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ABSTRACT

This examined some conditions for the induction of pg-D-galactosidase synthesis in Candide kefyr

CBS 834. The optimal pH, temperature, and inoculum size either for growth or g-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 to increase linearly up to 2~3h before reaching

stationary phase, and thereafter its activity was decreased. p-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
p-D-galactosidase, and the period of adaptation to inducer from other carbon sources was relatively

short.

# B

Candida kefyr= Kluyveromyce fragilis, K.
lactis 18] 51 Candida pseudotropicalise] A &} 7
o] lactoses o|VAFEY KEFo2 FAY T
e HEEEERel o} (Lodder, 1970). lactose:
B-D-galactosidaseo] 2]3}e] glucoses} galactose
2 K5z n lactosed] FiHo]E B-D-galact-
osidase?] jE#} lactosesEify o) il FERs
o} (Dickson et al., 1979; Dickson & Markin,
1980; Dickson & Barr, 1983; Pedrique &
Castillo, 1982).

lactoseo] 43} B-D-galactosidases] #EiMo| =
g Bl K. fragilis, K. lactis, 283 C.
pseudotropicalisol 1= oA vt Saccharomyces
chevalie2] galactozymaseq & ¢ 71 HE 9
%) v} (Spiegelman et al., 1950). z.&d] C. kefyr
CBS 834% lactose kol A] &Eo] g7 o T

B-D-galactosidases] AR FEHE Az HE
7 Aew wHEAC. oetd K. fragilis, K.
lactis, 18] C. pseudotropicalisE = Yy
Hel EiR 9 BRAK BHBIE] Sl R
Bhol Sl& ez ¥ EFE 3 BAAME
BRAYCI 7l & stARE oo BREESl HAEMEL
9l e} (Davies, 1956; Dickson & Markin, 1980;
Pedrique & Castillo, 1982; Dickson & Barr,
1983). &yt Candida kefyro] Bl A= 99
BfRE B HE7T Aot APRANE ki
fiol] %§ B-D-galactosidase SERE/E B3l
o FdsA HEE o) B3 EMENE <
2A} B-D-galactosidase 4ol #3t 2 7}A &
#-E& REFA T

HH R B

1. & #&EH ¥ g
Candida kefyr CBS 834% Hollande] CBS=
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HE RABS 2% lactosest 29 glucose &%
YM £XRE bl A R 2 AR 26
A HBez 3to 4°Col A REFsIA. AER
of ALY Hiw=AE KHPO, 0.3% (w/v);
yeast extract, 0.5% (w/v)ql DiZipel Difco
laboratorieso} fg$t&ol FRd B 2%z W
83 YNBE fERstdch. #e) pHE IN Na-
OHs} IN HClz sl g ol

2. IBWEEH

Batchi & HEWK S0mlsl & £vpA & &
250mlE-o] Erlenmyer flasko] A} EHslach B
o] g pH 4.52 2% DEnes (FRstA
30°Ce| #1E B2 (120strokes/min)oll 4  # K
REZ A RERY B A= S RKEE
9 2xYNBEHoZ HEd o3 BrEd M
=R St3o] EilkiE R#aE (Forma Scien-
tific Co.) & FIfH, 2x YNBizHbo| A ESH o
o BEEY 3] € ERAR I EHEs
& fermentor (New Brunswick Bioflow Model
C-30)ol4} =ul4 %, 6000rpm/min; aeration
rate, 30volume/min; R, 30+1°C; {F&) vol-
ume 250mlo] ¢l = pHY HEyFHEI2E (New Brun-
swick Co.)& #ff IN NaOH=z 44 ¢ pH=Z
®watg ot

