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Isolation of Cupric Acetate-Tolerant of Yeast and Incorporation
of Cu?* into the Cells of the Yeast

Hiroyuki Horitsu, Kiyoshi Ogawa, and Mikio Tomoyeda

Department of Agricultural Chemistry, Gifu University, Kagamigahara, Gifu

A strain of a cupric acetate-tolerant yeast, identified as Candida sake, was isolated
from the activated sludge of a waste water plant.
-Incorporation of Cu?+ into the cells of this strain was tested in a malt extract medium

containing 100 ppm of Cu?+.

Results showed that the distribution ratio of Cu?t in-

corporated into the cellsis: 39.29%, in the extractable fraction with 0.15 M NaCl solution
containing 0.01 M ethylenediamine tetraacetic acid; 35.8% in the supernatant fraction
by centrifugation at 26,000 X g for 15 min, 16% in the cold 109, trichloroacetic acid
extractable fraction and 99, in the hot 59, trichloroacetic acid extractable fraction.
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Exiroclable’ sokution Precipltote
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1
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(F) Acld soluble frocton 1) | Exircted with hot 2% NaOH

! . |
Extraciable solution Residue
(G) Phosphoprotein froction  (H)

Fig. 1. Separation of the copper compound by
Schneider’s method.

& Ethylenediamine tetraacetic acid
. ® Trichloroacetic acid.
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Fig. 2. Micrograph of the isolated strain of yeast,
Candida sake A.
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Fig. 3. Micrograph of pseudomycelia formation
by the isolated strain of yeast, Candida sake A.

(Fig. 3). £} A B3 Pseudomycelium %KY 3 T
EhaEDohs. SERRAKOEENL JUER
HIBERZENT 3 (Table 1). ¥ /B A BROMEICHE
L, TOR#E UTERBBRSO PHEETI S L
KEOMBAIERES LI LR A KBS
7Y pHOENWELZATHRETZ0DEELONZ0D

T, COJRIDONTETRN LIk R%ERT (Table 2),

ESRE A BRI pH 2.0 THREHRZZ ENHEDHLHN
3. ¥BEBABRBIFCYLTHROWEEET
32 E08BEH 5N (Table 3).

Pl OB R UEBNERERN LIcRkR, B
A #ki3 Candida sake (BT B EMAHED LN L
PRt A % Candida sake A ¥R L 2T 5.

Candida sake A JOWMME(CDNT  Candida
sake A BRICDOWT Z OERERBRETIL - iR,
843 800ppm 3T, % 7-HEERE 1OV TI3 500
ppm T& » 7 (Table 4). 75k FiFMEMkth @ Sac-
charomyces ellipsoideus AHU 3078 ¥k X U Candida utilis

Table 1. Morphological and physiological cha-
racters of the isolated strain of yeast, Candida
sake A.

A. Morphological characters
1. Shape: globose to short-ovoid
2. Size: 1.5 to 2.3 by 4.0 to 7.0um
3. Ascospore formation: negative
4. Pellicle formation: islets to fine pellicle
5. Pseudomycelia formation: positive
B. Physiological characters
1. Fermentation of carbohydrates
p-glucose, D-galactose, maltose, sucrose:
positive
lactose, raffinose, p-xylose, L-arabinose:
negative
2. Assimilation of carbohydrates
D-glu(fose, p-galactose, maltose, sucrose:
positive
lactose, raffinose: negative
. Acid pr;:oduction: positive
Ethanol assimilation: positive
Methanol assimilation: negative
Nitrate assimilation: negative
. Splitting of arbutin: positive
. Vitamin requirement: biotin (stimulative)
. NaCl-tolerance (w/v): 10%
10.
11.
12.

© 0N e U W

Gelatin liquefication: negative
Urease activity: negative
Litmus milk reaction: negative

AHU 3210 #ic>W\W T HRAM i MR 2 78~ 7
R, FekeH 100ppm FAET TRUOTNR S HFE 234
Evohiihsie.

Table 2. Effect of pH on growth, gas formation and pellicle

formation.
pH Growth® Gas formation™ Pellicle formation®
24hr  72hr | 24hr  72hr 72hr
1.5 - - - - -
2.0 + + - - -
3.0 + + - - -
4.0 + + + + =
5.0 + + + + +

Candida sake A was cultivated with a 4%, malt extract medium at the pHs indi-
cated in the table by keeping it at 28°C. -

3) Growth: —, no growth; +, scanty growth; and +, good growth.

b) Gas formation: —, not formed; and +, formed.

© Pellicle formation: —, not formed; =+, scantly formed; and +, well formed.
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Table 3. Effect of osmotic pressure due to the NaCl concen-
tration on growth, gas formation and pellicle formation.

of N | ST Gas formation® | pejjicle formation®
(%) | 24hr  72hr | 24hr  72hr 72hr
1 + + + + +
2 + + + + +
3 + + - + +
6 + + - + +
9 + + - + +
12 + + - - .
15 - - — _

Candida sake A was cultivated with a 49, malt extract medium in the presence
of NaCl concentration indicated in the table by keeping it at 28°C.

8) Growth: —, no growth; +, scanty growth; and +, good growth.

b) Gas formation;: —, not formed; +, scantly formed; and +, well formed.

©) Pellicle formation: —, not formed; and +, well formed.

Table 4. Tolerance of Candida sake A for copper compounds.

