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The Effect of Electrolytes Concentrations on Alcoholic
Fermentation of Molasses

(II) Inhibitory Effect of High Concentrations of
Electrolytes on Yeast Carboxylase

Shunichi Umemoto, Yoshio Irie and Tomio Imai

(Central Research Lab., Godo-Shusei Co. Ltd., Matsudo, Chiba)

From the results reported in the previous paper, it was suggested that among the
enzymes of the EIM.P. pathway, carboxylase is comparatively more inhibited by high
concentrations of electrolytes (H.C.E.), and consequently, glycerol production was acceler-
ated.

The present investigation was undertaken to examine the inhibitory effect of H.C.E.

on the activity of yeast carboxylase.

The results obtained are summarized as follows;

1. In the solution of HCE, carboxylase activity was remarkably inhibited. At the
same level of molar concentration, the inhibition degree was varied with anion-moiety,l and
its order was as follows; NOQO;>Cl->H,PO;>S0;".

2. This inactivation of carboxylase was assumed to be reversible, because the activity
was almost completely recovered by dialysis. And it was also noted that its inhibition
type of it was non-competitive as shown in Fig. 2.

3. Fermentable activity of frozen yeast cells was more inhibited than that of intact
cells by HC.E..

4. The inhibitory effect of H.C.E. on yeast carboxylase is probably not against its

formation but against its activity.
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EEREL. 2 LTCOBBIER B 2BROBEEEDSCE EE 0T, BHLD OHEDTLL,
E.M.P. BEERDISHD carboxylase (pyruvate decarboxylase) JEikAsHIEICIIEI S N2 723 iC glycerol @
ERBEESNZOTRRODPETRINIOT, A TEBROD carboxylase FEHIC #1124 EIREEFE O
BB OV TRE LR85 2.
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1. Carboxylase HERDBAY T0XEEOKSEEE Ul VBT 500g £HIH< < £ T
BR&E L, 37 D acetone fc#A L THPE LIS b3 51004585, BEIFBL, X 51T 17 D¥ acetone &iE
CHi#, ERICPBL TRERE Lc. oh% 250 ml o ether T3 AHMMEL T, FBEKL, EEZT—
BR%ELI. :

LDHODIF zymin EFEHD, ERTEMRICHDBETETSHS. ch% glucose &REXET bEESY
2 DB MRS 5N, pyruvate ZEEE U & X ICHBEY A BBERBERALI-OT carboxylase B - LT
FERT A Eic L.

2. Carboxylase FEMEDRATEER —EBOREE, Napyruvate JBEESR L4, pH 5.0, 30°CTA
Y Fa~N—+tL, Warburg BEEH2ME > TREES ZBUE BERIHICHIE Lz, SHREERNO S OAHB &
UT, BREEREDE 4 DBREICHT 2 DR MA A RERE TIEZHE Uz, 8 L ERE I $nb
FREELESR TEHE L DDTH 2.

EBRRBRLEER

1. BREEREORES carboxylase Ei: EERED carboxylase s p-chloromercuribenzoate, trivalent
organic arsenicals, mercaptide-forming cation & LT® Ag*, Hg'*, Cu*™*, 7t &Ik - TR B E A ZT
BT ERBRERMONTEDSD, F/z oxythiamine triphosphate & FEHI7T BEAELTRONTNED, L
LS SBREREICK 2 EICHET 2 M5V ERRE OV L S TH 3.
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I: M/2-NaCl I1: M/2-KNO:; I: M/2-Na,SOq, 1: M/4-KH,PO.
I: M/2-NH.Cl IT: M/2-NHNO; M/2-MgSOs., I: M/2-KH.PO,
m: M/2-KCl I : M-KNO; M/2-(NH4):SOs,
IV: M-NaCl IV: M-NH.NO; M/2-Li,SO,
V: M-NH.CI II: M-Na.SO,,
VI: M-KCli M-(NH,).SO.

