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Since s p o n t a n e o u s  a c t i v i t y  is d e d u c t e d  for ca l cu l a t i ng  CO2 
p r o d u c t i o n  d u r i n g  t h e  l a s t  h o u r  of i n c u b a t i o n ,  t h e  l ower  
i t  is t h e  g r ea t e r  will  be  t h e  m e t h o d ' s  sens i t iv i ty .  O n  t h e  
o t h e r  h a n d ,  v a r i a t i o n s  in  t i m e  e lapsed  b e t w e e n  feeding  
a n d  a n i m a l  sacrif ice modi f ies  e p i d i d y m a l  f a t  s e n s i t i v i t y  to  
d i f f e ren t  c o n c e n t r a t i o n  of  insul in .  T h u s  i t  seems to  be  
b e t t e r  t h a t  a n i m a l s  s h o u l d  be  fed 5 h before  f a t  i n c u b a t i o n ,  
w h i c h  gives t h e  a d d e d  a d v a n t a g e  of  less d i spe r s ion  of 
r e su l t s  ~3. 

5 h semble  ~tre pr6f6rable  pa rce  qu ' i l  offre la mei l leure  
ba se  e t  des  r6 su l t a t s  p lus  c o n s t a n t s .  

M. MARQUES, E. MAGALH.~ES, 
a n d  P. RIET CORRI~A 

Instituto de Fisiologia Experimental,  Faculdade de Mecli- 
cina, Pdrto A legre (Brazil), October 29, 196 2. 

Rdsumd. Les  a u t e u r s  o n t  ver i f i6  l ' i n f luence  d u  t e m p s  
6cou16 depu i s  le de rn i e r  r e p a s  su r  la  sens ib i l i t6  de  la  graisse  
de  l ' 6 p i d i d y m e  du  r a t  k l ' i n su l ine  in  vitro, e n  u t i l i s a n t  la  
m 6 t h o d e  m a n o m 6 t r i q u e .  Des  g roupes  d ' a n i m a u x  o n t  6t6 
a l i m e n t 6 s  24, 5 e t  2x]~ h a v a n t  d ' e t r e  sacrifi6s. Le  d61ai de  
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Double pH Optima of Potato Invertase 

E n z y m e  sys t ems  r equ i r ed  for b o t h  t h e  b i o s y n t h e s i s  a n d  
hyd ro lys i s  of sucrose  h a v e  b e e n  s h o w n  to  be  p r e s e n t  in  
p r o t e i n  p r e p a r a t i o n s  f rom t h e  p o t a t o  t u b e r  ~. F u r t h e r  
s t u d y  on  t h e  effect  of p H  on t h e  i n v e r t a s e  a c t i v i t y  of 
these  p r e p a r a t i o n s  f rom co ld-s to red  po t a toe s ,  h a s  r evea l ed  
t h e  p resence  of a t  l eas t  one  o p t i m u m  a t  p H  6.0 a n d  one  
p H  m i n i m u m  a t  4.7 as s h o w n  in  F igu re  1. Acid  hyd ro lys i s  
of  sucrose  con t ro l s  ( comple te  a s s a y  s y s t e m  less enzyme)  
be low p H  3.5 v i t i a t e d  a t t e m p t s  t o  o b t a i n  a c c u r a t e  r a t e  
m e a s u r e m e n t s .  I t  is r e a s o n a b l e  to  assume,  however ,  t h a t  
t h e  s econd  o p t i m u m  ex is t s  be low p H  3.5. S imi la r  r e su l t s  
h a v e  b e e n  o b t a i n e d  us ing  buf fe r s  o t h e r  t h a n  c i t r a t e .  T h i s  
d o u b l e  p H  p h e n o m e n o n  is t he re fo re  n o t  due  to  t h e  effects  
of d i f fe r ing  ionic  species of b u f f e r  on  t h e  enzyme .  

F i g u r e  1 shows  t h a t  p o t a t o  i n v e r t a s e  also h y d r o l y z e s  
rMfinose ,  b u t  a t  a s lower  r a t e  t h a n  sucrose,  a n d  t h a t  t h i s  
h y d r o l y s i s  a lso e x h i b i t s  t h e  d o u b l e  p H  p h e n o m e n o n .  No  
free ga lac tose  was  re leased  d u r i n g  t h e  h y d r o l y s i s  of raff i -  

nose.  S ince  t h e  d i sacchar ides ,  mal tose ,  mel ib iose  a n d  
t u r anose ,  a n d  t h e  t r i s accha r ide ,  melezi tose ,  d id  n o t  serve  
as s u b s t r a t e s  e v e n  a f t e r  p ro longed  i n c u b a t i o n  (48 h) a t  
b o t h  p H  4.0 a n d  6,0, i t  a p p e a r s  t h a t  t h e  p o t a t o  i n v e r t a s e  
b e h a v e s  as a t y p i c a l  f l -D-f ruc tofuranos idase  a t  b o t h  t he se  
p H  values .  

