Kor. . Appl. Microbiol. Biotechnol.
Vol. 19, No.2, 128-134 (1991

Szl Bacillus sp.2| Lactose §£ot2l 0|8A
SHA . ZBER- ¢ 8 5
CIMCHSII Soicist AZReD, 'SHYSCHE A s}
DR GV

Transport and Utilization of Lactose by Alkalophilic Bacillus sp.

Yoon, Sung-Sik'*, Chang-Min Kim?, Ryung Yang and Ju-Hyun Yu
Department of Food Engineering, Yonse/ University, Seoul 120-749, Korea
'Department of Food Science and Nutrition, Pucheon Junior College. Pucheon, Kyounggi-do 421-736, Korea
2Division of Biotechnology, National Institute of Health, Seoul 122-020, Korea

Abstract — To study the reduced growth and synthesis, previously reported, of B-galactosidase
of alkalophilic Bacillus sp. YS-309 at the higher lactose concentration of 0.5% (w/v) in the
medium, lactose transport and utilization were examined. The results showed that lactose trans-
port was influenced by the addition of four kinds of antibiotics, and tetracycline stimulated
most but not valinomycin. PEP-potentials of the cells grown on lactose was estimated lower
than the cells on glucose and on galactose. Thus, the transport of lactose was independent
of intracellular PEP and phosphorylation reactions, and was thought to be uptaked directly
or oxidized in part in the transport process. In the other hand, once lactose was uptaked
into the cells, it was hydrolyzed by B-galactosidase to glucose and galactose. The former was
metabolized fast but the latter was accumulated. Galactose and lactose were not utilized until
glucose was mostly depleted in the medium. The B-galactosidase synthesis decreased in the
presence of glucose over 0.2% and galactose over 0.05 to 0.1%, respectively. In conclusion,
it was considered for glucose as a repressor and galactose as a inducer for B-galactosidase
synthesis even though the mechanisms were not elucidated. Catabolite repression of glucose

on the enzyme synthesis was not relieved by the addition of exogeneous cAMP.
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ZA% o B-galactosidase FAEEL wix|o 55
g el A3e PHen glucose R 2 thAb
AHEe] AXEAHL 1%%9 inducer’t EAFT
E7Ea A0S AARL o9k e ke
Neidhart2} Magasaniko] ¢J3) catabolite repression
22 Ael=gich(4,5). Chassyst Thompson(6)-&
Lactobacillus casei®] lactose 53+ lactose-phospho-
transferase system(Lac-PTS)& %3l o]Foiz|w
A EW e 4 phospho-galactosidase 2. #3]=c} ».
sl ony of #F9] starved cell ZFE2] phos-
phoenolpyruvate(PEP) & 3Hfralgitiz Rt wu}
ULt

dubz e 2 uw| &9 disaccharide 32} jA}z)
Aol th& A 7}A] mechanismo] <424 Ut}(7, 8).
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1) lactose} FA WH-Z A T AW &
29al B-galactosidasee] A48 whol A WigdE g
HalEl= AR E coli®t Saccharomyces fragilis-&
HZ o] AL F3l o|FFHE S 2)
Pseudomonas saccharophilar-} Lactic streptococciol] 4
BuE ulel 7o) glucosed] WAMEQl PEPY &
A3t A disaccharider} UAtztEo] F34== A
olc}h. o] #}A-L group translocatione]2} He]$w,
5o F 449 st Wil Fulsle £
st 7H4 A ¢eiAl 732 phosphoenolpyruvate de-
pendent sugar phosphotransferase(PTS) o]t}(9, 10).
o] AL @ 259 membrane binding protein(per-
mease) ¥ Mg?*o] "Wad Aoz o&ax Uch(1D).
PTS-system2 &3] procaryoteol] d2] X33 e
FHAAA R 7)o &3l v]APE-L Entner-Dou-
doroff pathwayE 7}A]+& strict anaerobes®} thH-¥
9] facultative anaerobes So]th(6). ©] % suc-
rosex= sucrose-l-phosphate2 F338 th3 glucose-
1-P9} fructoseE E3)=]w, lactosex lactose-6-PE
E31g) oS A Vol 4] glucose?) galactose-6-P2
Al e}(12). 3) Ab#ls}Ad 2 2 lactoser} lactose de-
hydrogenaseo] 2]#] lactobionate . F3}=*] gluco-
nate9} galactose® tiAlEl= RO R Pseudomonas
graveolensol| A A= c}H(8).

