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* The Problems on the Fermentation Engineering of
Methanol Assimilating Microorganisms —A Mono-
graph— tMmura, A. and Waba, M. (tAsahi Che-
mical Industry Co. Ltd., Technical Research Laboratory,
Samejima, Fuji-shi, Shizuoka-ken 416)

VBB O AT B OERES i o0 Tid, I
TN BHBELDT, FNHEOEHATEBE
OB TTRRET 5.

2. FEEXS /-1 OBA

bOBEICB TS 2 2/ —VOEBEKZ, FER48E
DI123F b2 -2 LTPIBETLTE D, BN
S0EDERFIIT F V§FTH - 72, TDD bIS0%HS
FIWVALTNNFE R, WISEWIAFUF LT R —IVEE
M3 THD, WITNOEAEREFTOERTHS. T
BEZORRIZNFZEAEED > THIW. BREET
(ML PEEBERS SRS EXBSORMEY
a V| OEFENEEFERLLEICLT, FROX %
J—VOEBEEATFRILTVAY, Thicks &, BRI
604ET19075 + v, BRRI7SAET3505 b Y IT T8 » T 5.
ZNRSOFRNCIE, NkoKRBE&ZEE LU TEEINS
wEmI AR (REFR) PRER, 1T¥RH, B
BHEAL SO BERILY oF L EEZS INT
WISV WA AZEOEEDI DI, BIZE
D2ERBDA 2/ —WISHETHB. —FHREE»
/ =NICDOWT, BREFIERSOTRICKS &,
DBEOBREH * £/ —VREMEICEFEY » VR
AR ) =N IV IFDIRDFASICEBELIEND
b, 1980 EfRiCiZ LNG OB B ic BRR DA
U, 19854EiCi3 A # / — W ODMADERT S EFEL,
LNG O #5eIfkEl & U THI660 + v OFEENSRA T
NBEFRALTHS. LBETERAERE UTIIFR,
T B/ = VOHRINTNS.

WIhicE X, fPREMYZSED X £/ — DAL
HEEINIZDBDEEIOLNTED, REERELTO
AR )= WRBLABERLIE-TL5bDEEbNS.
Table 1 TR L7 kS ICA & /7 — VTR EBAT S
CEMEZONDED, W CHICREVEEE 2 -
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Table 1. Comparison of fermentation feedstocks.13) Table 2. Genera of methanol-assimilating mic-
Carbon - - roorganisms presented in academic reports
Price Price d patent applicati to 1977.
co(%Z:)nt (¥ [kg) (¥ /kg-C) and patent applications up to
Bacteria
n-Pax.‘aﬂin. 0.85 100 118 Obligate methylotroph Occurrence*
Acetic acid 0.40 110 275 Methylomonadaceae Methylomonas H#
Ethanol 0.52 220 420 Methylococcus +
Methanol 0.375 55 146 , (Methanomonas )
Facultative methylotroph
Molasses 0.40 33* 83 Gram-negative
High test molasses 0,40 96* 240 Pseudomonadaceae Pseudomonas HH
Glucose syrup 0. 40 145% 363 (Protoaminobacter )
Enterobacteriaceae Klebsiella +
* As sugar. Serratia +
Vibrionaceae Vibrio +
) Aeromonas +
AR - NVEIHEORRLFROY » v« 2 2/ Neisseriaceae Neisseria +
— e PS5V NOEENEERERTH 5 3. EA Rhodaapi(illaceae_ ) Rhodopsefudor{zonas +
Uncertain affiliation Hyphomicrobium  +
£/ —VORBBRIRICET 577/ 0V -T2 S Microcyelus o
v PG IhTn 3. Alcaligenes +
Acetobacter +
Flavobacterium +
3. X5 = R{LERED Chromobacterium  +
_ X (Achromobacter H)
A2/ ~VEIBEDR, BROMICEOTR, Gram-positive
HEVELLIEELBOOTRIEOLDEEZL SRTHY Bacillaceae Bacillus +
P, A&7 —BRICBEOSBHRSTFbhBICOhN Coryneform group g’a?lmegacteﬁum +
. . . rthrobacter +
T, BolkXDELFEETEEVIONBERTHAS. Brevibacterium +
BAEF TRAF T 38HEGER R, B rdbr 2 Mycoba.cteriaceae Mpycobacterium +
- VB © genus A% L35 & Table 2 Ok ) Nocardiaceae Nocardia +
. R . . ety Actinomycetes
DICIEB. ED genus DEHEYE IR IDITH Streptomycetaceae Streptomyces +
RCAVONIEHOREE & > TH. ThiTiIFE Yeast
CEEEEDLNE BDODERGDH A5, ZORWIL ASCO;POPOSCUOUS_;’C“S Soccha
{7
B UDT, —EE - B E L TR L DT accaromycetoideae Pt:z;iaromyces :i
$b. ks E A g/ - VEIBEEOIREAL Hansenula #
. . . Asporogenous yeasts
A , : .
@, 77 E&ﬁ@ﬁ@ﬁ%’(&i v HD genus Ik Cryptococcoideae Torulopsis Hit
PLTWBZ LshH 3. obligate methylotrophs ¢ Candida H
13 Methanomonas, Methylomonas 335 { , facultative me- . Kloeckera ++
thylotrophs |2 Pseudomonas D3t 2\ . WHOFLL Fungi Rhodotoruloideae Rhodotorula +
THEBEERSEE T HIIL T Pseudomonas BSHBEI T Cliocladium +
31:0% L OWRBCE > THHIN TS, DT Paecilomyces +
Protoaminobacter, Achromobacter 3B NL S TH 5. 1L Penicillium +
’ ? ' Trichoderma +
DAD T 7 A QR T 135 BB B 2SRk * Chance of finding: + : infrequent
BObDEUTIE, BEEMELEEbNh S deromonas, +: moderately infrequent
5 ; ) H#t: moderately frequent
IENHEEICIE 33 Klebsiella, Serratia § B I TH W+ frequent

3.