E x p e r i m e n t s  on  t h e  effect  of v a r y i n g  s u b s t r a t e  con-  
c e n t r a t i o n  y ie lded  dec ided ly  d i f f e ren t  Km a n d  Vr~ax va lues  
a t  p H  4.0 a n d  6.0 (F igure  2). 

W h e n  t h e  e n z y m e  was  d i l u t e d  f ive-fold  to  0.07 m g  
p r o t e i n  n i t r ogen ]ml ,  t h e  p h e n o m e n o n  of t h e  d o u b l e  p H  
o p t i m u m  was  b a r e l y  in  ef fec t  a n d  d i s a p p e a r e d  c o m p l e t e l y  
w h e n  t h e  e n z y m e  was  d i l u t ed  t en - fo ld  to  0.035 m g  p r o t e i n  
n i t r o g e n  (Table) .  F u r t h e r m o r e ,  t h e  r a t e  of hyd ro lys i s  of  
sucrose  b y  t h e  p o t a t o  p r o t e i n  p r e p a r a t i o n  was  n o t  p ro-  
p o r t i o n a l  t o  t h e  e n z y m e  c o n c e n t r a t i o n  a t  m o s t  of  t h e  p H ' s  
i nves t i ga t ed ,  a l t h o u g h  t h e  r a t e  was  zero order ,  a n d  t h e  
e n z y m e  a c t i v i t y  was  m e a s u r e d  a t  a s u b s t r a t e  concen-  
t r a t i o n  w h i c h  ef fec t ive ly  s a t u r a t e d  t h e  e n z y m e  (F igure  2). 
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Fig. 1. Effect of pH on the rate of hydrolysis of sucrose and raffinose 
by protein preparation from cold stored Washington Russet potato 
tubers 1. The rate (v) is expressed as ~tmoles of reducing sugar produced 
per h at 37°C per ml reaction mixture containing 40 ~moles of citrate 
buffer, protein preparation corresponding to 0.35 mg of protein 
nitrogen and either 138.8 [zmoles of sucrose (curve 1) or 41.9 ~moles of 
raffinose (curve `2). The production of reducing sugar was linear with 
respect to time and was determined by adding aliquots after 1, `2, 4 
and 7 h of incubation to 3, 5-dinitro salicylic acid reagent ~. Controls 
without enzyme or without substrate did not produce reducing sugars. 
Extended incubation of the enzyme at pH 4.0 did not result in loss of 

activity. 
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Fig. '2. Effect of substrate concentrations on the rate of hydrolysis 
(v) of sucrose by potato invertase at pH 4.0 (o) and at pH 6.0 (o). 
Rate v is expressed as ~g reducing sugar produced per h and substrate 
concentrations as ~moles per ml of enzyme reaction mixture under 
the same conditions as for Figure 1. The smooth curves are calculated 
from the Miehaelis equation: For pH 4.0 (o), K m =  7.1 raM, Vmax = 

`215; for pH 6.0 (o), K m =  2.75 raM, Vmax = `275. 

1 S. SCHWIMMER and E. S. RORE~I, Nature 187, 1113 (1960). 
E. H. FISHER and L. KoHv~s, Helv. chim. Acta 34, 11`23 (1951). 



15. I I I .  1963 Brevi eomunicazioni - Brief Reports 151  

The experimental results described are in accord with 
the hypothesis tha t  potatoes contain a high molecular 
weight, nondialyzable ampholyte which can act as an in- 
hibitor of potato invertase z and that  the invertase ex- 
hibits double pH optima because only one ionic species of 
the inhibitor (whose pK values lie within the pH range of 
activity of the uninhibited enzyme) can combine with the 
enzyme to form an  inactive enzyme-inhibitor complex 
inactive 4. I t  appears tha t  the inhibitor accompanies the 
enzyme in the preparation of the protein fraction. The 
different Km values which were observed would thus be 
expected i n this case if a competitive inhibitor were pre- 
sent and active at pH 4.0 bu t  not  at  pH 6.0. 