3. E¥e =it

B-D-galactosidases] FE-& O-nitrophenyl-8-
D-galactoside (ONPG)& HEH= 3o 4K
ez sl RS il ¥ EEEEE of
# o} go] EHistH ot EAIEEY 1ml& s,
0.1M potassium phosphate; 10mM KCl; 1mM
MgSO,; 0. 1mM MnCl, 28z 50mM 2-merca-
pto ethanolg 47H3 BEMAK (pH 7.0), Imls}
B4% obS 1.2ml tolueneS Jpa] 15~20%bfH
tubemixere] A = ukst o} 30°Cel A 804
72 A 7 v} (Dickson & Markin, 1980). kit &
£l 0.8ml (dmg/ml AK¥FH) ONPGE jns)
30°Coll A 3047F] REEAIZ o5 1M Na,CO; 0.2
ml2 BRKES AAAZF 5000xgol A i
SEEA T THe kW &% O-nitrophenol
S A420nmel A BPEST BAES 7HA 2 o]
A" WER K8 At HESAS B
#9 iE#EfrEs pmole O-nitrophenol/min/ml
ol Az o] HEHTAMY STFERAMHME 4.0x
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4. £E® Ax

ERES A6lonmol A BT BAEZA M
Kl S FRstd ot BOLEMES 0.700 kY A
Fol€ s Asgs, HEIAEE nlE BHEE
3 ERE 9 MRS BEESS Mfs A9
B HRE 2o Fo

5. Hit ER

EHEES Lowry (1951 kel 4katgl=z lac-
tose®-2 Nickerson (1975)9] FHgkol| uistch.

g 7

1. pH % BEI C. kefyre &R0l Dlx&= 9§
lactose S o VA 2 RKEEoZ 3 2XYNB
kol A pHE| £KZE-¢ ¥el pH 4.0~5.5 Atol
ol A ko] For BEE 30°CE HEOS
HUTFY DEkdAde £8 BETE £ F A
Aot (Fig. 1,2).
2. HHERS I C. kefyrel &8 N pD-
galactosidase SHBMMAMON NI X &
lactose Lol 4] C. kefyre] B-D-galactoside &K,
F¥ 9 ERBEWHHS 2 pH 5.571 &&Kkel
J BERARA AT E4 A (Table 1).
2ej A pH 5.5, B 30+1°CE #i%=l fermen-
toroll A batchi# & HstH o HEES =7
of W& &R, BRBERMH, 292 29 H

50
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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 IN NaOH or IN HCL
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Fig. 2. Growth curve of C. kefyr at different tem-
perature. Cells were grown in 2x YNB 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
6.5

a. the hours taken to end the lag phase
b. time taken for the first detection of p-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
0.3%0.03 at A610

< Fig. 33 Fig. 40] Vet gic}h.  Fig. 304
B F uheh o] £RAE L RS Iv|dE
SA glol fEmesRiol 4. 01Rol o, & &9
JRWAFMS A610nm, 0.028f7e] A 128:R8, A
610nm, 0.28fzo]A 48RS, ==j= A6l0nm,
0.38f7ol A 2m5Ro] o ot

BEREEHS] @43 9332 A6lonm, 0.29 A
610nm, 0.3 Afojo A ¥ < 9lqich(Fig. 3). &
H EEE 7)o =& FUAY BWHME <
olB 7] ]3] B-D-galactosidaser} H 2=z A&
€l A AtE 2439} (Fig. 4). Fig. 4
ol 4 BoF ule} 7ro] B-D-galactosidased BIE

B -D-galactosidase activity /AGionm
=

o 10 20 30 40 S0

Time (hour)

Fig. 3. Growth curve and g-D-galactosidase activity
by different inoculum size at pH 5.5. C.
kefyr was grown in 2XYNB containing 20
mM lactose using fermentor. All culture
conditions were as described in the text.
Symbols: (J—[], 0.3 at A610; A—A, 0.202
at A610; O—0O, 0.022 at A610; @@,
lactose content at 0.022; A---A, lactose
content at 0.202 Il---l, lactose content at
0.3