—5 75 AR EBEERE IR, WhYWAREAE  MBEBVES5THE LELS 7 2REBREOLES
BEFSAED & LTI LA DB Brevibacterium, Coryne- BT 2327 ) —=v /i ihid, £EREOENE
bacterium, Bacillus 13 E W3R SN TV ZITT X0, (LD SFRE TH 5. FEH 512 Corynebacterium
—fRC TG LY EBHER A £/ —NVIKEBTAEE BICETAMEL SEEL #me 0.24 (hrt) 22D T
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.19 02— ERBATIRBEELENET SIS
5, IEETE/ 7 L1 REBUELSHIEET S
CEDBEETHDLEEZTOS.

BERE T3 Torulopsis, Candida, Pichia, Hansenula, Sac-
charomyces O 5 J& 1T HIRIIE < DX £ 7 — 0 BALKE
BRDONTO B, Z OfC Kloeckera, Rhodotorula %
EDTTBLIRRINTE LT, BROA 2/~
BRERPTOBEINBICEET > TR, Zhb
D BER 133 )T facultative methylotrophs @3 3.
BRICIIA 2/ — VLK EBET 20085 H0,
R A ORBICAN SN LS ELTWS. Lh
U ZNPIADREEEEYIZZRD S THIIL.

ZOfMOERE TR T3 Streptomyces 1T 1 ¥,
DOTIL Cliocladium, Paecilomyces, Trichoderma, Peni-
cllium T 2 £ ) —WVEAMESBD SN TOIDHTH
5.
» 8/ - nEEER, BEE BB s/ -,
57 4 /REDE I C BB TR I N BWE
OBWAEH & 3 WAMICENIL S CLRBITK S 7o,
* 2/ - VEIMEOSHCRALBDEEDEEDLN
525, Co B OMAEIC B 70U BB 5O B
BEL, b oBBL DA 5/ —VEIMEI B
ENBTERESSZ. LITNICEE, BRDIAO5EE
AEMEZBNE T AICRBERRINTOIEK TR
DIS. REEEESHIRSN S 7 5 2R aBHREPK
R EBENINCHMT 5 LIk, 28—
FIRRBEOEZYVEINTIT SO LEbNS.

4 A ) — VERRO TS

KICE BT 205, BEEDBEL, Fhr g/ -
BAMBEICE L CHBRECEBRELRT A 4/ —
N REEFRNC T B 700, TSNS L & 5.
TROLLELICR, # 2/ —VOBEBE OERICHE
T260THY, EBUEEMT, HDOx 2/ —10
HREBEEMZZCETHY, B2RBEBRFEHBE
HOMRICETZHDTHD. ThdOHERTFNI
RIS DN TEEDT » et se 2 hiC i 9 2.

A5/~ NWRELEEEE A2/ —VHBEEY
DEBHEERAEZ b o R EL oS TVDs,
A B - VCBEBOEREE DX &/ — B LRI
DNTH, HENEBEETZOEFYHET 3. o%
DHEBFEOFERRM, HRREEERK X 5 IKRERIR
RIIERROA £/ —VOBEIC X > TE UL BT
3. Torulopsis,'® Candidal™ /@ d 2 # & / — V&AL

BETY 5565

Table 3. Optimum concentration of methanol
for growth.
Methanol
Microorganism concentration Reference
(811

Candida N-17 ~3 17
Methylomonas methanolica  0.3~3.2 18)
Aeromonas methanocola ~3.2 20)
Protoaminobacter ruber ~0.79 24)

HEESOEETIE, # 4/ -~ VOBEOESX, 212
0.5% (wW[v) bl odbobh T3, HEMHCK
STRIGUEEE T CHELZZURLHOLHD,

. 1z & Z1E Torulopsis methanolovescens T3 1% (wlv) 2

B TEELZFIEh-72.19 Fiz Dostalek 518 3
Methylomonas methanolica DIEFEZEDORITETV, H
HREEEE 0.3/l FTREWVEEZMRFTE S, £
NP ETR e BBEBICETISZZ EER LTINS,
Methylomonas,1® Pseudomonas,1®) Aeromonas,?® Coryne-
bacterium?V 13 XD 4 ) — VB HEICE VTS,
BEELR 0.5~1% (Wiv) T A 2/ —viE RS
BLEMEETHS. L LAEDOHREICR A 2/ —
VICH U TERIE R L E-T, KD EEE, 1-
EZIELE~2% (W/V) DA #/ —VTHEEIBLEE
ERTIDINOOBRLD, 442/~ VOREREBXL
AERTHES, BEROX 2/ - VBER, T3
ROBRECHRLOOEETICENEE LT E
AW

A5/ = DERBHHEN A5/ - VHEEOL
EEE T, SREOHABERAV avyEa~%
—BEHEIC X B2 2/ — VBB ORBEERPBTRET
Ho5Y, EBREOEERRK T, BERBORIHC
BL, $2&b0o0EdDIC & / — VOFRRHE
V55, UTKB<EHRRD, » 4/ - VEAHE
OBFCEBR LI/ S5 A —2 - 2ANE &K B A
2/ —VOBREZRRBE T EEZR IO TH 5.
a) BWHERE D.0) ov/Fnvick 48K
1529 O FHERKRE®IC L D BEOEE fed-
batch culture )t WV Oz DDBFITH S. CDFHY:
3, ZHCHT I3BEHORBER,O LA RV 2R
WBEICERITH B. § 8B Monod OFERICE
3 K [ESHEBR/NE O O TR EBhOEE O
£HE EIICBEROHERI T I, TORREER
RERRO 5 bic BRERAS RSy, D.O. &
ERT5. 2OV FEkE LI TEEREPHICH
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Table 4. Comparison of ‘Monod’s constant, K, for methanol of

methanol-assimilating microorganisms and for various substrates
of other microorganisms.

