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Studies on CO,-fixing Fermentation

(XI) Enzymatic Significances of Orthophosphate and Urea in the L-Malaté
‘ Production using Schizophyllum commune

‘Sei Tachibana, Kazuyosi Umehara and Jiuichi Siode

(Department of Chemistry, Faculty of Science and Engineering, Ritsumeikan University, Kita-ku, Kyoto)

It was previously reported that orthophosphate, CaCO; and urea were limiting factors for
the L-malate production by CO,-fixing fermentation using Schizophyllum commune under
culture conditions. By using the homogenate of the mold, L-malate was formed from
glucose, 3-phosphoglycerate and pyruvate in presences of orthophosphate and KHCQ;, where
glucose was most effective as the substrate, and the higher concentration orthophosphate in-
hibited the L-malate formation from pyruvate, but it did not inhibite from 3-phosphoglyr- -ate.
Therefore, L-malate would not be formed throuéh the oxidative process such as TCAA-éycle
and glyoxylate bypath. By using the cell-free extract of the mold, it was also revealed
that the inhibitory effect of orthophosphate on the oxaloacetate formation from pyruvate
was reduced by the addition of ATP. On the contrary, the oxaloacetate formation from
3-phosphoglycerate was markedly stimulated by the addition of both of orthophosphate and
KHCOs. The formation from phosphoenolpyruvate was much more stimulated by them.
In these experiments, it was shown that the effect of urea was resembled to that of KHCOs.
The optimum concentration of orthophosphate added was 0.4 and 0.8 mM in KHCO; and
urea containing system, respectively.

Consequently, both of the occurrences of pyruvate carboxylase- and phosphoenolpyruvic
carboxytransphosphorylase-like enzymes seemed to be observed in the extract, while the latter

reaction was expected to be more active than the former in the CO,-fixing fermentation
because of the latter’s superiority in bioenergetics as shown in equation (3) and (4).

In many cases, it was shown that the pyruvate formation was parallel to the ox-
aloacetate formation. The phenomenon seems to be explained by an unknown enzyme

which produces pyruvate from phosphoenolpyruvate accepting its phosphate on orthophosphate,
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but, on the other hand, it can be reasonably understood by the phosphoenolpyruvic -

carboxytransphosphorylase followed by oxaloacetate decarboxylation.

& L]

CaCOs EMAEME LT3 Schizophyllum commune Fries (ZTtn &) @ L-malate FEEQEERERC
BT, urea IKHBHIBED CaCOs REGRDH 2T ERRVHLY, 20 CO: FE LTORE LR L.
FrAN LY YBROH ARHEANTOEEE Lmalate AR E ORI EOMEBL Haidb 2 2 &b Rl L.

ARTRINOEBRBBRIC L >THEONIBROE > TELBZ LT AR AT 0 R FEAOEBMIE ML
AOTERL, boTHRVAVTOATERZ SO L-malate SREEOHEOFHIDEZBLD & L.

ERBHAHETE

1. ®@%  S. commune Fries IFO 4928 ZHH U7c. CNEEHERMEEMD 2037 FoFE 3g,
7+ v 02g, NHWNOs 0.1 g, KH,PO, 0.1 g, MgSO,-7H,O 0.05g, KCl 0.05g, 7ki¥iZk 100ml, X 15g
HI3 A ARATEEMICERE L, 30°CT 1AM EEEL, 15T LKA, DL ERIZEERY @b T

3.

. RIS 15E T30 EREE Lcse, #M8ERE, K (1:1:2) oEpEME 100~500ml BE=A7 7
RALAN, TD 40g icxt U ETRER DS 2~ 3ASBORAZEEL, 2:8M, 0CCTERL, HUKRE
BITHE Uz, D RIZIZEROBY TH 5.

