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SUMMARY 

Whole cells of lactose fermenting Kluyveromyces fragilis had very 
low B-galactosidase activity. Treating the yeast cells with a cationic 
detergent ce ty l t r imethy lammonium bromide (0.1~) at 4~ fo r  5 mins 
increased the  enzyme a c t i v i t y  480 f o l d .  Detergent t reated ce l l s  r ead i l y  
hyd ro t ysed  lactose present  in m i l k  and sweet whey and glucose produced 
was not f u r t h e r  metabol ized.  These detergent permeab i l i zed  ce l l s  could 
be used to produce low lactose m i l k ,  in the  u t i l i z a t i o n  of whey and 
sacchar i f i ca t i on  of lactose or  whey fo r  the  product ion of a l coho l .  

INTRODUCTION 

The enzyme ~-galactosidase (lactase) which hydrolyses lactose 

into glucose and galactose has several biotechnological applications in 

food industries and nutrition. It is widely used to reduce the iactose 

content of certain dairy products and whey utilization (Mahoney, 1985). 

A number of enzyme preparations from various microbial sources have 

been developed, of these the enzyme from a yeast KIuyveromyces fragiIis 

has an optimum pH suitable for hydrolysis of lactose in milk and use 

of this organism is permitted in food industries (Mahoney et aI., 1975). 

Currently, efforts are mainly focussed on the use of purified enzyme 

in either a soIuble or immobilized form. The use of whole ceils 

containing ~-galactosidase as a source of enzyme is an interesting 

alternative which has not yet been fuIIy explored. However, a major 

drawback in the use of whole yeast cell is the poor permeability of 

the ceIi membrane to lactose. Here we report that treating the yeast 

ceils with cetyltrimethyIammonium bromide (CTAB) a cationic detergent 

rendered the ceils freely permeabIe to Iactose and the catalytic potential 

of the ceils was greatIy increased. 
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MATERIALS AND METHODS 

o_,-Nitrophenyl 6 -D -ga lac topy ranos ide  (ONPG) was from Sigma Chemical 
Co.,  USA. Cety l t r imethy lammonium bromide is a product  of Fluka,  
Swi tzer land.  T r i ton  X-100 was purchased from V.P.  Chest Ins t i tu te ,  
Delh i ,  Ind ia .  Al1 o ther  chemicals used were of reagent grade. 

Micro organisms and cu l ture  condi t ions.  The yeast K luyveromyces 
f r a g i l i s  (NRRL-Y-1196) was obtained from Nor thern Regional Research 
Centre (NRRL), USDA, Ag r i cu l t u ra l  Research Serv ice  Peoria,  IL ,  USA. 
Maintenance and growth condi t ion of organism in medium containing 10~0 
lactose was essent ia l l y  fo l lowed as repor ted e a r l i e r  (Mahoney et a l . ,  
1975). The ce i ls  were harvested at the beginning of the s ta t ionary  phase 
by cent r i fugat ion and washed tw ice  w i th  cold water .  Cel l  f ree ex t rac t  
was prepared by toluene au to l ys i s  according to the method descr ibed  
e a r l i e r  (Mahoney et a t . ,  1975). 

Cel l  pe rmeab i l i za t ion .  Harvested ce l l s  (1 g wet wt) were suspended 
in 10 mL of cold 0.1M potassium phosphate buf fer  pH 7.0 containing 0.1~o 
ce ty l t r imethy lammonium bromide and held at 4~ fo r  5 mins. Cel ls  were 
separated from detergent so lu t ion by cent r i fugat ion at 6,000 x g fo r  
10 mins and washed tw ice w i th  ice cold 0.1M potassium phosphate buf fer ,  
pH 7.0 and f i n a l l y  suspended (1 g wet w t /5  ml) in the same buf fer .  

Enzyme assay.  ~-Galac tos idase a c t i v i t y  was assayed using O-nitro- 
phenyl- B -D-galactopyranoside following the method described earlier 
(Mahoney et al., 1975). One unit of enzyme activity is defined as the 
amount of enzyme that liberates I ~ mote of s per rain at 
37~ 

Lactose h y d r o l y s i s  in m i l k  by yeast ce l l s .  1 g of yeast ce l l s  
(CTAB t reated or  untreated) were added to 50 mL of pasteur ized skim 
mi l k  and incubated at 37~ w i th  gent le shaking in a Dubnoff metabol ic  
shaking incubator .  Samples were removed at var ious t ime i n te r va l s ,  
the react ion was terminated by placing the sample in a bo i l ing  waterbath 
fo r  10 mins. The glucose produced by the react ion was determined by 
glucose ox idase /pe rox  idase coupled assay system (Dah lqv i s t ,  1968). 
Lactose h y d r o l y s i s  was also fo l lowed by HPLC ana lys is  of lactose in 
a Waters Associate H P L C  system (column /a Bondapak CN packing, 3.9 
mm x 30 cm, ace ton i t r i l e /wa te r  85:15, f low rate 2 mL/min)  equipped 
w i th  a RI de tec to r .  Alcohol  produced was measured enzymat ica l l y  using 
y e a s t  a lcohol  dehydrogenase as descr ibed  e a r l i e r  (Bernt and Gutmann, 
1974). 