Microorganism Substrate K; (g/l) Reference
Candida N-17 Methanol 0. 05* 17)
Methylomonas methanolica Vi 0. 002 18)
FM-02T (bacterium) Vs 0. 00156 29
Pseudomonas methanolica Vi 0. 002 25)
Pseudomonas extorquens 8;‘35:31 : 3215323232 o 0.00065 26)
Corynebacterium methanophilum Vi 0. 0167 *k
Aerobacter aerogenes Glucose 0.2 27)
Azotobacter vinerandii V4 0.015 28)
Fusarium solani Vi 0.72 29)
Candida utilis Ethanol 5.05 30)
Pseudomonas ovalis Acetate 0.095 31)
Corynebacterium netrilophilus Acetoamide 0.14 32)
Trichosporon cutaneum Phenol 0.56 33)

* Calculated by the authors.

** Unpublished data.

¥TE5b0THA. ZOHFETE, LT—BEHOI
IR AEE BT BT, HEWC A &/ — VOB ETT
ST LRBEMOERTIRBEE T BZN0H 505,
WY SRR TRAET NI, SO TREIEEN
AHETH 3.

22— BILHE E T OMOMEY O HEHE K
EE KB LI=Dps Table 4 Thad. chkh x4/ —
WVEIME OX &2/ —nvicxdd 3 K fEREL /MK
s X2/ —niCd 2B EHEBEIH
%. TOXDICA 2/ —NVEIHED, BEEEDX 2
) =WVEBVWTRRO u TEETEX2DTHY, BB
FTHET &4 2/ - VBRI, SODTETVE
E@E 5. ‘

—fRiC, * &/ —VEIHEED 2 2/ - ERICSY
T25DO.OLRAEYRIZ, XOLDTHERTH 2.
Corynebacterium methanophilum DIEBZIC BN TEXL 13
A2/ —NBETODO. Y7/l ARy 2%
Ricdo0ds Fig. 1 ThH 5. BOBEKER T3 25mg/l
Ptox a2/ —nigtLTrafy LT3, 10
mgllTIFEAELAR Y LT RIS
Lict 2/ —wBSEBICHEEIN, HEBERINEE
BEHOREL T TH I EEIONS. ThiD,
ZOHER INTFEEHICTIZ * £/ =D 25mg/l
DIEBEEESTEICIL 3.

AR/ =T BCDOEIWENEEEREAL

e [ 25 50100]25 250 500
CH30H(mg/2)
T o[ 50 25 250 |
~
@
E ol -
o]
0
63 125250 | [(4) 25 50 250 500
ar I
2r I
i
0 3 min
Fig. 1. Response of D.O. signal to addition of

methanol to the culture of Corynebacterium
methanophilum.

(1) 10 hr-2.7 g/i,
(3) 32 hr-11.5g/l,

(2) 20 hr-7.0 g/l,
(4) 40 hr-16.0 g/!

T, D.O. ¥ 7 F itk 2 2 — vk (KB ICHR:
LIS S BIRBHAZ TV, BELERET -2 15%
Fig. 2 iT¢/R_RT. :

LOHBEORER, EEONBMRELHEL D,
Z9CETHY, BCEKBENELRSEE, A4/
—VOFMEENBE L 18570, HORBICENEE
BEZ oD LEEEIN 3.3 Aeromonas methano-
cola?® ZEimiE@ L Ic L %, 1EDX &/ —ViHEE
BEZBLETA 27 —VBREMEEL XS ER
T3, Fig. 3 WRLIc LD ITEBIE A 2/ —vFinE
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20
{Mean starvation frequency per hour )
20} 3.7‘:-4.0 -3 0
- j‘l:‘:
15 E N {;
10 ~ - =
N x 3
8 o £
— . I -
~ 6 3 °
S "
=10 4 T
= 2 © 5 U SRS SN R SR T N B
)
© 0 0Ot 23 45 6 7 89
CH30H (g/7)
< Fig. 3. Effect of starvation frequency on the
5 8 % . .
o growth of Aeromonas methanocola in continuous
D.0. 16 E culture.
44 O Cultivation conditions were as described in
42 e Table 11. Aeration and agitation were kept
o Ly A L o at 2.0 vvim and 600 rpm, respectively.
02 46 81012 141618

Time (hr)

Fig. 2. Typical growth of Aeromonas methanocola
in 20-/ fermentor under automatic methanol
feeding with D.O. signal. .
Cultivation was carried out at 35°C and pH
7.0. Aeration and agitation were kept at
1.5 vvm and 600 rpm, respectively.

¥iz3~4[@hr TH-7z. oF Y 18~20g/! OEE
BECR1IEO 2 /) —VEHAEDS 16g/101 4 (G
FHh 2 2/ - BEOHHEIL 1.6g/[~0g/l) 235
BOBKROEERAR U BOFNER TOEBD
BTREA% /- 1EMID ORIEENRE LS
WIELZ A2/ -~ VvOBEHRETHD, THENE
INECRSEE ISR X s ABHENEZ O
3. ZOEIICHKBRICEK > TREIEA &/ —VE
m&HE2RHTC EICED, * 27 —VvOHBEE%E
FRCENRLSBEBRERETICLENTES. O
FeEFATHE, BREREEE > Ty —NT
v 7T BT ENTRETHD (Fig. 9 2#8HK).

EK 53 13T O FEIC & » T Protoaminobacter ruber
R OSEERGEE R U, BKEAREE 85/l % TRISMEEDS
TELEBELTVAS. '

b) pH stat ik ZBRRBIMFESS  HEREAN
ORI DA 8/ —NETYE=TIBAKD C/N |
BLEFPKRELTES, CORAKES-TPH %

avire—rg3ERERICA 2 —VEBKT S HE
ThHs. ZOFEREK S VI — AR SICEN
THFRAZIH TN S.