3. % 500ml BNRE TS xarho 60ml e LapEEEY 0.3g 2EERE L, 0°CTREEE L.
B3 PR ARG R O ER AR &, FNICHRIFX 0.2g ZMA b0 TH5. HFEEREMI
ERICHHSIEVBY 4~THTHS. BETF2DRHY, 0.2%RED CaCOs FRIMELHET S RER L7,
ZOBADEEPIR 8 ~15H5E L, UTORRONE LB IBREM BB &M - 7o £ DEBRAS
Rizc Zigig &,

LA BRI BEEEPRL, 77323 1A%D, 100~200ml 0% 0.01M phosphate buffer (pH 68) T
Pl U B PRETHA TR L0 B —200CIKRE Lc. B CHEEREES oI SIS, B 01
M phosphate buffer (pH6.8) % Z DIOEEMZ TERSE L, BRKE L. oM, hHRREkEoRME
BRENIIEDC IO BD THEAH T2 L, T BEREE LIES @ LD, SCOBBEI LB REF L
BARY, WHICHEYOEEDOHERNED S, NSO EMIIS O» UBBEERPICEEL TN/ EDT
1275, D EoBEOMIcHIcAKINbDDE D ICRA 2.

5. HEEMEHHE AR AASD TEDDICHE LN S, SED Celite 545 2N 10534
CBREL, Fhuc 24580 0.05M Tris-HCl buffer (pH 7.5) Ainz B Lz, 15430 4500 rpm T&E
DAEEL, EFEEET, chaiEMaiiig s LTRV .

F e h &idalic, BEBEK TR LBEREEDHICE—H—ITED, ChIREERSHCBRT 2BREORD
—20°COT 2 b VANA L EEREIZCT. CcOTE M /REBASEL DML LEDDL, T—FVTEERL,
acetone powder & ULET ¥ — & —HICRE L7z, EicHib Si20R D & D acetone powder 2> 513D & D
E O LCHEma R E A 88% /-, acetone powder 2 4&FLEkthIc T, £ D10EE® 0.05M Tris-HCI buffer
(pH75) %A CERHE L-D b, 4500rpm TIOMELAEE L, EEAS, TOT FHEMRMERE L.

6. r-Malate dehydrogenase Gale 5% @Fikic# L Thunbery &% R\ 2,4-dinitrophenyl in-
dophenol D RERERIC X - 7.

7. Malic acid R  Hummel OHEHIEHED ICL o788, BEFEHRLTHOFOBOAN 7. BE
B A 5 58, 95~100°C T L7cDb, HEFK No. 5°C TFET 5. Co¥F#K 0.025ml (1xg LITOD
malic acid &%) &K 0.026 ZHBEIC LD, 204F 105°C TN, RREEZEI®Z. BEMCRELL
100 ml 12.5% H.SO. i 80mg ¢ Orcinol % ## L7z Orcinol & D 8ml % H,SO. T 100 ml [ZFHR
LTObLZ0 3ml 2 FORBRECME, XRELT, 200B100CIKED. chixBHLToL, ThicE
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H,SO« 2ml %z, B - 22 F30EHEBOTARE L.

8. a-Keto acids o ER RINEIzZD 0.6{£D0.5% 2, 4- dmltrophenylhydrazme 2N HCl @4z,
FRICIOMR - e b, 0T FHAEFK No. 2 iwiikicgm L, 3% NHOH #af1 n-butanol T 1#~2—
=22 BT 3. RI0.37 & 0.13 £ Fh pyruvic acid (PyA) & oxaloacetic acid (OAA) ¢ hydra-
zone OABEHATORYD, FHE—ERED 10% Na:CO: HEMATL HHL, PBEPHEIC—ERD 15
N NaOH %f0Z 5. v 7= YREBUSDEERE A 450 mp OFLEEBFIO ER L1z, LI E, Friede-
mann-Haugen 9 73 E AR EIC LT,

0. BE Na-pyruvate {3 # /v 7 85, Ba-3phos-phoglycerate, Na-phosphoenolpyruvate (% 7 <&l 7,
K:SOs F#id MgSO. & MnSOs DESHEAWTE Ba L. LU Na BRE0TFHER L.

