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Table 1. The Glycerol-Assimilation by Various Yeasts
No. of Strains Growth after 7 days at 30°
Yeasts Mark .
experimented Medium L ® MediumI® MediumII®’
Kloekera sp. Kl 9 = = =02 S
Saccharomyces sp. 12 _ - E S
Beer yeast BH
Alcohol yeast BrH 13 =
' 34 - - - S
Wine yeast WH 57 + = - S
Cider yeast AY 12 + = - S
Sake yeast SH 56 + — — S
Schizosacch. sp. SHS 8 —
. 6 + = = S
Mycoderma sp. My 3 ot = S
9 + S S
6 ++ R F
i Candida sp. Ca 4 ++ R F F
i Pichia sp. Pi 7 + S S S,R,F
1 2 — — R F
f 6 + R R R,F
‘} ! 15 o iy R F F
| { 11 b o e o F F F
| ameenaila. 5D, Ha 21 +++ F F F
Zygosacch. sp. zS 4 + = F
| 2 ++ F F F

l | a) : I, Glycerol-agar: Basal medium (K,HPO,, 0.052; KH,PO,, 0.052; MgS0,, 0.03%
it pH 6.0) ; Glycerol,2.5%; Peptone,0.12%*; NH,CI,0.3%;

i 1T, Glycerol-water: Basal medium; Glycerol 2.5%; NH,CI1.0.3%;

! 111, Sucrose-water: Basal medium; Sucrose (or Glucose), 2.5%;

‘ ‘ *, Peptone was omitted in the test concerned with film-forming yeasts.

i b) : After 14 days.

’ | Growth : S,sediment; F,film; R,ring.

: Table 2. Comparison of Qo,-Value of Glycerol-Oxidation
} with Sucrose-Oxidation by Various Yeasts

No. of Growth in Average of Qo
Yeasts .
strains glycerol Glycerol Sucrose
SH 26 - 0.3 (0~1.6) 12.4(0.2~33.1)
f SHS 8 - 0.6 (0~2.3) 14.1(3.6~19.9)
A 6 ey = 10.4 (0~25.7) 12.2(0.5~23.8)
' Ha & Pi 9 + 11.1 (0~29.6) 8.7(0.1~47.2)
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Fig. 1. Comparison of oxidation of AcOH and Ge by H,anomale and S, sake, Curve: (1),
(2, AcOH, Ge by I.anomala; (3), 4), AcOH, Gec by S,sake, respectively. Conditions :
Phosphate buffer (pH 5.8), 0.5ml. ; veast susp. (H.anomala 7.7 mg or S.sake 10.0mg.
as dry wt.), 1. Oml; sabstratz (.35 um-AcOH-Na or 3 uu-Ge-Na) 0.3 ml.; temp. 30°,
gas phase, nir,

Fig.2. Oxidation of Glycarol, Glucose and AcOH by H.anomala (a) and S.sake (b). Cur-
ve in (a): (1), Glucose, 5.5 um; (2), glycerol, 16,6 ;m: (3), AcOH, 25.1 um; (4),
AcOH, 18.6 pn; (5), AcOH, 11.2 uw. Carve in (b):(1), Glucose, 5.5 um; (2), AcOH, 14.9
us; (8),AcOH. 11,2 jm; (4D, AcOH, 7.5 ux; (5), AcOH,8.7 uw. Conditions : Phosphate
buffer (pH 5,8), 0.5 ml.; yeast susp., 1.0 mL;: substrate, 0.7 ml;: temp., 30°; gas ph-
ase, air.
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Fig.5. Oxidation of Glucose by H. anomala,Curve:(1), (2], [3) were responsible for the
s oxidation of 7.65, 5.72 and 3.82 uu glucose, respactivly. Bach line means as in Fig. 4
! except on the basis of the following equation;
CeH,,0, +20, =200, +z(CH.,0) +¥ H.O
Conditions were as in Fig.4 excapt yeast susp, 0.5 ml. (5.8 mg. of dry wi.) and
temp., 30°.
Fig. 6. Oxidation of Glucose by S. sake, Curve: (1), (2) were rasponsible for the oxidat-
fon of 5.52 and 4.42 um glucose respactively.
Conditions ; Phosphate buffer (pH 5.8), 0.5 ml; yeast susps., 1.0 ml. (correspond
to 5.0 mg. of dry wt); substrate, 0.4 ml: gas phase, air: temp., 30°.
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» T, H.anomala OFFFHRIIEFC & VEBALADHEMATED Hhize

Bz H.anomala OEEE: DPN $iEAALMIREI A Fig. 7)o

GP [i/kSEEEsEz oW T, EuLer® OF#SEL, GREEN®® OBEEXAALN TH
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v, A DPN-link 743t cytochrom-link © 3 %, GunsarLus® £ S. faecalis
T F R T2 ERREHE © GrReEEN OBERICEI TV 248, cytochrom OBE L7py s
BTV 3. ¥ H anomala OpE#ir DPN-link w2388 L = & (2 EuLer
DRERICRT 243D TH Do TH=0 R S. sake OBERICRBEOBALVZ L2 H
BHEOBEESRDZDTHS 5

7 300
p—
X
7
o
O L}
N
=]
(0]
—
I (@
] IJ}J 1(}0"
i
|
| 1 1 A [ ol § = A
! 0 25 50 75 G 20 60
! Time(min.) Time(min.)
Fig.7 Fig. 8

Fig.7. Effect of Dye (Thionine) and DPN on Oxidation of GP by Enzyme Solution

||' obtained from H.anomala, Curve: (1), DPN-+thionine; (2), DPN: (3), thionine; @),G

P only. Conditions: Phosphate buffer (pH 5.8), 0.5ml; enzyme soln., 1.0mL: GP

=Na(0.5%), 0.2 ml; thionine (0.001 »), 0.1 mL; DPN, 1 mg.; total volume, 1.8

ml; temp., 30°; gas phase, air. Enzyme soln. was treated with cantrifugation of
12,000 r. p. m,

Fig.8. Decomposition of Pyruvate by Enzyme Solution of H,anomale under Aerobic
Condition. Curve : (1) and (2), evolve of CO; and uptake of Oy, respectively. Conditi-
ons : Phosphate buffer (pH 5.8), 0.5 ml.; enzyme soln., 1.0 ml., thionine, 0.2 ml,

| (26,5 pn) ; temp., 30° : gns phase, air. Consumed pyruvate was 11.2 .

%213 Ca"P ﬁ@m

GP BUKBERO @RI = RERR (TP) +&R4 LHZOTHDIND, =0
L DOORMRERN L 720 S.sake DERERERICIMMNRNMT GP BLER X &
WAt 7V O LR o Tv3e 2 T EmBoEn-MevErRHOF-Scheme (=52 5C,-P
RUFELEL TV Do —75 H. anomala OEEEKENGE GP LR L . TV 2 h
B, $ LF#AA—L T GP R(EEEE i ius GP (kA CP Rt s &
ST Do
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ZDEE S. sake BEEEFED Co—factors DI ARIEL e BADT, B b [ ISR E
% 100°, 55MMEL=b D% H. anomala 0EFHIZTRML THizhs, GP ERLips
Wik e R, - T S. sake JERE ORI Co—factors ¥ 71355 7-1riLim 2
WL 72Z izt B

INESLER R Lig\~ S. sake DIEEM@ETML T, H.anomala JERo GP Bibaps
2IBURT 5 LIS MCHEBEOBAATD it 9,

BLEDIn< Co-P FROFIZ L v GP Bt As#nd 5= 213, GP 78 TP ##&7T,
SHIZINA CP RZX - TERILEh B2 L 2 HEX LTV 20

#®3H® GP 1y Py RO ar r a5 —2B (KG) D&R

GP HEMLE N5 &, KIBHUTIZBERY A2 THRT 50T, +OHMke L TFE
ENB 7 MEROBSEE1T 5 720

H.anomala OEFEERW 2 T, GP » 60 5HEMbe Lo, RISHuc SH iR
WEMIZITIDE TN, BREROHEL T EERE B2, Zhi 2, +v=1n7
==re FI9y (BT 2, 4DNPH CHiEE) HRRERE Iz —BiET 50 Zhics
B = ER THRE L, L IEREER & 10500 HHERIERED K RS, B
Y~ F IR LB O L LEEER = F A THI T 0 IEEBEIZ 0 T $FEE =
F AT THIM T %0 BfER=7 A4HEIZ O\ TC, CAVALLINI'® OFEHIZFE, FlEs »
YT 7 4 ~ETF v u — AFHEIIC Py, JEEHEIC KG @ 2, 4-DNPH Hidfk
CHM T WA TER S W0

Elt GP &Y Py RO KG 2RI N2 Z LA5ED DA, FO&ERE: Py #
WXL T KG Bii@HTAoETH Do

43" Py BREREESE

RIEICHT, GP 43 Py ##@HT 52 LA AL 727, Py 542t decarboxy-
lation {Z X %7>, oxidative decomposition (= % 22 EETH %o

H.anomala DEE#GT Py ¢ 53¢ L3 &, BKIEHETL b b TFEEERIT 4 <
BOLBNT, LhdRREBRIEBRBIIThbhAZ L4825 (Fig. 8) o Z0BE R&RERY
2RER S hie Py eSen Th - T, fE- THEMEIZ L 5 Py 4&1% decarboxyl-
ase IZL ALDTHbDo

#5W GP LyoLREEteh

H.anomala OEBEKREMRIEIZL 5 GP BMbiks ZHILFBRC TRER LT, W
# HFntk, Ba-alcohol RS2 4 o 2D Ba % 1 4 o THIRIZ CIEA F v &
&, EBEL'®, A1 DFRHIZL - ToRIEDFHEIv< 12757 4 —2fF 10

a) IEWEBMLOMSE : £t e L THEREINAHER= X 702 TP ROMEZ Y + ) v B (LIFPG
EREID) THhdo TP 12 IN 7o Y L VRETFBLTLE 5,

b) #(bY — &% (NaF) FEZEDHEE : NaF 2R E LT 0.0025n #¥EML70 = DS TPR
U PG DRI L Y FHICERIA, IhbHh NaF LV EMESh T L 2R T - ORFRED
RE v FAELT,
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Table 3. Chromatographic Identification of Phosphoric Esters from
GP-Oxidation in H. anomala
) R of phosphoric ester e
Ry-Value ( % 100)
R, of inorganic P
Normal NaF Hydrazine Standard Detection .
—— ¥
A B A B A B A B
89 100 83 123 91 112 PG
101 12 100 18 106 0 100 0 TP
85 14 Unknown
100 570 Unknown
93 228 Unknown

A : Isopropanol:isobutanol : NH,OH :H,0=40:20:1:39 (alkaline)
B : Isopropanol:trichloroacetic:NH,OH:H,0=75:5¢:0. 3:25 (acidic) '
c) b FZCSryEEDESE: & FJ Y vid hydrazine hydrate #HHESIC THhFnL, ¥UEEEL L T .
0.001m ¥R L 700 BeplER(S i TP Of, 2 AFFZARHD R+ » FAROH1, PG (d&ERX
TL7gV o

DL ED#ER 5, NaF o enolase [REFK Ot FI 20 TP RBFAEABED MRS
NebhbF T, FECZRTELN IR ERIFT NEROEROFENB LM TH o

GP-dehydrogenase
GP— —7————*TP
: |
|~ Hydrazine
s starboxstase OO ;.
Oy TP |~dehydogenase Dccarbomlase/ﬂ . &
! / 4
PG i Py = ~(,-comp.
Enolase
NaF

Fig. 9. Mechanism of Oxidation of GP by the Enzyme Sclution obtained from
H . anomala (Presence of the C;~P Shunt). GP, @-glycsrophosphate; TP,
Triosephosphate; PG, Phosphoglycarate; Py, Pyruvate.