TR 53D 1T & B & Pseudomonas AM-1 QEE, » &
J = V(EI9%) &7 v =T (29%) DH.A% 100 :
23 (v|v) iI&, T 7 Klebsiela sp. T3 100 : 18.3 DIBA
wepHaviue—nd232&icky, 532k
A5 ) —VOBRBFEBITA BT L%&EIRL, Pseudo-
monas AM-1 % 855 L, 35.7g/l OBBE %15
T3, EFE 538 & Candida methanophilum D Y3 1T
BT CIN HE A 155~17.0 (g/g) i Licx &/ —
WETVE=TORABEMRK T L EICEST,
PHAa Y bu—LD2x &/ —O BRMKEE
ZIT-> T3

UL LZ OFHER, EERNOAEICIDEONRE
Ny 28 Thickicid, RESRBCEETSC
EMTEIRNY, FUEDA 2/ —VBEMHER TS
WA LB THOFRTAE /) — Ve E=A
—T3HENDD, ERAMtICR, TLEMEBE-TH
250LEEZIONS.

¢) Exponential fed-batch culture? Bk
FHICADTISHEBEIIC X 2/ — VO HREES
REIETHOEBICHKELA 2/ —VERBRREIEH#]
BT 2HETHD, 1RO ICXDEEIN/. Pro-
toaminobacter ruber OFEERBRICE T o X
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p=f(s)= - Umaz — KTREN 3.
—S—+1+<—K—i) “VdTC;L=CGQ,

fimaz =0.181 hr-1 Ce=aKCy,

Ks =0.00156 g/! HRLD

K; =25.6¢g/! o

n -2 In C—{:—-ath
&80, f/(9)>0 OfFEEKTIE, WbWw3 Monod XD -4
BRVERIZLLTWS 2 2/ —~VIBEB THD, pid V: AEKROER (1
AR NVBESITHUBRELIVARY ZET 5D Cr: KIEEORE [e/l]
f(5)<0 T4 2/ —VOBBRED:YD, —EX 4 Co: HShOBE [gfl-air]
J = VBENCOEBO SITREE nIiMETL, 384 i Q: BEZEKE [Ihr]
BEEROX 2/ -V BB LRI B. Protoaminobacter a : BERIERE [—]
ruber B4, COBFREEIL 0.79¢/l THBELTH K : 358 [—]
3. B2 R3O F B X > T, Protoaminobacter ¢ : =Q/V [hr1]

ruber 2553 L, SORFRGT 25g/! OEAREBE LB/ TV
5. -
COFHBER, HohUDEFICHET 2 HEEHEE
FBLTESE, Zhoickdrunsrs3Ivi2iToc s
CHESHD, BAEHORBICEEL HERTFEM
WBZ LR K-> TRLISHIN D 2ERNLELHT
»5. ULrLEREOERBETIE, #MAEHORMETAIC
B4 2 RFDD > TOROOT, RIEBE LEFL,
BERULREEIL TS & OAELME Ul & Xiid, BEHD
RBEREBET L, A2/ - VvBEBERLAEREZE S
T f1(5) <0 ORLZFEFERICA B TTHEMD S 5.

d avvr.—s—HEHEHHE B, EHEKE
EEHIC, BRYREELTRA 2/ —~VEBELE
BEWC, LObERBICHERLOOERTHCLETHS.
TOIBHITIIA 4/ —VOEIENE N &EFIF L
T, BRMH O OHSN RPCKEKT 2 EHED A £
J =%, 1z & % |X flame ionizing detector,39) cataly-
tic combustion analyzer'® 73 FCHIEL, oA

BEH L BABEICA 2 7 — WIKBEAEANTHED

ZETEIPBAL, ERIKE>TH 27 — VO
SR ERD B L Table 5 DX 5 3. BEDEE
DERBITCIDRITBENA £ — VD ERFH T2
1.5~3.5X10* TH 3. biARK L L/ -V Tid 145
x 10-4 (28°C),3D 2 x10~4(30°C),4V i-F € /) — )T
13 3.8 X104 (30°C)* DESEHEINTED, WIh
b2 g/ - EREBEBEORRRHCTHB.
—H* &/ = KR O FERIEDT — 44249 Ini,
COFRMANYY —OEANC L85 E LT, ~v Y —
B K 2 27— TR EOVERE (EHRFHBIC
MG 2) AHETZE Table6 DL SiIC133. 2O
& EREEERT I, BEOBER, L BARET
TR, ERELOOHERIRA 4/ — 1 TIRIZEFIZXH
T3 HDEHBEINS.

FEEDA &) —VIEBRRRKBI B X 2/ ~VOHER

Table 5. Apparent evaporation rate constant,

2/ —VBE LthoEREYE (PH, BE, FHREE, 2K, of methanol.
BREHEE) L AbYEI a Yy Ea— 2 —FfIC
10, BomhUBRELIA 2/ —LOBEREICH Aeration rate 0.5vvm 1.0 1.5
BT 5E X 5 Tdh 5. Hoechst 1D demonstration aK 1.9 1.7 1.7x10¢
plant Itk 135 2 2/ — VBB 2 V¥ a2 — & —§if a 0.91 0.79 0.81
Ik »TO.005% Y FICHERFIN TS LN H. 0 (28°C)
XE = IDORERAKX A/ - VEBEIEVR .
Wb ESERICE T, BRI H BEED A Temperature  228°C %2 %
B —NDRET B BEOBEZL L BAERERMET, aK 1.7 2.4 3.5x10™
EOBEDA 8/ ~VIERT BOEERTHI a 0.79 0.9 1.05
X B/ —NVIKBBRCERT 3 & OMERERRK (1.0 vvm)
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Table 6. Theoretical evaporation rate constant
calculated from equilibrium data for metha-
nol solution.42,43)

Temperature
CL —_—
28°C 32 36
3.0 g/l 1.84 2.63 3.18x10*
5.0 2.08 2.61 3.33
10.0 2.10 2.64 3.36
50.0 2.14 2.69 3.43