AR (13) M AAEL @A AT Bacillus
sp. YS-3092 U3 &40 2 lactoseE #iA| Foll
A71sle] FA KT EAPAHE A3 A3 lactose
o] 05%(wV)7HAE HA7VsErt 2555 A
A5-7} B-galactosidase AJAteko]l BF F7islel ot
I oA FEeAE 238 FHage BRI o
#4r2 lactose EE L F3Eo] lactosed] AlE=}
232 AMsAY FAAAS =& B-galactosidase
A AT A2 Rag b Qo weps 2
7= IEE lactose?] FH AR % B-galactosidase
A AAEAE shotslnat lactose FIAA H o)
& A5 Adfolch

Mz Wy
Z2Fe| wiYds Mg 53

B-Galactosidase & A8l Bacillus sp. YS-309+
= 1\11(13, 15) 0“ 7]%?-{} B}-.Q}- Qo] XJEOI- u“oé:g]_?a_g_
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o, FAY8E 550 nmell4l F4 st

o e

wiA] Foff F#-9 glucose, galactose ¥ lactose]
o2 Nickerson 59 9 (14) e} &3k 2}7f 425
nm, 710 nm % 540 nmo| 4] FF 52 FA)shedch

484 £

A el S ¥ $79 Ax8AE $A3F)
k. wioke] Bt #AE VA& 8] 100 mM Na-
phosphate buffer(pH7.5)& 23] AAslgc) o
koo FAl8 A7) 2 Ice-bath S| 4] Sonica-
tor(Fischer) 2 10 71428 3~53 2&3} A
3le] 423 g g 15000 pmeE 187
AEesle] de NG LN o7 shgdc) Lac-
tose dehydrogenase= 2,6-dichlorophenol indophe-
nolg REAY, lactose?} HHAIA Y= E FE
590 nmollA &4 3}9].2n(8), p-galactosidase ¥4
A1 (15) ] wely PNPGE 7|32 AHE-3k4l 3, lac-
tose phosphorylase #A1(8)2 p-Nitrophenyl-g-D-
galactopyranoside phosphate(PNPG-P)E 7]3& A}
438l 37ColA wREAIZl F 405 nmellH FFEE
ZA3Hch

Permeabilized cell®] Z=H|

el ¥t membrane?] A& HAFH3] ¢s1d
permeabilized cell-& cold toluene-acetone &§h-8-<Y
(1:9)%& A28l Chassy2} Thompson®] ¥ (6)
22 Azsck

PEP-potential &3

PEP-potential-& phosphoenolpyruvate(PEP), 2-
phosphoglycerate(2-PG), 3-phosphoglycerate(3-PG)
8] AE W 3oF ONPG-hydrolysis®(16) o2 &
A3kt

Galactosidase2| MELW{ &%
&9 FAV BX = Cornelis 59 89 (17)&
wzbx AAEg )

Lactose2| §o}
Lactose®] F3= lactose -+AH 2l PNPGE ©]$
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st ZAstdch 0.1%9 lactosert @-H¥ u =9
TATFE AFSIA 243) wloksled starved cell$
delek FAE PR A4 ke 100 mM
Na-phosphate buffer(pH 7.5) ©.& 23] A A3} Tris-
maleate N (pH 7.5)0) A&} o)7L
PNPG7} 5% &d 9393 543l OD.gre
2T o 30TAA YAYRIZF REA)7) 3 gh-S- o =)
%2 04M Na,COs& #r}ab o}e %A} Sonica-
tor2 A E7hg Halstedct YAEe) 2 cell debrisS
AAE A 8E 405 nmell A FFEE 234 s}eic) La-
ctose F-Fell vl et A L FYA o] g
o]2] o]& A]e}g PNPG7} &4 Tris-maleate 2}
FA g3fste] gr)e} e wpgo = MAEg

