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sp. No. 2201
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* Microbial Utilization of Methanol. —A Mono-
graph— Tany, Y., Kato, N., Izumi, Y., SHmMizU,
S., Ocara, K., and Yamapa, H. (Department of
Agricultural Chemistry, Faculty of Agriculture, Kyoto
University, Kyoto 606)
“ e, BRI EHERRR R
X HRFISIAE 9 B 3 BREE

NoRVWThOWETH - 7. 20 F T2 OEEHIH
L XN TOIENWT &, 785 TR single cell protein @
HEZTOBAKENTHAEELONBT E0D,
* 2 —VEEEROSEENEA DT,

2% 4 %) —E, B—RERE UCERES LU
vx I viBED» G5 pH 6.0 OREH T BREEETT
st BohitEROS B, ROBEFRAFERLE
1E#k, No. 2201 22U, PITOERICHN . A8
B3, WIRTEET, MEHIFICKDBEL, AER
OFRIZED bhish -t BEORKEY, MBEOR
B ETzr/ VOB REDERE 2,
Kioeckera BICB T 2HBEETH L LEE L. 2721,
FHNICBREREEIhZC bbb, TOA, BRI
WL DIOFFE SN — T H3538E U fo Candida boidinii &
AP UEKREDWZE. UERETTEHEIN
BRNATESTHB I, KB, » 4/ —w
PADRFEAYE BT EERA 2/ —~VETH
5. Fig. 1 | Kloeckera sp. No. 2201 DJFSESEET
b5

EBO BHEEER 25~30°C, i pH 134.5~6.0

R

1g. 1. Photomlcroaph of Kloeckera sp. No. 2201.
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Table 1. Cell composition of Klveckera sp. No. 2201. RWLTIT E FITONWT, 49, X%/ —-BEH
Moisture 4.05% RECBOTERIKESHIC RT3 £51C, phe-
Crude protein 45.30 nazine methosulfate 73 X DEFZREK A BBRTIRK
Crude fat 5.24 ISEFRLUI. UL, BxOBEFZAKOBRTIIR
Crude fiber 4.84 Hod, LhrdbrvATAFE FOERRRHDON
Nitrogen-free extract 33.67 Too T EDG, VHWB oxidase DELEEEEL,
Ash 6.90 X & 7 — X cofactor DI/ LICHF N AT VT E

Table 2. Amino acid, RNA and DNA composition
of Kloeckera sp. No. 2201.

Lysine 3.4 g/100 g dry cells
Histidine 0.8
Arginine 2.4
Aspartic acid 4.7
Threonine 2.3
Serine 2.3
Glutamic acid 3.5
Proline 1.4
Glycine 2.4
Alanine ‘ 3.1
1/2 Cysteine trace
Valine 2.4
Methionine 0.4
Isoleucine 2.3
Leucine 3.2
Tyrosine 1.5
Phenylalanine 1.8
RNA 4.4
DNA 1.0

THy, ©2IVvELUT I/ BOERERM I

B, F7IVIRLBZELVEBEREESENED Sh.

AR —NVBEBIHBOBCELBEFLALN, 3
A&7 —VEBREAERONRIL, 1%BEORIE
bR, 2.5 ThH-7. COMIBEOROERSY:
OWEICED3.5BETE > TN DY F i fmax (30.13
hr! CH ot BRO—REZHTBOVCT I/ B
¥ LUBBOMBRA T OREZ Table 1 XU 2IC0R
7. MhOBRBEAMERE BT, BoBEMREvoh
O, BEABRDORBEME LT, tFVATAFTE

VA BAEE L7,

XY ) =L OBRILERED x & —NiTEET
BB 2/ - VOB, TRbbELEIZ R
V¥ —EEZICHONTIES hic Lz

9, AR/ - LVOBMILOBLIBE, 28/ —n—>

NEERT 2BEORMET 7. BERERICE-

THEICHMHK &0, 50~80% ORZLHMTMADEZ 7

8 L7-. <k DEAE-cellulose column chromato-

graphy ThiF, EMX4% Sephadex G-200 04 v

HEEIT-1ETH, BITMELEZ SNIEELE

ohife. EHK, ZOERIKOVTEAREEZERNEIC

K DRERIERS, B TR EBESHRERZE .
Z DKEBRIEIC L B84 Table 3 103 &, Ml

HB D SRL2E DML TREMESE OIS, 2D

&3, BRATIEEIAL SEOK 8 B RBEEIE

WETEERL, ABEOEEMR L &I, ICANIK

FRTIBE0FFIEORLTNS. BHERICX

5 x &7 — VEBLEIGDILERR L D RO RIS AR

iz,

CHsOH+ 0Oz — HCHO-+H32032

AR ZTOBBRHINKLLETOX 2 / — VE(HEE

RICREBEANTH S8, #hlisicid Basidiomycetes

BEKHONTNEDAOB LWBETHS. T

— VB T AEEBEBEMSEN Z & » 5, alcohol

oxidase LIF|INTNS. AEEROBERIFHOMEII,
Table 4 {CRTEBDTH 5. XEEEIL, 280nm O

WIRPIAT, 373, 392 5 LU 461 nm (TR KB EE

T57 5 VR OUEERLUK. TCA Bt LY

R ISR O W T s vERE L ET A,
FAD ThH BT E2BD. XbiT, KEEEHSED

$T 2=y POESERINTVECZ L, BIURHEESE
FAD Rz h2#hoy7a=y FCIETHOEINT

Table 3. Purification of alcohol oxidase of
Kloeckera sp. No. 2201.