BEBLRDEIYD, WIBBESy—Tr—AVE—
DHRESI Vs —T7 7 -2V 2 —-2RKEFIKOI
E, A2/ —rQERERP-T. TORERK LD
2/ —nOERERR, 200 V=T 5 —2 Y E—~DX
2 ) — VBEEDS 0.8g/l TiE 100.3%, 4.0g/l T287.3
%, 9.3g/l TIX74.0% T&H-1z. Aeromonas methano-
cola %[ UB&D < ZARMTRE LIS ORI R,
Table 7 TR Lick 1, BEEELEOBKEEDED
B TOVEEREE, BBLICAZ/ —vD3.1%
Th-le. T RBIORBREERDSLE3.15
X104 Lz, BEOEERICEV TS, BI3EHRE
DOERBTON TS EHHEINS

AR = NVEAMBEOWIBEICKT2BEA &/ —V

Table 7. Actual evaporation of methanol during
the cultivation of Aeromonas methanocola in a
20-! fermentor.2®

. Methanol .
Time Cell Methanol Evaporation
) (@) fed(® P (%)

0 0.5 (initial) 80 — —

4 1.7

1§ lg‘g (7hr-10) 200
1y 13 (1012 656 2.3 3.5
14 14’ 6 (12-14) 41.6 0.86 2.1
"7 (14-16) 41.6 1.36 3.3
16 15.6
Average (10 hr-16) 148.8 4.54 3.1

Cultivation was carried out at 35°C with a working
volume of 10/. pH was controlled at 7.040.2
with aqueous ammonia. Aeration and agitation
were kept at 1.0 vvm and 600 rpm, respectively.
Methanol concentration was maintained at less
than 0.8 g/l with an automatic feeding device.2l)
Apparent evaporation rate constant, aK, calculated
from this experiment was 3.15 x 104,

OBEHIZ, Table 3 K RLIXD I, 1212 3g/l
TTH2D0, BEBEREHSICHDICRTESBRD 4
4 ) — VR EBECHEE LA D ERT B LB
L. '
BREERE S N
TLHEMRRD 1 B3, RFE44.4%, #F13.2%, KFK
7.0%, ¥ 24.4%, HIKF9.0%THD, kD
Btk 100g % 1 = & L EEMEROEENIZ Cs.o-
H7.08No.94401.65Ash TRINB.20 44 % /) — ) iT
Xt ARSI Yx/ s (8/g) 0.5, 0.3-F 5 &
SRBERISRBZhZERA TRIN 3.

Yx,s—05
3.13 CH;0H +2.38 O
(100g) (76.2g)
— 0.50 C3,7H7.03No.94401.65Ash
(50g)
+1.28 CO2+44.5 H:0
(56.3g)
Yx,s=0.3
3.13 CH:OH +3.31 O;
(100g) (106 g)
—> 0.30 Cs.7H7,03No0.94401.65Ash
(30g)
+2.02 CO:z+4-5.2 H:O
(88.9g)

Aeromonas methanocola (D

06

o
T

02 03 04 05 08

Yxss
Fig. 4. Relationship between cell yield coeffici-
ent, Yy s, and oxygen demand, Os/cell.
- —: Experimental equation for growth of
Aeromonas methanocola.
@: Experimental data from the cultivation
of A. methanocola in 20-/ fermentor.
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Table 8. Analysis of carbon balance during the cultivation of 4. methanocola.20

Fe Consumed  Consumed®  Evaporation®™

(g)d for eq. (1) for eq. (2) loss Total

(®) () (8) (8)

Methanol 384 328 34.4 11.5 374
~Carbon 144 123 12,9 4.3 140
Recovery — 0.85 0.09 0.03 0.97

Eq. (1), cell formation

'CH30H+-0:2 — cell4-COz:+H,0

Eq. (2), by-product formation CHsOH — Organic compounds

Eq. (3), evaporation

CH;OH — CH;OH

* Calculated from the “total organic carbon” in supernatant of fermented

broth.

** Estimated as 3%, as shown in Table 7.

CORLY Yxys &, BATBKRARICET 2 BFEE O:/
cell (g/g), DBARIZ Fig. 4 IRE N B HBO L SIS
5. Lophgic jz‘j' UC, Aeromonas methanocola ¢ 201
V=T 7= AV2—HRCIBHEEEL 0y 1 T3
&, Fig 4 DX, 3EAEDTu y F BBOLE
THNMRBIELTL 3. 23, Yx s ZEEERKISE
VAL~ oEkE CO: ODHAMAER T2 EIKE
LTOBIDICELE bDTHD, 24/ —VORE
OEkB LU CO: ~DEUNET Yx s #MWE TS E
KBAOHBICESNTL 3. 2hk b ZEIE & ihig
DE7 DI}, BERERRISR O MU R EY D A5,
AR —NVORBEIPEELTHEbDEEZ LN
5.

Aeromonas methanocola D 201 ¥ 4y —7 7 — 2 ¥ & —
TR BIRFN T ¥ 2 DEERFI% Table 8 {TR L1z,
BRECEVTRI > T 3EKIL, (1) BERERRRE,
(2) BIEYERKIS, L0 (3) ZRMNEZ LN 5.
3T, AREGREBRNEREHETS. chiD
BATABREA M 72 D O BESETS BB Osfcell %3R5, %
WKWRUCEBRA K DBl » BHERER (1)
KRRINIcA 27 —VvRE, CORISICEDREL

TR Z2BEEMTSE. h LTELONEIR B
BINERREL 0. 47 Ikt U, Osfcell (31.45 2733,
7e () ORISIC X 3 * 2 7 — VIRROBhE LU
HANDRREUNRIIBE LHEINS. Kic (2) ©
BIEYARRISIE, ERYOBILRTL ~dix 2 7
—NVERBEERETSE, BBERISEEILC L
VTE5. EBEKTHRORKRE LB D total organic
carbon ZHIEL, ZHOHERICETE 24/ —1E&
CHBTDENOBLITD. TEROERERLY,
BERPO X 2/~ VOERERESHBETIE, 2
/ —VIREOKRABINRIIIRE LD, * &) —1E
LM DEEICE 1 ZRFE/ N5 ¥ R DEREINTIZE 5
DI 5.