Aot

Valinomycin, p-chloromercuribenzoate(p-CMB),
sodium azide, sodium fluoride, iodoacetate, ampicil-
lin, streptomycin sulfate, tetracyclin Sigma A &-&
PNPG, PNPG-P, 26-dichlorophenol indophenol %
chromogen substratet Fluka A&, 1212 7|e}

Aleke BF Aok 7z AHgseln,
gt % o3

Lactose2| Mxot E£nlM

SUEFS) FE : Lactose vl =] Akl 4] 22t F4) o)
432 NEH FPEAE 0|45l 7|2 PNPGY
Fell vlA= d8-& &3 A3 (Table 1), ampicil-

Table 1. Effect of antibiotics on the permeability of
lactose into Bacillus sp. YS-309

Enzyme activity

Antibiotics (Units/aa) Permeability(%)
Control 6.87 100
Ampicillin 80 110
Streptomycin sulfate 7.07 103
Tetracycline 8.78 127
Valinomycin 7.21 105

Lactose induced cells were harvested at logarithmic
growth and washed twice by 100 mM Na-phosphate
buffer containing 1 mM MgCl, and Washed cells and
PNPG were reacted in the presence of each antibiotics
(10 pg/mi) at 37C for 15 min.

Kor. . Appl. Microbiol. Biotechnol.

lin, streptomycin, tetracycling& 7|3 9] & ¥qt =32
A5AH 2 53 tetracyclineo] M @A 7)AE
#& F3A”ck =3, ionophoredl valinomycing
A7 Al el e 7129 Alxet E3r) o)z 7ot
A9 =g HEZ depygr), o] AxREE Jactose
F#h= phosphorylations} £33} o] Folxick 4
Z}s et

MY Xsixlel HE: PNPGO] et Exlo] 1)
Ae dF AfAe JFe AEG An: Fig 14
2ot FASEES WA 79HA PNPGe =344
FAE A7 NaF, NaN;, iodoacetate (IAA) &= £ 5}of]
S vIAA ket F G AsAe) =45
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A3 B8R vk Y2E%e) o, p-chlorome-
rcuribenzoate(p-CMB)+= 1mM %X %  whole
celle] 7|AF3E AYsA JAstded olAe p-
CMB7} lactoset} PNPG2 $3-8 gubsli carrier
protein®] activity S &l &}7] wj£o]u, o] proteins
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Fig. 1. Effect of glycolytic inhibitors on PNPG uptake
by Bacillus sp. YS-309,

The cells were suspended at some densities in 50 mM
Tris-maleate buffer (pH 7.5) containing 0.2 m/ of PNPG
(mg/ml) at 37C for 30 min.
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Table 2. Effect of glucose and galactose on the intracel-
lular PEP-potentials of Bacillus sp. YS-309 pre-grown
on lactose
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Table 3. Detection of enzyme activities related to lac-
tose utilization by Bacillus sp. YS-309 and FEscherichia
coli HB101

Sugars added PEP-potential®
(20 mM)
Glucose 0.19
Galactose 0.10
None (lactose0 0.05

®Each sugars was added to the culture at 18 hr after
inoculation and PEP-potentials were determined for
the starved cells.

catalytic siteoll= -SH groupE 7}x]+& cysteine =k
717} #odiela P2=E9dc). Thompson(16)-S cys-
teineo] #ol3h= permeaseS K% v} it}