Total Total Specific activity
Fraction protein activity (units/mg

(mg) (units) protein)
Cell-free extract 9,850 8,570 0.87
Ammonium sulfate 852 3,892 4.60
DEAE-cellulose 210 1,945 9.30
Sephadex G-200 180 1,890 10.50
Crystallization 150 ' 1,650 11.00
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Table 4. Properties of alcohol oxidase of
Kloeckera sp. No. 2201.

Optimum temperature 35°C

Heat stability* 43°C
Optimum pH 8.0-9.0

Km for methanol 0.44 mM

Km for ethanol 2.5 mM

V for methanol 5.74 U/umole
V for ethanol 6.10 U /umole
A 23.6
Molecular weight 673,000
Molecular weight of subunit 83,000

FAD content 8.4 mole/mole

* 50% of the initial activity of the enzyme was lost
after 10 min at this temperature.

WBZ EMBEOMEN 7. Fig. 2 i3, AMROK
RESLEEDRTHEMMTERL-LOTHS. C
OEX»L, EYT21=v t 4@ >OBEH 2 BT
Bl THR1ISTFIEMEINTHELEERLD
icLre.

BERARI, A&/ - NVERREE UTERLEE
ACBECHRAIND. ITHEAMRICLEA 2/ -
ORULEIS T, BELKROHER % 57, al-
cohol oxidase $EM X [FRFIC catalase HEMEFR XN
3. Mx0x 2/ - VRALEBBOBEMHKICOWT,
alcohol oxidase 35 3 UF catalase FEHZRIE L I-RGR
% Table 5 WRLI. WThOMRBTS, 242/ -0
HERICHEREESREREIN TN ENALNT
55.

#5/7w0&$wﬂm "529

ectron nnh c oxi

Fig. 2.

1235, alcohol oxidase {2\ T2, Cooney 5T X -
THMEI NI WBEEA 2 /7 — v RICHEERE Hansenula
polymorpha DL-1 1> 5 & MR L. O BRI
Kloeckera sp. No. 2201 R & M4 QR ITE W T
L TOA, AHEE S A L CTHEORISEHER
BER®L, FREREESLhEN T

227 —vORILOR 2B, tVALTAMTEF-
MR ORISR NAD OBMIC & » TED Shi.

HCHO +NAD+H;O —» HCOOH+NADH;

ARROMYIIZ, EFHQABICL > THIHMHEE
S & U T, WEHE(40~T0%#R1), DEAE-cel-
lulose column chromatography, hydroxylapatite co-
lumn chromatography i3 7f Sephadex G-200 4" v
BB XDTT- 1. MBHREFETable 6 )RL. M
WBMEOMERWOETHD, BENOSRIITIEYE
1A ROMO.8BEBETHS. L LERKRYE
BEDTHL, FNVATATFE FPATRAFNVSY

Table 5. Activity of alcohol oxidase and catalase of methanol-utilizing yeasts.

Specific activity in extract of cells grown on

Strains methanol glucose

alcohol oxidase catalase alcohol oxidase catalase

Kloeckera sp. No. 2201

0.13 12.9 —* 0.64
Candida methanolica 0.40 10.7 — 0.20
Torulopsis pinus 0.16 6.2 0. 002 0.18
Torulopsis methanolovescens 0.08 9.4 — 0.18
Hansenula capsulata 0.07 5.7 — 0.09
Pichia pinus 0.24 6.9 — 0.35
Pichia trehalophila 0.48 3.2 0. 002 0.20

* Nondetectable.
Specific activity: alcohol oxidase, umole of HsOs/min/mg protein; catalase, 4Esq40/
min/mg protein.
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Table 6. Purification of formaldehyde dehydro-
genase of Kloeckera sp. No. 2201.

Table 8. Purification of formate dehydrogenase
of Kloeckera sp. No. 2201.