Wef-S A610nm, 0.0200 A 9mRd, A610nm,
0.201 4 4F¢fd] 2]z A610nm, 0.30] A 28RS
o] A£85= %t B-D-galactosidased] A & 4R 9]
7 %9 ¥ &34 A6l0nm, 0.29 A610nm, 0.3
Apololl A BERABIREHMS T35A7 &6 &
22U S ¢ F Ut =, Fig. 404 3 F
dle} zro] A610nm, 0.02~A610nm, Q.20 A4 &=
HfrEmRYE S-S A610nm, 0.02~0. 34 A
€ TS 2543 o2ty A610nm, 0.28
vk D E(ER&S doz2 Hatslor & A
oz Boh)e EMRC] MRARBRINE 2%
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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.

A7 el BEHA A 2ot lactoses] w47
+ 29 AHox EEEY 37|71 A6l0nm, 0.2
~0.3 Atolol M= k3] 108:R Lifgol lactosed
S2WMT Bt BfEsl 2 Qi (Fig. 3). & #
e 2717 AHolx A6lonm, 0.2 LAEL o

of ¢ uESH F2 Aot
3. WX MR LA C. kefyrs] &8 U &

. y=754

480 KEWEAA C. kefyre]l £FEE W
=Zoh He Rl 714 W& & glucose (it
RFeH (g) =24043) 01 132, lactose (g=276%7),
galactose (g=32443)2] fHo] gl on], ethanol (g
=5764) kol A 713 =k (Fig. 5). T B
Ko EHS B R HWEMNo=  lactose
kol A 2} galactose boll A EBEFRIEM:C] #9 2%
PlEeolvt w9k REW Lialel & EEHKiEHo]
FHAsIY K LIgEFEHE S8 Fohstd 3
A7) B FefERIol WA E . 28 lactose |
AAE KRB Ligiele o9z FTHAKS
AR K Lol £ galactosed] -9 %
T AFE € 4 A} (Fig. 5). @A glucose
1} ethanol ol N & BERARUKEEC] ®l$ 2t
o} glucose ol 4] Bt} ethanol Bof A  <F7)

Fo KEY BERERE 2959 (Fig. 5).
4. lactose;REE0| MHE p-D-galactosidasee| &
lactosefo] 3mM L) Fol A= BEEIE O] o &
Fokout 4mM PlEel A& 29 st A4
€ £ & 9z lactose® 9] #Eimel =zt MY
9 BERAKS Nt BB 357 gl
ARt (Fig. 6). = BERARS H#imigolt &
BEFREY 250 Zd BEREET 16mMdA
20mMo] 3=t
5. Ethanoll} glucosedi XS A2l #iE7t lactose
L} galactose L0l A{ a-D-galactosidase& &% 0il
Oxle ag
ethanol, =] & glucoseo] FEEAI7] o}& lac-
toser} galactoseol} 4] B-D-galactosidased FF A
7 As, ot BERARC] FESANeH o
B BEEfel et glucoser} ethanol of A
= BRARC] REKES #Rstg o Fig. 7).
6. glucose?} p-D-galactosidase S0 0O(Xf=
g
glucoseo] &3} transient repressiong HEBks}H
7] B3ho] ethanolifithiol A A 7171 AERT
oS BEREAREM A p-D-galactosidase SRS
BUAA £ &R, lactosemto] Hiho] HENE
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Fig. 5. Growth curve and g-D-galactosidase activity
of C. keifyr growing in 2XYNB containing
40mM of galactose (O), 40mM of glucose
(O), 20mM of lactose (A), 20mM of
ethanol (A). Cells were precultured twice in
D medium and washed twice with 2X YNB
solution without any sugars. Enzyme was
induced at zero time with the inoculum of
between 0.25 and 0.29 at A610.

dE e, 2elx ERMoT MRENI
oyt o1} lactosed}t glucose, 28] galactosest

glucoses L Hiio] A& diauxied: Rihiig ¢
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Fig. 6. Effect of inducer concentration on the kinetics
of induction of pg-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; [O—[, 2mM; A—A, 4mM;
A—A, 8mM; @—@, 16mM; O—O, 20mM

28] A B-D-galactosidaseZ 2] BH~H 2ot
glucose7} 2T WiEHE FHjidl Zutz 8-D-
galactosidase 4 o] HBMy} HigWoz B|inst
At (Fig. 8).