Conc. of Cu2+ Growth®
Cu-compound (ppm)
PP 24hr  48hr  72hr
Cu-acetate 800 - + +
1000 — _ +
Cu-sulfate 800 - _ _
1000 — _ _

Candida sake A cells were cultivated at 28°C in a 49, malt agar slant which con-
tained Cu2?t compounds at the concentrations indicated in the table.
%) Growth; —, no growth; +, scanty growth; and +, good growth.

Table 5. Effect of the initial pH values of a medium con-
taining Cu-acetate (100 ppm as Cu?+) on the amount of
Cu?t incorporation into the cells.

pH Dry weight of cells Cuiz:l'tion::ﬁgpccgilastcd Incorporation
(mg) (mg) efficiency*

4.0 191 2.24 11.7

5.0 300 3.06 10.2

6.0 293 3.50 11.9

7.0 265 3.20 12.1

Cu?+ incorporated into cells (mg)
Dry weight of cells (g) X100

Candida sake A cells (initial, 30 mg wet weight) were cultivated in a 500 ml shak-

ing flask containing 100 ml of a 49 malt extract medium in the presence of Cu2*,

100 ppm, at 28°C for 72 hr.

* Incorporation efficiency =
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Table 6. Distribution of the Cu2+ taken up by the cells.
Cu?t taken up . Distribution

Fraction by the cells Incorporation ratio

(mg) efficiency (%)

(A) Absorbed 1.05 4.28 39 2

(B) Intracellular soluble 0. 96 3.92 35.8

(C) Acid soluble (I) 0.43 1.75 16.0
(D) Phospholipid (I) 0 0 0
(E) Phospholipid (II) 0 0 0

(F) Acid soluble (IT) 0.24 0.98 9.0
(G) Phosphoprotein 0 0 0
(H) Residue 0 0 0

Candida sake A cells (initially 30 mg wet weight) were cultivated in a 500 ml
shaking flask containing 100 ml of a 4%, malt extract medium in the presence of

Cu2+, 100 ppm at 28°C for 72hr.
min.

The broth was centrifuged at 7,500 x g for 10
The cells obtained were washed with distilled water, 3 times, and cen-

trifuged to separate them. They were then extracted with 0.15M NaCl con-
taining 0.01 M EDTA, 3 times and centrifuged. The cells obtained were disru-
pted with a Braun cell homogenizer under the conditions described in the text.
Further fractionation of the homogenate into each fraction was carried out as

described in the text.

Candida sake A ¥|(CXDHROBEHENDBAH
SHHGAAICEE U, EowI3 pH KR B JUEGA
AHFhFIC 3 LI 13 2 8 A 3 X% 100 ppm
Cu?t ZFInEEHE F O TRET Lo, pH4.0 o
7.0 DBHE TR LHWREL, BUA ABEICONVTHIFE
AEEBLUIRNC EDH EH S/ (Table 5).

Wik ICHA Thicf@oa®  Bik% Braun cell
homogenizer T L7, Fig. 2 - T&ENT
NONEXRMCERA T NIROBEZEER UERER
$ (Table 6). ALV DD XD CHBEAKEREIC
39.2%%EFEINDD, BARPICHAENbDITON
TiZ Schneider Fic k0, ZOEAFEN-R 3% HET
UtckER, 35. 8BSEMEANOFIBR MCEATNTE
Y, FI6HHEERNOBTNEDPLPE S FUHEKX S
iKH BB, Fi (F) D& D0 PESTFHUERIIC
IBELAETNS. L L phospholipid % phospho
protein XAFEICII RBFEHERMCIIEA TN TN
T EDHED LR, FOTAHKFICONTITERYE
YL NEY g Al

Pl _E Candida sake A ¥RiT ¥ 1) 2 $FEUAS I X T
BBICONWTERTS L Table 5 BXU 6 DEREMS
Candida sake A ¥ Ti3#tHbic 100ppm @ Cu?t 2N
R LUK, £OM30BBEHICRELT O LI %
nTEY, ZzD S bRERIL, 39.2%, BANTUALE
1360.8% ThH » 1=, 1RBHED B LUFER i X 54

B R T IR LKERAEIC & &3 X IHINSROHALER
L83 LiIC XD HEBEE B LT 303, Candida
sake A BETI34FR), BARAICH LSRIC S L3 Biadt
bHOoNY, LAOWERBEIBO D EEZ S
N5 Bk#HICRTIzomOmEEES LT,
Woolfolk!D) jz X v M. lactilyticus % HHV Tk Fo
Fr itk Cut 5 Cult ~OBITTEENEE
INTNBA, Candida sake A FEDTHEEREE it DT
BEICELUSBRE LIWEZTH 2.

L3 ¥

EUERP LD, SRR Candida sake A B1 %53
WL, REU7. Candida sake A #Ri3EF T +2 3H
R THMEIN Cu?t Oy 30 B2 BB LWV LEGAS,
2D H39. 2% RBWER ST, 35.8%IIBE KR,
26,000 x g, 153D _EHR 2T, 16% 3B FIEES
FYERXFC, % LT BIRTIREDTFUERXHC
R xhi.

KOS, EUERORMEZRELTTFEIVELE, &FET
ZRTKELEZORAFEREICH L, T EMEEEIRO
ROl R B BELER, BRE—HZIcH U B
T5. UBAWRO—HIIMAM4SE4L H 4 B, BAME/LPLKS
EHBOTREL:.
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