Total Specific activity

Total Total Total Specific activity
Fraction protein activity  (units/mg Fraction protein activity  (units/mg
(mg)  (units) protein) (mg) (units) protein)
Cell-free extract 22,780 134,000 6 Cell-free extract 6,240 25.7 0. 0041
Ammonium sulfate 5,520 66,240 12 Heat treatment 975 20.9 0.021
1st DEAE-cellulose 1,000 115,200 115 DEAE-cellulose 105 9.16 0. 087
2nd DEAE-cellulose 513 68,400 133 Hydroxylapatite 51 7.70 0.139
Hydroxylapatite 57.3 29, 400 516 Sephadex G-200 40 5.72 0.143

Sephadex G-200 19.5 12,200 629

Table 7. Substrate specificity of formaldehyde
dehydrogenase of Kloeckera sp. No. 2201.

Substrate (AEsi:Cft’:)‘?tlymin)
Formaldehyde 0.09
Acetaldehyde 0.00
Propionaldehyde 0.00
Butylaldehyde 0.00
Isobutylaldehyde 0.00
Glutaraldehyde 0.00
Glyceraldehyde 0.00
Glycolaldehyde 0.00
Benzaldehyde 0.00
Glyoxal 0.00
Methylglyoxal 0.08

A F Y- DRI NS IC B/ X3 (Table 7). AREE
%3, A2/ - EBRCEEERIN . BRISIKE
- LT, 2 27 - vECHEEO—8E LUMOEY
#2F D formaldehyde dehydrogenase &[RHRIC, BT
BINVEFZ Y OFERBETHS. vVvaTLTE
Fis XU NAD icxdd 3 Km i3, zhzh 0.29mM
BL0.025mM TH-7e.

38, v ATHITE FiZ alcohol oxidase (T X »

THBEINE. ChiZFvaTAFE FOKEET
KMINIFELZIDTH S, COHA Km EIX
24mM LEL, HENEBRZ LV EZELTVS.

* B —VEBRARERE DR B, BB REEAT 2D
KIS % fibigt 4~ 28652 & U C, formate dehydrogenase
OEEFRM LY. FIBBEORVLATAVTE FOREL
FISORIGEBRBDS, 7 v & F 1 v E#EA UTRRE (5
FNVINITNEFA V) EUIRE, TO2O0BRE
Dfgic S-formyl glutathione hydrolase 2 & 7F X4 3 b,
HEIVRMMOBBTHEINTVI X)L, HOEH
DIRBETIL, SRVINTWEFAYTHDEER
BLEND L. —ICBEEER - U CRILRISERES
#lsE L, NAD 5.0 dehydrogenase 21571, AEEFEE
WA 4/ —vick-> THRES . BERLEIC X
- TE K & O #E (55°C), DEAE-cellulose
# X U hydroxylapatite column chromatography 73 &
Ui Sephadex G-200 04 v ABAEFTV, BB LR
FUBRKERNCE— LB R 287 (Table 8). AE
Fit, REBERERIEBD TEL, 2B XU NAD
Zxtd s Km{gdzhzh 22mM LU 0.1mM ¢
Hote. VCTI_WUEBRERAWT, ARSI
ZRBLEROBEBOBIRRC L Z L E2TDT-.

HCOOH4+NAD — CO:+4NADH:
Pl E, Kloeckera sp. No. 2201 @ » & / — VEALRIT

Table 9. Flavin contents of Kioeckera sp. No. 2201.

Intracellular flavin

Extracellular flavin

Carbon source

Total FAD FMN Riboflavin Total Riboflavin

(nmoles/g cells)

Methanol 273 198 58 17 324 303
Ethanol 137 7 51 ‘15 48 48
Glucose 144 86 42 16 115 114
Glycerol 119 64 44 11 73 68
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Table 10. Activity of FAD biosynthesizing enzymes of Kloeckera sp. No. 2201.

Specific activity of

FAD pyrophos-

Carbon source

phorylase

riboflavin synthetase flavokinase
(nmoles/mg/hr)
Methanol 2.1 3.2 7.4
Ethanol 1.3 1.6 1.4
Glucose 1.4 1.0 0.9
Glycerol 1.5 1.3 1.2

DT, TNFTRBILEBEREE LD dra
TTE FOBRILORDBBEICOVNT, kicad~r:
LOIFLHENEINTE D, BERMNEETTH
5. IoRBLEINIA 2/ —nds, Ok ICERK
BRESCELINTTL DIRDOVTR, # 4/ —n
BHERICETI2ARRSOD TS LY. CORE
KOWTHEERT T TH 3.

FAD ORBEEREY 2 2 - VvOBRLOE1
BREAMhi 3 2 alcohol oxidase (22, 143F 470 8
fAOFAD 3&Fh T3 Z &, X5 iCid alcohol oxi-
dase REENTIREE /- AT K HD 8B EH TN BT
&, FTERBOERBEBBIEEHV T BT Ll
& 5, Kloeckera sp. No. 2201 i3, FAD A5G hsEN T
VBT EhsEEINI.. ZCTRERE - TR
UTHRTS FAD 2RBAEET I L2RA. %7,
HEARAD 7 S EVILEHORE, * 4/ — VB LU
M DOKRFIC & - THEE L CHBE L (Table 9). # %
/ —VEERIC, BERRAL SOOI FE VLA
DRIWINUI.. BERARLEORZEFEOBEAD VK
FEVYDBETH -7, BHRAOD7 7 £ {tEHD
2/ —VEBEEOHMNZ, FAD o#nick 3 L %28
Wiz, FAD A&picB S 33 BEREMICH T 5 0%
HOEELHE ~JcDhH Table 10 T&H 5. FAD pyro-

Table 11. Production of FAD by methanol-
utilizing yeasts.