= R B8 B

1. EBRAEICL3 Malate DR S. commune O _FIOBREIOHIE B EMERT %, D-glucose,
3-phosphoglycerate (3-PGA) LT pyruvate (PyA) 2EEE LTL O, ZO#HEITZ Table 1 ([TRY
B TH->THRODY ¥ TREREEER Lz, & BB, B KHCO: ofF®E, Av by vBoR
DHEHBARTHS C & bRABICHI L. BEE LT glucose psk b9 <, 3-PGA, PyA OIFIcE -
TCA cycle, malate synthetase & glyoxylate bypath (€ X - T malate ApkpsiE 2 &4 id PyA itE &
LTEH3TSNTWBRTTHS. CHICK LETMICER AN S &4, glucose 225 glycolysis TH:F
3 glyceraldehyde-3-phosphate DKENEL S 255 glucose HiFEHRT N TNB T EICH 5. $HRIIBE
KT 5L, CHRBIMOEBRROBREFE L. CO: BNOEEORLERLDOL glucsse T,
PyA BBRIETH 20D, PyA RN D 3FORTHEGHRBINDTOHS, 5103 phosphoennlpyruvate
(PEP) %t CO: OEAFEELT PyA X0OBHTHE DD RLECLEbDTHAH. EBRIT PvA 53
malate DEFRAFEDEED - 7 DIFEBRT D 2 ZOEED 0.05M ¢ orthophosphate RIND 728 & &AL,
Aspergillus niger @ pyruvate carboxylase Ti 0.05M @ orthophosphate T50% DENTD S/ &
57,

Table'1. Malate formation by the homogenate of Schizophyllum commune.
The complete system contained the following (in micromoles); D-glucose, 10; 3-phosphoglycerate
(3-PGA), 11; or Na pyruvate (PyA), 10; pH 6.8 phosphate buffer, 200 (0.05 M) or 100 (0.025M);

' - KHCOs,: 50; mannitol, 20; MgSOs, 3; MnSOs, 2; and also 10 g of biotin and 1 ml of homogenate.
“The total volume was 4 ml; incuba_tion' was for 30 minutes at 37°C.

Experiment I* Experiment II**
Substrate Percent fluorescence Difference Percent fluorescence Difference
) (%) (Malate) (%) (%) (Malate)
Glucose Complete 56.0 —

19.5 (0.23 pmoles)
Without KHCO, 36.5 —_

3pGga  Complete 450 4.0 (0.17 wmoles) 80.2 35.3 (0.41 pmoles)
Without KHCO;s 31.0 : : 44.9

pya  Complete %20 58— 85.1 28,6 (0.34 pmoles)
Without KHCO; 37.8 56.6

* Experiment I: 0.05M phosphate buffer
*% Experiment II: 0.025 M phosphate buffer

2. Pyruvate /5 oxaloacetate M4 Li7FEERIC XD orthophosphate (Pi) OEBEICH T 5 L-
malate ‘ERRPBHEDES SN 72D T, pyruvate carboxylase OEENEZ SND. FTTEDEEHED B 12,
Table 2 |T/R3 AT acetone powder > 53R i 2588 LT, PyA 50 oxaloacetate (OAA) O
A& L 5% Table 2 iCRTHERE G, COERTIRISIC Pi OBEAED 0.12M L LD AT, &N
ATP OHREF LI, BRITEBL T, ATPERNNTIZAR OAA (3 trace THBEOICH LT, ATP
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Table 2. Pyruvate carboxylase in S. commune.

The complete system contained 5 gmoles of Na pyruvate, 50 pmoles of KHCOs, 54 moles of ATP,
20 pmoles MgSQO,, 150 gmoles of phosphate buffer (pH 6.8, 0.12M), 0.5ml of cell-free extract in
total volume 1.3ml. The incubation was for 30 minutes at 37°C. The extract was prepared as fol-
lowing: 0.5 g of acetone powder were ground for 10 minutes with 10 m} of 0.1 M phosphate buffer (pH
6.3) in a cold mortar, the mixture was centrifuged for 10 minutes at 4000 rpm, the supernatant was
used for the reaction.

Oxaloacetate formed
System .
Molar per cent Yield (%)
Complete 0.73 -
Without ATP trace
Without KHCOs 0.35

whnick b OAA MEWRITA R I
kéﬁ. kiR B

"i\,'*;’) 7z.

KHCO; iR Td OAA DR L7cDREHE CO: KL3bDTH
BIC L BHER EEZGHET pyruvate carboxylase O GZIRY (1) HASHRILY 5 ATHEdE DS