PEP-2|&4M : PEP: glycolytic pathway$) F7ieh
AMEEE A Aol slefA Mlxet Rl g BFF-9
translocationel] fedsh= elvfz] Ql4tslgHE-o|c)
FAWe) PEP @are PEP-potentiale ZHsh=d]
o] 712 phosphoenolpyruvate, 2-phosphoglyceric acid
% 3-phosphoglyceric acid 5%¢] 3o #Heolxic)
Table 2%+ starved cell W40} £A)3}= PEP-poten-
tial & Z33s}e] glucose, galactose 3 lactose] &
ol ohg PEPS & ZAR Aol 4@
PEP: glucose®} galactose wh=loll 4] whoFgt )
ol 4] PEP ko] =ghom, lactose wi=]ellA]
A gl ko] A SAEAL ek glu-
cose?} galactose? Fioll= PEP7} Hodsled <lAt
3"y AzrEg et lactosed] Fi= PEPY &
et A2l FAGo] o]FojAH], o]7L& valinomy-
cing F7isle] d& Al JdXE Az A7
sit}l. Thompson(16), Egan® Morse(18)-& 7}z St-
reptococcus lactis®} Staphylococcus aureusol ] lac-
tose®] PEP-dependent phosphotransferase system
(PEP-Lac-PTS)-& 2.3 #} sich

Lactose E3&EA : Table 3& M Ujyo] &4
She lactose wiAlel [ Ao AL HER
Aalo|c). YS-3095+ lactose dehydrogenase®} B-
galactosidase & 5.5 AAHste] 2} phospho-B-D-ga-
lactosidasex= AJAHs}A| ¢stch. ahelA wiR] 5-9] lac-
tosex 2R FH}HAY} ZL lactose dehydroge-
naseol| ols Absts|mA HB-2 O & lactobionate £
T35 o5 ok AAEgcoh dETE AR

Enzyme activity

Enzyme Substrates
HB101 YS-309
Lactose dehydrogenase Lactose - -
B-Galactosidase PNPG + ++
Phospho-f-galactosidase PNPG-P - -

Symbol; —: negative, +: weak, + +: strong
PNPG: p-Nitrophenyl-8-D-galactopyranoside

PNPG-p: p-Nitrophenyl-8-D-galactopyranoside phos-
phate

Table 4. Distributions of B-galactosidase in Bacillus sp.
YS-309 and Escherichis coli HB101

Strain Total enzyme Distributions(%)
activity(Units/ml)
Ex Peri Cyto Total
YS-309 4.62 174 0 826 100
HB101 0.57 52 09 939 100

Ex: extracellular, Peri: periplasmic, Cyto: cytosolic

E. coli HB101-2 B-galactosidase &A%t EA)slgic}.
Table 4% p-galactosidase®] H|Eu] 2XE el
Ziolch FelFg-e AA FAio) 80% o]iFo] AEAe
EAEG o d¥= AE gte 2 Hu=Egich 39,
E. coli®) A2+ 939%7F A EA EAshe Ao
velgon, o]7le o AFAE(19)9 Astst
A3t 7 @ AdH ZAAAE YS-3095+=
E. coli HB1019] &484je] of 8o Hwo o
245 7o) gal= i

Lactose 0l8M =} B-galactosidase AHA

Lactose®| O|2M : d<t Al Wi EZ o] lac-
tose?} Bacillus sp. YS-3092] A EAoA] o A5 o]
B-galactosidase Aol ojwF gL wAErE
AESFI} 0.5% lactoseS T o & A3}
Wzl 4] FAE wlFSHHA wjR] Foll EAlEE F
FFE FAAez FA43% A= Fig 29 #stch
Glucose®] HFafe wio} 5 waiA Fislgz
lactose= W<} ¥ 10A]7ro] Az} chedE| ZH4st
A% el el galactoses Wik F 44]7bo]
At FHE MM Zolele wlx] Fo SA-5e
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Fig. 2. Time course of residual carbohydrate concentra-

tions in the medium containing lactose, 0.5%.