L

Candida kefyr2]l #: R} B-D-galactosidase &
HEHS &8 pH, BEE £% 5.5, 30°Cogl
o (Fig. 1,2). BRER BE pHrl C. pseudo-
tropicalisoll ) & i3 ¥HAS] 3.5 (Bales & Cas-
tillo, 1979), Kluyveromyces fragilisol 4= 4.0
~4.701 1tk (Wendorff et al., 1978). & Stre-
ptococcus  thermophiluse) &=  6.5~7.4 o] Ao}
(Ramana Rao & Dutta, 1977). o¢]=l3 EE:
whey milk ol 4 @& 70]7] = Fo] YNB L]
A9 C. kefyre] g9 vlag 4 gA" S
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Fig. 7. Effect of cells adapted to ethanol and glucose
on subsequent induction of g-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—QO, ethanol grown cells+lactose;
A, glucose grown cells+lactose;
©—®, glucose or ethanol grown cells
+glucose
B; O—Q, ethanol grown cells+galactose;
A—A, glucose grown cells+galactose;
®—@®, glucose or ethanol grown cells
+glucose

thermophilus®} K. fragilis®] rhfs] pH #ES
B FAck. A C. kefyrd] ERI BEREK
o] 30°Coll 4 Fgttdl (Table 1) o] g} 2-& R
= K. fragilis (Davies, 1956), C. pseudotropi-
calis (Bales & Castillo, 1979), =gz K. lactis
(Dickson & Markin, 1980)¢} 73¢9} ¥{lg$
HoF3ih

BEHREH FHEe £Ro HEfEC] vAT 9
&S B2 o &Rel gliAd+ A6lonm, 0.2
BATLL Eo] BRAyel fled (Fig. 3), o= £H
o F&&E Zr7le A610nmeoll A 3EAL DLk H$
of sldck(Fig. 3). e°l& HEHY &mEm 2719
10% RES #fEC] &R BRMYS &
8 Fx 9leh(Pirt, 1975). o]} FlsA BE
ZWEEHY G T £R HER BRE
4 gk @ £RY BHR ERARA
AR —EHeE —EId2 ¢¥A 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;

A—2A, 20mM lactose+40mM galactose;
€©—@, 40mM glucose+20mM lactose;
A—A, 40mM glucose+40mM galactose.

o pH 5.59} 6.591 A ¢k &3] pH 4.50 A&
ol 5 7hol ZEF7 UsicH(Table 1), olzg &
A2 Youngs}t Healey (1957)e) K& Saccharo-
myces fragiliso) A BlEd v} 9o}