HieDr 2/ — VBB ST, BIERINRES
CEMRERBOEAMELE E &b Db Table 9 ¢
3. TS DEREERNREIIC L > TR T 3 28,
BRERRIT, RIZEREARDL 5~2ETH B Lo
HEIh 5.

AT —NERR\OREOBE *4/—-1i2
DFHIC50% OBEFRE STl 0, HERICELTER
SNBBMRBIIN-YF 7 4 VERREE T 3BT B

Table 9. Oxygen demand of methanol-assimilating microorganisms.

P r—
Hansenula polymorpha 0.37 0.36 2.78 — — 49
Pseudomonas AM-1 0.33 0.37 2.72 0.49 1.83 45)
Pseudomonas methanolica 0.52 0.65 1.54 — — 25)
Methylomonas methanolica 0.48 0.53 1.89 0.52 1.34 18)
Aeromonas methanocola 0.47 0.69 1.45 0.57 1.85 30)
Corynebacterium methanophilum 0. 47 0.54 1.84 — — 22)
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Table 10. Optimum D.O. for growth of methanol-
assimilating microorganisms.

Microorganism Optimum D.O. Reference

Candida N-17 2~10 ppm (batch) 19
1~5 (continuous) 17
Pseudomonas AM-1 28.5~110 mmHg 4%

Methylomonas methanolica 0.8~3.9 ppm 18)

LTIERWMETH .9 — R R <& 2 2/
~VREBROBHERRREZ Table 10 0 k31, 12
2 1ppm P ETH B EINTNB.1H1848 4 B
OHEEM% 3.5kg/mdhr 9 hid, EEECERSh
LR OTRFRY ko 13 800hrt it dish, 5
BOBOBRMREALILE. 0L TEOERY
HEEE Do 1 RIE S LT, EROBRDP L BAK
BETRBARNNBE L &L 105 DRFN TR
WOT, BEAEDERENBEZ OAIC &3 tower
type fermentor THs. THbHbH ICI it pressure
cycle fermentor,4® Hoechst ¢ 10015 reactor,4® }
DE O =ZFEF b TEMW T3, perforated plate
tower type fermentor!” ZBAR L T 3. ZZ T,
IO DOREEHCONTORHRRE BN EIh TS
DTHHAO KR, EZBODTofot &/ —EH
BORREITE T 5 ke QEBT OV TOERI MR D
WL OERBA LIS,

MR ADoK SN, £ &/ Vv B
EHORBICHMELLTOh 3L &, EEEREHTS
DI, BEOUKBREET 2 Z LIZEED T
Aeromonas methanocola 2B BR B I ELREBFED
BAR CEEROBRERRBEY 1ppm D FiC#R
LoD B3 LU/ O 5 © ik Table 11 XU
Fig. 9 {T/R Uic. Bk DAY IBRERSESICI -
TNBEZEDBTFDHLNS.

EEBOBRUMEEOREICIIEER Y — £ 05X
<RWohnd. U UERE Y — £ X 28RS
B KaPg (80s/lhr) LEBED % 5 / — W EEERAO
BROBEEFE IS, »RDOXy v 7BEDHLNT
WA, 318, Aeromonas methanocola D4, Fig. 5
R U &5 WCHERNERGAE0.5 OB D BERERE
BARAEERDLSSEE T 5L, By — S ETHlE
U7 KaPg > D86 SN A BHAMEEENE 1T, KaP,/1.55
L85, EROERRTR, ThEDIELLD, B
Bk — 'tk KaPgy O91/3 OBKLERY: LSS

Table 11. Effect of Os-enriched gas on the
growth of Aeromonas methanocola in continuous
cultivation.29

Agitation (rpm) 600 700 500 600
1.5 2.0 20 (Nz: 60%)*

Aeration (vwwm) i (Gir) (air) \Os: 40
X (g/l) 14.1 13.9 12.3  23.5
X (g/l br) 2.12 2.08 1.85 3.53
Yx s (g/g) 0.48 0.46 0.48  0.52
Crude protein (%) 76.5 77.5 76.3  78.5
RNA (%) 10.5 9.6 10.1 10.6

Cultivation was carried out in a 20-/ fermentor at
35°C and pH 7.0.

Methanol was added with an automatic feeding
device and medium containing constituents other
than methanol was fed continuously.to the fermen-

tor.20)  Mean dilution rate was kept at 0.15 (hr-1).
* D.O. was maintained at 1 ppm.

hTnizn. BRLWY itk 3 & Candida N-17 £ H,
1Y tower type fermentor |€ k 2R TIIHEHEEY ~ &
t KaPy DFI60% U ER LI fc & LTV A,
THhiICE L, BEEEROKERD KiPy % bOK%
BBURETHZ LBDLIS.

Aeromonas methanocola 285, % FIONTES N 1A
BERUIRO< X5 ¥ ZAFIC KB kra D%A{t% Fig.
6 1R, BEORRBEEBIC ke IELIETL
THY, RICHEERHOETHSE L. ChilEkE
OEIMCBEKRLTEY, BHEROEEOEM LS

pXmax (g/2- hr)

i

-0 4 8 12 16

KdFPg (g02/ 2 hr)

Fig. 5. Relationship between oxygen absorption
rate of fermentor estimated by sulfite method,
K4Pg and productivity of cell mass, uX pnax,
in the cultivation of Aeromonas methanocola in
20-/ fermentor.