Fig. 1. Effect of various electrolytes of high concentration on carboxylase activity.
The plots are shown for the time-cource of CO, evolution.
The reaction mixture contained 7.5 xM Na-pyruvate, 10mg zymin, 1.0 mM Mg*,
0.1 mM thiamine pyrophosphate and 50 mM phosphate buffer (pH5.0) in a total
volume of 2.0 ml.

K- TEESREBREMERED yeast carboxylase FEMICHLIZFEBICHONTL He. TRDB 7.5
#sM D Na-pyruvate & 10mg OBEER L% pH5.0 ® phosphate buffer solution =, Mn** & thia-
mine pyrophosphate OFAETFTA ¥ F o ~— b U & & DR EHIEI Fig. 10Z&LTH 72

IV ba—ic i), O, NOs™ OFBETIE LOEESE Sh . A—eVBECTHETZEBA4L VD
BEICX - THROOEENDY, HE DRROIEICTE 53 & NOs>CI>H,PO>SO ™ 17 - 7.
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2. EBREBMRHE(CKLSD carboxylase FMEEDOTEME HEEOEREICXD HE S i carboxy-
lase OEMELSTHEND T ZRBETFN T 2005 BRE L LT NaCl 26 - THE L. BRER % NaCl
IAIKICISCT 1B A v F 2 _— 1 U, 5°CT 3 KRBT 21772 » TERERMAIE U, BEOREREIRAT
B, Warburg MESHCTHAIE L, #ODfEHE% Table 1 [Tird. EhoMBETEL, NaCl 2L D
BEMHOETEETY, BRT2EH550UHHEMU NaCl EEOHEICHrIAHLDILL, WIFhbiFEA L
A E AT L. ¢ OMELYD NaCl 1ck 3 carboxylase FEHOMERTHGTHS LS4 5.

Table 1. Changes of carboxylase activity after dialysis.

. * . . ) Per cent

NaCl oo, pesiod of iy Nechomen 21| recnery
none none none 100
none 4hr none 92
none none 0.5M 21
none none 1.0M 6
0.5M 4hr negligible 93
1.0M 4hr negligible 92

* The enzyme solution was preincubated with NaCl for 30 minutes at 15°C
preceding the dialysis.

3. ERERMEICKLD carboxylase SEMFEEDHX EMEEEICL S carboxylase [EMHEDOHKR
%L 55 7:%iC Lineweaver-Burk OREZ@H LT, EEEE LOLEE L OBGEERS L. ZORKE Fig. 2
DT ELERBERESBE LN Kn EIT 1.0~1.7X107°M TH -k,

E 06
~ 05 J/
o)
S 04
s
e
v 02p*° o
7 G 02 0406 08 10 . 7 O Ol Q2 03 0405 M)
I/ [Pyruvate) (m™) (NocC1)
Inhibition of carboxylase activity by NaCl. Effect of NaCl concentration on the reaction
Lineweaver-Burk plots are shown for the rate.
reaction of carboxylase with Na-pyruvate in (0): M/133 Na-pyruvate
the absence (O) and presence (@: M/5, A: (®): M/667 Na-pyruvate

M/4) of NaCl.
The reaction was carried out for 5min at
30°C and pH 5.0.
Fig. 2. Lineweaver-Burk plot of yeast carboxylase.

72 Green SYDHETIT 3 X102 TH » 7o,

BEBEYX PO THEROBERAKVROLNYT, RX0HKT 3 LRI ETH S EEL oM.

4. FERMBLEBPORMBEE  intact cell K B1) BB S HREEER D carboxylase EMLERKEE
BEOFET CHELTAHI: &%, HEREIT intact cell OFBBRIN TN R ENAEITOEELLDOD -
oo XoT, DECHSERRNEE L THRBEOEEH 2 L BA VW TEHEBEEREOLEE L b .
—20°CTHIBILIE U - B IR R L, ROEDOBRENRICL T glucose BERFEED HIRZE T -7c &2 5 Fig. 3