H43 GP BMUEKICRY 5 BSEERH (CoP) RoEs*

WEZR LI GP &K C-P RTh-T, FLDLDTIEARL, £ v 5 Dk

*: Cy-P 7%01 W arBURG—DIcRENs—CorEN IR A RT o
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H. anomala O BRI EORRES B LT AHE5R2 &3 h, F7- aldolase DFED
BOLNENLSTHL T, Co—>Co DUESELERE LI 7ev o CHELDELIN —JRIT*
Acetobacter T Cy-P ({HHZ pentose-cyclen BE 3 22 & 23E | T %o

#®14  GP ERbe G-6-P ER(b& DHE
21 IE Enw > Particle tZ-ouT

H.anomala OBERIETR & 7,000 @iz, 540HEEDOEOSEL /- BT AY
BB LY, IZhirzEIZ 12,000~15, 000 EiE, 15 SRS MEET 2 & Ennil -7
FEEIEBON Do ZOWEMIOWT GP KU G-6-P OERLIEM L L Tad &,
Table 4 (/R4 I0<, BIEOCHE MITEEERD GP BMEininv{EFL, G-6-P

DENE YT, TL Ho FEROERL Y AT, EMLERIEESERO PG X » This
VERFEMNH Y, I TELRRELEET 5 & GP HukeE#sE Particle (- & ¥ 545

IIRE L T B Z 2 AR D,

2 MR (RQ) Ok

Table 5 (Z7r4 < GP E{bo RQ (2 0.61~0.65 Th 3, G-6-P i3 RQ 11k
EDOEB & IR L, KERT AFEENKE Do TAUTEBERIZING BER & BRI L T
BY, - TARSOBMFERVHHINTW 20D L5 L TE Do

Table 4. Effect of Centrifuge Treatment of Enzyme Solution on
O\ndatxve Activity of GP and G—6—P

“f

Reaction GP G-6-P

time O,-uptake O,—uptake
(min. ) (/,Ll. ) CMI. )
A B A B
30 31 18 26 20
50 53 24 38 29
70 71 33 58 40
100 98 47 78 51

(A) and (B) were treated with centrifuge of 7,000 r.p.m. for 5 min. and
12,000 r.p.m. for 15 min., respsctively.

Conditions : phosphate buffer (m/15), 0.5 ml.; enzyme soln., 1.0 ml.; substrate
(0.5 »~GP or 0.1 n~G-6-P3, 0.2 ml.; pH, 5.8; temp., 30°; gas phase, air.

Table 5. Comparison of Respiratory Quotient of GP-and G-6-P-Oxidation
by Enzyme Solution

Og-uptake (pl.) COy-evolve (ul.) RQ

Reaction time
3 i —— e R T e T X —
(min.) GP G-6-P GP G-6-P GP G-6-P
30 18 24 11 15 0.61 0.64
50 31 54 20 42 0. 62 0.80
70 42 74 il 90 0.63 1.20

100 65 105 42 159 0.65 1.51
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# 2%  Aldolase X J§ o #F

IE s e (BUF F-1; 6-P LD #EMLL 5 A0 T aldolase HMAFAET
hiE TP 13 Co-P FREEHRT 5 ABEMEA TTL %o aldolase NHAWFIEEITR I Z &1
HELTHY, FEIIFELL F-1;6-P RCF, O %o I TERAIZE F-1;6-P 4
e TP OEREHDIBIET 52 &4 aldolase FISOIFARICHHETH %o

T AT ERAICT F-1;6-P 2EEERTRIGE Lo, TADMEE, TP RO Py
PHIE LIz TP BBREEKIZOWT IN 71 5 ) HTRE 20 5 TR 3R L v 3%
HL Py iz 2,4- DNPH &k & L THfERkLo

Table 6 (Z/RT4A<, BESEHRT F-1;6-P #E{be Lo, TP ARLEEHCHIEL
oA, A (545 H) o TP 235 L <3ghnl, LRI 28RV 8. Z0F)
OO TP RIIHEERT ARV Py Bz L T Az 4L, EB: F-1;6-P » b AR
NIoZ LIIFERTH Do $-ERROEBREMERMETT s - 70y, TOBIXT AFKERL
= TP &Rk L7co

INnHOHEE H. anomale 755777 aldolase 25 A CWBZ & ERTo

Table 6, Formation of TP from F-1;6-P in H.anomala

)Reaction time Oy—uptake COs~evolve Pyruvate formed TP formed

(min.) Cul) pl) (@) Cunt)
5 13 10 0.41 325
15 27 75 0.62 1.85
30 35 203 0.69 0.32
50 — = 0.47 1.05

Conditions : Phtalate buffer, 0.5 ml.; enzyme soln., 1.0 ml.; thionine, 0.1 ml.;
F-1;6-P (0.1 M), 0.2 ml.; pH, 5.8; temp., 30°; gas phase, air.
# 3 CPH% o # 7#&
- ¥-1; 6-P —F-6-P — G-6-P

F-1;6-P #ERpus THRIbS LD - BRHIC OV TEBROFEHK 7 n< v 7974 — %
T-THhaDE, Table 7 iz7xd i< F-6-P K G-6-P 0&RAAD BN D, F-6-P D
RE 130 F— AR5 HEERD Zh L33, BIWHEFSEHT F-1;6-P 2 USE Ldicb D
THECMEC ARy PEETEOTI Tk F6-P SN, BEERITEEO
B EA T, ATP 3Ry 70T F-6-P—F-1; 6-P O RSIIEEEE CIIIAD LR
Ve

o F-6-P — G6-P

G-6-P ##E & L7254, BRISEIZIE Table 7; 8 1ZR4in< F-6-P DERHNHRD
Bido BILHRAHTTY F-6-P 234K %,
—F F-6-P ##EH L35 & G-6-P RS hbo - THSEIKIZIE phosphohexo-




i i 4
isomerase 7#i4F#E L, F-6-P==G-6-P OWHFIE*TT> Z L' %o

Table 7. Chromatographic Identification of Oxidation Product of
G-6-P and F-1; 6-P in H.anomala

Ry value: (Ry of phosphoric ester/Ry of inorganic P) X100

Substrate Normal NaF Hydrazine Standard  Detection
——— — —— —e
A B A B A Bk B
, 66 116 68 126 64 122 68 125 F-6-P
] 100 9 97 0 100 ¢ 100 0 6-PG
G-6-P ' 98 9) (TP)
l 90 114 91 112 PG
61 6 51 0 Unknown
85 0 Unknown
[ 56 108 53 12 54 109 G-6-P
| 0 14 68 123 68 125 F-6-P
F-16-P | g5 106 88 111 a1 112 PG
- \ 100 17 100 10 100 0 TP
A : Alkaline solvent, B : Acidic solvent.

Table 8. Formation of Phosphoric
Esters from G-6-P, F-6-P and
F-1;6-P under Anaerobic
Conditions

%33 G-6-P—6-PG

G-6-P Fur F-6-P X v o4pkBER{b
= _ aWpTiE, TAn ) EEETEEILw A
Substrate Phosphoric ester o FAZH SN (Table 7) Zhid7

formed oy irgmta ., T, MO 6-PGIT—H
P S o Fho SOAKy MIMEERETIIERS
oL ] nisvo
[ G-6-P Bt - TEEERIZIZV DD %v+%wischen-
T ) i;,“’ ferment #f#E L, G-6-P——6-PG OER

s IEESHTTsbh 2 Z L0 So

#Ham GCPR o B &

G-§-P Kyt F-1;6-P nER(LAERMIIE Py 2380 5N, NaF &£ TF Tt PG #3135
ML, v ¥FooFETTE PG 2HKET % (Table 7)o ZhbHnz kizskiz GP 0F
TR L7 C-P #AHt C-P FICHHEELTHBZEERL TV o

55 4 1 Ci-P ZHAT

Hitic@Bonre C-P RIKED & 5 IZRE N Do
#2C F-1;6P 13 CoP %e CrP R oDRHASEEMBEIET 5 L &ITRY,
LA b Eegiem 12 kinase BAKRESN T30 T F-1;6-P 13 F6-P, G6-P L3R
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F-1; 6-P—F-6-P—G-6-P—6-PG
TP——»PG—»Py——»Cz—compound

F-1;6-P, Fructose-1;6-Phosphate; 6-PG, 6-phosphogluconate; For other

abbreviations see page 4.
SIfTBI* T 5THA 5, ZNEAFHOBIENSHE L 120 FEHC GP DITE) & Hei
&?‘T b 7o

I F1H LB R vEE
FRDML, e ¥ I3 TP R EET MR 5520 2oTe Fo s o GP,

G-6-P, F-1; 6-P R#Hizt+ DR T ADWE, TP R* Py EREIZ OV THAR L
Zo Table 91ZRT<, CO./0: et ZB Ly F 5 T L BDEHROME T GP #4320
% F-1;6-P 7% 5022, G-6-P 43 802 Ta&_, T, F-1;6-P HRHOEEZR Lo

Table 9. Effect of Hydrazine on the Oxidation of GP, G-6-P and
F-1; 6-P by the Enzyme Solution from H. anomala

Reaction Hydrazine O,-uptake CO;~  Pyruvats ‘TP
Substrate time evolve  formed formed L0
(min.) i) Gad G o) O
GP 110 - 2.0 1.3 0 0.55
-+ 1.4 Q.5 0 0.36
G-6-P 70 - 2.0 31 0.68 0.58 1.55
- 1.6 0.4 0.44 0.87 0.25
F-1;6-P 110 — 2.8 1.6 0.49 3.88 0.57
+ 2.7 0.9 C.49 4.33 0.33

Table 10. Effect of Sodium Fluoride on the Oxidation of GP, G-8-P and
F-1; 6-P by the Enzyme Solution from H. anowala

= ——— EEEESSS . —

Reaction NaF Os-uptake CO,-evolve Pyruvats Rate of
Substrate i formed (CO:+Pv) Jh o
(min.) ) ) ) Gy %

GP 150 - &7 2.1 0.03 0.58

+ 3.6 1.7 0.02 0. 46 20.7
G-&-p G0 - 31 8.6 1.34 1.57

+ 1.8 2.1 0.10 0.12 02.3
F-1;6-P 60 - 2.1 2.9 0.60 1.70

+ £ 0.4 0.04 0.35 78.8

52IE NaF o

BERPUC & HIEHBMLDBXZ NaF #5072 &, Table10 i G-6-P » F-1;
6-P LY DRERY ARER U Py &fzE L < HEEND0 (CO+Py)/0: Hizou T
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NaF =k 5 HBROETE, GP 28 20%, F-1;6-P 7 78%, G6-P 4 9222 Thso
e FoovniBaAficc 2Ty F1; 6-P |1 FEINE LR LT &k, F-156-P a4
C-P %r Ci-P RrO@LCRMIND = ExRRTo