—: nX=K4Pg[1.55 (theoretical line)
~——~: uX=K4P4[4.65 (experimental line)
@®: Experimental data.
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Kra r
(1/min}
10
5- o X
o
E -
0 10 . E
S N
45 o
O
o
-—40 Q?
- ©
X T X
° £
- 420 % 2t
= >
3 -
x
dio e 8 o) ] 1 1 1
0] l 2 3 4
CH30OH (g/2)
- . o Fig. 7. Effect of methanol on the oxygen absor-
o 5 10 15 20 ption rate estimated by sulfite method, K;P,.
Time (hr) Experiment was carried out in a 20-/

- Fig. 6. Change of oxygen absorption rate coeffi-
cient measured by mass balance method,
Kia, during the cultivation of Aeromonas
methanocola in a 20-/ fermentor.
Cultivation was carried out at 35°C and pH
7.0. Aeration and agitation were kept at 1.5
vvm and 600 rpm, respectively. Methanol
concentration was maintained at less than
0.8 g/! using the automatic feeding device.

: Dissolved oxygen concentration, C.

—~—A——: Saturate dissolved oxygen concen-

tration, C.*
—@—: Cell growth.
——O~-: Cell productivity, uX.

DEEZEZ TS RIBREBRNRRELT, A5/ —
NOBHEIR, EMEEY — 230 KiPy KK EEE
ZHZ 3 EMBFDONTOS (Fig. 7). EEOERE
T, COLIBEREVRERI > THWEHIRIRIBATHS
2, BbeHEX &) —NVEBIHEOREA 2/ —ViE
EHEICEOTEL B KaPy 15> TOBDIIE
REBREVZI LS. A2/ —1ObOREEEER
KEDKEBBICIEEC EREBHONED, &
USRI 3AT » TOITW.

5. X5/ -~V R{LEBEOMELEE

A& ) —VEHEERNT, SEYRAZL{E:
HET NS, Rek, Hi X o cidggkkic-o
DTRBHS Y BELDTELLEBRL TV,
CCTREZBOLOBRLICZEEZHSERLUTERRTS

fermentor with a working volume of 10 /.
Aeration and agitation were kept at 1.0 vvm
and 600 rpm, respectively.

Temperature was kept at 3541°C.

ol
WENIAZBOEERMETZ L%, BLEE
B LERIEHROBIRTHS. FESRERE LT Can-
dida methanophilum,3® 7" 5 2 JutafEMHIEE & | C Cory-
nebacterium methanophilum 2V X 51T 7" 5 4 Jetapaiin
B & LT Aeromonas methanocola®® @ 3 BRI S TH
REfTo7c. TNHRTRTHEETHD, 208K
OREEg % Table 12 KR U7z, FHIhOOBEBEDER
MBEEHR% Fig. 8 )KoRL. PITiC, cho 3EE:
WD AL BEBEOB AL SHB LTSI,
R RIR D B SEREE BIC, B@SIEHARK
KRREBEZIFDONT, BEOI x50, TrE
=TE2AVBOTHNE I AEBT DT, BEHI
BOTRREBLVWOOEEZ SIS, HicEBLE
PR SENDR, BEREEEAERGETHS. ¥
RIREEIL, BH 3 X+ QYR & HRBEEG LD/ »iT
BEOFE LU
philum & T 30~32°C WS EFRTH » o d8 Aer.
methanocola 3 39°C T &+ HTIERMSTRETH - 2.
—HREmEL, kg TORREARICT 528,
Aer. methanocola |3, 8 BBRET THEBHMLTXZHDT
Hote. FNEHOBEICHOV TR L-SEEES

Can. methanophilum, Cory. methano-
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Table 12. Description of methanol-assimilating microorganisms.20,21,38)

Yeast Gram-Positive bacteria Gram-Negative bacteria
Candida methanophilum COUMbactf;:';z;no philum Aeromonas methanocola

1.5~2.5X5~7 pm 0.7~0.9%x1.0~27pm  0.4~0.7x0.8~1.2 um
Ellipitcal to elongate Short rod Short rod
Grayish-white colony Pale creamy colored Grayish~creamy colored
No pigment No pigment No pigment

; No ascospore No spore No spore

f Non motile Motile (polar flagella)

Biotin requirement
Assimilation of carbohydrates

Glucose, Sucrose,
Maltose, Ethanol.

Isolated from soil Soil

No requirement

Glucose, Galatcose,
Maltose, Ethanol.

Thiamine requirement

Glucose, Sucrose,
Maltose, Ethanol.

Sea water

Bk g aEBEmMBO L, Fig. 9 WRL.. fmas
12 Can. methanophilum |3 0.15 (hr—1), Cory. methano-
philum 3 0.24 (hr—), X 51T Aer. methanocola |38k
KEFiCHJ B wash-out gLy 0.66 (hrt) TH5
CEBEH LN 77 AR BRSO £
B HCLid, BEOEKIERETR, 774588
BHEEOATHINIFEELFELLIL. LHLLFE
EZOBPEH LIS 5 L0EmBEE D Cory. methanophilum
OHEBEHER, 4T LHENDOTRIEL, +HCE
RMEUS 2HEBERETH L LEEZ TS

BN 2, Can. methanophilum D3k H{&L T, 0.36
THD, THEEIZ0.47~0.52 L EWEER LTV 5.
IO DIEBRBEOES Table 13 i0F &%k

BB D BB 5 & O BEBIRIE, Aer. methano-
cola V375 A & B> D BIMERE 5 5 LU S EERIN O B
BOMNETH -7, Can. methanophilum, Cory. metha-
nophilum (35@EE OB LIBBOFERNETH - 2.

MEBIARLCROREDLR  BEEREHET
BERELUCGRH L SEROEKOSE% Table 14 1
HBLUTRLUE Fhbd s ) —ataBEoshioig
WYX —THHH, WMEOFVERLD b ETH
5. M1 AL 13 Aer. methanocola D3 &L, Cory.
methanophilum, Can. methanophilum OJETH »Fz. W
RAMHERL, BREBBLEDL -1 $#EHI-AL
{HED in vitro TOFRMO 1ERTHBRT7 VAT
WIERIL, BN, 75 2ReRHEIIZIEASRAK
WHkInicds, 75 LBHEIZPPHILRIED - 7z,
LU REEROMBNBRER IV BETESD
DTH-7e.

