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ABSTRACT

This examined some conditions for the induction of pg-D-galactosidase synthesis in Candida kefyr
CBS 834. The optimal pH, temperature, and inoculum size either for growth or pg-D-galactosidase
synthesis were 5.5, 30°C and above 0.2 at A610nm, respectively. Enzyme activity began to increase at
2h after the addition of inducer, and continued io increase linearly up to 2~3h before reaching
stationary phase, and thereafter its activity was decreased. g-D-galactosidase was induced either by

lactose or galactose but not either by glucose or ethanol. The greater activity of g-D-galactosidase on

galactose than on lactose indicated that the former might be a natural inducer for g-D-galactosidase

synthesis. The rate of its induction as a function of lactose concentration showed that enzyme activity

increased linearly above 4mM, while it was very low below that. Glucose repressed the induction of

B-D-galactosidase, and the period of adaptation to inducer from other carbon sources was relatively

short.
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Candida kefyr= Kluyveromyce fragilis, K.
lactis 218 31 Candida pseudotropicalisol 4 &} 7
o] lactose® oVAFT HEEo= FHAY &
g+ HEFRAelH(Lodder, 1970). lactose:
B-D-galactosidaseo]) 2}5te] glucoses} galactose
2 k4=l lactoses] Fife] B-D-galact-
osidase?] iEt} lactoselEigFo] BT Eke
t}(Dickson et al., 1979; Dickson & Markin,
1980; Dickson & Barr, 1983; Pedrique &
Castillo, 1982).

lactosee] 4k3l S-D-gelactosidased] FEiMo} =
g KM K. fragilis, K. lactis, 18]3 C.
pseudotropicalisol & B okAwt Saccharomyces
chevalie®] galactozymaseX 3 =9 71 AE U
9]t} (Spiegelman et al., 1950), =& C. kefyr
CBS 834% lactose kol Al H o] x2)5] o Fof

p-D-galactosidases] ARFE W Az Kis
7 Aoz wfEdc 24 K. fragilis, K.
lactis, 2.8]3 C. pseudotropicalise 3= sy
e Wik ¥ BRAK BWMRIEA gloiA R
Beol 1€ Aoz ¥ kI 3o B¥AE
HEpol 7l & #A ol MREY WER#MES
Sl e} (Davies, 1956; Dickson & Markin, 1980;
Pedrique & Castillo, 1982; Dickson & Barr,
1983). 28} Candida kefyro] A+ 9
BRRE HE #|MEST Qi EHRAAE LB
fid] 3 p-D-galactosidase SRUMIFAl B3l
2o HsA WEE 37 B AMENE o
2A} B-D-galactosidase &pol ¥ 2 714 #
e WMEIAT
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H¥ RASA 2% lactosesl 2% glucose &K
YM ZREH Eoll A RFst x @REES 28
B He = dtd 4°ColA] RIEFEFEH AEE
o A Buhz e K,HPO,, 0.3% (w/v);
yeast extract, 0.5% (w/v)Ql Dizshel Difco
laboratoriese] f§#tBo #rd BS 252 H
#3l YNBE fEHstg ot 559 pHE IN Na-
OHs¢} 1IN HCl= ##ksld ot

2. B

BatchiZig & EH 50mlst & &=M1§ &
250mlEo] Erlenmyer flaske] 4] EiEsId . &
9] #fE pH 4.52 ¢4 DEGeE HFRsY
30°Ce] #1E MBS (120strokes/min)ofl A  #HH
B A A BR Aed S KRR
g 2xXYNBEHKo = w#s o8 BiEs 4
BRE=S %50 HEKE EH2E Forma Scien-
tific Co.) & FfH, 2x YNBi:hol A 1EsEsig o
o EMES 37 9 BEER B R%uk4t
2 fermentor (New Brunswick Bioflow Model
C-30)ell 4] ul4 X, 6000rpm/min; aeration
rate, 30volume/min; BE, 30+1°C; {EB) vol-
ume 250mlo} ¢l 3. pHE HE)FHE 2 (New Brun-
swick Co.)& 4#F IN NaOH= 449 pHZ #
®a At