FAD formed (ug/ml) with
addition of

None FMN FMN-+AMP

Strain

Kloeckera sp. No. 2201 0.4 3.7 37.7
Candida boidinii S-1 0.4 10.0 45.0
Hansenula polymorpha DL-1 0.4 7.2 25.2
Unidentified yeast 12 1.0 24.7 32.8
Unidentified yeast 13 0.6 20.8 45. 4
Unidentified yeast 14 0.6 15.2 33.6

phosphorylase BB S IS4 & 7 — v EHE
ZEDohtc. 75/ ERIBEKLLTA 2/
—VERRRE UcEHcFmUER LI LA, D
730 @ FAD QAR DZ% Stz (Table 11). Kloeckera
sp. No. 2201 DIA D # &2 7 — VEACHERERIC H3ROTE
B D bh, FAD AED BEME I, FMN LU
AMP 23T 32 LIk - T 45.4 pg/ml & 75 5 2.

3. X5 —IE{LERBE Streptomyces
sp. No. 23919-21)

A 27— VEEEERE DR, X O ICRRERIC £
2 ) — VB HERERBRL TN LTS, =a—
F=T7O1EEER & U FEHEE LICBERES L
du=—2RHLE. £ £/ - VEEREREORE
i, 4FTRNCEND, TOBKGRIEHEL:. A
B2, 42/ - VPAOREF I HEBT2EH
J—VET, [EROKRE, B(ABR), BEFOHR
(oval, in chains, smooth in surface), 4 (FH)
L E WD, Streplomyces BICBT 5 1HREL EX,
Streptomyces sp. No. 239 L3z & & Lz,

EBROA 2/ - VBER, 1~2%TRLEVLE
BEZE5ZL, TNL0EBETRAELL. BARE
130.5, 1. 0B XU 2.0% D2 2 ) —NVBET, #hE
NERBERER LT 4/ - 1g %470 0.37,
0.35 3 X5 0.18g Th»7-. LB HEEIT 37~40°C T
Hole. BERBRROSEDTUIECA, Farvg—
NVEFRIL10.1~10.5% T, ZOEISHIATE
I3, 63.1~65.6% L HH X, F7-%EIX9.8~10.3
HBThote. 73/ BHERKIE Table 12 \GRIED T,
VAFVEEBOBN EBEENTE B.

AHEOEMRMHEKRERNT, » %/ —vOR{LR
DEERTEM % BE Ul A Table 13 iK5Rd. 24
ELTid, * 2/ - VEEEECGTOBILRDER
ZRELTNE. Lal, BIEBEDOL 2/ - vOE
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Table 12. Amino acid composition of Streptomyces

sp- No. 239.

Lysine 5.53 g/100 g protein
Histidine 2.13

Arginine 7.55

Aspartic acid 8.84

Threonine 5.81

Serine 3.11

Glutamic acid 15.47

Proline 5.03

Glycine 5.56

Alanine 9.31

Cystine 9.75

Valine 2.14

Methionine 1.28

Isoleucine 2.91

Leucine 7.27

Tyrosine 2.62

Phenylalanine 3.82

{bic BT, phenazine methosulfate 2 EFZA(K L
L THRIHINAERR, B L3RG, pHIO B X
UTYVEZY LA 4 VEETTREVERRIY, i
7Y en—ERERE UBAR L 0 EOELSRE
WHotz. B SO cytochrome ¢ % BT ALK
ETBFEMBRGEL, pOAF ) —VEBRHICKERE
HTH-7. ANATAUTFE FBIUEBRIE, WIh

% phenazine methqsulfate EBFEREELUTEBLX
N3, HCEBOORMOBIEERL, tox s/
— VEHEEN TRRHINTOROH LOERT
3. BRBRLREINIH, BERRLSEDOERITE
BLIEhoT.

—F, KEOX 8/ —VERBEERI LI ETA,
ILRBLOVEE BB O, 735 Table 14
WRT LA, ) vEBBIOYEan—-XE/)
VERBEOZhZTIO key enzyme JEHEEFHEFICHR D
CEERM UK. 2OoOR/IRBEBFRRHCELET 545
i, #4/— VBT 2HESh T30S
T3 3. Hydroxypyruvate reductase {1, EEFHIC
&L, PgRA L.
{2, logarithmic phase € Z DB AEAER L.

* 47 —nBEBEREIL, 4 TOLAREU
ACRBESRONTV. REORKRYES JURBE
Y (HEYE) EEOWHEHEN, S, TSICEIRRKRT
B UENH 5.