RESULTS AND DISCUSSION 

Intact  whole ce l l s  of the yeast ,  K__z.. f r a g i l i s  has very  low ~ - g a l a c t o -  

s idase a c t i v i t y  as compared to the iso lated enzyme. As shown in Table 

1 the enzyme a c t i v i t y  of whole ce l l s  is  less than one un i t /g  whereas 

the ce l l  f ree  ex t rac t  prepared by toluene au to lys is  shows an a c t i v i t y  

of 175 un i t s /g .  The low enzYme a c t i v i t y  e x h i b i t e d  by whole ce l l s  is 

p robab ly  due to the poor p e r m e a b i l i t y  of the subst ra te  across the ce l l  

membrane. Therefore  at tempts were made to permeab i l i ze  the ce l l s  

to lactose.  When ce l l s  were t reated w i th  0.1~o CTAB at 4~ for  5 mins, 
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Table  1. ~-Galactos idase a c t i v i t y  of K._ t f r a g i l i s  

Cell t r e a t m e n t  Enzyme a c t i v i t y  

un i t s /g  ce l l s  

None 0.46 

CTAB (a) 220.90 

T r i t on -  X-1 O0 ( b ) 50.70 

Cei l  f ree  ex t rac t  (c) 175.2 
(Toluene auto lysed)  

(a) 1 g ce l l s  t reated w i t h  10 mL O.1~ CTAB in 0.1M potassium 
phosphate bu f fe r  pH 7.0 at 4~ fo r  5 mins. 

(b)  1 g ce l l s  t reated w i t h  10 mL 1% Tr i ton  X-100 in 0.1M potassium 
phosphate buf fe r  pH ?.0 at 40~ for  1 h r .  

(c) 10 g ce l l s  suspended in 50 mL 0.1M potassium phosphate bu f fe r  
pH 7.0 containing 0.1 mM MnC12, 0.5 mM MgSO 4 and 2~ toluene 
and s t i r r e d  at 30~ fo r  21 h rs .  

the ce l lu la r "  8 -ga lac tos idase  a c t i v i t y  measured was 480 fo ld  g rea te r  than 

tha t  of the con t ro l  ce i l s .  In fact  the 6-ga lac tos idase a c t i v i t y  of CTAB 

t reated ce i l s  is  20-30~ more than tha t  of the ce i l  f ree e x t r a c t .  Recently 

Vlach and Prenos[ l  (1984) repor ted  that  K. l ac t i s  another  s t ra in  of y ~ t  

was permeab i l i zed  to lactose by t rea t ing  the ce i l s  w i t h  1~ T r i t on  X- 

100 fo r  1 h at 40~ However the  extent  of increase in enzyme a c t i v i t y  

compared to the iso la ted enzyme was not repo r ted .  There fo re ,  K. f r a g i l i s  

ce l l s  were permeab i l i zed  w i th  T r i t on  X-100 under the condi t ions repor ted 

(Vlach and Prenos i l ,  1984). Results show that  T r i t on  )(-100 is  only 20~ 

as e f fec t i ve  when compared to CTAB (Table  1) .  

Results of op t im iza t ion  of condi t ions are shown in F ig .1 .  Permeabi -  

l i za t i on  is  dependent on the concentrat ion of detergent used and reaches 

a maximum at 0.1 - 0.2~ CTAB (F ig .  l a ) .  At h igher  concentrat ions of 

the detergent ,  ce l l u l a r  B-galactos idase a c t i v i t y  decreased w i th  concomitant 

increase in enzyme a c t i v i t y  in the supernatant detergent solut ion ( resu l t s  

not shown),  ind ica t ing  that  CTAB at h igher  concentrat ions caused e i t he r  

leaking of enzyme from ce l l s  or  ce l I  l y s i s .  Maximum enzyme a c t i v i t y  

was observed when the ce i l s  were t reated w i t h  CTAB at 4~ (F ig .  l b ) .  

At h igher  temperatures c e l l u l a r  enzyme a c t i v i t y  s l i g h t l y  decreased and 
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Fig.  1. Op t im iza t ion  of cond i t ions  f o r  CTAB t reatment  of 
yeast  c e l l s .  

a) Ef fec t  of va r y i ng  concent ra t ions  of CTAB at 
4~ f o r  5 mins. 

b) Ef fec t  of t empera tu re  on CTAB (0.1~)  t reatment  
f o r  5 mins, 

t he  enzyme a c t i v i t y  appeared  in the  superna tan t .  F i ve  minutes exposu re  

of c e i l s  to de te rgen t  y i e l d e d  the  maximum c e l l u l a r  enzyme a c t i v i t y ,  