59 C-P ke G P Richg pEXEET
w1 ERc X 5 Co-P REIEER
Dickens ¥, LyNeN ®+, Jomnson*’, Le PAGE #  ScoTT” I FEIEEDBHEE
7y G-6-P Egfb#fld A2 & »AH T Do EHFIZ H. ancmala DFFFHW & v T
Gp, G-6-P, F-6-P, F-1;6-P ELr i 5B, HERRBEMTI LY FIFI VDI A
DB HY, o F6-P U G-6-P (ELWHROHDHZ emnb, C-P 3R
¢ CoP L OBIREAY B0
En g Rt E 0.018m & 0.29m & LTHETSE, Table 11 12773 1< ik
IR Tix, G-6-P E(bo ¥ ADBEIHHEIS 1, pric F-6-P ELizsaA R S
ATLE 3 ZhucHL F-1;6-P i AR EEEERSC T A B D TP B K Ls
RERF AFLEL lag XHBADR WHEET BHo GP ERSEBIUE TR D FA BB,
RER T AFREDIHIZ TR
Table 11. Effect of Phosphate Addition on Phosphoric Ester Oxidation
by the Enzyme Solution from H.anomale

Concentration cf Phosphate
Reaction

Substrate time 0.018 » 0.29
(min.) O,-uptake "CO,-evolve O,-uptake COs-evolve
ERTE I ¢ .y @)
Z0 34 159 0 0
o 50 56 338 22 2
100 110 602 40 2
200 143 €90 52 8%
20 38 49 (4} (¢}
i 50 60 184 o 0
100 108 419 1t ¢
200 116 540 18 0
20 25 123 31 0
a0 60 410 69 25




20

#%, G5-P » F5-P TR ORI L CHSDOMMERL, F-1:6-P 2
DR TH50 GP ER(LiZi2 GP BRKIEWROBEA A .. T ¢ D TMEERPUZOVTit
R Bhzvsl, PRYAREOMM L L iz F-1; 6-P DEFRNZRT 20

BlLEDZ LR WBENE, C-P ReMeIL, F-1;6-P (2 aldolase ity TP %¢
B L2 TEH0IZ G6-P K1k F-6-P LRIBRERLEDTH.T, CP R
REREMRCI VU LAKELINZ LD TH S, 5

W2W  Pasteur MLzt 2w

Pastevr 208Uz OL-TizE < HOMBIZEh TE2-8, Lynen tem Bz iNERmE
Pasteur Z5QLUZBIRT 2—20BEH 5 - EERTRL TV 30 FHOMEL Rz
ADIENTE . BICBRBROMRH
F6-P ¢ F-1;6-P ETHREE xR
5Z & , ENGELHARDT ' 31 PASTEUR
(1) 2Rit fructokinase ARNEIZ ) AK 2
NOLHILLWBL T k8T 2
EEIER

FHi2 PasTeur 20270 ) o L8
EDMRIZOVTIZLYNEN, ENGELHARDT
EEHBELTRDOL 51282 /- HL4EW
KDBRE, BREOBE SR TILRE L
" PASTEUR BESE2'l) ¥ Bk ISERIB

3

(a)

i

Evolve of CO,( gl.)
2

0 30 20

7
(b) /ﬂ
2
3 Fig. 10 . Effect of NaF on Fermentation of

Glucose under Anserobic Condition
(a) and on Oxidation of Glycerol
and Glucose under Aerchic Condi-
tion (b) by H.amomala,

Curve: (l)and (2), evolve of CO,
responsible for glucose and glucoss
(NaF), respectively: () and (),

k glycerol and glycerol{NaF).
Conditions: Phosphate buffer (pH
5.8), 0.5 mL; cell susp., 1.0 m.]

é/ (7.5 mg. of dry wt.); NaF (0.05
- 3 2 I). 0.2 ml; &7% (n) or 2% (h)
0 40 80 120 glucose 0.2 ml. or glycerol(1%5),

Time(min.) 0.2 ml.; temp., 30,5°; gas phase,
N;+00; (a) or air (b).

:

£

:

Uptake of 0,( ul.)
g
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MMEF LT, CoP BBz, F-6-P (3 G6-P ~BAIRB#EIN20 ZD7
&, fructokinase OIEPRANZ L v F-1; 6-P OLEFIINEI S N 25T/ 50 HITHE
KGNS ERA DO BERIREE E % ) Co-P Rl ¢, F-6-P—F-1;6-P
HERL fT7abit Co-P RAMEST 5o

H.anomala %7 ¥V VB4 S FCHEEETX 20T, EMBDEN-MEYERHOF FIzi# 3
T52% 702l v R GP 3SR TE v e TNHIEEEEN H » THD
TR SN Do U - TIHFK T T CoP BRI Tisbndnb, 7Vl v BRIk
CoP R2BEBHLDEEZLDBN Do

EBEED NaF [i%Ed2 25, TPVl 702Dy, G6-P, 6-PG Bhizftis s
Fis\vo BEBED A THEG T CL 7 F v isomsEE: NaF TS /vc B8 2 5 (Fig.10),
B &ix NaF 53 EMBpEN-MEYERHOF Bzt R L, Co-P SRIZEA 2 &
RLTEY, 7V 2) o HEEKRTE(LE W AL aldolase mif{TFiz L v Co-P R TH

TEnNdT &2 LhfEmS L do

/53 H.anomals K} 5279 « ) LB

DEEIFIRTELNIHERL VKO Z LRI N %0

1) £ 2V 27 ) v BILRE R OB LREDMETIC & v, Saccharomyces T & pENE
BERRAL & X B L 720

2) V) EEBETE I\ S.sake FERILIERE: H. anomala »i2->%, £FEEL
EORICEER L, H.anomala 734 Y) 7o — v eBRbTE 32 &, 512 GP BML
FHIRNZ ENTRENTCo S.5ake 132770 2 ) e REMEAR D LD Dl TlE
B D 2 ) o REHESRICEIRET 52 LI TER .

3) H.anomala 1213 glycerokinase 73fF#EL, 770 2 Y 220 L ODFEHT GP Iz
Rifsh, GP IBKEHSEDCERT TP kY, ZHhut PG ##& T Py &/ 50 Py

Glycerol

ATP; Glycerokinase

3 —2H 2 - Phospho —
Gp———2 —TP——F-1;6 P——F —F.g.p- 2200 c4p
(GP-dehydrogenase t Aldolase Phosphatase hexoisomerase

1 - ) +0
ISplit Enzyme 0 _ Zwischenferment |
TP-dehyrogenase |—2H
. —Hyo » -C0,
PG——Py = - Cs-Comp. —
Enolase Decarboxylass

Fig. 11. Oxidative Pathway of Glycarol by H.anomala.
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R REEEEC X - TIN50 B Ci-P SROIFENFED HivTzo

4) EEsSwacid aldolase DAFFEAFED H L, FoERPEER(EY O 5 2 & &
Y, Co-P FADTAENTESD Hhizo BT GP Btz CP RTHmbN 27, &£
Ewuﬁ&ﬁ&#ﬁvﬂﬁﬁ#TfuyuquéCrP%c;D&mfé:t#EEé
N7z

% 2 &
MR (B.succinicum) (< X 57 ) ) v ERALHEES

H.anomale OV 2V vz GP BHBRDARTH »72h%, HEEk (B. succini-
cum) Tz Oz DHA EEHFRATFEL LY T E R0

1 BRE O T

H.anomala I 1270 €V v ERLASEROMPUIARREITH » 7o48, BEEROTLR
BHRDEERZ & DI TR EEEROMBIIEIIL 720

B B R o® o #& H
WIE B R W o #F R

ERBEOME  fERY 74 2 v T 20 BIERNEET 2. HEzMOSEL TR0, £E
HaEKIZT3EERL T, ~—A b FOMER T BALEIR B TR RESRT 50

B DBERE L HH - %ﬂ§ﬁ01~0582ﬁ7zm0\»k1ﬂ,ﬁ§¢k11&44ﬁﬁﬂﬂ
¥, EMEENL 154, 50~60 @ic Tt »7c. BRRRERTEL, HbHMH Lk dZERKE 21
s (pH 6.5~7.2) 5~15ml &Mz X < EFEE, WIECH LBLsREL T (12,000 Hix
T35 7213 4,000 BT 15 SHD, BESOWE LR LRREESELE T 2.

#9715  Particle OE}MLEE
LERoESERIIE I 12,000 EiET 15 SEHROSEET B &, PLEES & EED LER
LitSNBo ZOTEC D7) v ) vEMLA R IE LckER, BYLERTRA L IEEIC
S I AR Dl 19 B Al
PERAER LA { HiA ORI TS S DA, KR RAERE KIS T, TR
WX VFRAESELIZEELTLE 0
PE-TT VY v aELL 5 HEEERE - OREMICEL Hh, MRKEIEMIR TR
BHskD = LAFED BNz
w3  ATP ozE
GUNSALUS 2 1% S.faecalis DISHPIZ L 27V x ) vERMLIZIZ ATP MLz &
P RRTWBHA, EFOBEERIZTOT S TL YY) ) v ¥EMLHRS = & AUFHEY
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Thbo Ll ATP OREZMLMIREN™, I x] viglbic ATP #AEEEL
TWBZ ENPALNTH Do

$4TH AN HEEREOTEIEEE

stk 0.35g ORERL, ko Mgt kady M/S0—BEEREE (pH 7.0) 11
ml o THIE L TA-ESEEE 10 CBRLT, Yy A sBICTEERICLS Mb fid
FH B He L 7o R 50 SRR Bi/KEER L BA TH Y, Rz FLER KSR
LRI Th Do 7 T4 3~ MERCRERABHDNE M, B 1T v 2 — AR
NI

ol 7V ) vEMLICHG D EMLAVREIL.
(Oxidative Phosphorylation) DFER]
= (Aol R

EE, SR OB D MR R LR L AT L A BN TV 2o ZORE
AR RO AT & BB HERE RO i 1T > FERAMER TH Do

ey AT, IRRICIE Y — A A 2R, EEREISIEY v S Ve 2235
WT Y ) v R RERE LGRS R B L oo 7o, MERARERRESRERIC &
AEHTELLLDTHDo

WEROEER : ST (22 2.2mb) 2k L, HoHaLokeed 102 ZH(LAE 4ml M
CTI<AL, HEEICE L ORDSET 5. HEKO LOml S0 SEEERU SR ERL,
TOELEBEL L™,

WROME, FEFCRTZ ) € ) vEERFLWERIEA BN bR, (P:0) OHik2T
570 ZAUCK LESE FOBEMLIEIBTH » T, HHICEROTEC L » THEE
MERIC G b, BUEAEERIEABE L Tw3 Z LA D0

F2m  EBLMBEMLOME

Bl & LT ) =~ PR (MJA) ; As.Os ; As,O; ; NaF ; Nals ; 2, 4—DNP %
Wite =0 5% MJA Ko¥ As:O; (i redox system %, NaF (1 enolase ¢ phosphat-
ase %, As:.O; (& arsenosis (T X % EEY L%, NaN; 7%y DNP i uncoupler & L T®D
P2 RETHETH Do ZNHOEHFHITOUENLS Y €Y v D LRSS
E25ETH%o0

SEERDFIE, FHRARMZ I TN BRSO RIEAHF N TV 2o 205D M]J
A, NaF, As.O; \ZEESSRUS[HE T 543 As.0s Ut NaN, (JfAEL 72\ DNP
L L WG E AR L oAt (GP BYLIZEAE L 72v) 107°M (LOMBETIRESR
Bpti: NaN; o354 & REcir L KL 7o