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

244 wBA H—- AL B - 4HF =it (BT $845%, 19674

DT E&RERBEGE SN/, TRDOLRMFEBRINCTHA,
FRERMEEOBRRIIEREBREOEEE X VHE 240

BBL5ThE. Lihi-TC ORESLABERE 200 AT NN e
it & % carboxylase EMDPAZE|T intact cell lTHI 160} ./:/’ /././.WN 0s
TEMEEO - HIBRS LTINS EEZ bh 3. 200l // P
5. WESHCERLEEHO crboxslase & & |/ e
# SRECERELZAUEMTHEELLEKS, R / o Frozen cel
BREESEROER S A B LBk TR, A0
carboxylase AXEICEN B 5 EhE L S 00 70 20 20 40 50 60 70 80 30
inoculum size %/N& < U TEEEIEH & s & i Incubation time (min)
B 1 5, £8L, kB DOHFET car- Fig. 3. Fermentable activity of frozen cell
boxylase JE{# D 4715 - 7-. in the absence and presence of electrolyte.
it DA W b 2 U T b i et S
NaCl kg, M/2-NaCl fsfnksi, 1M-NaCl &0 and 50 mM-phosphate buffer (pH 5.0) in a
Egrsnesnf@R U7z, inoculum size T 2x10° total volume of 2.0 ml.

cells/ml T, 30°CT 2 BfEMERER U, HE%, &

RAEB O LK THR Uictk, BHEE3BEZNEN—EIC L TUNELEICRY, BB L EEEIER
T 3HA—4AMICT acetone JLFE, ether MEA LT zymin 24572, £ @ zymin %4 - TRFIDFHET carboxy-
lase [EFHEDOREE L. £ OBEOBERIIZ 3.04X10° T, 7.5uM @ Na-pyruvate &S +7:. ST

REEROFEELDPP/NIL R EZDTELHIC zymin OEBL Y OFERIREL, 20#E% Table 2 jtRL7T
ZDRLVDPETEL, MEEMTRIHEOBEMSHEEINSD, BEKAD carboxylase OIEMIZEENMD

Table 2. Activity of carboxylase in cells grown in NaCl media.

. Cell concn. after Activity *
Medium 2days-culture
(Synthetlc) (X 10%/ml) I I I
NaCl-free (control) 1.22 32.0 32.3 5.3
Plus M/2-NaCl 0.25 32.6 35.1 5.0
Plus M-NaCl 0.17 25.3 38.2 4.5

* Carboxylase activity was measured in the absence (I, II) and presence
(I11) of M/2-NaCl.

Activity unit: I and III, CO? gl/min/3.0x10% cells; II, CO?ul/min/
10 mg-zymin

T NaCl BESEESZEHEMESLEEITHSE (1) 45, ABL zymin OFEBMY TRHZ TN
BEEMICERT U BEBOSBPOPENL 5> THS (ID.

g o} NaCl FHETTEEBEZRET 2L (D) WINLERT 3. cOfERD»S NaCl 38RO car-
boxylase ARRAZHEL T2 DTid?7 { T, carboxylase DIERAHEL TN D EEZ N7z,

#® 5

BRI carboxylase {EHIC B LR T EEBERBREOEEC OV TRIFLOFOELE ..

) BBEOKEEMEICKD carboxylase DEMMNE L HEINZ Y, B — =V EBETRR A+ VYOE
Hick - THEERRRD, FOIEFEIR NO*>CI->HPO >SS0« Th o7 . .

2) BEREEMEICKS carboxylase B DHERAMNTS - T, BMICLDIERBEE L. F72HED
BRINBEER EZZ ok,

3) SAERUFRILIE L - BERIBERI intact cell M UBBREREIC BT, BREK X AMEES X0 {20,
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4) EREEREICKS carboxylase [HERZ, BMREKDOHETREL, FRAOHEETHZbDEEZL N

BOWZDOZES, REEEEYHREEZOEYEPRHEFROEABLY, REOBLYEL ONARLER, BROUVLRE
BiedUTHELELET.
ABED-PIIMAMOERE O B ABEIFLTREL .
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