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Lactase is a specific intestinal 8-galactosidase that is re- 
sponsible for catalyzing the hydrolysis of lactose to D-glu- 
cose and D-ealactose. For most of the milk-drinkine oonula- - -. . 
tion of the world, the amount of lactose entering the small 
intestines is ereater than the hvdrolvzine ahilitv of lactase.' 
The undigested lactose may be eveku&y excreted in the 
urine. Alternativelv, it aoes on to the larae intestine where 
the polar natureofiact&edmu~s water o ~ t ~ u t ' t h e  tissues and 
into the intestines. Mirrobial degradation c i  lactose by hac- 
teria in the colon eventually produces organic acids and 
carbon dioxide. Thus, the individual suffers from fermenta- 
tive diarrhea. Despite commericals to the contrary, milk is 
not for everybody! Adults with high activity of lactase are 
tolerant to lactose and are generally of northern European 
background, Adults with lower activity are intolerant to it.2 

A ereat deal of effort has been exoended to alleviate the - 
problem of lactose intolerance because of the importance of 
milk as a foodstuff. One strateev is to oass lactose throueh a -. 
column containing immobilized enzyme so that D-glucose 
and D-galactose emerge in the eluate. Another strategy is to 
add Lactobacillus acidophilus to milk which produces lac- 
tate due to homolactic fermentation a t  body temperature. A 
thirdstrategy iit#gadd rommerical enzyme;o milk andallow 
an incubation IU rake place for 2.4 hours in the refriaerator. 

In this experiment H synthetic substrate, O-nitrophenyl- 
P-D-galactopyranoside (ONPG), is used in place of lactose. Lineweaveraurk plot for lactase-catalyzed hydrolysis of ONPG at pH 8.0 

NO" 

Special Equipment 

The hydrolysis of this substrate catalyzed by a commerical 
enzyme ~roduces  o-nitro~henolate, which can be measured 
by its y e i ~ o ~  color. 

Experimental 

Solutions 
Substrate: ONPG may be purchased at an approximate cost of 

$25 for 5 g from Sigma Chemical Company, P. 0. BOX 14508, St. 
Louis, MO 63178. Prepare a 1.5 X 10V M aqueous solution and the 
following dilutions of the stock: 8.0 mL of stock diluted to a total 
10.0 mL, 5.0 mL of stock diluted to a total 10.0 mL, 3.0 mL of stock 
diluted to a total 10.0 mL, and 2.0 mL of stock diluted to a total of 
10.0 mL. Store the substrate solutions at 3-5% 

Enzyme: Lact-Aid@ is a veast-derived enzvme that mav he our- 
chasedfrom local health food stores or f romiac t~ id  Inc.. P. O . B ~  ~~~ ~~~~ ,~ - - ~ 

111. Plenanntv~lle. XI 08232 at an approximate cust uf $3 fur :I mL. 
Prepare a stuck enzyme solution by adding J drops fnm a Pasteur 
disposable pipet to 25.0 mL distilled water and store the enzyme 
solution at 3-5T3 

Buffer: 0.1 Mpotassium phosphate at pH 8.0. 

Spectronic 20 Visible Spectrophotometer 
pH Meter 

Enzyme Assay 
A ctwette 18 needed for the sample and one fur the blank. Add 0.5 

mi. >rock ONI'G to borh blnnk and sample cuvetws followed bs4.0 
t ~ l .  buffer roearh. In rhec!rwrt~lahelled blankaddO.5 rnLdmulled 
water and mix by inversion. Use this to calibrate the single beam 
instrument at zero absorbance (100% transmittance) at 420 nm. 
Then add 0.5 mL lactase solution to the sample cuvette, mix by 
inversion, and place in the spectrophotometer cell holder. The addi- 
tion of enzyme defines the beginning of the rate assay. Record 
absorbance values at 30-s intervals for 10 min. In using a Spectronic 
20 it is easier and more precise to record % transmittance and 
convert mathematically to absorbance. Alternatively, a baseline 
may be recorded on a double-beam spectrophotometer by using a 
blank in both sample and reference beams. Repeat the procedure for 
each dilution of the substrate and the stack making sure that a new 
mixture is made far bath sample and blank. 

Results 

For each assay, plot absorbance versus time and deter- 
mine the initial slope, which is equal to the initial rate, u. 

'Bayless, T.M.; Rosensweig. N. S. J. Amer. Med. Assoc. 1966, 
197. 968. 

Kretchmer, N., Sci. Amer. 1972, 227, 70. 
Lact-Aidm is highly viscous. Using three drops from a Pasteur 

dlsposabie pipet is not exactly reproducible but is preferable to 
weighing. The K, value is independent of enzyme concentration. 
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According to the Michaelis-Menten mechanism 

where Vm, is the maximum velocity, [S] is the initial sub- 
strate concentration, and KM is the Michaelis-Menten con- 
stant. The results are plotted in reciprocal form 

which is known as a Lineweaver-Burk plot. A graph of l / u  
versus lI[S] should yield a straight line where the intercept 

on the l/v axis is l/Vm, and the intercept on the 1/[S] axis is 
- l/K&,. 

Results that conform to the Michaelis-Menten rate law 
are shown in the figure. V,, is calculated to he 0.73 ahsor- 
bancelmin and KM is 1.7 X M which is similar to KM = 
2.7 X 10-3 M a t  pH 6.6 for the enzyme from Kluyueromyces 
fragilis (formerly Saccharomyces f rag i l i~ ) .~  The Michaelis- 
Menten constant is an index of how easily the enzyme can be 
saturated by the substrate being studied under the p H  and 
temperature conditions of the experiment. 

'Mahoney, R. R.; Whltaker, J. R. J. FwdBiochem. 1977, 1,327. 
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