DLEDIS, AR L 9T h BRI IR L 2 OBE MJA, NaF, As.O, T2k
SR kA L, DNP Zor NaN; Tidis L AESRIIRAERT 22 L1327 ) %) v DB
Bl BRI L BIR L T, BMLAIBRRILOFELIGEE L T 5o
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#2% GP EhRoKE
#H1lfi GP o & £ % &

BITRIZ T Y = ) VIS HERL 232010 B = L ED D e, AEpRIEER I 43 fEIRE &
B0 TZWZDLDMN GP 8b Z L #BAL ML 70

R 0.5g 2990 O5L, RINGER K 15 ml 12 T L 7-BE3sik & B\ kDR
BT 2R 30° (I TRISHE Lo

RSB RY « BEaE 5ml, /60 meiiny (pH 6.4) 10ml, 1%, 7V w) v 2ml

RSt =Ha EFRRIC THEEE:, Ba—RAELlL Ba-alcohol REHEE2, T Db DI DX
AxeLroD ¥ DFETFK I v = s 77 7 4 — 24775 72, PHUTHEE No.2 & A, Z4iddh bn
L OB OIS THV EEZE, BCAVv 282 A4 Lo, AR EASRICERE HIRIC
BIYHL » 72 b D #FA L7z o™

BH S N7 L EAREER & GP LI —F L T20 OO0 7 T 2y o vHFE—0OFERY
RlL7zo GP Qafl L BEI L DEFNZOWTIRRAE L Ry 212X 700 Blb iz
L, BEFEHFETHY, 7o R ABEOFENE I L LY, o TCliaBlryESh
yATY

2 2 10 7' ) v —GP—TP ROFHE

SRR D7) 2 ) v ER(LORE NaF 2 F7e4 L2581, GP oz TP A@obi
Ao

BibEEsEn LO0ml, 122 79Dy 0.2ml, NoF (0.01m) 0.1mi, 7V o v &k
(pH 5.8) 0.5mi, DPN lmg oz T 110 9 5IGE Lo, Rt Ba-alcohol
BB DOWT EBEL, K4 DBFHBRTCFERKI/Ina< b2 I7 4 — 21T 5720

Table 12 (2R ¢ i< ERBEER(LAH & LT GP & TPhkH Shio

Table 12. Chromatographic Identification of GP and TP from Glycerol-
Oxidation in the Presence of NaF by the Enzyme Solution

from B. succinicum

Ry of phosphoric ester 44,
By Veloa (-3 0% morgavic P o

Found Standard Detection
e ey, ————
A B A B
90 123 91 146 GP
9% 6 100 0 ¢ b

A : Alkaline solvent ; B : Acidic solvent

#3f  GP R¥R

FIEZATZ D 2 ) vh GP &8 7T, TP itRFEINBZ ENRENIZOT, HLFED
EGOETRD SN 7Co-P F R aldolase DEFEFRHRIE L 72 %0
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#1E GP kyotg# (CP RO

B x AV C NaF & TFic GP #Eik+¢ Lo, RIS#o Ba-alcohol Bz
EFKrv=< 1297 4 —%fTo720

Fig. 12 (R4, RS hcsiRadms: TP ¢ PG Thso ik NaF 7
TG R TH B4, EFOHETERBEBROMEIITE# CTH » T NaF (2 X v ij
LACERE NI L2 RT,

#€-> T H.anomala TRH1: C-P FHOEREHKICOTET 22 LABLATH %o

JE

—r ——  Fig. 12. Chromatographic Identification of
TP and PG fron GP by Enzyme

Solution of B. succinicum.

GP

IP : inorganic phosphcric acid.
1P Conditions : GP-Na (0.5, 0.2
O ml.; NaF (0.0im), 0.1ml.;: DP
PG ) N, 1 mg.; glycine buffer (pH 5.
TP 8), 1.0ml.; enzyme soln., 1.0
\ ml;reaction time, 80 min.;
—> Acidic solvent temp., 30°. gas phase, air.

Alkalic solvent

#2915  Aldolase FUSDTERE

EEsE 2 BV CRSE O HERAR T © F-1;6-P o@a iy, B TP o
EkiEHIEL 2o

RIS&tt, 7—A T rZmamTr ) oy Sl 6.0) ¥ 0.5mi, Bk % 1.0 md, F-1;
6-P (0.2 # 0.2m FML T 30° CHEM L7 HFRRKIZZER, HMAKIIERT AP TIF o7

RIS iR < SHALE® (20%) % 0.5ml ¥mLERER, DSl TERHO 0.4ml 48
0%, EEHFEUTAH) THRL-HEOELRIEL, T0#ELY TP fe L THRH L.

Table 13 (zR7H<, FRKFTAHD 55T TP ERIER TR T 50
IFETF TR OE BRERRY L7750 T TP BZEICEEEZT TORLTHbT TH

Table 13. Formation of TP from F-1; 6-P by the Enzyme Solution from

B. succinicum

Reactiom Aerobic Anaerobic

time Pd TP Pd TP
(min.) Cpar) Cpar) @) Caa)
5 7.15 1.10 7.92 0.64
15 9.52 1.06 - -
40 14.36 0.85 15.95 1.06

60 14.36 0.85 — —

Pd : Phosphorous of orthcphoshoric acid
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Bo —HMER T CIXMHD 5L v, 40 SLBOEL TP &EREIZ S\ 0
- T, HFRALCWHSE T TF-1;6-P 15 TP AidkRd 3 Z Li3BEER Iz aldol-
ase NFETHILERL T Do
DU EARENC 6T, BEAEBOEMEEENN 7 ) v ) (L2 1T 5 B ke OBE 15T
BT EARENI 735, aldolase MfEAET DT Co-P ZAEEI A 75 5 78 W
2, ThidERT %o

Glycerol
‘ F-1;6-P
| 1
| I
GP——TP— -PG —

Fig. 13. Oxidative Pathways of Glycerol by B.succinicum (Presencs of Cs~P Shunt).
FH3E DHA EmROHEE

7V%) 3y DHA DA&RIBRIICEE L0 @b h T 9, 565 Asvisd,
BURTON ' (2L 9 27 ) 2 V) v [HKEEEEA M X N H. anomala T Z DRIZEBE
FITh - AR TR T O ZOEENED SN

WL 7V e v L0 E RO ERTER

DHA Q&< n6@ROBA T2 b D Fn b BEEER L Y S hi b D T,
ZDZENL—RERERTH S LI2EIKF L #\ o HAUGE * 12 A. suboxydans % B~
TZ VeV vk )0 DHA HfATEEMLS 2 & 5 Lo SR D & E35 50 1300
Tom< HHEROTERE R LAY, SHHMORETY Vv ) v k) SRIBOLRLED
LitEg

Rtk 0.26 g ¥ KL FE, REK 10ml, M/ BERSHGE (pH 6.5) 5mi,
ZVxeYv 0.5g 0BT 30°, 3 REIHEE Lo

RiS#c 10N ik 1ml Lz BRERCSEEL TEKY RS, RS =—7110
T €0 Rt L7zo T EE 2 % 2, 4 DNPH OBERT 1 = — A SFuk 2
ml EMATIMERET 2 &, FEEOUEIEONDe ChE L )Py =) —nk
TIEFEHE Lo ZDOBDOD m.p. X 235° Th 7100

Bz DHA Mfic oS RBRCTML 2D L OWBIZ L ) m.p. OBEFHAE D S h
7T, ZREO 2,4DNPO (4 Yv) ii—FKF 5,

‘LN 2,4-DNPO (QIEER 2 ) ICBREUCHT, =0 Rb B0 b0 L —BL

P

i—-0

L LE&EEnE, DHA 7 GA »oOXBlizHES Ao 2 T=— 7 AHHEEIC
E, PO m< 2T T77 4 - kfTolio BT 5 )~ 1 BB i 7k=4 : 1 : 1%, %%
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I RERRE PV oo B E N R E » M id Ry=0.47 T, T, DHA OFHEDE
0.47~0.49 1z —F Lizo L7 -TX V) v EYOZRET DHA £3E2 bhdo

18, VEREKORGOE, Y v_r s v7c Mb T TFICMRRMICRISE L&
72 DAL E—DHEAED NI

Ihbnz ki DHA #1770 2 ) v L D—REIERD THHZ EERTo

DL DR 35\ THEERMX Iz DHA @ 5hitve Jisk DHA Z=~51
AL INT 2, ERHOBGHEZEC L 3 LBMHMHEZNZbDTH S,

B2 ZRE—TP ROMFE

MAGASANIK “ | Aerobacter D7 ) x ) vi@{toBzn e, DHA rGA AL D
f781% L, KALCKER ™ 5,0 glycerokinase {gfd MME & b ABIClinhsd e LT
Vvbo

HAUGE * 513 Acetobacter OB T DHA ARt xh, TP ##¥ T pentcse
cycle TR#ENBZ ¥R

W I HEAT R OREER A DHA Houc GA L THEMERIS 77052 & 2 @ &
7-0 BlbEESSE, 1.0ml (Mg** %4y, (tris Sy, 1.0 ml (pH 7.2), NaF(0. 04m),
0.1mil, DHA (0.2M) #7:tx GA (0.5Mm). 0.2ml % v -7 nr %3z, 30°
T 80 SHIKIS € Ldtco BURHIIEREE, Ba-alcohol RERic2&, FMrm=<t
777 4~ {3810

Fig. 14 =57 44n<, DHA, GA #t TP oY+ 2 BEMLAM A £k L7z - THE

SIS P & JEER(k 4 % glycerokinase MTFEET So

H3M  ZREOIERERRHAR (CGRIDOFE

B B0 T BB A BRI & 0 B RBEROBAER IR L 7273, HBRETIXZ DAy
ZHEROBE L7\ = R AR LR (Co-R)MNFEETHLDELBbN b0 Cozic * 13 DHA
[ KEBESRC DWW THRE L T

™ bal B, EHO R ORER

E 123 DHA [AZERISH B
- 2 e () BRB T & W RO Bl
% O Gluconobacter TZ Ve ) v
1 B - Xy DHA ofc GS #idf
— Acidic solv;Ir LTWAICEDHE R L Y AL
Fig. 14. Chromatographic Identification of TP from  C» =BiliL Yy GS #fEm7
GA (a) and DHA (b) by Enzyms Solution of HREATFEEND LT ThH

B. succinicum. 1P : inorganic phosphoric acid.
Conditions : tris buffer (pH 7.2), 1.0 ml.; GA (0.5
») or DHA (0.2 »), 0.2 ml.; NaF (0.04 »), 0.1
ml.; enzyme soln., 1.0ml. ATP, ca. 0.1 mg.; temp.,
30°; gas phase, air ;reaction time, 60 min.