3. ¥ TR

B-D-galactosidases] &2 O-nitrophenyl-g-
D-galactoside (ONPG)& ¥HBZ 3to 4¥LtE
ko g RS W ¥ EREHE o
2o} 7ol KiEslgch EEREEY 1mlg Ha,
0.1M potassium phosphate; 10mM KCl; 1mM
MgSO,; 0.1mM MnCl, =83 50mM 2-merca-
pto ethanolg &7F3 REEMK (PH 7.0), 1mlsh
B4d b8 1.2ml toluened i3 15~20FPfH
tubemixero] A mulat o} 30°Col Al 8043
A A o} (Dickson & Markin, 1980). kit &
Aol 0.8ml (4mg/ml K¥FH) ONPGE jms
30°Cell A} 3047F KEEA A v+ 1M Na,CO; 0.2
ml2 MRRES P A2F 5000x gl A HEd
BN g k@l £ s O-nitrophenol
BS A420nmol A JIES BAEE 7HA = vl
FA48 BEHA K Tt FHREINAG ¥
#9 iEHEArE pmole O-nitrophenol/min/ml
olglx o] fEHTAAY HTRIEFAEE 4.0X

{¥ol.-22; No. 2

107*Me] gl e},

4. &£ERS HE

G RES A6l0nmol 4 BEY BHERA M
RE S RRstAc. BEEMS 0.70 kA 73
tole FAsige, EAAER ml¥ BAEE
% ERE Y ARl Rt Ge A9
EHig RS ddFach

5 Rt =R

EHEES Lowry (195180 fkelg = lac-
tosefk-& Nickerson (1975)9] Fgkol whgrel.

g 2

1. pH % BE C. kefyre] &R0 Ol I8
lactose® oV AE 3 REF o2 I 2XYNB
kel A pHB & &ZEE 2 pH 4.0~5.5 Alo]
ol A &&ol Foor HEE 30°CE HEoE
K UTY HEAAE &8 BETE £ + &
ot (Fig. 1,2).
2. e 37 C. kefyrel &8 % 5D-
galactosidase SEEBMMMAG ojXes &
lactose ol Al C. kefyre] B-D-galactosidedr il
FiE 9 £RAEREMS 23 pH 5571 &Rl
U BERAR BEEE 24 Ak (Table 1),
24 pH 5.5, BEF 30+-1°CE #4%5 fermen-
torof] 4| batchii® & KRR EMES 37|
o W& &R, HERFEFM, 28z 29 EY

sof
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Fig. 1. Growth curve of C. kefyr at different pH.
Cells were grown in 2xYNB containing 20
mM lactose for 16hr at 25°C. pH was adjusted
to given values with 1IN NaOH or IN HCL
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Fig. 2. Growth curve of C. kefyr at different tem-
perature. Cells were grown in 2xYNB con-
taining 20mM lactose for 24hr at different
temperature.

Table 1. The lag time for growth and enzyme
induction in Candida kefyr at different pH

Lag time
pH
Growth Emzyme induction
4.5 42 6°
5.5 2 2
6.5 8

a. the hours taken to end the lag phase
b. time taken for the first detection of S-D-galact-
osidase after addition of inducer (lactose)
All experiment was carried out in fermentor as
described in the text. Cell density was adjusted to
0.340.03 at A610

¢ Fig. 3% Fig. 4] velt ok, Fig. 344
Bl & utel o] £RABL FHES IJ e
FA ol {Emekfdo] 4. 0180l 9o, 4 £
JARTREEAE-S A610nm, 0.028frol A 128500, A
610nm, 0. 2Bf7o] A 48§, 2> A610nm,
0. 3860l A 28:Riiol 3}

BREEHS dAE 4% A610nm, 0.29F A
610nm, 0.3 Atolel A £ 4 A2k (Fig. 3). &
H EMEY 37)d 4& Y BRHERE ¢
o}8.7] ¢ B-D-galactosidaser} H 22 ZA 25
£d Age AE 2489 cH(Fig. 4). Fig. 4
oA ¥oF uvlel 7to] B-D-galactosidaseZBIR
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Fig. 3. Growth curve and g-D-galactosidase activity
by different inoculum size at pH 5.5. C.
kefyr was grown in 2xXYNB containing 20

mM lactose using fermentor. All culture
conditions were as described in the text.
Symbols: [J—_1, 0.3 at A610; A—A, 0.202
at A610; C—0O, 0.022 at A610; @ @,
lactose content at 0.022; A-—-A, lactose
content at 0.202 [---@, lactose content at
0.3

WEE-S A610nm, 0.02004 9§, A610nm,
0.20] A 4R 2l = A610nm, 0.30)4 26%RE
o] 485 9gitl. B-D-galactosidaseo]| 4 & £ 9]
7%} w£3tA A6l0nm, (.29 A6l0nm, 0.3
Atolol A BRABUERHMS dZAJ ed B
Fde ¢ & Uk =, Fig. 404 noE
v} zto] A610nm, 0.02~A610nm, 0.241 A&
B R ¥ SHERI-S A610nm, 0.02~0. 30 A
€ THHE 2543 o2ty A610nm, 0.2
frt B DE(ERES doz Bitslor & A
oz Po)d Mol MRARRBIME I
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Fig. 4. The relationship between time taken for the first detection of g-D-galactosidase and different size of
inoculum. All conditions for cultivation were the same as in Fig. 3. A, B and C were 0.02,0.20, and

0.31 at A610, respectively.