®—@: lactose at 540 nm, a—a: glucose at 425 nm,

BB galactose at 710 nm, O—0: growth at 550

nm

738ko] vlelytth Streptococcus thermophilus+ lac-
toseE WA o AE Yol AR glucoser w2 A
o] $-3}A|9t galactoser= 719] o] &-3}A] ¢¥gtonw] ¢
3lg] WA Foll W&ot cH(8). O'Leary9}
Woychik(20) = lactose ¥l 23}t galactose?] 3
HEAL Mo v ok 9, FA Y8 84
Zro] AR Wi e tiprled Eeizhem ulof 204
Zbo) At Fele A7) =T o]y AYA
H2H¥ lactose= M| EW B-galactosidases]] &3}
glucose®} galactose® ¥-s}=H A glucose= v]AE
o] Aol AHE-H R galactose WA Fol 2AFE
Aoz gl webd glucosed} A galac-
tose7} w9 A&} HAAYAb] F3ke Fria FA
shgict

Glucose®} galactose2] ¥&t: olz{3t F£AHL 3
Q37 $18led lactoseo| 4 =g YS-309 Fujjokel&
glucose X galactose wix]ol] HEslo] FAAST}
AR B8-S AE39) Fig 3o Jebd Z3
S} o] A A AL 0.05~0.1%2] galactose EXE ol A
HA I 2 o] ellME B9 Fxr) #4545 Ah
e AEE Yelgg FARSS GEEd ot
228l A4 Frkskdch Glucose g wix|of H71gt
Ate Ao A FyEE 02%90k F 29
AHE vl o) ko] ol 04%Rd ¥
Tl A= glucose”} galactoseel wldled &€ F
A gFo] wghent) a9} uihz YA FAEe A
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Fig. 4. Effect of galactose addition on the B-galactosi-
dase production of Bacillus sp. YS-309 in the medium
containing lactose.

A, A: lactose, @, O: lactose plus galactose (40 mM)

t}. &, YS-3095+ galactose®.t} glucosed 1t wiz
Apg}ste] A &EIR| T B Atel] el galactoser}
glucose .t} A gEoi] A o] Arke AL ¢ 5
it

Galactose ¥ glucose®| HMI7|IHE : Fig. 4= lac-
tose7} 0.2% FH-5 iAol YS-3095% 547 Eqt
vheFgt o}, galactoseZ 40 mM=A A7 ke
ZAAA g FANSI A0S FAR Aol
Galactose 7= W21 8c) oF 12~13417F o)
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Fig. 5. Changes of carbohydrate concentrations in the
spent medium and $-galactosidase productions of Bacil-
lus sp. YS-309 in the medium containing of glucose
(0.1%) and lactose (0.1%).

®—@®: lactose at 540 nm, a— a: glucose at 425 nm,
8- ®: galactose at 710 nm, O---O: B-galactosidase
activity at 405 nm, (O---[J: cellular growth at 550
nm

AL S A= os Fr4% JAHS
t}. o9} 2hE YAFE M E9te] Ex}3h= carrier pro-
teinell ]} lactose2] ZA3HE galactose’} A o8
A#a}7] o2 F5H ok webA lactose T Al
e} v x|e] EH== galactose FA YS9 A3
=342 A4 4 sidkz Y74

