fluid was concen-
trated under vacuum at 35°C to half volume.
Then, one part of the double-fold concen-
trated fluid was mixed with one part of the
liquid medium with double fold amounts of
ingredients of the medium. The mixture
was the medium for growth of strain M after
adjustment of pH to 6.8.
Symbols: @, mixed culture of strains M and
G; A, growth of strain M alone in the me-
dium containing the supernatant fluid of the
culture of strain G; x, strain M alone.

7z. =R, Fex(SO4)s OADEBZELE L (Table
5), TO®KET LI BE O T2 100mg/l 3HEHE TH
o7c. FNPLE Feo(SO4)s i iRiNT 2 &, &
OWBRDBE U D THRINTE 1 - 12,
BARSOBIN A& VHBZORIVvI-RiITE
B L7 1 kEE# No. 12 0 2h 2o BHRRS Ok
2T, IOICERY O 2 VEBERAEEKORSY &
OHBABHE LU TEER L. Fig. 1 LREKEOSRE
BEELROMI 5 BORES752aik 1L ©
WAREEH %2 A, 1#REEHE No. 12 ZRFFMSA & v
OEAIZ48R, srva—x (0.2%) OBAIZ2 HE

Temperature (°C)

Fig. 4. Growth temperature of culture No. 12.
Cell weights shown were obtained after 4-
day culture in a 500 ml-shaking flask con-
taining 50 ml of mineral salts medium. One
hundred ml of methane under atmospheric

. pressure was introduced into the flask by the
method given in Fig. 1.

Zheh 30°C TIRESEFE L. TO%, BOEE
(17,000 g, 54) THEE L, 105°C T24WfHeEL
T, B 11 M7ch x 2 VEBEK 1.2g S/ va—2
HEBEEK 11g 28, * 2 VEBEROBEIARZ
CHEAEBR/ va - 2EERKOZN X D 20%EH -
To08, MIRIEOAEIIS N 3 — REBEED HHMIT

Table 4. Effect of nitrogen form on growth of
culture No. 12.

Nitrogen Cell weight*

source (g/D)
(NH4)sHPO4 (44.8 mg NJI) 1.20
NH4H:PO4 1.21
NH,CI 1.10
(NH4)aSO4 1.00
NH4NOs 0.90
(NH3)sCO 0.00
KNOa2 0.00

* Cell yield obtained after 5-day culture at 30°C
in a 500 ml-shaking flask containing 50 ml of
mineral salts medium with each indicated ni-
trogen source. One hundred ml of methane
gas under atomospheric pressure was introdu-
ced into the flask by the method given in Fig.
1.
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Table 5. Effect of growth stimulating substances
on growth of culture No. 12.

Table 7. Amino acid composition of culture
No. 12 protein.

Concentration Cell weight*

Substance &/D (/)
None — 0.90
Yeast extract 0.1 0.80
Soy bean extract¥* 0.1 0.88
Waste molasses 0.1 0.90
Corn steep liqour 0.1 0.90
Fez2(S04)s 5x10-4 1.10
CuSO4-5H20 4x10-3 0.90
ZnS0O47H20 3.4x104 0.80
MnCl; 3.0x104 0.92
Na:MoO42H20 2.4x10 0.90
CoClz-6HaO 4.4x10-5 0.85

* Cell yield obtained after 4-day culture at 30°C
in a 500 ml-shaking flask containing 50ml of
mineral salts medium with indicated amount of
each substance. One hundred ml of methane
gas under atmospheric pressure was introdu-
ced into the flask by the method given in Fig.
1.

** Filtrate of 10%, defatted soybean extracted in
0.1 N NaOH at room temperature, overnight.

Table 6. Chemical analysis of cells of culture
No. 12 grown on methane and glucose.

Crude protein®  Crude fat*
Cells grown on @ (%)
Methane** 49.2 3.5
Glucose*** 40.2 4.2

* In dry cells.

** Cells obtained after 4-day culture at 30°C in
a 5[-shaking flask with a gas changing appa-
ratus as shown in Fig. 1, containing 500 ml
of mineral salts medium. One liter of
methane gas under atmospheric pressure was
introduced irto the flask by the method
given in Fig. 1.

*%* Cells obtained after 2-day culture at 30°C in
a 5/-shaking flask with a cotton plug contain-
ing 1/ mineral salts medium with 0.29, glu-
cose.

* 2 Y EBEKRDOZH XD H25% 5 H - 72 (Table 6).
DOEIC, T3/ BEREEIRERSE Table 7 1R T.
A 2 VEBEEKO AL EIRE, Sva—2EEE
HOZNIDYRFVBIUAFA=vREhEFh 4
FELMEZ S EFIN TV

Cells grown on

Amino acid

methane for  glucose for

4 days* 2 days**
Alanine 4.5% 4.4%
Arginine 18.3 16.2
Aspartic acid 2.4 2.6
Cystine 2.8 0.6
Glutamic acid 0.6 3.2
Glycine 8.7 9.2
Histidine 1.6 1.2
Isoleucine 5.0 4.6
Leucine 8.3 7.0
Lysine 4.8 4.6
Methionine 2.4 1.6
Phenylalanine 3.8 3.8
Proline 4.4 4.7
Serine 1.6 1.9
Threonine 3.9 4.3
Tyrosine 3.2 2.2
Valine 8.3 8.6

* Cells grown on methane were obtained by the
same method in Table 6.