Pyruvate+CQO;+ ATP—Oxaloacetate + ADP 4+ Pi

3. 3-Phosphoglycerate /5 Oxaloacetate D4R MEo@db, HEEREET Piicks r-malate
BN ESRAEYD, Lo Table 1 T PyA 2250 v-malate %A EST 2 Pi BEFETH 3PGA »o0D
L-malate AR IIFBEINTINC E5H-7-DT, 3-PGA »h 5t PyA &40 OAA AREMicksCEd
#H/TX A, £ T acetone powder DEmIaIc X % 3-PGA » o OAA AERkickdd 25 Pi @ %
& Lo, Table 3 OofEREZB . RN Pi OREZRIIEHT, 04KIETIE 0.004M Pi FFimc kv 15
//I;moles o 3-PGA 5 0. 035,u-moles 0.23%) @ OAA pHERUI-lcxt L, Pi EmMmodoicis OAA
V'~\‘f§£ﬁ@i§§¥>¥@b>o 7. LD LEEORBICELE - T PL ERMOL OIS OAA ARBED ORI, Th

I T O Pi 18 5V pyruvate carboxylase Ik 2 b ohbahist. Pi RinoFRCHP DL
9 PyA EROERIED SN, Ldd P BEMobocFRTH LT EHHIBA LS, TnOIELTIRER
DETHET 5.

Table 3. Effect of orthophosphate.

The complete system contained 15 gmoles of 3-PGA, 50 umoles of KHCOs, 10 gmoles of phosphate
buffer (pH 7.0), 75 pmoles of Tris-Hcl buffer (pH 7.0), 18 umoles of MgSQO,, 0.5 pmoles of MnSO,,
0.8ml of cell-free extract in total volume 246 ml. The temperature was 30°C.

30 min reaction 60 min reaction 180 min reaction -
Suste PyA OAA PyA OAA PyA OAA
ystem Molar % Molar % Molar % Molar % Molar % Molar %
Complete 8.5 0.23 10.8 1.45 ~16.1 1.68
Wi;ﬁg;‘;hate 2.8 trace 6.2 0.76 10.4 2.00

Table 4 TiHE 7z 3-PGA 150 OAA ERENT ZRMERBRBOBRE Lo~ R ER L. Pi ik
Table 3 OEERFR: 0.004 M THE -7z 30AKIETIE KHCOs WEMO b Oicid OAA DERIIEDHEH
57z, 6053l KHCOs SRIMO b DIC S ET OAA DERIED LN-M1803 TIEE L. chickL
T KHCOs o s O TIREMORBE & & IicERICHE L. Table3 & Table 4 D#EEHL S 3-PGA » 5
OAA CE2ZEEICIZ CO: X oTIT Pi 2 MERTF LT 2RBNEAET 3 CEMTTHENE L 27c& - T
A5, FRMLTE PyA ofkd Pi 1250 KHCOs Binic X D {E#E ShickSicRZE 3. chi
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Table 4. Effect of bicarbonate.
The complete system contained 15 gmoles of 3-PGA, 50 pmoles of KHCOs, 104 moles of

phosphate buffer (pH 7.0), 98 umoles of Tris-HCl buffer (pH 7.0); 18 gmoles of MgSOs, 0.5
pmoles of MnSOs, 0.8 ml of cell-free extract in total volume 2.5ml. The temperature was 30°C.

30 min reaction 60 min reaction | 180 min reaction

System PyA OAA PyA OAA , PyA OAA
Molar % | Molar % Molar % Molar % | Molar % Molar %

Complete 11.5 0.23 13.8 0.69 20.0 1.08

Without 5.1 trace 7.1 0.23 24.6 trace

PEP & Pi 75 PyA & PPi 24RT 2 RMOMEICL25DHOM, £hEd PEP, Pi & CO, 75 PPi
& OAA HEEMIOBERIC K DAERI N, DOTEEEN, FBRHURRESBC T PyA El-b0R0h
WIREd b s,

4. Phosphoenolpyruvate /o oxaloacetate 4R  3-PGA 50 OAA AR Fic phos-
phoenolpyruvate (PEP) #EET 20 & d iM% BT, PEP & 3PGA » 50D OAA ARz Pi &
KHCOs oftEDd & TR ULE L. F7-40IREERR TED ONREED L-malate EEZ{E:"E%%&% "
U 57z, acetone powder 7 & OEAISH MKBR IIEB ORI LB TH 5. & ikl
BHMEL - D TRIGHEZ 4B & L. Zo#RIT Table 5 kB D TcH->T PEP i3 3PGA kY
ZBD OAA 25222k, Pi 55U CO: ZHMULEVWES PEP 554 3-PGA EEE OAA HRHs
BOHNC EHHBA L. k- T PEP id 3-PGA oD OAA ARRMEICHERT R EARTCEMTEL
Do

Table 5. Effect of phosphoenolpyruvate and urea.