%o




E1H SRERNTOENSR(LHED H#

i Z1FM2M TR LML, BREEOS ) ) VEBILORE, SIBBEORMIRER

I | BELHAE Lo, T TR Ehe VEREK-L 27929y, DHA, GA
’ EU GS OfpLEEL B TAS &, W bFEA ¥ A—RE TBILx h=(Fig. 15),
1 IO LIRS GSERRTAHZ LORF LD

#2m DHA » GA (koM

Fig. 16 (R i<, DHA RU' GA OEMLEEFIE L {, ZOWFLHRBRYT AR
WTHBH BN o GAD T AHERIIAKk, DHA (CHLEESTHY, O LizE
L% GA o mp. 5 40° €3 .,T, dl BThHa1-0, BHE d BOIHBEXH
REREBADND: DLEDZ L1227 Y U vER(LIZET DHA » GA #unistics
TIaZLeBEELHS

200 > 400+ E
pH: 7.59 —~| pH:6.4 pH: 6.4
(1) .
e 2 1. = s
= 150k il = i Lol 8
X 130 @ o X
% o 4 -
= o t2) = 2
.— © .—
© 00} 4 ok ol
2 = ©
1 © x
= 7 o |2
[=% Ll :!)1
] D m- ‘m- N
i L L S | — L
9 20 40 0 20 40 0 TJ_:(_: 0
Time(min.) ime(min. )
Fg.15 Fig 16

Fig, 15, Comparison of Oxidation of Glycerol with GA, DHA and GS by Dried Cells
of B.wsiecinicum under No Addition of Phosphate. Curve : (1), DHA;(2), GA;[3),
Glycerol : 4), GS. Conditions : Tris buffer, 1.0 ml; cell susp., 1.0 ml;: substrate,
0.4ml: temp., 30.5° ; gas phase, air.

Fig. 16. Comparison of Oxidation of Glycerol with GA and DHA by B.succinicum
under No Addition of Phosphate. Curve : (1), glycerol (10 ux) ; (2), DHA (8,8u) ;
8), GA (10 ux). Conditions : Tris buffer (pH 6.4), 1.0mlL; call susp. (dried cells),
1.0ml.; substrate, 0.4 ml.; temp., 30.5°: gas phass, air.

3\ GA v AcH n&s (254am)

BERIBERTH-EERZERL, 1x0 GA # (tris S, 10%4H) ("EESL, &+
. ST 30° T 2REHERE L7co FUSHEMOSEE L TEHL RS, XMz 2,4 DNPH
; mwEma,

£ 2UWBOVWT, Fikre= 2574 —2fFhuv®, ZoLon
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AcH it—F+ 3 Lt @i zo (ZOFRIFEETF 170 v ORBEICL T Ry
NREDOTRICEED LD L WTL1z) - T, RBREFEMCRTH, #88c GA
2 AcH iz 3 5 kb tte

B|AW 7)) OFERERANER

CHOH CHOH CHO COOH  COOH |
CHOH—+CO ._CHOH—«»CHDH—~CO——-CHO |

i é (j: —2H | ~-H 0 | -CO, |
CH;OH H,OH H,OH CH.OH CH, CH,
(glycerol)  (DHA) (GA) (GS) (Py) (AcH)

Fig. 17, Oxidative Pathways (in tha Absence of Phosphate) by B. muceinicum.

A GP R G-REicHD 2xmEF

MRS S THRERIZ L 2279 « ) vBIkIZi2 GP BHFRLERESEHRT 20T
TETHZENHELI LR o), ZOMREXET T2 LT Have™ 512 pH 2
BWL TV 20 FHLSHRICOVTHGE pH 2HISEL =2, HAauce & Acetobacter
ICRTHAL LA L8R ZHRV LN Tt pH & - RRREL XRE
FrWx o
®IF 799y sBieofE pH '
# 1M W ENES
KWk V2 Bk SOrensENy OEREEF(M/15) 10

g
T
\ e
\
¥ T
>E
"
Aotvily
o &
-7 T

3
o
= = 4k
% m L 9
5 2
1oof- = ,—/—\__‘ |
fp—t sy = r % B % ; I
pH oH pH 8 10 |
Fig 18 Fig 19

F g. 18. The Optimum pH of Oxidation of Glycerol by Dried Cells of B, succinicum
using of Tris-buffer Solution(2) and Phosphate-buffer Solution (b). Curve: (1),
After 50 min.; (2), after 100 min. (2) and 90 min. (b), respactively. Conditions:
Glycerol (12%), 0.2ml.: cell susp, 1.0ml.; tris-buffer or phosphate-buffer,
0.5ml.

Fig. 19. The Optimum pH of Glycerol Dehydrogenase. Conditions using Thunberg’s
method : methylene blue (0.01w), 0.5ml.; glycerol (1%), 0.2ml.; DPN(0.25 |
%), 0.1ml.; enzyme soln., 0.5ml; phosphate buffer (x/15), 1.0mlL .
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LHV-TH 720 Fig. 18b (ZRTin{, B0 pH 2 6.70~7.7 CREHSN
Do

W2  ARSEFNOWE

EREEIZHSHLH2EMBITL SERCERL TMHEL 240 T, pH 4.40~9.2
OFEET tris SEH ML 720 = OB EBIT R RN /20,  FUGIRERE
EEECEGCRBTT ebh, EREBESI MM IS LD LB T I Ve

Fig.18 a iziR+im<, 70« ) oE(LHMBE T A2 0 fices8AL Y, #ol pH
12 877~ 9.2 2o, BLADESLIVRINMTA L IMCE , TWEI LR
Ede O rXIERRANROME pH A7 A D IWMTHEZ LERTO

7

g

=
o
T

Uptake of 0,( ul.)

30°, 20min.

30°, 50min.
1

B

g

Uptake of O, ul.)

(b)

30.5°

|2}

5

=]
o
Ok
=

Fig 20

Uptake of O, pl.)

40 80 120 160
Time(min.)

Fig 21

Fig. 20. The Optimum pH of Oxidation of DHA (a) and GP (b) by Dried Calls

of B.succimicum. Curve in (b): (1),

after 40 min.:

(2), after 80 min.

Conditions : Buffer, 1.0 ml. to (a) and (2"): 0.8ml. to (b); call susp.: 1.0
ml: 0.4%-DHA or 0.5%-GP, 0.2ml.; gas phase, air. Buffers used in (2), (@)
and (b) were tris, NH,CI-NH,OH and glycine (pH 5.25~6.55) or tris (pH 7.
05~9.05) resp=ctively.

Fig. 21. Effect of Phosphate on Glycerol-Oxidation at different pH by Dried Cdlls
of B.succinicum, Curve : (1), Glycerol at pH 7.38; (2, Phosphate added in(1);
(3), Glycerol at pH 5.78; (4), Phosphate addsd in (3. Conditions : Csll susp., 1.0
ml,: tris buffer, 0.5 ml.; phosphate, 6.6 ux: glycerol (1%), 0.3 ml




A Gk o &% 3 pH
HI1E V) o RKkERESEORE pH

Asnis ¥ iz XX Z OFEFEONGE pH 1k 10.0 1oh Bo FHEIIALSERR O EREER
ERAWT Yy R_SarEzT Mb OoREEHOBRIZEY, @ pH 2 9.60 DLz
B Ee#RML, Asnis OfF ¢ —F L 7= (Fig. 19),

#H2E C- FRoiu#E pH

IR BV, BRI CERIERNS tris EMRE, TAr V(LT =Y A
7 v =T R TAT - 720 Fig.20a (2R TS 2 O&AECRIT 2DHA ko pH
1% 6.8~7.7 iz@BHBNBo

#3M GP R o # i pH
HBIHE 27V ERLICRNG AR ORE

BRI T OBEIRERIC L 522770 2 ) vEMKIZIZIEC—RMNFROREZ L E L BN
DT, TIHEREMONOEML T GP ZeHHE L LHT, EB{LERBEOREMOX/N
% pH BICHRET T nid, BROBEE 4 2% 0FE pH 25 % TH %o

FmgEERE: (Y7 % pH # b 0BBRK 2Nz %) 6.6 uMm Th 5o

Fig. 21 (R 7 fn < BEERINC & AER(LEBEOREAIZ T ~» V¥ ( pH 7.38) TEEH
B, BRI L ABPDERNH Do LA, TF VeVt GP »ERTHR
BT A D ) EICEITL T LD LHIEL 720 )

#2%H  GP BR{koiiE pH

FEREEE B, BRMEAINZZ ) o B8R, T ) Al tris SERc GP B LalEs
¥ HEIL 720 Fig.20b 1Z5R+10<, pH 5.25~9.05 N CHEELSAE LRI L
#, pH 6.10 235 & Bbh %o

BLECBLNI&ROFE pH 28 L CRRKME L0, Fig.22 €5, T, &R
Ve ) yEBR{GITHNT 5 Z O DRI BERREF e DH LTk o TEREINB LD LEERT
Edo

] 9.60 s 6.8~7.7
oS riose — | Non Phospherylative
| 8.77~9.22 | Pathway
Glycerol |
6.70~7.75 ~| Phosphorylative
i ca. 7.38 —GP &-. J’ Pathway

Fig. 22. Favorable pH Range of Each Phase Concerning with Glycarol-Oxidation
by B.succinicum.




#53% CoP ZRFEU TCA-cycle o5
LA Ce-P ZOF 7

BEEEEHEIC aldolase DIFEAFED S7=Z &ix, H.anomala TFEEEE NIz X 51T,
TP 23 Co-P RTHEE 2 WEelENH Y, CP ROFENFHEL 250

BRFHOREER L AWT, G6-P RU* F-1;6-P 2iFKancfRiie Lo, KBS
DEREBILAM L KT 5 FHRE(T - ok, G6-P kvix Fig.23a (Z/R7m<,
F-6-P RO 6-PG DERHNFEDHN, /2 F-1;6-P L vix7an )R LER TP
HEED St (Z0HAE 6-PG AR <, aldolase HSZERICHR i 7odh @
rEZBNRBS)

—%F, EeRGRETIE G-6-P X viz F-6-P oaician, 6-PG x4 L 78 o
(Fig. 23b) f£.» T, H:ERETY C-P BAFET 03T, H. anomala ek
FAEECEL BN b0

2 2 i TCA-cycle » B &

CHELDELIN—Jt *® 2 Acetobacter 7 TCA-cycle HOFEEELER(LEd, 77V € )
VERLOBSERERH sparker & L Tt 2/ Co-A ORELRDLNBR VI & A
_ 5, 7Yy vEMLic TCA-cycle (B8

L (a) ELfnERNTV 3o Ui LIl ™
- T WEHEETZ) ) OB CoF
F 6D AHEVERRMBEEL TWBI L EREL

O ; T Do
0w

G—6—P

6PG

O
‘g Fig. 23. Chromatographic Identification
> = (b) - of 6-PG and F-6-P formed from
3 G-6-P under Aerobic (a) and An-
% T, aerobic(b) Conditions. IP : inorganic
:_><_[c O O Ip phosphoric acid. Conditions : G-6-P
O Na (0.1 x), 0.2ml.; glycine buffer,

0.5ml.; phosphate buffer, 0.1 ml.;
NaF(0. 01 »), 6.1 ml.; enzyme soln.,
1.0ml.; pH 6.0; reaction time, 60
min.; temp., 30; gas phase, air (a)
———> Acidic solvent or N, (b).

e
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—75, HEEHRICR T, £, BEY DIl Tr7=vEBA SR &
N VERICHRT ZEEEEEIA S LT Do

FHIURESOERR AL LS A2 ERUZ ) 2 ) vEREIC < » v ERIRE ) B B 2
LDHESENDL TCA-cycle DRFGEREL 72\

#H1mE EERER (LR

a) EREGOBE: 7~— B, sxVvEERO o RRICH L TEMERES RSN, T, &
Ve ) rEBMLEEEICIL T 7 = — LB OB MR TH H, 7z vEEB(biciZlag A b h
é ﬂl)o

b) BREROEBS: OHSY, s vEE, 7<—AEE, an~vEE Vv =ER Py (2L CERE
BEH TR BB FEROWUIRIIE L =~ 7 BEOBRLEECIZIE—F L TV 3 %,

H2m < v ERREE

7)Y vEMEIZR L T v vERIZFIAIC R CEARD b/ 0,

#O6E B.succinicum T X527 ) v ) yERLEIE

LIS 2RI U O MR L VIRDBET L w11 %o
1) $EEEAED 7V 2 ) vEMEEERZ I oD EEE L GP £siShe DHA 4:psh & 78
FAEL, HERe pH HiEROZERFTH 50 :
2) GP &R H. anomale TR S0tz C-P EEV C-P RS T 50
3) HER) AT BRI IEMLAVEEER LIZBER A S Do |
4) DBA ARG EEAHML T TP &iso T CP FREV C-P RICAZERL,
BEy S TCRE A28 (GS BHR) &2 5. ,
5) 7 UV vyEMLIIERENTIRER Y A2 58, 0 TCA-cycle 7055 %o Ll

> [
GIYCCI'OI*é AP JCF |l
—2ZH =2H
Triose 2™ TP ——F-1;6-P———~F-6-P
‘ =
PG L ¢ pg. o g P |
—2H | '
v —H0O
| GS——H0 __.py = .c, Comp ™
-

| Fig. 24. Oxidative Pathways of Glycercl by B. succinicum.