A7led BEMA A &t lactosed] W47 &
¢ 3w FoE MRS 27} A6lonm, 0.2
~0.3 Atolol A& $£3] 108/ Likel lactose]
ST @At s = o (Fig. 3). ol& #
&S =771 Aolx A6l0nm, 0.2 LlEE Ho
of ¥ iz Fx Uth
3. HIX| R¥EBELUM C. kefyre| &8 % 8
TS
469 REF LA C. kefyre] £R L i
=gk Heh &Rl 713 el E AL glucose (it
REEME (g) =240) 01 12, lactose (g=276%),
galactose (g=32447)2] JHoll.2), ethanol (g
=576 kel A4 A3 =i (Fig. 5). ¥4 ¥
o EHE 34 R HEBMHLZ  lactose
Lol Al 2ol galactose boll A EEEEM O] # 24%
PlEolvt gtz R Liglol = BERiEHo
FHAST H L#EYEE S#8 Sl 3
A7 W Eefdagel WA stglel. 8 lactose
AAE REM Lldfede ol FHAMES
ARt K LAkol £ galactoses] 3994 w&x
& 3Yge ¥ 4 AU (Fig. 5). A glucose
1} ethanol kol 4 BERARUKHEE] w14 %t
o1} glucose kol A} Bt} ethanol kel 4 o7k

2 kEY BERARE 195U (Fig. 5).
4. lactosel X0l mME s-D-galactosidase &
lactosefo] 3mM LI Tol A& BKiEo] o] S
goteyt 4mM [l kol A= 29 Einst @A %
€ ¥ F AU lactose®] Himel et A
B9 BERERS Bnst BRFERY 457 $ol
Adct(Fig. 6). = HRAWS Bl &
BogHe d&Ho] 3 REEEE 16mMoy
20mMo) ¢} o},
5. Ethanoll} glucosed! X SAl2] 87} lactose
L} galactose L0l A| 3-D-galactosidase®sfoll
nixle gg
ethanol, 8] 2 glucoseo] FIEA 7 oL lac-
toser} galactoseol] 4 B-D-galactosidaseS gE¥M A}
A A, T utE EERAHC] #EMsder 2
BiHol ELRRAYo] 21} glucosert ethanol koj A
£ BRAR REKES #RrsigdFig. 7).
6. glucose’t p-D-galactosidase S D&
ag
glucoseo} &%} transient repression-& HEBs}
71 B3te] ethanolifitio] 4 A 71 7A RIEERS
o1& BE&HMolA  B-D-galactosidase 4R
FHAA £ KR, lactosesto] el HEY S
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Fig. 5. Growth curve and g-D-galactosidase activity
of C. keifyr growing in 2x YNB containing
40mM of galactose (O), 40mM of glucose
(D, 20mM of lactose (A), 20mM of
ethanol (A). Cells were precultured twice in
D medium and washed twice with 2xYNB
solution without any sugars. Enzyme was
induced at zero time with the inoculum of
between 0.25 and 0.29 at A610.

d Piffiel, 28z HEMNLE BERFN o
ol yt o1} lactoses} glucose, 22] 7. galactoses}
glucoser} &H S Kol A& diauxiedEahig S
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Fig. 6. Effect of inducer concentration on the kinetics
of induction of B-D-galactosidase. C. kefyr
was precultured in D medium containing 20
mM ethanol for 72hr, then grown again in
2XYNB containing 20mM ethanol up to late
log phase, harvested, and washed twice with
2xYNB solution without sugars. Enzyme
was induced with different concentration of
lactose at zero time. Inoculum size was 0.3
at A610.