The complete system contained 15 pmoles of phosphoenolpyruvate (PEP) or 3-PGA, 50 gmoles
of KHCOs, 10 gmoles of phosphate buffer (pH 7.0, 0.004 M), 50 gmoles of Tris-HCl buffer (pH .
7.0), 15 pmoles of MgSQO;, 0.5 gumoles MnSO, and 1 ml of cell-free extract in total volume 2.5 ml.

The incubation was for 4 hours at 30°C. ‘

Substrate System M(E;Z;A% M?l?rA %
PEP Complete 60.5 2.88
PEP Complete minus both of Pi and KHCOs 28.8 trace
3-PGA Complete ' 34.5 0.39

- 3-PGA Complete minus KHCOs plus Urea, 504 moles 37.5 4.99
3-PGA Complete minus both of Pi and KHCOs 55.2 trace

Urea %t KHCOs R E#RERTC L b Table 5 DERP SHBL, BEBARER 2AHHE L~V TXE
T&EZHITh5.

5. Urea 45U KHCO: OBRESE  Table 5 R, oEMAMEKICE 2 OAA ARRIK S urea
7% KHCOs OREBUDREZRT T EIMBLADT, 20URAEISIKHERT 210K, RBREICED2E
% KHCOs 0o EH#R L7z, BEIZ 0~50 pmoles (0~20mM) TFi7L -7z, urea 7% 5 UM KHCO;s
DRERIZZNZh Table 6, 7 iT/R L. 2HF LS COBERATIREECEUT OAA AREENE LY 3
T&, urea H$ KHCOs JVBEFIC XZENEHTHSC L, BIENERELVENT OAA £RITERTS S
LNZEREPHB L. SRS TRAFESRBCHLTIVESED OAA 2ERE LY. hb2H
EHZDRMICED PyA oBbEM L. DEOKRD» SHUMd 3ic, urea § KHCOs &k CO: HE L
TRIAL>TVNZEBHIBULETELIZE LA D.
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Table 6. Effect of urea concentration.

The reaction mixture contained 15 gmoles of 3-PGA, 15 moles of MgSO;, 1 gmoles of MnSOx,
10 pmoles phosphate buffer (pH 7.0), 50 pmoles of Tris-HCl buffer (pH 7.5), and urea and
KHCO:; as descrived in Table. The reaction volume was 2.55ml. The temperature was 37°C.

30 min reaction 180 min reaction
Added pmoel ByA OAA PyA OAA
Molar % Molar % Molar % Molar %
Urea 0 37.8 0.08 57.3 0.23
Urea 10 69.7 0.23 72.8 0.39
Urea 20 72.8 — 70.2 0.70
Urea 50 74.4 0.13 74.4 1.06
KHCOs 50 67.5 0.30 82.2 0.25

Table 7. Effect of bicarbonate concentration.
The reaction conditions were same as Table 6.

' 30 min reaction 180 min reaction
Added pmole PyA OAA PyA | OAA
Molar 96 | Molar % Molar % i Molar %
KHCO; 0 16. 4 0.31 ‘ 49.5 ' 0.11
KHCO: 10 57.3 0.50 ' 78.0 0.50
KHCOs 20 59.7 0.47 ‘ 72.9 —
KHCO:; 50 56.1 0.80 71.4 0.30
Urea 50 69.0 0.59 4 80.3 ! 0.50

6. Orthophosphate OEBEME U R Itk oz roEMEMEKICL 2 3-PGA 5D OAA AR
Pl BUBBETHBL LT Table 3 hobMmad T ENTEE. 40T Pi pEE L OAA AR EOBEEEE B o5,
2EROFREATIL > 72, Table 8 |C7RFHEY, TF, CO: &, Pi WA eheh KHCOs & KHPO, & L1z
ERE,OVTENDA urea & phosphate buffer (pH7.0: KH,PO, & Na.HPO. OHhsl 12) X2 -3
Bo2BETHA. BIETIH 4mM, #ETIZ 8mM [iFic Pi OoFFEEFLED ONK. UL LEIHETIR
8mM L bEo@EE T KH.PO 0723 pH DETAZRA LTV ABNNH 50T pH ETIC &L 2 EEDOET

Table 8. Effect of orthophosphate concentration.