# 3 =
WG (B, succinicum) (2 X 5 7Y & ) L IHERACHERE
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Fig. 15. Chromatographic Sepa-ation of Acatic (4), Formic (F), Lactic {L)and
Succinic Acid (5) in the Ether Exiract Resultant from Glycarel Dissimilation
by B.succinicum. Eluting solvents used were in the following constitusnis:
10025 chloroform; 5% butanol+95% chloroform; 10%butanol + 80% chioro-
form; 1594 butancl + 85%, chloroform;20% butanol + 802 chloroform. Each
peak volums of effluent of standard acids was 175 ml CA), 180 ml. (F), 89
ml (L), and 425 ml (S).
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Fig. 26. Absorption Curves of 2,4-DNPH Derivative of MG in Chloroform. Curve :
(1), 2,4-DNPH of the matter obtianed from glycerol-medium cultured B. suc-
cinicum; (2). 2,4-DNPH of MG synthesized from GA, (. 3), 2,4-DNPH of the
matter obtained from GA dissimilation by intact cells of B, succinicum.

Fig. 27. Chromatographic Identification of TMG Obtained from Glycerol Medium
Cultured of B.succinicum. (1), sample;(2), TMG ; (3), propylene glycol ; (4),
2,3-butylene glycol ; (5), glycerol. n-Butanol : acetic acid : Water=4 : 5 2 |
Color-development was carried out by AgNO;-NH;.
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135 HfHo
53R 300ml #ZEWM LT, W S0ml 24D, ZOLDIZOZFEEFIEEVRAS 7
== VY FTIVEEILL - TER L. B Reivma B (A) R B)* # 4R L
720
Table 14 {Z7R$0<, 2770 %) v ERIIEFRIBDO A AC BERSH, TV IHEOR
WHITEREININZ ENBEONTH D0 /7D ) vETIEZ ) =) v HEHO D DN
%l\)?ﬂ’%‘f, Wlf‘—cﬁﬁiZK@ ‘J\) D, e B e i 4)0) s ﬁmaf@of:o
Table 14. Ac Formation from Glycerol by B. succinicum

Ruvini’s  Reaction AC found
Medium A e B (mg. /ml. )**
L Glycerol +++ 2t 0.22
2- Glucose — - 0.04
3. 1+(2) % +4 0.09
4, Bouillion = - 0.04
5. (1)+4) + 4 0.14
6. B+2)+@4) + + 0.14
7. Yeast extract = -~ 0.00
8. 1)+ il d4 0.19
9. 2)+( = = 0.08
10. D +@)+m + -+ 0.18

A) :1 drop of 5% Na-nitroprussid-+1 drop of 20 % pyrimidine.
B) : 10 drops of 0.1 % phenylhydrazine-HCl+-1 drop of 526 Na-nitroprussid
+1 drop of 10 % NaOH.
#*%7 : Determined by the spactrophotometric measurement with m-phenylenediamine.

B2 ATRIH OB D Ktk

WLAET B OEE AR & ER {L HE

HRIEROBIEE R Ty —2 7 A 78EE 2 v T Table 15 1278+ £FEEH £ SR
B (FEET AEB) W THT ADFEEZHER L 2o

HABE LWL IKEY A &R ADREDFHDLRIZLDIL, ZV eV ;GP; 2,3
-TFvvrs4a—n (BUF BG; &REig); DHA; GA; MG; Fy; & Th. ¢,
D FEREHZ 7V 2 ) VER NG TH Bo

77 42— oW TR—E R CERLREL B L 7o Fig. 28 Tah ., T, BYMLizH
1 AEEERIIL TR LFED BN Do L L ZDESREEY ARERFFZHZO DR DHOI
ZVelvk 2, 3-BG OHaTh-7c (GA KU DHA 32T - 7oA REETH 5o

* Table 14 Zfd AC (EFIE L HEHETH 2o




Table 15. Gas Formation from Various Compounds by B. succinicum
(Anaerobic Grown Cells) under Anaerobic Conditions

Substrate Gas Formation Substrate Gas Formation
Glyceraldehyde (GA) - Ethanol -
Methylgiyoxal (MG) —- Isopropanol -
Dihydroxyzcetone (DHA) + Pyruvate (Py) +
Glyoxal - Formate (F) c
Formaldehyds (AcH) = Glycerophosphate (GF) +
Acetone — Lactats (L) -
Acrolein (AC) - Succinata (S) =
Glycerol - Citrute® -
2, 3-Buthyleneglycol (BG) - Fumarate -
Ethylene glycol = Acetate® (A) =
Propylene glycol - Glycolate (GC) =
Trimethylene glycol (TMG) - Glycerats (GS) -

* These acids were metabolized by adapted cells™
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Fig. 28. Oxidative Decomposition of Various Glycols by Anaerobic Grown Calls of
B. succinicum. Curve : (1), Glycerol ; (2), propylene glycol ; (3), 2, 3-butylens
glycol ; (4), TMG ; (5), ethylene glycol.

Fig. 29. Comparison of Velocity of Glycerol Decomposition with GP by B. succinicum
(Anaerobic Grown). Curve : (1), Glycerol ; (2), GP. Evolve of CO; in anasrobic
() and uptake of O, in aerchic Condition (-).
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Fig. 31 Anasrobic Pathways of Glycerol-Decomposition by B. succinicunt
{C,~Shunt via MG).
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] Fig. 82. Effect of Phosphats Addition on Pyruvate Decomposition (a) and Formate
Decomposition (b) under Anserobic Condition. Curve: (1) and (8}, COs-evolve
in addition and no addition of phosphats, respectively ; (2 and M), H.-evolve
in addition and no addition of phosphate, respsctively, Conditions : Glycine
buffer (pH 6.0, 0.5mlL ;cll susps, 1L.Oml ;substrats, 0.2 ml : phosphats
soln. (/) or dist. water, 0.1 ml ; gas phase, N..
Fig. 33. Effect of AcH on Py Decomposition under No Phosphate Addition by '
B. succinicwm. Curve : (1), (2), Evolve of CO; with Py and Py + AcH, respect- |
ively : (3), 4), Evclve of H; with Py + AcH and Py :(5), AcH only(0.5 um added),
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Fig. 34. Anaerobic Decomposition of Pyruvate by B.succinicum.
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! 1), ScurFr FEERREMTR CHETHM, X 5HIT VorsENEr B BT
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4\ Fig. 35. Chromatographic Identification of Glycercl Fermed from
TMG by Dried Cells of B.succinicum. Conditions of
reaction : Tris buffer (pH 7.59), 20ml., TMG, 0.5 ml. cell
susp., 80ml. (contained 0.3 g. of dry cells); temp., 30°;
gas phase, air; reaction time, 8 hr.

(1) : glycerol : (2) : sample : (3) : TMG. Solvent : Butanol :
acetic : Water=4:1:1. Color : Developed by AgN —NHj

i1 2 3 at 110°.

PHERIZ 2,4-DNPH EEEZ Mz, — R I b SR TR TR, EORL T hRv Y
—r, puaEAnlc CEET S L REERAE DI, m.p.165~166° T, # AC » 2,4-DN
PH LiRRNL THRARETIZRD bIeh o7

I u< b 7T 74— OEREG AC ii—H L, & TMG BMLOMET HEFRMNH
iz AC 755 Z & hipERS hico

b) BMETTE AC [F&ERESHRLNI L : FROFSOEE, Mb 2HMLT, EHRT RIS THSR
FEEL L TRISE Lib7- b D bEKHC AC &R LI L LoD Mb 2¥&me 3, HEESURRRE
Lz boicid AC A& NIEA o720 '

) AC &REEZ VY VCEBIRS E : TMG k) OBR(LE AC Ll (EREROEANK
FHI L S TEAEX NI, I 7 ) ) v 2 EERVT A3 v eHAE L B AV g TMG
0 AC I ZEERL78h 570

d) WS : Ll HESENC e LA BRSOV TORETH 22, RN LEED
TMG X W38z AC #E&RL7e & THGSEEERC OV CEREFERF LA, T h>
BKIIRE Th » 7 H B L7 b O ERK & AREIC AC Bl D » 10 il HA R




- a——

44

30m % 10md SOIEICET, 1HEZ0 % FEHH AR CRECHED, 1B ¢ Tt
AN YL BT TREGRL, 0137 & by 2 ERNZ THB S REslE L, -0 3HEE
DEERELR % Tris BE7% (oH 7.4), 100l ; 7k, 50 md ; TMG, 0.3 g D% 50 md iz 10ml
DOEFEBREE L L THRML T, 30° 2EHEFRWACIRE L. RItH 25 ml #kESHKZ L, =
100 M %4, NaHSOy—=3—~ F 2 b Y —iZTERE L7

Table 16 (2R3, 7% P vEffiE AC 2 ER L7 5, SEEREAERKE

AEBEDIREL R L 720

Table 16. AC Formation from TMG
by B. succinicum

d _Eells - VIO;ENET’S _A_C found
Reaction (mg/25ml)*

Intact Cells Blue 1.81

Dried Cells Blue 1.29

Acetone Treated .

Cells Pink 0.30

* : Determined by the method of NaHSO,-
Iodometry.
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Fig. 36. The Optimum pH Acrolein
Formation from TMG by Dried
Cells of B.succinicum. Conditions :
TMG (1%), 10 ml., cell susp., 5ml.;
buffer (NH,CI-NHj), 15ml. temp.,
30°; gas phase, air : reaction time, 5
hr.




Table 17. Developement of Color in VioseNET’s Reaction

Compound Cold Heated Compound Cold Heated
None Yellow Yellow Propylene

glycol None Pink
AC None Grezn-blue Propion-

aldehyde None Yellow

i OPA Yellow Viclet-red ALA None Blue

Formalin Pink Pink Acrylic

acid Yellow Yellow
AcH None Dark TMG Yellow Yellow

Yellow

Conditions of reaction : sample, 2 ml. ; albumine soln., 0.5ml.; HCl (contained
NO,), 7.5ml. Mixture was heatad for 10 min. at 50°

Table 18. Effect of Gift on AC Formation from TMG by Dried Cells

> of B. succinicum
Concentration of gift AC found
Gift () (mg./20 ml.)
None — 0.45
NaF 0.01 0.27
MIJA 0. 0005 0.43
DNP 0. 001 0.16
As,O; 0. 001 0.26
AsO; 0. 001 0.34
=i Conditions of reaction : TMG, 0.1% ; cell susp., 5ml.; tris buffer(pH 7.44),

15ml.; total volume, 45 ml.; temp., 30°; gas phase, air: reaction time, 3.5 hr.