3EE DO MET I/ Bk Table 15 TR U 7.
ZLOFAMRD B, WTNBRAULEIET I/ BE
RChH5B. —BRKEDLhTOB LS, BRCZEY
TUBEL, RAKHETREIY2F Y, x5t =
YEDEWRT I/ BEE L SThAERNS bitbh

Table 13. Growth of methanol-assimilating microorganisms.29,21,38)

Candida Corynebacterium Aeromonas

methanophilum methanophilum methanocola
Optimum temperature 25~30°C 28~32 35~36*
Optimum pH 5~6 6.5~7.5 6.5~7.5
NaCl tolerance Grow upto 29,  Grow upto 5%  Grow upto 8%
Umoz 0.15 hr—1 0.24 0.66
Productivity (batch culture) 16.5g/l (48hr) 21,2 g/l (34hr) 22,5 g/l (18 hr)
Cell yield for methanol (Yx ,s) 0.36 0.47 0.47~0.52
Oxygen demand (Ogz/cell) — 1.84 1.45

* Aeromonas methanocola can grow at 39°C in continuous culture.
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Fig. 9. Growth of methanol-assimilating microor-
ganisms in 20-/ fermentor under the optimum
cultivation conditions for each microorganism.,
(1) Aeromonas methanocola, oxygen-enriched gas
was supplied.

(2) Aeromonas methanocola, air was supplied.

(8) Corynebacterium methanophilum, air was supp-
lied.

(4) Candida methanophilum, air was supplied.

(©)

5. WIFNOERBIOWTH, SET I/ BIILAEK

T 2
Fig. 8. Photomicrogroph and electron micro-

graphs of methanol-assimilating microor- T3/ BD0.41~0.46TH Y KX LB R -T2

iﬁ?ﬁm hanophilum SY-97 P EOHBRIELD, T/ 8BN5 Y26 3HETH
andida methanophilum SY- . .

(B) Corynebacterium methanophilum R-194 LEETH 00, hoOBENI A EOMIE

(C) Aeromonas methanocola R-1332 3, EREATOLT I/ BABBRCHEBTXXS.

Table 14. Chemical composition of methanol-assimilating
microorganisms,20%,21,38)

Candida Corynebacterium Aeromonas

methanophilum methanophilum methanocola
Crude protein 59. 5% 68. 4 81.4
Extractable lipid 4.6 10.9 5.3
Carbohydrates 22.1 - 11.7 7.8
Crude fiber 2.2 0.6 0.25
Crude ashes 10.1 6.8 8.0
Pepsin digestability 97.3 83.3 95.9

_ Appearance of SCP Cream powder  Cream powder : ggayélzlrl-cream
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Table 15. Comparison of essential amino acid profiles.20,21,38)
Amino acid Candida Corynebacterium  Aeromonas

(g/100 g CP) methanophilum  methanophilum methanocola
Lysine 6.14 5.15 5.25
Threonine 4,57 3.86 3.51
Cystine 1.56 1.42 1.25
Methionine 1.21 1.55 2.01
Valine 4.94 4,77 5.29
Isoleucine 4,82 4.61 5.14
Leucine 6.49 6. 26 6. 98
Tyrosine 3.26 1.96 2.95
Phenylalanine 4,07 3.17 3.85
Tryptophan 0.61 1.46 0.79
Essential amino acid 37.7 34.2 37.0
Total amino acid 86.7 82.6 80.9
Essential AA/Total AA 0.43 0.41 0.46
Crude protein (%, of dry cell) 59.5 68.4 81.4
Total amino acid (% of dry cell) 51.6 56.5 65.8

Can. methanophilum D27 3 ) BBEHEE100E 3 hiT,
Cory. methanophilum 109, Aer. methanocola 128 > 130,
75 LRHMEOCROENMEL LS.

A &) —NVBEEEL R UHET AE L Y
AT BORE, K&, KEEYERO L XBENR
BHFRPELMEICET AR, bETIIEMKKE
BEERRYE, REHERRE, HEXKENEHR,
BOKRKKEERF e, FHESEHRSE E OERIPFTHE
TN TBYD, » &2/ —VEEEOBES AT
CEOfRE LTOFMM, RelsBD S 3HA
REBELNTNS.

6.& H b I

VbW ILARRERERB T % REFIZ, EER
WOED, nr¥5 7 4 VERT, A&V, XE)—
NIZED CLLAHORERICIE > T 5. BEMTIA
L HOEEREEZTLE UT, T CHEMERITH
THTON, &/ — VFIFIFEEOF AL HIRE R LA
SO > TE . —FxxvF—-PBEROBEHFA
OEZIT, REFEFCOEELEL, JEoxF
—, BEEORE 0+ AOMRBETNED. 5
LIcBA» LA B E. BREEDBHEERIATLE
I oRBEMICE X, # 2/ —VIZEERELA
TEELRBEE &L CE3MENETVWEEDN 3.
ZH Utcr 2 7 —nRIARBEEHICH T /oo, €

ROEZFDOHE LIFUORBICXBHRE, &<
KEAEEROBERORR L EE, ERFEOWRLR
e 3. MEBALSEOBRBEBUTA £/ -
BMHELEET IS RN AR IENOBRE E
THRINTHWENLLTHS.

O BB, BARELESKSE G RAEYRA Y vRY Y A
(19785 4 AEER) CTRELELDET LD EDTH 3,

227 —NVOFRRBOMELRTTICH D, BRRPEL

EAE V0, YHARRBMEPERGREAREERL, X
RER, RAEARK, #RXESLCEIR#EN LTS,
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