The reaction mixture contained 15 gmoles of 3-PGA, 50 upmoles of KHCO; or urea, 15 gmoles
of MgSOx, 1 umoles of MnSOs, 100 gmoles of Tris-HCl buffer (pH 7.6) and 1 ml of cell-free extract
in total volume 2.5ml. The incubation perid was 60 minutes, temperature was 37°C. The ex-
tract was prepared from 1.5 g of acetone powder of 4 days cultivation mycelia, which was ground
for 7 minutes with 15ml of 0.02 M Tris-HCI buffer (pH 7.6) in a cold mortar and centrifuged for
10 minutes at 4000 rpm. The supernatant was used.

KHCO; Urea
KH,PO, Orthophosphate . Pho(spgxla;eo’t))uffer
PyA | OAA |— B PyA OAA
added pmole mM Molar % Molar % ladded wmole mM Molar % | Molar %

0 0 65.1 0.39 0 0 71.0 0.28

10 4 62.7 0.86 5 2 71.8 0.23

20 8 57.4 0. 47 10 4 74.1 0.12

40 16 50.2 0.50 20 8 81.6 0.76

80 32 51.9 0.52 40 16 82.2 0.37

160 64 44.1 0.23 80 32 72.5 0.03

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

1046 MAE ¥R TE-ES - (BT 2545%, 19674

EHEFERRINRON. LB -> TROTRATEFEEIR 8mM G0N EAB NS, EMBEHLKbo Pi
LEZELRITBSNDT Pi OFEFHEEL 8mM FHEEARTORSLARNTESS.

£ 2
S. commune Fries IFO 4928 DEAKDERE 5L UE D acetone powder O¥BMETHH LKA L 7o
Bick0T, OAA HUcEE & LT PEP 72 50T 3-PGA A7l b\ i Pi 225 Ui KHCOs i
RARTHZCEERB U LIchi> TOXDRIROKIT O MM SEL SN 3.
PEP+CO+Pi-OAA+PPi* e 2

PEP ) VBEARB L ANVF—#AT —4F°=124kcal/mole Dz ¥ — EH L, % 7 inorganic
pyrophosphate (PPi) v o) YEfE&iCid —4F°=6.0kcal/mole DT 3 VF—pEE XN THEH S, B
B Vi CO: 2EE L, OAA AR 3K i3 6 keal/mole DREFIETIZH 2 52RO T 2 ¥ —INFIRE
EI8Y, TANF—PEERINCHERIL LD 3T 2. Pomerantz® (370 4 VEE, P. shermanii 0¥
HKic k5 CO: BEICLD OAA AEMsEOEBMEMICIVEEINBZCE, TOHEE Piicko i
SNHTEERRL, 20T Wood 5Tk V19614, QR % AHFHICHIEd 2 HE2 £ phosphoenolpyruvic
carboxytransphosphorylase 22 D7 n €4 VEEICREE S, FEEEOEE pH7.8, @& Pi & 10mM
BEMPHBLTOZ, ERO@EYYF 2Ttz r ORI TRRMBRILLES THY, TOFH Pi B
H3 8mM I TH 2 C LN ED ST NIESFE A e 2 rich, 7ot YRBELAICE 1 ZOFEELSE
5 TLE4 phosphoenolpyruvic carboxytransphosphorylase #FESE DEEED T EEME AR 15 - T & 72,

T Z T glucose %3 glycolysis T/M# &, glyceraldehyde dehydrogenase & malic dehydrogenase #s3t#i
¥ 5 EIREFT ML, D phosphoenolpyruvic carboxytransphosphorylase B 5.¢) L-malate S&E#R 2B &5 5.

Glucose+2C0O:+4Pi—21L-Malate +2PP1 e, 3
AU LT DRI EEFEE DR DM R L7210
Glucose+2CO,+2ADP(GDPor IDP)—2 r-Malate+2ATP(GTPorITP) = +eveveerreremecerseans 4

LZ%D ADP % PEP 0 Pi %k E 4 2 phosphoenolpyruvate carboxylase!® 754 iz GDP, 1DP %
Z®D Pi DAk E$ 3 phosphoenolpyruvate carboxykinase'® E5ORITAR TREN 5. ‘

E5IE o kFEo Table 1, 2 TZDEED AR IS pyruvate carboxylase ¢ L-malate ASFEIREIC
UTEREN S LT 5 LR kD glycolysis THRLT 5 glucose 14D D 22D ATP HiBsh 3
5% DFRBERIZGR &2 3.