C. kefyre] BERABBEHRIE 241 A610nm,
0.3%p7oll A 2BEfile® K. lactis (Dickson &
Markin, 1980)%} C. pseudotropicalis (Pedrique
& Castillo, 1982)9] 6~1550] Habd 8~10f%
W} 72 3 Saccharomyces chevalie (Spiegelman et
al., 1950)9] galactozymaseo| H:.3l=l 12fFv} &
o olope ERE EMEES 20|, MRFE,
FgEESd B WREMS £RAA ERE
45 9z = @, strainsfe] EEH 2Rl
#®E = YEd ol ERR HI FHMHE
o) gifoEol FAV SEER BRAR 48
FUME MK BERE 2 AdA &
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He & Ao K BEe 99 BRARY B
7} afE=l = (4~168fH) A610nm 3~4E {77}
= ERAKe] EEMNoR ®instg s = Folt}
(Fig. 3,4,5). o]Ac] HalAE doz2 FHiMsy
Holl H3 ERAWRS SRkl BRKFE 2
23 BERAR HY BEHHES MR BE
RES RETozA 2o BES #HRe 42
F AL Aoz B, C. kefyrol = C. pseu-
dotropicajis®} K. lactis, K. fragilis, (Tingle &
Halvorson, 1972; Dickson & Markin, 1980;
Davis, 1956)0] 4] 9} 7to] lactoser} galactoser}
B-D-galactosidases] BFiMpHEl At & Kol
4] o]z galactose ¢ Fx & 40mM, lactose:
20mME A (LYo 2= SFoly galactose
2.2 2d lactoseo] [t# 2ff%7F Ak zev
ERL 237 lactose koA o Fgout BEH
iG] BEfEc 2318 galactose koA o ¥
Skt (Fig. 5). whebA galactoser} KR FHEsY
HY wEEHo]l Erh. o] 9 uld @ A4S Pedri-
ques} Castillo (1982)7} C. pseudotropicalisol] A
BEe vl 2ok oo S Ro BET HHR
galactoses} lactosed] itk FMA'HE (gratuitous
inducer)o]] {3} B-D-galactosidases] FEBEAKZE
9 EES HBElEEA uE F e RAow
£t

FEPES 2N EEARFEE 2
lactosed] #®EE7L 4mM [ ol A= EEHE T
wet BERiEdel B ¥k ohet Rk
BRBWES BiEERE-S £ 5 99l (Fig. 6).
C. kefyrd] BiEEEQ 4mME K. lactis (Dick-
son & Markin, 1980)9] 2mMoj W& 2ffv =
< REECISTE ol WIS uls} 7o) HmEA
Hell #a BRSO Blftkol v EREEHER &
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Bel et M FEHES RERE £d X
B 2 2o = FEMHES BRE Eind G&
BERABUARIIMS] EMHEE S-S Adames (1972)
7} Saccharomyces chevalie= 3-¥] 43Bf3l galac-
tokinaseo] 7 -9-9} w]<3}4 o}

ethanolo] v} glucoses} 7-& fHoll o) JHE=
Mol itk FEEHES FA T p-D-galactosi-
dase S FMo) v A= o &L ¥ galactose
9} lactose Lol A = RiEEE N A BEER HEol BA
#glo] f-D-galactosidases] #FH¥ME Tulz 2=
3 EKNCE BEREES #inst Aoy glu-
cosed| & I BfE7E R{EKEE HRFHed
ol C. pseudotropicalis (Pedriques} Castillo,
1982) 9} K. lactis (Dickson & Markin, 1980)oi
e @wdd A FEplect. 2 glucose kol A
BRAE/KEEMES} [ mole2 Fo]z] lactoser} galac-
tose2 56 FHEE BERKO EHES HEs] Lks
o £ lactose kol A} ¥t} galactose ol A EEFEIE
ol # L.2f5 Egtevl (Fig. 7) ol& #idd
vo} zro] galactoserl HARBEMHEY FHEK: ]
o2& g F3 9

glucose [-ol| A BHEAI 71 C. kefyre] s it
# lactose ko) 4] B-D-galactosidase] EEiEio] of
g9 F2 Eg ot lactoses} glucosert BEH
R bl e 9 MIRBES EneiA <
BERAKS FE7L Addctslh,  Llgkd] &l
@mstg el (Fig. 8). $oZ BERAR vA+=
glucosed] FEFESH HREEH o Fo) ¥ Aok 3
A5k & KRolA Fo3 ®EAdAS FRE K
fragilis (Dickson & Markin, 1980)¢} C. pseu-
dotropicalis (Pedrique & Castillo, 1982)¢] A A
8 C. kefyro]| = catabolite repressiono] FF7E3}
2 98¢ neFx g

