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Fig. I. Stabil i ty of lactate dehydrogenase in organic solvents. Enzyme (I.5/~g/ml) was stored at 
4 + 2° in 0.002 M potass ium phospha te  buffer (pH 7.0) containing different concentrat ions of 
additive. At  the intervals  indicated, o.2o-ml aliquots were t ransferred to the assay reaction 
mixture.  The assay reaction mixtures  contained: py ruva te  (I/*mole) ; N A D H  (0.2 #mole) ; potas-  
s ium phospha te  buffer (80/+moles; p H  7.4) and enzyme (0. 3/zg) in a final volume of 3.0 ml. The 
reaction was at  room tempera tu re  (25 ± 2 °) and was followed by measur ing the decrease in ab- 
sorbance at 34 ° m~ as a funct ion of t ime for i rain. Dimethylsulfoxide concentrat ions (v/v):  
, - - H ,  40%;  © - - © ,  30%;  A - - A ,  20%;  O - - O ,  none. 

Fig. 2. Stabil i ty of malate dehydrogenase in organic solvents. Enzyme (i .2/zg/ml) was stored at  
4 -4- 2° in 0.0o5 M potass ium phospha te  buffer (pH 7.4), which contained different concentrat ions 
of additive. At  the t imes indicated, o.o6-ml al iquots were t ransferred to the assay reaction mix- 
tures  and assayed as described in Table I I .  The malate dehydrogenase samples were made up  as 
follows: A - - A ,  o.i % gelatin plus 3 ° % ethanol;  A - - A ,  o.I  % gelatin plus 70% glycerol; © - - © ,  
7 ° % glycerol; O - - O ,  none. 

The addition of dimethyl sulfoxide, ethanol or methanol caused significant stabilization 
of lactate dehydrogenase to long-term storage in the cold (4 ± 20) 4. Thus, in the 
presence of 40 % dimethylsulfoxide, the enzyme retained IOO % of its original activity 
after storage for 9 months. Experiments shown in Fig. I indicate that after 1-month 
storage, lactate dehydrogenase (1. 5 #g/ml) at 4 ~ 2° and pH 7.0, lost 50% of its 
original activity but  that no inactivation occurred in the presence of 4 ° % dimethyl 
sulfoxide. 

As shown in Table I, whereas gelatin protects against inactivation for 7 months, 
bovine serum albumin does not; in addition, methanol and ethanol also offer some 
stabilization. 

Pig heart malate dehydrogenase had a half-life of about 30 min when stored in 
the cold (4 -¢- 2°) in a final concentration of o.12 Fg/ml 5. Of the compounds tested, 
ethanol, i-propanol, n-butanol, /-butanol, acetone, dioxane and glycerol were the 
most effective in partially stabilizing this enzyme (Table II). Mixtures of glycerol and 
gelatin were found to result in significant stabilization of malate dehydrogenase not 
only in short-term studies but  also during long-term storage in the cold (4 ± 20) 5. 
In the presence of7o % glycerol and o.I % gelatin, the enzyme (1.2 #g/ml) was found to 
possess IOO~/o of its original activity after storage for 7 weeks as shown in Fig. 2. The 
control (no additive) had a half-life of 5-1o h. 

The mechanism by which these enzymes are stabilized by solvents and added 
proteins requires study. It  seems possible that  stabilization is associated with mainte- 
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TABLE II 

EFFECT OF ORGANIC SOLVENTS ON STABILITY OF PIG HEART MALATE DEHYDROGENASE 

Enzyme activities are expressed as 5o% activity for samples containing zero concentration of 
organic compound. Values expressed are for pig heart malate dehydrogenase after 3o-min incu- 
bation. The reaction mixtures contained: oxaloacetate (o. 3/,mole); NADH (o.2/,mole); potas- 
sium phosphate buffer (28o/,moles; pH 7.4) and enzyme (o.24/,g) in a final volume of 3.o ml. 
The reaction was run at room temperature (approx. 25 ° ) and was followed by measuring the 
decrease in absorbance at 34 ° m/, (absorption maximum for NADH) as a function of time. All 
values are -E 5 % error. 

Compound °/o of activity at solvent concentration (v/v) 

0% 5% 10% 20% 30% 40% 50% 60% 7 0 %  

M e t h a n o l  5 ° 51 63  62  5 9  63  6 6  4 ° 2 0  

E t h a n o l  5 0  75 72  8 7  87  7 6  7 9  6 8  6 z  

n - P r o p a n o l  5 ° 7 4  78  77  31 I i - -  - -  
i - P r o p a n o l  5 0  85  - -  9 9  l O 5  - -  - -  - -  

n - B u t a n o l  5 ° 8 4 "  6 7 " *  - -  . . . .  

/ - B u t a n o l  5 ° 7 9 "  88"*  - -  - -  - -  - -  

A c e t o n e  5 o  7 6  77 9 5  9 9  l O 9  I O I  81  - -  

D i o x a n e  5 ° 8 6  9 4  7 7  77  - -  - -  - -  
D i m e t h y l s u l f o x i d e  5 ° 5 ° 32  42  3 8  . . . .  

D i m e t h y l s u l f o n e  5 ° 4 8  - -  83"** - -  - -  - -  

G l y c e r o l  5 ° 5 9  5 7  82  9 6  l O 9  9 4  l O 7  l O 9  

T e t r a h y d r o f u r a n  5 ° 5 9  6 3  73 78  21 - -  - -  

" 1.5% (v/v). 
*" 2.5% (v/v). 

* * *  15% (v/v). 

n a n c e  o f  t h e  e n z y m e s  in t h e  " n a t i v e "  or  " a c t i v e "  c o n f o r m a t i o n a l  s t a t e ,  b y  exc lus ion  

or  r e p l a c e m e n t  o f  w a t e r  molecules .  
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