Glucose+ 2C0O,—»21L-Malate ~ eeeiieieieeeaeaees (5)

CDEB), (@), B)D3REHET Bic, TrrE—WENREDOBGRIL HEEOBURBERE LTRAEETHS .
Lledio> TRIBEIERBR S LTHRMEOS 55D E LTIRCOESVB), WD 2RNEVELTHSS.

PEP & CO: 25 OAA & Pi %49 2% phosphoenolpyruvate carboxylase 2:B853 AT b (51K
MF 5. L LT DOBE#IZ heterotrophic MAMICIZRRETH DT CTIRANITNT & ET 3.

BIEUREREKT 2ic, UF AT oxrOERERETIZ Pi OB & L-malate PEOMICH 2 HAATDIE
DOHBIBIEALERS Sz &, Meyerhof!® i J: NITEBERO 7V 2 — VR OREESHETIE Pi HEIRET &2
SN EREREZADEBE, WRID b LABROL BRI IEE LT3 Thek < 185, Ll
PPioro) VEEA T AL +F— 3 —4F°=6.0 kcal/mole ¢, ATP kEp ' n Y YEESDZ L 7. 0kcal/
mole THZH5, (NFALDET T FNF—ZAUEN Lichi-TIRD IT inorganic pyrophosphatase HFEFE

LelRic & - T Pi
PPi+H,O—2Pi i (6)

A LT glycolysis iz Pi 2sifd e ot , adenyplate kinase ZsfE7E L TITIRMEKIL L Pi 75 5 Tic ATP

* PPi: Pyrophosphate (inorganic)
T F 1 LIRTEREETIE E. coli 13 & heterotrophic #A471cd B IN TS, 72&Z1E Biochem. J.
94, 28p (1965).
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DELESN, P Lz xoF-psHREONEILb, TAMF-PRELRNCDLLTHETT B0, —F
PPi+ADP—ATP+Pi e @

glucose % TCA cycle TIHE LT ATP A3 I AETZ L EABFZRAT Lo 2 FEIRELL ENTHE D
HENITL.
HEIC OAA AREBOZNE DD, PYA AREBLEZ N EWDIBRREVDLITHERT 20 W05 END 505,

B %
PEP+Pi-PyA+PPi e (8)

AL L 2 R0 EDRZIc LD, 2XEFH Pi itk -T OAA LREBHC PyA o4RGEHEINZHED
vohhz. L LBROERICE->Th CO: itk - TRIT LR MEH#E SN Z E LT iL Table 7 @
FERABI LE. Lichi-> TOREMES 2 RNOBZOEELLES BET 20 TRA VLY, BEETED
FDEHCBEOBELFICLZHEBRUTEAS. THhbE OAA RIEERINCHIERRINCHIRD THIR

BEnPT 0o TR
OAA-PyA+CO: e (9
Pi, CO; It L Vit SN B2 EERICETT 2 TR+ 5 5. L7chi- TR2)IE(OROMIZMKD
3-PGA+Pi—»PyA+PPi e (10)

|3 AEL, Table 3~7 @ Pi, COs itk 3 OAA & PyA OAMORMEAESEHET 5.
% 7z Table 3 @ 3B TR SN2 X Oz Pi \EMD b iz OAA 5% AR E N7 DRANK D pyruvate
kinase 23{EF LTDH, (1)@ pyruvate carboxylase
PEP+ADP—-PYyA+ATP e (11)

JGSET Liclch LI T 5 C LB TRETH 3.

BEEFBRTRNSEIGICE 3 PyA OAREMER 2 ¢ &78 CQRITEVINET L-malate HRAETS

% Mit glyceraldehyde dehydrogenase & Il K IIC & » THEWD THEPM»IZ OAA HETLE4L L-malate &

BTt EEZ SN A, L-malate D Gale 5 D FHIC & ZEALIZRDE D - 12D T, —7Ic AR L7 Lmalate
BAREINBTEMLEREL, - TRROBICEL D EELONS. B CDOEEXC malic dehydro-
genase & NAOH: 2 Huhid PyA @ 2R LoX D& CO: BEROINTIZ Pi XU CO: F-hn
PREIDERCEDLCENTELTHSS. TH UPBELERTAERED, urea H5DTE5BEEIC
£ -T CO: BLIZ - TITL OB EDHER S SIBROBE, SOATAY b—~TOBEABLICL - TED
RFNILTE S ¥,

