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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. 
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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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Fig. 1. Gel filtration of 1.5 g/30 ml of inhihitors (IPP) through 
Sephadex G-25 column (3.2 x 200 cm) equilibrated and eluted with 
0.01M acetic acid. Fractions (15 nil) collected at a rate of 60 ml/h. 
Solid line : absorbancy at 280 m~t, broken line: specific conductivity. 
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Fig. 2. Inhibitory activity of individual Sephadex-fractions of IPP 
against some proteolytic enzymes. Equal weigh ts of individual freeze- 
dried taken into experiment. Trypsin [] and chymotrypsin i!~ : inhi- 
bitory activity is relation of the total amount of enzyme to the total 
amount of inhibitor which decreases its activity to 50%. Plasnfin 
[[[ and plasmin-activator • : lysis-time of a standard coagulum in 

min (control time 5 rain). 
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Fig. 3. Some biological properties of individual Sephadex-fractions 
of IPP. Anti-inflammatory activity [:2: inhibition of the kaolin in- 
flammation of paw in rats in %. Irritant activity i~': mg of ma- 
terial in 0.1 ml of saline causing 3 times area of blueing after saline 
alone. Haemagglutinating activity • :amount of the material in mg 
in the system with 0.05 ml of rabbit blood causing 50% agglutination. 

f rac t ions  3/2 and  3/3 of an t iph logis t ic  ac t iv i ty ,  f rac t ion  3/1 
showed  an  a n t i c h y m o t r y p s i n  and  par t i cu la r ly  an t i p l a smin  
ac t iv i ty .  The h igh-molecu la r  f rac t ion  1 p rovokes  a m a r k e d  
agg lu t ina t ion  of e ry th rocy te s .  I t s  an t iph logis t ic  ac t iv i ty  
is t h e n  p r o b a b l y  the  resul t  of p r o n o u n c e d  toxic i ty .  Frac-  
t ions  2 and  3, on the  o t h e r  hand ,  are re la t ive ly  non- toxic .  
Inh ib i t i on  of t h e  p l a s mi n - a c t i v a t o r  did no t  a t t a i n  esti-  
mab le  values.  More de ta i led  f r ac t iona t ion  s tudies  are in 
progress*. 

Zusammen]assung. Vorlgufige F r a k t i o n i e r u n g  an  Dex-  
t r an -Ge l  S e p h a d e x  G-25 (Pharmacia ,  Uppsala)  e rgab  eine 
T r e n n u n g  des P ro t ea se inh ib i to r s  aus Kar to f f e ln  in die 
e inzelnen K o m p o n e n t e n ,  die n e b e n  der  e igent l ichen  ent-  
z t i n d u n g s h e m m e n d e n  Ak t iv i t~ t  noch  A n t i t r y p s i n -  bzw. 
A n t i c h y m o t r y p s i n - ,  An t ip l a smin -  und  ausgeprXgte H~m-  
agg lu t in ie rungsak t iv i t i i t  aufwiesen.  
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On the M e c h a n i s m  of Spore  G e r m i n a t i o n  
in B. subtilis.  

Permeabi l i ty  and G e r m i n a t i o n  by  Pyruvate  

L-ala:nine induces  ge rmina t ion  in spores  of B. subtilis 
i ncuba ted  a t  37 ° in p h o s p h a t e  bu t t e r  a t  neu t r a l  p H  1. Un-  
d o u b t e d l y L - a l a n i n e a e t s t h r o u g h a ' s u b s t r a t e ' m e c h a n i s m  e,s, 
i.e. ge rmina t ion  d e p e n ds  upon  t h e  b r e a k d o w n  of t h e  
aminoacid .  The f irs t  s t ep  wh ich  occurs  in spores  is de-  
amina t i on  of alanine by  the  ac t ion  of an L-a lan ine  oxidase  ¢ 
or  a D P N - l i n k e d  L-a lanine  dehydrogenase  s-~. I t  has  been  
d e m o n s t r a t e d  t h a t  t he  p roduc t i on  of p y r u v a t e  and  a m m o -  

n ia  does no t  i m p l y  loss of h e a t  res i s tance  and  t h a t  pyru-  
va t e  m u s t  be f u r t h e r  me tabo l i zed  to  h a v e  ge rmina t i on  3,4. 
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