Table 19. Effect of Phosphate on AC Formation by Dried Cells of

B. succinicum

o Phosphate Tris- H.0 TMG Cell AC found
P buffer buffer (15%) susp.
[ ml. ml. ml. ml. ml. mg. /15ml.
7.16 — 5.0 11 0.5 5.0 0.15
I 1. 0@ 5.0 10 0.5 5.0 0.34
— 5.0 11 0.5 5.0 1.49
8.97 :
1.0 5.0 10 0.5 5.0 1.60

a) pH 7.09 ; b) pH 9.05
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;}iﬁ:fé@ﬁn/u CEB T BRI A B S,
mEsEwe, 5 ml ; Tris % (pH 8.9), 10 ml ; TMG, 0.1g O FRHIC
30° ToEIE IR E LD A L, FIGHED VOISENET RS EE T AC AR IED A
m,\y) biize
Bt > CBEERIZ L 0 TMG X o AC QARSI FED Bz
#HomE  TMG [KsSEsRo ME
%4&”?“1«\_2‘ $in<, TMG kv AC £RICEZ OO/ D EHBL LN B,
Z Tk TMG [ii/KSERESRIZ DWW THRET L 720
Eﬁ%ﬁ-lﬁ 1 TBLFISEED 7T 4 = — AV BICH T 2 kSEEM = Table 20 (/R L7c, &

HHBEOR DI S oLy I 43—V ROTHBTHHH, 7Y w) vigod TMG, =Fuvv s
TAaA=AEBICZREECH L CHERTIER L,

Table 20. Dehydrogenation Responsible for Various Glycols by Enzyme
Solution (Cell-free) of B. succinicum '

Substrate Concentration Reduction Time Activity
(D) (t min.) (1/t-'/E) %100
Glycerol 1/70 13.5 6.0
TMG 1/20 10.5 8.1
Propylene G 1/7 2.0 48.6
Ethylene G 1/70 10.8 7.8
GA 1/14 28.0 2.1
DHA 1/175 17.5 4.3
AC 1/1400 o0 —
Lactate 1/14 4.8 19.4
Py 1/70 33.8 1.5
Autorespiration (E) — 70 —

Conditions : Substrate, 0.3 ml.; methylene blue (2x10-%x), 0.4ml.; tris buffer
(pH 7.59), 0.5 ml.; enzyme soln., 1.0 ml.

TMG BAERSOSRE pH: BT v E2ova—T v 2= BEnT pH #HELCHFR -7
Ff, Table 21 2R i0<, pH 9.5 AEE LD bhiz, L2 MR LRz r 5 TMG
9 AC DHEMOUFHE pH 1% 9.0~10.0 123 Y RE—FH L T\ 5,
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BIBELLT TPN ABEETESE: Whidd T oo — ik
Sy DPN—link & L THIBN TV A28, 832 20 TMG Biyk3#s4s8 TPN—link ©# - T,
L THdILEdize it Table 22 (24 i<, TPN M bM< Bisfrich
Nico FEHROMEIZ Mb, 0.05m 204D Th DA, BHOEETIL TPN KRR HE IR,
T ARIITEAEL 78 o720 DPN $tE0HE, TPN i) V8 A 5BEIERETH S,

TR Y v Bk

Table 21I. Optimum pH of TMG Table 22. Effect of Co-Enzyme on
Dehydrogenation by Enzyme
Solution of B. succinicum

(THUNBERG’S Method)

TMG Dehydrogenase

(TuunBerG’s Method)

) : 5 Coenzyme Reduction time
pH Reduction Time Activity Coaka. )
{t min.) (1/tx10%) — ;
¥ PR~ i DPN 33
2.0 co 0 PRai
8.5 100 1.0 SRR -
9.0 32 3.1 DPN-+TPN 38
9.5 29 3.4 None 54
10.0 44 8.2 IR
10.5 48 2.0 Conditions : Tris buffer (pH 8.9),0.5 ml.;
1.0 150 0.6 enzyme soln., 1.0 ml; methylene blue
T G R T R e ST ) 3 . o
Conditions : Each pH was adjusted by (2x10*u), O0.5ml; Mg30, (0.01 ),
NH,CI-NH; buffer. TMG (2.5%), 0. 3ml. ; 0.1ml; TMG (2.5%), 0.3 ml; total,
methylene blus (2 x10-%); buffer, 0. 5ml.; 2.6 ml; DPN, 0.1 ml. (0.1 mg.); TPN,
enzyme soln., 1.0 mlL 0.1 ml (0.1 meg.)

a4t  TMG—AC FEUSIZHNG 2 SEIz DWW T
TMG 72:50 AC &Rt FTiifThnd, B3F (Mb) %7 3ERE0in % KES
BRI L THO TT b Bo Hf o THRIGFRIZIINKERIGHEE L T A Z L
L THhbo FITHKERIGEHEL 5 AC &ghiziy Fig. 37 oRBEIMIEZIN Do

1 1/

B - S S -
~H.0 —2H

T™MG (23 ~ PA (24 . lac

B0 —2H
3 B¢
( ) — OPA ‘(h) —_——
—oH ~H,0

Fig. 37. Pathways from TMG to AC.
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TD3b (1)— (1) R (2)—(2) OBRBRBKRIEIHTT 200 TH 20,
TMG # Mg Bt € Ldis, AC 3Z@mnl &, b 7A 7t FEBIZED S
VDT, (2) ORBITESH, ¥/ TMG SRR FHE L TER & MnO:
o TERAL L 7-taiciy AC BUSA Vv T, (1) OEHLTES o

PELT (3) — (¥) DEBAEIONADF CUTICRTERT 5T LA TS0

#1mE TMG vy OPA DA&ER

I RO EROE, HEh A v Y AOTRENLHO T, RACENT L, F
BHOT At st Y EVWEEEme 125 (EReRELTih-ob 0k, EREBV
7o, HEMZDOY B O TEEREANIA Do T Z TRV CEIIREKIX ™G X9
AC g FNIFEA EBO SNV e Loy LEISHD VOISENET RIS USREEYR L1

Btk r —Ber 5 2 3 A (BZe) fucTHER L, Tris i (pH 8.9) 20m! W THmE
L, 12,000 r.p.m., 20 SHIOEOSEEC & - TEL &R, TMG, 0lg#
Jnz T 30° T 3EFHHFRANIIRE Lo BIGHEL KETHEE LT, B 20ml 2Ly,
= nic 2,4-DNPH @iid iz T—BikiE Lico &3 2240, B WGk F
eru< v rI74~ % &fiis-7cH, OPA © 2, 4-DNPH z—F L 720

BT, ZoTHWEEEKE: TMG X9 OPA 2&RT HRENEMRIEL TV 7o

#21 OPA 1y AC D&R

OPA D& : —Elt~v 7y LBiERL T TMG 2EMEZR L, HillL7o OPA X
HRICSHES 20T, ZOBSEMDIzo BEUL AC LR PHIRRAT, VOISENET K
JBEREETH %o

AEKES M- OPA (18 mg) WML, WA FICRWT, HERHES ¥, S
Wit g L7 (OPA X b.p. #EVOT, BETFTREHLIZ W &I 2,4-DN
PH @i iz C, L7 2IEE MR, SWEFRs e < b 7774 - &fiky, AC
e—Bt BT EAA - Toe TR EREOR, m.p.165° (tidEL, AC ® 2,4-DNPH
L OEBIC I TELEE TR, AC L LTRZESE .

tods, BBEEOREICLY, TOMERD TMG B{LRISHA VOISENET ANy E 3
BT B EMb Do T OKERIEIR (ARISHRE) &3 O EFHKBER TS
FLDE A, ZOLOOARBIEHEIZIS 70 ZOZ LR3EEREEKD AC L&A
Bt O RTEMEE 18 5 T 772012, OPA 2SER L TRESICREEZ M L7
LDT, DhREEETREY Lok, OPA 53 AC b0 THs @RE-T
Risiz#E LT AC DADRIGE#27T 5 )
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AC ZHEETICHNNT,
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#i  AC Xy ALA 0 # &

CH, CH,
I, « F28_ 4

! |
CHO CH,OH
(AC) CALA)
#15  AC ofET

YEiEEk & U E Lo, ZEEwc 2, 4-DNPH-IREEREE 3B

oz —BHET Do ABEFR-EBEZBOEEL, #RC 2,4-DNPH #gein
2 —MEE L, BEPEET L. JoEEIL R Rimm RS (A) (B) BETERE
AC iz BhhTHY, 25 ALA ERCEDNLTV50 ZOWMBIC Bk~ ¥
o CEilR A Bz TER(LIEH L 7-iia: Rimma RUSEEME:TaH » ¢, 2,4-DNPH DOZLix
Bt Do mDLODPEIn< VX574 ~DRE» tOfLEIX AC @ 2,4-DNPH =
—F Lo
L2l T AC At h T ALA Al haZ LD LMo
#9211  ALA DERb

R TICHT ALA 2 ¥k RSE Lo, BUSHE 8@ L 72 ¥ R K&
(A) (B) itk 7cn (ER LA ALA & Rimma FIGEM). Mo 2,4-DNPH l
izt AC » 2,4-DNPH iz—F L7:0 [
— RS & BB RS = — 7 AFH 24TV, HEEIC oW TEEBROFK 7 < S |
SI4—~(FF A EiR:7k=4:1:1) #F-TAH5BE, Ry 0.7 %D 0.9 B ‘
D 2 BFRCEEEBARIE S o ZOZ&it AC RS HICBKELTWHZ L ERL T |
Do ZD5H 0.7 1398, 0.9 137 7V AERDRAK » MZ—FHKL T\ 5o i
DlEDZ e AC, ALA BIZIZW#RIEAHY, 2,4-DNPH O&£gRL YR TI
O FIMEBETERICFEEA TN T2 L 5 TH bo

Lot TEREIZRTZ V2 ) v & YO AC LRI kom EA s iz

CH.0H

é -2H |
H.OH—— —>(130 —

I
CH.OH

CH:OH

CH.CH
M (glycerol) (DHA)
+0 \i +2H
CH.OH CH.OH CH. CH:
[ —2H | -HO I +2H |
C‘;Hg ————)(lIHg -—>CH‘_ —->CH
CH.OH CHO HO CH.OH
(TMG) (OPA) (AD) (ALA)

Fig. 38. Mechanism of AC-Formation from Glycerol by B.succinicumn.
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BIEICRT, AC 7 ALA IZZBET 22 L ARBH BN, ZhiCIiZBKERSED0E
EMEz bhbo FHIIH 10 MOXBEEIZOWT, ALA DOBI/KERISOFEL B,
FD—FE L Y FIESEOMBIZREI L 1zo

215 ALA [[f/KSERESE O

FEREE - EEE TERIEH 2 R8¢ LY, Voses-Prosraur it (=), A FAFHRER (4,
7 x v BRI (-, FMEEREL, 7 ) <) v E{bE (+) ©, Escherichia coli D—ETh .