DB 21RO RARBICE N THED K, Pi 85U urea X5z CaCOs DRI EZE, HFE R
T bngyOBERESICHEMRBMERCE 2BREFENLVLVTORRICK - THHRT A ENTE, £
OHMRDEDEBRICONT S, EEHRICBY 2MRAIFT I EMnTE I, U LERIEERIGET 51043,
T TRET I i - 7o pyruvate carboxylase {33 % Acetyl-CoA* DITHE/ER®, A F v E0H
R 13 E% < OREA R LTl S .

STRERER»SKI T, YFRT o rickTh PEP, PyA, OAA @ 3 Hs#ky CHREIEER
ricsrh, TORERLVPICEETHIrNHALL 7. C03FLTARET 2=ABIR—MRIT glycolysis,
glycogenesis, glyconeogenesis 7% & DMRHZEIZ Lb & LT, IRERSY, 73/ BREOASZ VKL, 50
F T A F-RFOFENDE~IFNMIHB L, BLEREDE~IFnENS—EIELTHEEERE, &
HEREOBOBEIC I EZ SNTVE, LB ->TED 3BEEEIBELET 2R, BRIz ohoERTFIMR
M, REOOEED THBY TEEREELLDLDOTHY, TORERIEYE, MTcAHOLRBIKELK
BEIN26DTH 5. BV TEBORKREERE OMITICIR Ch SHERTFOMEREZRE XL FHICED,
RBGHDOEELITIBT 2 CEBOPICHER T ETHI0MNYRO L EBHOFERBINEITHAD.

* LFEMBIZE phosphoenolpyruvate carboxylase (T3 2 {REMEA LR ON TS, 7L A Canovas, J.
L., Kornberg, H. L.: Biochem. Biophys. Acta, 96, 169 (1965).

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

1048 M W -EE FE-E O bt— (BT, 545%, 19674

® ¥&

1. Schizophyllium commune DEEWHKIC & 3 L-malate HpEERIZ BT, glucose, 3-phosphoglycerate 3
XU pyruvate 75 KHCO: HEADS & T L-malate DA RAED . TOINVEEE LT glucose h55d e
<, pyruvate 23 &4 - 7. FHERE D orthophosphate (3 & D pyruvate #» 5 (D v-malate HREAPHE L7,

2. PRI bnogiod acetone powder 515 SAIREHIMNE AR LT OBRIEEE L oo
DIEREZ Tz,

3. pyruvate H 5D oxaloacetate (OAA) A%z ATP #s/4E T, orthophosphate i€ X0 # DK A
XD T pyruvate carboxylase @ﬁE%jﬁﬁ L7

4. S—phosphoglycerate oD OAA ERKICIE orthophosphate & KHCO; pSAETH B C & HBF L7z,

5. phosphoenolpyruvate 7» 5 ® OAA ARIC & orthophosphate & KHCOs % 4Z &4 373, 3-phosphogly-
cerate 5D OAA 1% OAA %2532 /-,

6. 3-phosphoglycerate 7» 50D OAA ERRICE VLT, urea T KHCOs OREXIRDH 2 < LB L,
ZOBEHRIZ KHCOs 213135 L, 0~50 pmoles DEFANTEEICH LT OAA INT 3 &, 1
urea {3 KHCOs XD ETZOHRBENTEHEONS Z LSO SNl £D & & orthophosphate DB BME
iz KHCO: #f\, KHPO, © pH A2 L& &% 4mM, urea £\ phosphate buffer (pH 7.0) < pH
ZREHLIcEE 8mM LR ‘

7. ThoDHEREESL, UF AT ko R 4icid phosphoenolpyruvic carboxytransphosphorylase #EEE7 <
DEETIEAD & LK

8. OAA X[EHHC pyruvate & orthophosphate & CO: IC XV ARMSMEEIN-DOT L EFRRERMELN
7z, ZhiT OAA DBREBICE 2 DhbHNIEND, BICRMOBERICE 26D d LB E L.

9. phosphoenolpyruvic carboxytransphosphorylase Ei5® v-malate FERERL, ThEEHT VI
pyruvate carboxylase BI5DHEFN K L, ERAENZ 7.
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