3-Hexulose phosphate synthase

4, X5 — ) R{LHERE

Methylomonas aminofaciens 77 a (C X373 igik
7 2 ) BORREE?
Z1IDOKREMBABEEUTHE » 7o 2 7 —VELE
BAEHOMTRICE T, REBEDOERDOHDNL D
PEIONBEOKB>TE/. bhbhid, 7I/8
HEHEZEBEBMN TR ) —= Vv /%8B L.

single cell protein A gE

Table 13. Enzyme activities of methanol oxidation in Streptomyces sp. No. 239.

Activities in cells grown on

Substrate Electron acceptor
~ methanol  glycerol  glucose
(pmoles/min/mg protein)
PMS-DCPIP (pH 7.0) 0.129 0.161 —*
4 Cytochrome ¢ 0.210 — —
Methanol NAD or NADP — — —
PMS-DCPIP (pH 9.0, NH4*) — — —
Oxygen — — —
PMS-DCPIP 0.816 0.197  0.033
Formaldehyde Cytochrome ¢ 0.203 — —
NAD — — —
PMS-DCPIP 0.432 0.438 —
Formate Cytochrome ¢ 0.023 — —
NAD — — —

* Nondetectable.

PMS, phenazine methosulfate; DCPIP, 2,6-dichlorophenolindophenol.
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Table 14. Enzyme activities of methanol
assimilation in Streptomyces sp. No. 239.

Activities in cells grown on

Enzyme
methanol glycerol

(nmoles/min/mg protein)

Hydroxypyruvate reductase 26.0 11.0
Malate lyase (ATP-dependent) 0.67 —*
Isocitrate lyase 1.35 1.01
3-Hexulose phosphate synthase 55.0 —

* Nondetectable.

A00BRDERBHOT I ) BERELILECA, T/
BEEMICEHLT2o0/ V-7 DT B EMNTS
oo 129l 75=vEEERHEL, o1,
VY, v Yy RXEEME L. T/ BREZD
SEROORBWCET S 1EEEZRAL. FHREYE
* B —NEET, 77 om0 BRE CHIBEEE
ZR-oTWV5. ZOMOFREEN, HENE LUEH
HRESHEERA UT, Methylomonas [BiCIBY 2 HiEfE
EEY, Methylomonas aminofaciens 77a & f44 U7=.
KERHRA 2/ - VBE 1~ 3P TRIFNAESS
AU, LY vBRPL-of Y Y OERIA 2/ -
BE3IHTRAMEERUI (Fig. 3). 13k, HBRT
I/ Bofic, 2,307 I/ BLERINS. ERSL
HERE U7, Fig. 4 IR U D, 73
JBEECEETE-7. Tibb, 154/ —n
BE3ISEL, EREL2A%IO 1 BB 2/ —
N 1%BE I RFE0.025%73 > feeding LT FHiE

4500 E
o
ES
5 4005
[=] @
8 {300 §
) b=
= =/
£ 4200 8
8 2
G} €

4100
&

| 2 3 4 1 2 3 4 5 0
Cultivation time (day) Methanot (%)

Fig. 3. Effect of methanol concentration on amino
acid production by Methylomonas amingfaciens
77a.

A; Growth with methanol concentrations of
1% (vIv)(O)s 2% (A)s 3% (@), 4% (O) and
5% (m).

B; Amino acid production after 4 days cultiva-
tion: r-valine (@), r-leucine (O), glutamic
acid (A), alanine (M) and aspartic acid (O).

T, T/ BEERSHBRICEEMECGELI.. LhL,
COBRBRHET TOAR SN 73/ B3 1mg/ml
PTTARED TH3. £CT, T3/ BFHEEOK
BIAFTHWONT S FED S L, THa W
UEREFEEC XD, FERERNLEIEICEER
A7z, norleucine, norvaline 33k} valine hydroxa-
mate 2T, FHF 1 nitrosoguanidine PLIEC &
o Ttk %KM L 7-. Table 15 |2, norvaline fijtd:
BRM325 2 FM U7 BETH B, M325 AT
BRAEBRE L. Beere YBERNUCEAK
BREICHIML, 777 Y OBRMOMENTH - 12
ZOT LR, AEITEBY 2HRT I /7 BBOEARRY,
tOBEHTRON TV S LRAKORE, Thbbe
WEVEBEREL, IFTIVIREBELE VRO
ERAEC ZRBICE > TVBZ EABIRELT
W3, Fig.5i3, »2/) - VEE2%T, ot
BLUF T IV E2HMUIEHTOREROBRE(T
b5 FVIERZ, Bk 77, M325 $ X ¢ valine
hydroxamate itk X329 Tdh 3. & DL Tid X329
HROEBOAEREERL, 1-¥) v 2.2mg/ml X

pH

B o~
Q —~ N b
L

N o D o Growth(ODelo) v
3 8 8

o 8 8

Amino acid formed (pg/ml)