Symbols; (-], 2mM; A—aA, 4mM;
A—A, 8mM; —@, 16mM; O—0O, 20mM

2.2]wl A B-D-galactosidase SR 2] M}t 2 chr}t
glucoser} T 5 MEESl = el Tulz B-D-
galactosidese &% 0] FHiMyl AKMC= Wnst
et (Fig. 8).

z =%

Candida kefyre] 5 p-D-galactosidase 4
Bk RE pH, BEx &% 5.5, 30°Col4l
o(Fig. 1,2). BRER BE pHsl C. pseudo-
tropicalisoll X = 13k #HBS] 3.5 (Bales & Cas-
tillo, 1979), Kluyveromyces fragiliss) J = 4.0
~4,70]) gl c}(Wendorff et al., 1978). & Stre-
ptococcus  thermophilusol =  6.5~7. 4 0] 1=}
(Ramana Rao & Dutta, 1977). o|&|¥ R
whey milk o)A Q& Ze]7] wjFo] YNBL|
A8 C. kefyre] ASole vlng 4 A S
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Fig. 7. Effect of cells adapted to ethanol and glucose
on subsequent induction of 5-D-galactosidase.
Yeast cells were grown to stationary phase
in 2XYNB containing 20mM glucose or
ethanol at 30C, collected, washed twice with
2xYNB without sugars, and induced with
20mM lactose (A) or 20mM galactose (B)
at A610 of 0.24+0.024.
Symbols:
A; O—0, ethanol grown cells+lactose;
A—A, glucose grown cells+lactose;
©®—®. glucose or ethanol grown cells
+glucose
B; O—0O, ethanol grown cells+galactose;
A—2N, glucose grown cells+galactose;
©—@®, glucose or ethanol grown cells
+glucose

thermophiluss} K. fragilis®] hfd] pH @EE
BoFoct. M C kefyrd] £RI BREK
o] 30°Coll 4 %gtidl (Table 1) o]}z HE
= K. fragilis (Davies, 1956), C. pseudotropi-
calis (Bales & Castillo, 1979), =&lx K. lactis
(Dickson & Markin, 1980)9] # %9 HEIE-S
LGRS

BRAR BHEY LR EMEC vAe 9
g 23S W £Rel dAE A6l0nm, 0.2
BALL Eo] Mol A (Fig. 3), of= 4£H
o B#& 271 A6lonmol A 3EAL Lkl W9
of gl (Fig. 3). ol #Me E& =719
10% BES E#Ro] £Ro BRMIE Ll
8 Fx ok (Pirt, 1975). ol 9} KLIsAl Bk
ZUEMY 2Fd = £Ro HEZR HEE E
4 gl H RS ERHL EERAK
AR E —He s —Kidz g4 e
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Fig. 8. Effect of glucose on g-D-galactosidase induc-
tion. Yeast cells were grown to stationary
phase in 2xYNB with 20mM ethanol, and
induced with sugar mixture at A610 of 0. 30,
0.02. Symbols:

O—0, 20mM lactose;

AH—A, 20mM lactose+-40mM galactose;
©—@, 40mM glucose+20mM lactose;
A—A, 40mM glucose+-40mM galactose.

dl pH 5.59 6.5 A& 2e] pH 4.54 4 &
o] E 7ol FERJ} AL Th(Table 1), ojze &
22 Youngz} Healey [1957)o) {k3] Saccharo-
myces fragiliso]l 5 B|E=R u} 9o}

C. kefyre] BEHRABUERIE 291 A6l0nm,
0.38 7ol A 2Wpfic 2 K. lactis (Dickson &
Markin, 1980) 9} C. pseudotropicalis (Pedrique
& Castillo, 1982)2] 6~154r0] Hal 8~10f%
W} 7 3 Saccharomyces chevalie (Spiegelman et
al., 1950)9] galactozymaseo] M 3l 12Z 3
oh. olgize ERr- EEEY U], MRER,
B Sl B HaERMS X2RdA XHEZ
% 9z = fiE, strainsfie] REHY ERl
#®E 45 led o€ EiRol HI HHUYE
o] kol AV ERFR MEARA LT
BEHES RN RERETT B2 AdA &
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RE 4 vk K Bive 499 EEARSY #ill
7t thfEs = (4~168:f]) A6l10nm 3~4HEfi7]=]
MRS ARz BNty o Foicd
(Fig. 3,4,5). olAd] HeAE S22 FNY
Hol HE ERASERY Bkt BlE 2
B2 BRAR HY BHHHS MR BE
BEES MEFo2A B BEEY KRS 9
4 g Aoz By, C. kefyrd A= C. pseu-
dotropicayis$} K. lactis, K. fragilis, (Tingle &
Halvorson, 1972; Dickson & Markin, 1980;
Davis, 1956)o A}$} 7¥o] lactoser} galactoser}
B-D-galactosidaseo] BWispEol At £ Wl
A Folzl galactose 9] ¥ £ 40mM, lactose:
20mM2 A {LBfYe 2 %ol galactosef
o2 B lactoseo] H3] 2fF7F k. v
& 233 lactose koAl o Fokort BER
& Bl 237 galactose oA o ¥
st} (Fig. 5). w#A] galactoser} KR HEY
HY "THetko]l =k o9 vlxd d4E Pedri-
ques} Castillo (1982)7} C. pseudotropicalisol 4|
WES vt 9o ol HE Bk BEI Mm-S
galactoses) lactose?] &K FHMME (gratuitous
inducer) o]l 43} B-D-galactosidased] FEHARE
9 OElS hEsiEE g JE 7 dE s
2o,