Prolonged t rea tment  even upto 2 h rs  at 4~ d i d  not a p p r e c i a b l y  decrease 

enzyme a c t i v i t y ,  Thus maximum B-ga lac tos idase  a c t i v i t y  was obse rved  

in the  c e i l s  t rea ted  w i t h  0.1~ CTAB in 0 .1M potassium phospha te  b u f f e r  

pH 7.0 f o r  5 mins at 4~ 

A b i l i t y  of CTAB t rea ted  ce l l s  to h y d r o l y s e  lac tose present  in 

m i l k  was s tud ied  and compared to tha t  of unt reated c e l l s .  Ce l l s  suspended 

in 0.1M potassium phospha te  bu f f e r  pH 7,0 were added to pas teu r i zed  

sk im m i l k  and lac tose h y d r o l y s i s  was f o l l owed  by es t imat ing  g lucose 

formed or  lac tose h y d r o l y s e d  as d e s c r i b e d  under  Ma te r i a l s  and Methods.  

About 90~0 lactose was h y d r o l y s e d  in 1 h r  m i l k  t rea ted  w i t h  CTAB pe rmeab i -  

l i zed  c e l l s ,  The ex ten t  of lac tose h y d r o l y s e d  ca lcu la ted  based on e i t h e r  

the  g lucose f o r m e d  or  lac tose d i sappea red  c o r r e l a t e d  we l l  i nd i ca t i ng  

tha t  the  g lucose produced was not f u r t h e r  m e t a b o l i z e d  by the  pe rmeab i -  

l i zed  c e l l s ,  No d e t e c t a b l e  amount of a l coho l  was formed in the  m i l k  

552 



sampte. In addition neither was there any curdting of the miIk nor 

were there any off flavours generated during the hydrolysis process, 

In contrast mitk treated with non-permeabilized (Control) ceiis, 

lactose hydrolysis calculated by the gIucose estimation method was much 

lower than that by lactose disappearance (Fig. 2). Significant quantity 

of aicohoi was present in the milk sampIe (Fig. 2, inset), thus suggest- 

ing that part of the glucose formed by the normaI ceils was further 

100 

~ B0 

0 

Z 

W 
m 40 
0 
I -  
U 
4 (  

- - '  20 

, i ! | | i 

20 &O 60 !10 t00 120 

T I M E  ( rain ) 

Fig. 2. Lactose hydrolysis in skim milk by yeast cells. 

A CTAB treated ceils, 0 controI ceils, Lactose 
hydrolysis followed by HPLC analysis 
giucose est imation ....... . 

Inset: Alcohol produced during lactose hydro- 
i y s i s  in skim mi lk .  

converted to other metabolites inctuding alcohol. Even Triton X-100 

permeabiIized yeast ceils were reported to produce alcohol (VIach and 

Prenosil, 1984). CTAB permeabiiized ceils also readily hydrolysed 

lactose present in sweet whey (results not presented). 

_K. fragilis cells are known to possess the lactose carrier protein 

(iactose permease) on their membrane that mediates the transport of 

lactose across the celI membrane (Dickson and Barr, 1983). Yet availabi- 

lity of substrate seems to be the limiting factor in expressing the fuII 

enzymatic activity of whoIe ceiIs. Here in we have demonstrated that 

CTAB (cationic detergent) treatment renders the Ceils freeiy permeable 

to lactose and the full biocatalytic potential of the cell is available 

for catalysis. Thus CTAB permeabilized ceils could be readily used 
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to hydrolyse lactose instead of isolated pure enzyme. These permeabi- 

Iized whole yeast ceils may have wide application in the food industry 

for producing low lactose milk, in the utilization of whey and sacchari- 

fication of lactose or whey for the production of alcohol. 

ACKNOWLEDGEMENTS 

The au thors  w i s h  to thank Dr.  D. Rajagopal Rao for .  h is  encourage-  
ment and Dr .  K.N. Gurudut t  f o r  h i s  he lp  in HPLC ana l ys i s .  MSJ and 
LRG thank  Counci l  of Sc ien t i f i c  and I n d u s t r i a l  Research,  New De lh i  f o r  
the  award  of the  f e l l o w s h i p  and Pool Sc ien t i s t  r e s p e c t i v e l y .  

REFERENCES 

Bernt, E., and Gutmann, I. (1974). Ethanol : Determination with Alcohol 
Dehydrogenase and NAD. In: Methods of Enzymatic Analysis (2nd 
edn), Bergmeyer, H.V. ed. pp. 1499-1502, Academic Press, New 
York. 

Dahlqvist, A. (1968). Anal. Blochem. 22, 99-107. 

Dickson, R., and Barr, K. (1983). J. BacterioI. 154, 1245-1251. 

Mahon~Yc~.,R.R.58,,1620_1629.Nickerson, T.A., and Whitaker, J.R. (1975). J. Dairy 

Mahoney, R.R. (1985). Modification of lactose containing dairy products 
with 6 -galactosidase. In: Developments in Dairy Chemistry - 3, 
P.F. Fox, ed. pp. 69-109, Elsevier Applied Science Publishers, 
Londor~, NY. 

Viach, D., and Prenosil, J.E. (1984). J. Mol. Carat. 26, 173-185. 

$54 