A 1 i} 1 L ] 1
I 2 3 4 5 6 7 8
Cuitivation time (day)

Fig. 4. Time course of amino acid production
by Methylomonas aminofaciens 77a.
Initial methanol concentration, 3% (v/v):
Every day from the 2nd day to the 7th day,
methanol and urea were added to 1% and
0.025%,, respectively.
--O~-, pH; —O—, Growth; —@—, L-Valine;
—QO—, L-Leucine; —[J—, Aspartic acid;
—A— Glutamic acid; —B—, Alanine.
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Table 15. Production of L-valine and r-leucine by analog-resistant
mutants of Methylomonas aminofaciens 77a.

Amino acid formed

Strain ii‘;?:t Resistant to L-Vali(r::g/ I:-ll).eucine
77a 0.20 0.25
21308 77a pr-Norleucine, 2 mg/ml —* 0.50
BI314 2L308 bpr-Norleucine, 3 mg/ml —_ 0.50
D704 BI314 bpL-Norleucine, 7 mg/ml —_ 0.64
J528 D704 pr-Norvaline, 5 mg/ml 0.64 0.48
K723  J528 pr-Norvaline, 7 mg/ml 0.68 0.36
M325 K723 bpr-Norvaline, 7 mg/ml 0.85 0.60

* Not tested.

Ur-u 4 ¥ v 0.8 mg/ml OEHE Sz,
Methylomonas aminofaciens 177a DX %5 J —)V
K@ B 2 - VB THEEEOEEFRE
OO TRIFTHZZ EhD, K, BEODLTVS 4
7 — WEALRRER DEESR OBERALZHIRF ST B S bk
ThHA 9 LEZLTERET-T. hDE{ DREA &
J— VB EFERE AB b3 3-hexulose phosphate
synthase (hexose phosphate synthase) {HE¥#ZR U7z,

T T T T T

77a | M325 | X329

Amino acid formed (mg/ml!)

Growth (ODes10)

i

0 i 3 1 1 1 ] Ll

2 4 2 4 2 4
Cultivation time (day)

Fig. 5. Time course of amino acid production
by Methylomonas aminofaciens 77a, M325 and
X329.

Methanol concentration, 2% (v/v): Sodium
. pyruvate and thiamine-HCl were added to

concentrations of 10 mg/ml and 10 pg/ml,

respectively.

®, Growth; O, L-Valine; A, r-Leucine.

(A), 77a; (B), M325; (C), X329.

ABERISORISERYERET 5 1-0IC, ®VAT
WNFEFEYEan—25-DABEREE UTHRAE
BAORED AR EM L. CORD ARLS
213, 280nm THRARIN, 250 nm TRNFINZERL
Tz ITBOABLIESOOEE/ a7 54610
8% Table 16 TR L7c. ThoQWHEHOARED
ATEILE#13, D-arabine-3-hexulose 6-phosphate C#
5 EREE Ul IRICZ ORARIGE RS 2 BERERE
B U BEFRLEBICE > THCHEBHKICONT,
DEAE-cellulose 3 . {F hydroxylapatite column chro-
matography, Sephadex G-150 33 k ¥ Sephadex G-100
& B35 A58 1350 DEAE-Sephadex A-50 co-
lumn chromatography %71y, BB B LUES
KEIICI—15 R A B . Table 17 i3, Z0EH
MRERLAODTHS. KBRS, YEa2m—R5-

Table 16. Thin-layer chromatogram of product
of 3-hexulose phosphate synthase reaction.

Ry value of

Solvent system dephosphorylated product

n-Butanol: pyridine: HaO 0.34
(6 :4:3v/[vlv)
Acetone: acetic acid: H2O 0.36

(20 : 6 : 5 v[v[v)

Phenol (90% w/v): formic acid: Hz20 0. 68
(500 : 13 : 167 wiv/[v)

Color reaction of

Spray reagent dephosphorylated product

Urea-phosphate pink
Diphenylamine-aniline

Resorcinol-HCI

yellow-brown

yellow

Layer: Avicel plate SF®
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Table 17. Purification of 3-hexulose phosphate
synthase of Methylomonas aminofaciens 77a.

Total Total Specific activity
Fraction protein activity  (units/mg

(mg) (units) protein)
Cell-free extract 6031 20, 010 3.3
DEAE-cellulose 1251 7,010 6.3
Hydroxylapatite 350 6,200 17.7
Sephadex G-150 78 3,744 48.0
Sephadex G-100 50 2,622 52.0
DEAE-Sephadex A-50 31 1,645 53.0

DABCH LU THRNTH 7. ABROBLFHI
S I BRI EENIFEME & Table 18 10 Lo -.