Applying this theory to the data of the Table, one can 
calculate tha t  the inhibit ion is greatest near the pH 

Effect of enzyme concentration on rate of hydrolysis of sucrose by 
potato invertase 

Enzyme concentration, mg of protein nitrogen per ml of reaction 
mix ture 

pH 0.035 0.07 0.035 0.07 0.035 0.07 

Obscrvedrateb R a t e i n  absence of inhibitor ~ % Inhibition 

4 41 54 87 174 53 69 
4.5 30 38 72 143 58 74 
5.0 ~4 34 42 83 42 59 
6.~ 20 40 20 40 0 0 

Conditions same as for Figure 1. 
t~g reducing sugar produced per h per mt of reaction mixture.  
Calculated on assumption of the presence of an endogenous in- 
hibi tor  in the enzyme preparation.  The derivation of the equation 
for this calculation has been described earlier~. 

minimum, pH 4.7, but  inhibition is negligible at  pH 6, 
near one of the pH optima. I t  will also be noted in accord- 
ance with theory, that  the calculated activity (as a func- 
tion of pH) in absence of inhibitor, as well as that  found at  
the lowest enzyme concentration investigated, shows no 
minimum. This suggests that  the true opt imum of the 
enzyme lies in the region of pH 3.5. The final proof of this 
hypothesis will bc dependent upon the separation of the 
inhibitor from the preparation of potato protein. 

I t  should be mentioned that  protein preparations from 
potatoes stored at  2°C contained about  four times more 
invertase activity than similar preparations from potatoes 
stored at room temperature, as measured at  pH 6.0 by the 
method described for Figure 1. 

Zusammen/assung. Kartoffelinvertase scheint zwei pH- 
Optima zu haben; ein Optimum bci pH 6 und das andere 
bei oder unterhalb pH 3,5. Es scheint evident, dass das 
Ph~inomen nicht mit dem Vorhandcnsein von zwei En- 
zymen zusammenh~ingt. Untersuchungen fiber die Kinetik 
des Enzyms lassen daran denken, dass das doppelto pH- 
Optimum mit einer amphoteren Hemmungssubstanz der 
Invertase in Beziehung steht. 

E. S. RORE~ and S. SCHWIMMER 

Western Regional Research Laboratory, Albany (Cali]ornia, 
U.S.A.), A Laboratory o] the Western Utilization Research 
and Development Division~ Agricultural Research Service, 
U.S. Department o[ Agriculture, October 25, 1962. 

8 S. SCHWIMMZR, R. U. MAKOWER, and E. S. ROREM, Plant Physiol. 
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4 S. SCUWt~tMER, J. theoretical Biol, 3, 102 {1962). 

Gel Fi l trat ion of Protease  Inhibitors  
f r o m  Potatoes  

The inhibitor of pretenses (IPP), isolated from potatoes 1, 
possesses pronounced anti- inflammatory activity2, ~. By 
high-voltage electrophoresis, I P P  was found to be com- 
posed of 5 protein fractions. By isolation procedures several 
preparations were obtained showing different degrees of 
puri ty  and activity. I t  was of special interest to study 
whether some of the macromolecular fractions mixed with 
the ant i- inf lammatory fraction possess other character- 
istic activities and whether by their separation the anti- 
inf lammatory activity remains unaltered. For this pur- 
pose, an isolation was carried out  on an analytical scale 
such tha t  the amount  of fractions obtained sufficed for 
biological tests. 

As the most suitable method, the column chromato- 
graphy ('gel filtration') on Sephadex was suggested for 
preliminary information because of a large amount  of 
inorganic material (mostly NaC1) present in the initial 
preparation and because of the lack of any information 
about the molecular weight of the individual fractions. 

In  experiments with Sephadex G-50 and G-25 (Phar- 
macia, Uppsala, Sweden ) the presence of three maxima 
was found at 280 mtL. Figure 1 shows the chromatography 
of 1.5 g of lyophilized material dissolved in 30 ml of 
0.01M acetic acid on Sephadex column G-25, water regain 
of 2.5 g/g of dry weight (3.2 × 200 cm) in equilibrium with 
0.01M acetic acid. The elution was carried out by the 

same solution at room temperature. The localization of 
the maximum No. 3 (representing the anti- inflammatory 
activity) indicates a molecular weight of less than 3000. 
As the separation on Sephadex need not  be complete, as 
was suggested in fact by the character of the maximum 
No. 3, a more detailed separation was realized before the 
lyophilization following the scheme in Figure 1 (fractions 
1-3]3). Repeated chromatography of the main fractions 
(No. 2 and No. 3) gives identical pattern of separation, 
eliminating possible artefacts. The corresponding freeze- 
dried fractions obtained in the four individual chromato- 
graphic experiments were finally combined and evaluated 
biologically for irritant, haemagglutinating and anti-  
inflammatory activity. 

As the preparation possess an inhibitory activity against 
a series of proteolytic enzymes, the inhibitions of trypsin, 
chymotrypsin, plasmin and plasmin-activator of the in- 
dividual fractions were determined, and a possible cor- 
relation between the antiphlogistic and antiproteolytic 
activity was investigated. The results revealed (Figure 2 
and Figure 3) that  whereas fraction 2 is the main carrier of 
the antitrypsin, possibly antichymotrypsin act ivi ty and 
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