B E

A W3 Candida kefyr CBS 8342] p-D-galactosidase &Kol Mt 24 HHES B/
#% 5.5, 30°C, A610nmoll A 0.3 fro] o). EEFIEHL 5
HHEE T F 2MA 28 debds] thfEstd A7) 2~30 2AFAA] A%

B-D-galactosidase& Kol #i% pH, BE 9 #EEL

S Aol £R Y

Binstersl H LY E B

8tglch. p-D-galactosidase= lactose} galactoseo] #csl E#i=] ¢l o vt glucosey} ethanole] kA& s @
St lactose ko] 4 Mt galactose b:of A p-D-galactosidases] E#o]l & A& galactoses} p-D-galactosidases] &
RERHEY M JLE 2o Ft lactosed] BEEMEA p-D-galactosidases] HHHL ¥wd 4mMplE
dAe 29 Eifel BEMHES REBA oo} @Yot 4mMEITFANE 29 ko] o) $ ¥oton glucose
€ f-D-galactosidaseif & A SQ = fupRFo 28 FETdo] MY BEMMS HEm st



84 KOR. JOUR. MICROBIOL.

5l A X W

Adams, B.G., 1972. Induction of galactokinase in
Saccharomyces cerevisiae: kinetics of induction and
glucose effect. J. Bacteriol. 111:308-315.

Davies, A., 1956. Some factors affecting lactase forma-
tion and activity Saccharomyces fragilis. J. Gen.
Microbiol. 14:425.

Dickson, R.C., L.R. Dickson, and J.S. Markin, 1979.
Purification and properties of an inducible g-galac-
tosidase isolated from the yeast Kluyveromyces
lactis. J. Bacteriol. 137:51-61.

Dickson, R.C., L.R. Dickson, and J.S., Markin, 1980.
Physiological studies of p-galactosidase induction
in Kluyveromyces lactis. J. Bacteriol. 142:.777-785.

Dickson, R.C., L.R. Dickson, and K. Barr, 1983.
Characterization of lactose transport in Kluyvero-
myces lactis. J. Bacteriol. 154.1245-1251.

Lowry, O.H., N.J. Rosebrough, A.C., Farr, and R.].
Randall, 1951. Protein measurement with Folin
phenol reagent. J. Biol. Chem. 193:265-275.

Lodder, J. (ed), 1970. The yeast, a taxonomic study,
North Holland and pub. co. Amsterdam. pp. 982,
1025, 341, and 346.

Nickerson, T.A., LF. Vujicic, and A.Y. Lin, 1975.

{Vol. 22, No. 2

Colorimetic estimation of lactose and its hydrolytic
products. J. Dairy Sci. 59:386-390.

Pedrique, M. and F.J. Castillo, 1982. Regulation of
B-D-galactosidase in Candida pseudotropicalis. Appl.
Environ. Microbiol. 43:303-310.

Pirt, S.]J. (ed), 1975. Principles of microbiology and
cultivation. John Wiley and Sons. New York.
U.S.A. pp.4-5.

Ranana Rao, M.V., and S.M. Dutta, 1977. Production
of beta-galactosidase from Streptococcus thermo-
philus grown in whey. Appl. Environ. Microbiol.
34:185-188.

Spiegelman, S., R. Sussman, and E. Pinska, 1950.
On the cytoplasmic nature of long-term adaptation
in yeast. Proc. Natl. Acad. Sci. U.S.A. 36:591-606.

Tingle, M., and H.O. Halvorson, 1672. Mutants in
Saccharomyces lactis controlling both-glucosidase
and-galactosidase activities. Genet. Res. 19:27-32.

Wendorff, W.L., C.H. Amundson, and N.F. Olson,
1978. Nutrient reqirements and growth conditions
for production of lactase enzyme by Saccharomyces
fragilis. J. Milk Food Technol. 33:451-455.

Young, H., and R.P. 1957. Producticn of Saccharo-
myces fragilis with an optimum yield of lactase.
U.S. Pat. 2,776,98. Jan.