FIWLTIVTE FOREASDIRDBRRE, 37bb o-
arabino-3-hexulose 6-phosphate @ ¥4l % it 4 2
phospho-3-hexuloisomerase 7E#: & KB D ¥ i1 ZR
ol Fux v, HEE, DEAE-cellu-
lose, DEAE-Sephadex 5 X {f hydroxylapatite column
chromatography 73 &, {81z Sephadex G-200 4 v 538
& - TESE R ER G 1. ABEFE O p-arabino-
3-hexulose 6-phosphate 35 k¥ fructose 6-phosphate
wxtd 5 Km iz 224 0.029mM % ¥ 15 0.67 mM
THo 7o

3B, HEERRC, * 4/ —vB{LHEER Kloeckera sp.
No. 2201 35 &k Hansenula polymorpha DL-1 {¢o\\ T,
phospho-3-hexuloisomerase & % HisE L7- & 2 A1
HENULDp -7, O EiF, BRISHEERE -
A5 = VERRER O LERB LT 3.

Table 18. Properties of 3-hexulose phosphate
synthase of Meéthylomonas aminofaciens 77a.

Optimum temperature 40°C

Heat stability* 80°C

Optimum pH 8

Km for HCHO 0.29 mM

Km for p-ribulose 5-phosphate 0. 059 mM

Km for p-arabino-3-hexulose 0.036 mM
6-phosphate

Km for MgCls 0.17 mM

530, w 3.19S

Molecular weight 45, 000-47, 000

Molecular weight of subunit 23, 000

pl 5.1

* Initial activity of the enzyme was total lost after
10 min at this temperature.

Arthrobacter globiformis SK-200 (C &2 L-+ U
VORBEES® A X/ - LOBIEED 1D
Y URRBEEH B, —F, 1w Vi3, REHICEZAE
EXREINTHEY, £ONBBESTREN.
NODEMD, A Z2/ —NVEHEEEICX L2 v
DOREBAEERAI. L&Y Vi3, 73/ BRHFOH
RICHE L, EDOHTRBEEORNT I/ BTH2
O THEEOERETRERIVRETHLLEI LN B,
ZZTHIRMRE LTS Y v v RRINT 2 5% & - 1=
7Y YR, —HCTHREMOEEHENE TH DT,
AR - VERIHHEEEIE LD, 7Y N
B CTHEBETICEOTE 2EHOSLB/R LY. L
v Y VHREEOBEN T 1 8k, SK-200 i3, /5 oY
BB ORET, T OHMREEN, BERNL X OCEENY
ISEEMEE by & Arthrobacter globiformis & Bz L7-.

KHEODL-+ ) YEROIDOEREEA BRI LT &
5, BBREDA 2/ —nEBXUS ) v rick-TH
RHICABHEEZZY, &Y Y OIEIZENSIIh
ol R THOBEERMLIcECA, Fra—x
KE-TAR ) —VBLUT Y v ODEBHENSRRE
INBTELXRH L. Fig. 613, x&/—n, 7Y
VUBIOBINA-RDOKRBEOL- Y vERICKIZ
TRELIBRHLIERTHE. IS ICEL DAY
BINZHRIT DOV THRES L, Table 19 iICRTHEES B,
ZhoDtaHInThdbr-+v ) VXU ) v o
KA, HMEORBICEELILEYTHS. -+ )
T L7y VREDREMNENR ON AMIT, -2 FA
=V DL Y) YERIKCHT ZHEDNRIEZEICH D
NTWA. TDOESIZ, Escherichia coli 13X @ serine
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Fig. 6. Effect of methanol, glycine and glucose
concentrations on L-serine production by
Arthrobacter globiformis SK-200.

Basal medium: methanol, 1.2%(v/v); gly-
cine, 2% ; glucose, 2%,.

Cultivation for 3 days.

O, pH; A, Growth; @, L-Serine,
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Table 19. Effect of compounds on L-serine
production by Arthrobacter globiformis SK-200.