ZBWEY R7EA BEERARTHEHE 24
lactosed] ®E7L 4mM Ll kol A+ EEEA
uhel BRG] W& ¥ okt EESE
RWPHES BEEREe € 5 JAt (Fig. 6).
C. kefyre] BERE] 4mMe K. lactis (Dick-
son & Markin, 1980)9] 2mMod}l 3] 2%y =
< Bl At olv FiMid ule} el FEY
Hol B3 ERRS Bbkol vt HUGEIER &
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ol H3 Ay BEHES RERE £ &
AHe 2 2o = HNpERe RE Bind =&
MR ABRARIAMS GBS Adames (1972)
7} Saccharomyces chevalies X-¥] 4% galac-
tokinase®] 749 ¥l &8t

ethanole] v} glucoses} -2 Hol ojs FEEsl
M7t %k EMHHEY FE T p-D-galactosi-
dase A Bilol v A& 4 ¢ B galactose
9} lactose Lol N & AiiiEEEel A HEER M B
fhglo] p-D-galactosidase2) ¥+ ZTuvlz 18
I EH#e 2 BEXRIEKS Hinst dslevglu
cosed A= 1 WEVT BAEK#ES #EN e
o]l C. pseudotropicalis (Pedriques} Castillo,
1982) 9} K. lactis (Dickson & Markin, 1980)¢]
e @ED A3 BEsioh 2 glucose ko A
BEK#EMES} @ molez o]zl lactoser} galac-
toseZ 56 HiME MR EES KR 21E
o} £ lactose ko 4] ¥t} galactose Lol A B¢
ol ¥ 1.265 £kl (Fig. 7) ol #AY
u}o} ko] galactosert HATEMMEY wIHEH ]
=58 mEd Fz dth

glucose ol A WHEEA 71 C. kefyre] ML It
# lactose Lo A] B-D-galactosidaseo] ZEilMof <
gL Fx| X8 o} lactoses} glucosert EAH
Ko Boll A P13 ARREES SmesiisztA =
RARS HE d9dh Ul 2R
imst ol (Fig. 8). ¢o2 BEARA oA+
glucoses] KEFERT MEEHI o o] w8 = o 3zl
At & KBAA Folz EANA) BERE K.
fragilis (Dickson & Markin, 1980)2} C. pseu-
dotropicalis (Pedrique & Castillo, 1982)0] 4]
& C. kefyro] = catabolite repressiono] ZFF#E3}

(el +) =
ZdEe XaFn 3

W E

4 W% Candida kefyr CBS 8349] B-D-galactosidase & HESEA M D71x HHE BES Aold. £ o
p-D-galactosidase& ol & pH, BE ¥ HEEHLS %4 5.5 30°C, A610nmol A 0.38firo] o}, EERiEE L &
HHES mEmg F oepMA $5 Jeds] gafeste AR5 2~3A AR A4 Bt 3t LkYE KD
34 c}t. g-D-galactosidases lactoser} galactoseol {48 FHiisl .o} glucosert ethanolo] #HA = HMsA &
gk lactose ko] 4 M th& galactose l-o] A] §-D-galactosidase®] #E#Eo] & & galactose?} 8-D-galactosidased] K
REUHWRY "iEtko] U-SE v FUch lactosed] BEEME A p-D-galactosidaseo] F#lag v 4mMLlL
Ay 29 Eio] FEpES MERM e} Hing ot AmMELITel e 29 EHol W § 2gkonl glucose
€ p-D-galactosidaseZBil & A sIgn filiFEH o2 FEEH0] HI} FEMES HEH B3
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