BRAME ST KUl %, BxER1%, <7 by @EW1%, Y&y 0.2%,
pH 7.2 O353R T 20~24 FHEHRITZIET B (30°),

EIEER L EOSEEL TR (G X gty 10g), Wiks, WREORELERD &Ik
AEKTHY 30 ST 0 D57 o BEIFEEIK 200ml 2z & < HiEss, 3500 EiEIZ T
50 SISl TREMRUCEEK LIRS o LESIZBEOROSEE L T LERICBE
A T 502 fafn (B L1 50 WHBHL THLBOMEL TIEL 4D, KE
TKICHERE L Ce e 7 > 08 AV TEEEKICRT L T 40~60 B3+ 5 GkER). 3B
FOULRERY — F12 T pH 7.0 & L TEOS8E L T2 BR< &k Bc ALA-JHksE
BERE B DN Bo

BSRO R OBRFRIC IR — R R 0 — BT — RO DHEr 2E< ViELE S
DEMPER Lico BERHOIREE L TLEEKILEHON T, cellfree DEEETH 2o

FESREus pH 5.0 BHEDUT X Y RS 2543, B0 pH dihicy, X2, Zhick Y
TEHERBEICE LB BIREBD B hisu o

WM BER W O R M
B1W ERREN
BESETOTEIBEL Y v~ 23RIZ & - T Mb ORERII(S) OREE L 5 Lo

1
Qinv= t .

BEREOFHC T 1 2 — VBRI HIEHEEEY ol L 7o Ffo BIBOEBORE 1 0 12
ALA, 2,3-BG FUHEETH S o

=5 7 = AR L T Eh D BiZ8o b 543, semicarbazid (0.1Mm) %R
LTH AT IREZEL, ZoEo ALA ORKEEEI S B FHITH L TEO TR
Vo BEREL 5EEL 72 DPN 23Rl THEBRIZV e =7 7 — A JHAERSE (0Wbd 3
Tz — A BKFEEESR) (3 NEGELEIN * 12k o CEAHR L v EERIB SN Ts Y, DPN
EENESRE T Bo ZOLDIMDT A2 — AL ERADH B ERBOSN T Do M
&Y BRI SN TRV L 5 ThH Do TADOFITEHOBHTI T2
~ A RKEEER L 13RI 5L DT, ALA IZERACEICH LVWBEETH Do L2 RL T
Who BITICN L THET, FRIBEEEZMNEL LW LS TH B0

% 100




al

BRI S ILERB KBRS A AO b 373, BT ve=7 22X 25500
Tt ->TabE, LERNKEREDAICSLHFDEMITAA FME L T B Enb,
ALA [RIIGREEELIERERAZ L4 R, L L BG B/KSEESRIRA—DOFEIv =R+ 0
T, 0+ 5 ALA [AEBERL ORRIIHAL M TR0

H2TH  ALA [H/KSREESROEEH

a) ALA BikEREOSE pH:01m JER—» ), #EE-n Y, RER=2) O&HE
W, HE pH 7.6~7.7 2R L1,

b) BRICKBRBMR : 60° = 71t 70° (3T, EESER R 5 ~30 4R LR, &
B L7cbDIZDWT, RISHEFERRIEL-#ER, 60°, 10 HizT 502 ;70°, 20 53T
A E BB Ie 5 7019

c) BEAORE : £AEERKOEESS L B ALA BASERIGIZH 7 5 KCN, NaF,
MJA DOFEEZHELZ Y,

KCN 3B TIIEEZR L, EEROBES I FPRIESE LIRS T & 2385(0.01 M)
THIEEE NIV O LIXHAEAGTHDZ EZHLMIRL T b0 MJA 13EE
SRR TRV, EEER TR LAREOHER A D 20 NaF (3v -3 S FHi A8
AP

WIWH  RUSERD

REDY v~ 245 R, MbEEFICHERANC ALA & BSRIECTRIKSREY LH7ce
Constituent of Reactant in ALA-Dehydrogenation : Methylene blue (1/250

M), 8ml.; Allyl alcohol (4 2), 2ml. ; Phosphate buffer (pH 7.2), 10 ml.;

Enzyme solution, 5ml.

fitus 20 SETTebhice B, BRELTHBY v 782k L, 50218
10 ml ROBEEZ L, BARECSEET 50 LEWEZEE LT Sml 28y, =
D 1ml iZ>% ScHwr FA 1ml, 5N Bk, 1ml z7%MmL<T 15 SHIEL . &
BIIHRETH - T AC DERITED b izo

DU BAZ T, KBE BT ALA BKERSEOEENED O NI TH - T,
B TREN: AC—ALA Mo THRISIEE OEERATIR I LD EEL BN o

B6E ALA RFHCH 2B RO ZE

1 BikSERERICN T 28
ey (0.1M, pH 7.2) o@Fmikz 22 T, ALA [i/kSEmlEE % Ak & B
& TCHB Um0 RSB HIT RINGER i (H 7.2) #Fu 7= 19,
AR TEBKSEHER L BRI EE D I e Faisk b ey, PiERIREE 1/210 M Tt
KElbo —FEEREICHR TUTERBROBEIZISBO BNV,
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mBERMKRIZE 5 ALA BIkERISETERBERC L VEEY3Y, ZICHBERVR
ML TLIEEEZEES NI P,

INBOZ LIFAEREKD ALA {310, BB s hs b e, MExnmwK
S (EECREEI AR\ EAHBILERL T 5o

#ot  ALA RBNCHAT 2HERONE

KIEEOWHEREZ BV ALA 23¢ Lo, ZOBROMEHR O ME # HIE L
720 LIPMANN® DIFMRICZ L 0, SEHETRSR 2 1Ti0\ ghER & Hhta gl L7z,

Bl R 5, IS E KB L, Kibd % 5 2 =H(LEEER Sml iz Bfn
BEmOsE: L TR TR E, LB 0.5ml 2T WEIROEICL Y, 72— HRiER
e LTHIL, BILEK 7 v o —~ A8 2.5ml 2z, 3008 L THBEED B,
ZhE L EREENC THRRL, B T L EEE A HEAER L,

10 RO 30 G BICRT, Lml dr 70~80 v OEREENKAI L T5%0 Z0OKE, ALA
HIRMOBGEL 3y BEOWINBOOLNDEDOLTH - T, BALNMIIEEFIMS & v &
BEERABIR S NIz Z E 2RL T bo

InbDZ ik ALA 2ERIEE 20 2 WREME AR L T b0 B BRI ETY
V) kyes 70 i (CH,=CH - CH.O - POH,) &R TS, —hst Py
WRBINAZ L RRLTEY, F7 AXELROD® |t v =v L Y437: acid phosphatase
7% nitrophenylphosphate & ¥ BiBi s Ce/ 7 VAMIRY &R T HZ L 4L T
Who

BTE 7)Y v ) vOBIHHRER

A TRENCEHIRD & 5 RSN B0

1) B.succinicum &7V e ) v REfEL C, IKFEF AL GEET A L 2 FET bo

2) GP mEgEpE /s <, —F, ZRBOEBEBEELY ) 2 ) v O T TR T 52
k J: ‘9 Cr%é’ﬁ&%f ZQO

3) GS smrxht MG pidifish, AMEBIhdZLky, MG BEROFE
BHEL 720

4) B LEER Py #8HiL, Py nBROSI#E 32, *BEBRTTTR,
[RIRER S % 52013 %o

5) DI ED:FEERFEEOMIZ TMG R V2] vOBTICE - TEL, Zh Iy
OPA 28T, AC &k »8H235 50

6) AC ApEMIBERMIZIF S N

7) AC xxniz ALA BikSREESRIZ Y - T ALA 0B X M bo

8) E.coli xv ALA [i/ksEBESRZ M L, ALA RINCEMIEET A L 2RL
7lo
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Glycerol - DHAT——"GA
l +2H ’_ﬁl ~“H,0
TMG MG—— Py Tactic
|- P
QR o “AcOH_,Succinic
| -mo Formic g
ACHE_ATA Wl
| H,CO, AcH

Fig. 39. Mechanism of Anasrobic Dacomposition of Glycerol by Bacteria.

=+t

ME

B

BEWZ L B0 2 ) AR OV TR L L ERIZ DWW TRLIR L 720

1 79 %) BB = 20%2H Y, —oik GP 2B TEILI B3R EAMD
— DI ERELETELEN SR E ThH bHo ZOESROFEIBENOERC L - TEY
MaGasaNIK, CHELDELIN — R K OEH2HE L 7-f5Rik Table 23 o< RmE %o
iRz pH &SERIRERIC X » TEE &N %o

Table 23. Comparison of Metabolic Pathways of Glycerol within
Some Microbes

. Pa»hway
Microbes Glycerol—»GP Glycerol—»Trloee Aptane
S. sake - - Orsuxa & Masupa 5%
H . anomala 4+ - Orsuga & Masopa 3354739
A. aerogenes + = Magasanix, Brooke &
- + Karipran 402

A. suboxydans -+ + King & Caerpeniy 333
B. succinicum + + Orsuga 5051

—, Signifies, Absent 3 +, Signifies, Present

2) TP RBHZiT, TP 7% aldolase (kY Co-P RiZL - TRFINBHZ & TH
%o LivL, H. anomala Jo(f B.succinicum iz TP % CorAbB¥nD ¥ & 59% 4 2FRD
b TEY, TOZOORIIEBERREIC L » THEXN 50

3) CiRiRiz—ol s T TP ¢l L CLRORBICABRE, HD—D
BEHROBE LIV REDZDODRNBHHZ ETHhbo

4) J;LJ:UD?:MEJB.TE:’(CM"C@, Wt Py 238 U TRERY AT Bo 7ok
IR\ TR L EE X MNTTH Do
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5) HERSIMIRT (H.anomala 3G ZEEYI =0 IEREBET MG
EEHTILOTHY, BETAIKETALRBT A TH 5,
6) EERSBI DM TMG L9 AC %4+ 2 MM EET 5o

BlEIGhETe 722 ) 2 ) AR AR L 20k OBXTH 20

Anaerobic Aerobic

TMG g Glycerol ATP GP
l —2H l —2H —-2H

OPA DHA—— GAATE .7p—r 1.6 p—Ph.p gp
| -mo e N

& — O aamo | O\
| +2m 2 | ~2H| +H,0 N\

ALA MG GS e . G-6P
| L —2H | —HO S | -am
. +HO ——_ | it \ 'l

Ry e~ 6-PG

v

Fig. 40. Pathways of Decomposition from Glycerol to Pyruvate.

AC, Acrolein; ALA, Allyl alcohol; DHA, Dihydroxyacetone; F-1;6-P, Fructose-1;6-
Ph.: F-6-P, Fructose-6-ph.; GA, Glyceraldehyde; GP, Glycerophosphate; G-6-P, Glucose-
6-Ph.; GS, Glyceric acid; MG, Methylglyoxal: OPA, B3-oxy-propionaldehyde; PG,

Phosphoglyceric acid; 6-PG, 6-phosphogluconate: TP, Triose-ph.; TMG, Trimethylene
glycol.

#OIZEES, APITEICBY L MRS B 2 b Y % L7, BURUASESISi 0 — ek
E#%E%E,@mﬁﬂéﬁ@ﬁﬁmmm—%k»m%kiﬂﬂm%ﬁﬁﬁﬁizﬁi,%ﬂﬁk
Sk, NERSEAEIT DY BB ELE R Y T,

53, AFRORRITLA SOWNEIME = L - HEERICE BB 7.
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