NBFHOEEZLBTHHS. 3ok, A2/ -NE
(b OFIF HS single cell protein AEFED LI 5

Gompound added ?5%‘,::5 LSerine 4, 73 / BERUD ES SR @ﬁaﬁfﬁ%og@f
(mg/ml) SERALD BT EERL, COETOABRORBER
None 1.40 0.65 Y BT EERAI
L~Threonine 0.29% 1.65 0.78 ARG, FRARRERSRBEEYHARZCEOLTTbNRLS
’ 1.0 1.80 1.07 DTH 5o PPORROIRAFARETH D, LOROFHRICHNT
SEALOTHER DIV TERELR - GARABELEL LU
L-Tryptophan 0.2 2.00 1.30 ICATRBRTOXRBIAE, KDL, I RRBX, T
1.0 2.10 1.84 HiEt, WMMEES, 4T, EEX, kﬁﬁ?t FRBHE, BRI
L-CysteineHCI 0.2 2.00 0.6l A Ay IR, Arn Hanponglitikin, BRREO
pL-Glycerate-Ca 0.2 1.88 0.61
Glyoxylate-NaHSOs 0.2 2.25 1.20
1.0 1.50 0 x Rt
Glycolate:-Na 0.2 2.35  0.69 1) #7, gk Bk e, No. 8, 4 (1972).
1.0 2.70 0.59 2) fugk, #FALFEEHEH, 14, 138 (1976).
Ethanolamine 0.2 2.00 0.88 3) & AHEHAY, No. 18,15 (1977).
1.0 .90 0 4) B H{LS 50, 26 (1978).
Pyruvate-Na 0.2 2.35 0.39 5) Tani, Y., Kato, N., Yamada, H.: Adv. Appl.
1.0 2.8  0.39 Microbiol., 24, 165 (1978).
Choline 0.2 206 071 6) Ogata, K., Nishikawa, H., Ohsugi, M.: Agric.
0.015 1.68 0.33 7) ¥H, W, Kk, a8, 48, 389 (1970).
0.05 1.64  0.11 8) ¥, Wl Ki, #ig 1 BT, 48, 470 (1970).
Folic acid 0.01 1. 40 0.56 9) Tani, Y., Miya, T., Nishikawa, H., Ogata, K.:
0.1 .20 0.90 Agric. Biol. Chem., 36, 68 (1972).
Pyridoxine-HCI 0.0005 1.42 0.11 10) Tani, Y., Miya, T., Ogata, K.: Agric. Biol.
Chem., 36, 76 (1972).
transhydroxymethylase 231-4 72 =i k> T#%  11) Kato, N., Tamaoki, T., Tani, Y., Ogata, K.:
FNBZBHEEP LTV E. 2T ORELERT Agric. Biol. Chem., 36, 2411 (1972).
SHMT, -2 F4=VvERUERKOIEE2RS/.  12) Kato, N, Kano, M., Tani, Y., Ogata, K.:
oV RHICK > THEI 1 ERKL, Ehlcv-v) vE Agric. Biol. Chem., 38, 111 (1974).
EREZRL, AR 5.2mg/ml &5 7. 13) Kato, N., Tani, Y., Ogata, K.: Agric. Biol.
Chem., 38, 675 (1974). '
5. ® b b & 14) Ogata, K., Tani, Y., Kato, N.: Microbial Gro-
* 2 —LEMERESCELT, bhbhdsd: wth on C1-Compounds, 99, The Society of Fermen-
T > T —BHOWEL, Bib L CEBRERE ] tation Technology, Japan, Osaka (1975).
DL TE &EDTAHT. B8 %2RIE LT single cell 15) Kato, N., Omori, Y., Tani, Y., Ogata, K.:
protein DAEEILOINT HT 84S, BR, W8, » Eur. J. Biochem., 64, 341 (1976).
U, 30 REBEosEThoBEYAkET 2H 16) Shimizu, S., Ishida, M., Tani, Y., Ogata, K.:
FUERT, TNENOREEFTHMEEL - LCER Agric. Biol. Chem., 41, 423 (1977).
Ui niTis 5150, ARSI, single cell protein A= 17) Shimizu, S., Ishida, M., Kato, N., Tani, Y.,
EDDOEBARLE LTRUT LGRS TH L &R Ogata, K.: dgric. Biol. Chem., 41, 2215 (1977).
WIS, BREEDDOEREZEELHERASE L 18) Shimizu, S., Ishida, M., Tani, Y., Ogata, K.:
Tox £ 7 — 0 ORI S X UBCER ORI ZE L J. Ferment. Technal., 55, 630 (1977).
TH o /cH R, single cell protein I 1 DDF  19) Kato, N., Tsuji, K., Tani, Y., Ogata, K.: J.
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Ferment. Technol., 52, 917 (1974). Ferment. Technol., 55, 452 (1977).

20) Kato, N., Tsuji, K., Tani, Y., Ogata, K.: Mi- 24) Kato, N., Ohashi, H., Hori, T., Tani, Y., Ogata,
crobial Growth on Ci~Compounds, 91, The Society K.: Agric. Biol. Chem., 41, 1133 (1977).
of Fermentation Technology, Japan, Osaka 25) Kato, N., Ohashi, H., Tani, Y., Ogata, K.:
(1975). Biochim. Biophys. Acta, 523, 236 (1978).

21) Kato, N., Tsuji, K., Ohashi, H.,, Tani, Y., 26) Tani, Y., Kanagawa, T., Hanpongkittikun, A.,
Ogata, K.: dgric. Biol. Chem., 41, 29 (1977). Ogata, K., Yamada, H.: Agric. Biol. Chem., F]

22) Ogata, K., Izumi, Y., Kawamori, M., Asano, Rida.
Y., Tani, Y.: J. Ferment. Technol., 55, 444
(1977). (FE53. 5.30%24h)

23) Izumi, Y., Asano, Y., Tani, Y., Ogata, K.: J.
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