** Cells grown on glucose were obtained by the
same method in Table 6.

£ -3

Vary & Johnson® |3, +iEho 2EEOBE»D
BR% * 2 vEAMBARE culture HR 258, Z0
BREEEEE MR T LT BT B LTS,
INOOMEIRVTNOEMTIRA 2 VICEB LISH
-7z, %7z, Sheehan & Johnson® 33t 7F Muellert®
BENThEREREDL S * 2 VEMEES M8 LT
3%, THOoRVWTHOBABETHS. ChoOrR
TR, BAEESIETICEREEDTEY, ET
LZBREESHELED LS BERAZ LA-> TV A0
BRINTHIED, XETR, ELOHEL1R
K3 No. 12 3, Methylosinus BB L eI h 3T
o4 FIRO M # L, Pseudomonas BHIE L HEI NI
GHRLOBAERKRTHZZ L2, ThdOTME
3, BEOBEEENEEEDRAERETRANINT,
Lindner O/NEREBETHRE NI, MERIZX 2 v,
AR —WVEEEL, GBRIEIA &2/ —n, FATI
Tel, FRICAEETIMETHICE, BLUOMEK
BGEKDA 2/ — v EERR PRI © BNk ©%
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c
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\

AN I'
~ .
Strain G*
Fig. 5. Proposed scheme of interaction of strains
M and G.
Symbols: U.G.F., unknown growth factor.

OEBMMEEIN B &5, Fig. 5 iORTHEREG%
WEZ OB, TIbb, MBEMAZVEXL) —
MITBRILL, ThZFIB L TG HBEETS. Chic
HLT, CHREBMBECEBREDE 2E5X50TE
KRELUTEBNEDONS., Lrl, THEOBERIT
DVTHE, MEKOABISAREZETHBLTLE 720D
T, THhP ERESED SNIDh -, 4, £EHFO
=5 Ulcx 2 VEABEEZEWT, ChdOEERR
ZRPFTRETH 5. -

DNT, 1#&k¥EFE No. 12 OREEMHE BREIL, B
#H29 OBEAEOEN EHB LIz, Vary & Johnson?
i3, culture HR OAFEHEIRE T 30°C, &2EFH pH
1316.5, EEFLLTTVE=TRBBIFTH-7c &
LT3, oD #ERIT, 1KRESR No. 12 itoW
TEONERHERE—EHTS. LirL, culture HR 28
A AVICIDEBSRESD, BRI+ RICXDE
BOEHE SN AIE, ALREE No. 12 3ZhbHo
PRCIVAEEBEE INLSVOTRILS, 1,
Sheehan & Jonhson® O BAHIL, SETHEE N
45°C TH D, A1KkEE No. 12 oZhds 30°C TH
BZOTRIIEY, HoORAEBFKAIA VICLLDZD
EBEMEEINIWEZ, ARAGEE—KTS. £ 4

vEEREREDORE AL E LB Oa R,
Vary & Johnson? ¢ culture HR TiIEZHh £ 59.2

BL6%THBH, A1KiEE No. 12 TIRIFES &
b culture HR 0 2h 5 XD KL, ThEh49.2%&
3.5%Thote. Ft, TI/BHER T, 1RERE
No.12 {Z culture HR kO 7 ¥=V OSB3 {55
W, BiexF4=v, YV VYOESRRZHEN0%
B LU20HB» - 7.

WHRELT, BEHO* 2 VEIEORAKEETIRE
AHEODBBRBEIDICK D> TNBE T &, K1KER
No. 12 &L DREBERZEOHE, BERLBITTI /B
MR OMEED S, K 1RER No. 12 13, HROES
EBELRIETIHLOBARTHI LEL N 3.

BAEREA 2 VERFRE LU TERTIEA B
AEMHEIEDBERICH B DT, FhEhEEM
SRILTHEETILD, TOTTREAKE UTHEREL
TeENBOEBMEON B, S5IC, * 2 vE{IHE
EHAELTOWRRAEZRTE, REEE S va—-xiC
TEXOA RV ELUTERLILED, YXFV, AF
A= VICEUT AL BB O 5.

-3 ¥

BUTARO LEH» S, # 2 /- RBERIEH T4
VEAHEDOD B ERELSHQIR)IER. TO1H
ECOVWTHICRE & INAT, 2BHOME ML
GHINBELIRTHEZ L85 h-1. MEIIHE
HEE B EORRMAIEERE: T3 T d", Lindner ©
NEEBEEC X - TaBlE R

M#E, 24, * 27 -NCEBTBCE, B
V% QFRED O Methylosinus BOME LHEEI N5 4
% v obligate WHIETH Y, GHIZISva—2z, x &
J —WILEHEE T3 Pseudomonas [BOME & HE S
NI Th - 7c. MBRIBHEEER TR AT B H1L
UIBB U705, GHRERA T 5 EEFNMKEMO
BAXD b 6~7 ZRAE Shic. BAREKS # (Es-
cherichia coli, Bacillus subtilis, Pseudomonas fluorescens, Sta-
phylococeus aureus, 5 L. UF Aerobacter aerogenes) & DIRA
EETHE, M EoEBREIBDONE»-7. G
Box & v EEEREREK O HMT, MEOEEIR
S~6fE{EE I . A

AERRR, BAEEARILCERTEZTE, B
HEHOER, SOKERRSBLUT I/ BEKD
HEP D, HBOBAERELBENIFHLVESRT
b 5.

5E, KRROERL, MUSIEEBARBIERASICENT
BELL.
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