34, glucoses} lactose S &3 vl 2] (Fig. 5) ol 4]
< glucose”} WA o]-4-=1g] o0 glucoser} o] L5
e EdolE lactose?] ARE Aofrix] ¢4kl ga-
lactose?] <} ZA = R] 943kt Lactose: glucose’}
AR 22 Foo} w24 o]4-H7] ARty o
B-galactosidase = lactose ©}-&-3 A ZA ZF718}
Ao}, FAA|-E E colid) 4] B. 129 catabolite repre-
ssion®] &<l 2chA A gol dopte HAY 5
gt Glucose?} galactoser} ZHzb 0.1%4 -
R A X lactose®} glucose Fi wi=|2] 7-¢9}
- fARE Asofite]l deldt) o A% glu-
cose7} tHE A mE AjFQ) wioF 1247} ¥ galac-
tose7} o]4=gl.em o] o B-galactosidase FAdo
Z7}3l= Zo 8 Ho} galactosets FEE 7} 9rkn
A7+ = 91K (Fig. 6).
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Fig. 6. Changes of carbohydrate concentrations in the
spent medium and B-galactosidase production of Bacil-
lus sp. YS-309 in lactose medium containing glucose
(0.1%) and galactose (0.1%).
®—@: lactose at 540 nm, & —a: glucose at 425 nm,
E—W: galactose at 710 nm, O---O: B-galactosidase
activity (A 405 nm/mj), [J---0: growth at 550 nm

w
o

-

Do
o
T

Enzyme activity (Units/O.D.), (-+-)

10 .
— “‘t Tt.a A i
Tthe.. --e.. -
L A i 'y i
0 0 2 4 6 8

Culture time (hr)

Fig. 7. Effect of cyclic AMP on the catabolite repres-
sion for Bacillus sp. YS-309 in the medium containing
glycerol as a carbon source.

®, O: addition of glucose (0.1%), &, 2: addition of
glucose (0.1%) plus cAMP (10 mM), ®, [J: control

cAMPS| H# . Fig. 7-& glucose AH7}oll 2§} cata-
bolite repressiong& cAMP~} 3l4% 4 Qe ¢e
7+e] B2 2 AR Aol}. 4x7]Aa lactoseol] Al
At FafokdE  glycerol wixld] AHFFY ok
cAMP¢} glucoseE #H7psty A9 A= 54
YAg AAHo 2 2% A%, glucoseol) 2]3} cata-
bolite repressiong #44]7|x] E3ldr}. o] Az
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9 ¥o 4 7R} cAMP+ catabolite repressions
3 22471 A] E8dvhe Wanner 5-(3) 9] 2o} e
o 2319l t}. Maksam3s} Sutherland(21)+ glucoset
A FAWES] cAMP % & 92 #ut ohlz} in-
ducer®] Ax=t FAE whadle] fFERAO FA4E
Az B wstgd 3, Hasant Durr(22)+ Lacto-
bacillus plantarum 2] B-galactosidase <1-7-ol]4 cAMP
A717} glucoseol] 2]3F catabolite repressiong 34
312 & ®rl olE} induction® FRAIAE &

stdcha F35 u} Qloh
2 o

aotztel Al Bacillus sp. YS-3099) lactose So}2}
o]-gol T3le] et} A AT} lactose] F3e
FAYEA L] Tl weba] AgE wghern tetracy-
clineo] A&7} 7} 43l valinomycind
T2} v]s=sldl. Lactose W =]l 4] =12k starved
cell9] PEP-potential= glucose‘} galactoseE ©]8-%
gyt ¥ A=Y el lactose FIE
PEP9] #xlu} phosphorylation#= F-33}A4] o}
o AEolE carrier proteine] EA3= o] A
A= gtk @9, AL E So] & lactose: B-galacto-
sidaseo] 28 E3 =)ol glucoser ®WEA o)L=}
galactose= Al EW] SH=EA) = Axy 3%
galactosett ¥W]A] 9} lactose ¥ galactoser glu-
cose’} EAEY = o] &R U glucose’} £
Hel vj2d o]f5E Aew vteldth Glucoses}t
galactoset= B-galactosidase 34l 33kg v 3o,
glucoses= 0.2%, galactoset 0.05~0.1% o]A}2] =
E2 uiAld E€ of AAgHL Az A
g3 714 o4 & ot AEY glucoses} galac-
tose Z}7Zt B-galactosidase 44d2) repressor®} in-
ducer2 283l o AztEn glucose?] B-ga-
lactosidase §t4dell i3k catabolite repression-&

cAMP A7lel o3 A=A Z3l4lc)
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