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Souhrn  

Autor sledoval aktivitu katalasy terms sinic v zAvislosti na tcplot~. Jako 
materiAlu bylo pou~ito homogenAtu i termgdnich sinic r. Oscillatoria (teplotnl op- 
t imum 38 ~ C). ManometrickA metoda podle APPLEMANA (1951) byla ponSkud 
modifikovAna, ale princip (stanoveni uvoln~n~ho kysllku v prvnich fs reakce) 
zflstal zachovs Na rozdil od b ~ n ~ c h  manometrick:~ch meted se b~hem stanoveni 
nezachovs konstantnl  objem (Vo) a registruje se 5as pot~ebn:~ ke zm~n~ tlaku 
o urSit:~ interval. V~sledky se p~epoSitAvaji na V o graficky. 

Nebyly zji~t~ny ~hdn~ zvlAhtnl vlastnosti katalasy terms sinic, pokud jde 
o zAvislost jeji aktivity na teplot~, co~ potvrzuje p~edpoklad M. B. ALLENOV]~ 
(1950), ~e neexistuji zvlg~tni bilkoviny resistentni k vysok:~m teplotAm. ReakSni 
rychlost se v zAvislosti na teplot5 zvy~uje a~ do 55 ~ C. PH teplot~ 60 ~ C je enzym 
z tormAlnich sinic prakticky kvantitativn~ denaturovAn, stejn~ jako katalasa 
z mesofilnich mo~sk:~ch ~as nebo z b:~Sich jater. 

Summary 

The author has studied the relation of the catalase activity in thermal 
blue-green algae to temperature. Experimental data  were taken from the 
first phase of the reaction, so that  oxidation of the enzyme by  the substrate 
was eliminated. The relation of the activity of a homogenate of thermal blue- 
green algae to temperature gives a curve similar to that  obtained by  SIZER 
(1944) for pure enzyme preparations isolated from beef livers. The resistance 
of the enzyme to high temperatures is the same in thermal blue-green algae 
as in mesopholic seaweeds. The catalase of thermal blue-green algae does 
not exhibit any special characteristics differing from the catalase of mesophiles. 

Introduction 

The thermophily of some organisms still remains incompletely explained, 
although we know by  now for certain that  their metabolism is essentially 
the same as that  of mesophiles, that  no natural division with regard to temper- 
ature exists between thermophiles and mesophfles and that  thermophily is 
a characteristic which organisms of the same species, can gain and lose (Sporo- 
vibrio desul/uricans ). 
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On the basis of her experiments ALLEN (1950) has come to the conclusion 
that the nature of thermophily is not to be sought in the specific resistance 
of plasmatic proteins to high temperatures. In her opinion the more intense 
metabolism at high temperatures is responsible for the higher resistance of 
thermophilic organisms, the synthesis of their enzymes and other plasmatic 
components taking place more rapidly than their denaturation. This assump- 
tion has been based on the direct relationship between consumption of nutri- 
ents from the environment and rising temperature. With insufficient nutrients 
thermophilic species or strains (Bacteria) perish at high temperatures as 
quickly as mesophilic species. 

Blue-green algae are characterised by the wide temperature limits within 
which they can exist and the thermophily of many species can be regarded 
rather as facultative than strict. In connection with the study of the tempera- 
ture dependence of photosynthesis and respiration in blue-green algae the 
author also observed the dependence of catalase activity on temperature. 

Materials and methods 

Thermal  blue-green algae of the genus Oscillatoria (with o p t i m u m  tempera ture  for growth,  
photosynthes is  and respirat ion a t  t empera tu res  close to 35 ~ C). Both  intact  algae fi laments and  
ilomogenate were used. A pure 14-days-old culture of the species chosen cult ivated in a small  
Roux  flask (20 ml. medium) was homogenised for 3 minutes  in an  all-glass homogeniser  af ter  
POTTER and ELVEHJEbl (1936) wi th  10 ml. phospha te  buffer p H  = 7 (Na2HPO 4 M/15 + KH~PO 4 
M/15). I n  each case 2.7 ml. of this suspension,  corresponding to 0.25 rag. of total  nitrogen, was 
pipet ted into a manomet r ic  flask. By using cultures f rom eight cult ivation dishes enough ma- 
terial was  obta ined for all tests.  By prel iminary exper iments  it was established tha t  the catalase 
act ivi ty of  the homogenate  was not  changed even after  24 tmurs if kept  at  0 ~ C in the dark.  
This period sufficed for the determinat ion of enzyme act ivi ty at  all t empera tu res  chosen wi th  
a sufficient n u m b e r  of repetitions. 

I n  determining the t empte ra tu re  coefficient of enzymatic  spli t t ing the concentra t ion of the 
subs t ra te  m u s t  be chosen wi th  a view to the concentrat ion of the enzyme so t ha t  the  t ime de- 
pendence of the rate of reaction should be suited to the kinetic equat ion for "zero-order"  reactions 
which are characterist ic for heterogenous catalysis (FRUTO~r and  StM~ONDS 1954). For  this reason 
in the pre l iminary  exper iments  hydrogen peroxide was added to the suspension of homogenised 
algae to give resul tant  concentrat ions of 0.033 M, 0.1 M and 0"3 M. Pre l iminary  de terminat ions  
were carried out  at  a tempera ture  of 20 ~ C. The am oun t  of oxygen evolved in relation to t ime agreed 
in  the t ime interval  used with the kinetic equat ion of "zero-order"  reactmns 

- -  dC/dt ~ kE 

(where E is the amo un t  of enzyme present)  only wi th  a resu l tan t  concentrat ion of the subs t ra te  
of  0-1 M. I n  this  and all o ther  exper iments  the material  was  incubated at  the given tempera ture  
for 10 minutes .  The concentrat ion 0.3 M already caused a marked  dena tura t ion  of the enzyme, 
while a t  the concentrat ion of 0.033 M H20 ~ the reaction took place clearly in accordance wi th  
the kinetic equat ion  for a monomoleeular  reaction 

- -  dC/dt = kC 

I n  view of the s t rongly  oxidising propert ies  of the subs t ra te  it is not  possible in the last  case 
to decide to w h a t  ex ten t  the decrease in reaction rate  in the course of t ime in the last  phase is 
related to the concentra t ion of the subs t ra te  or to the dena tura t ion  of the orlzyme. Therefore, in  
fu r ther  experiments ,  a resul tant  concentra t ion of 0.1 M and a somewhat  modified me thod  after  
APPLEMAN (1951) were 'used which made it possible to determine rate  cons tan t  dur ing the first 
t h i r ty  seconds following the  s ta r t  o f  the reaction. Manometric  .determination forms the basis 
of  this method,  bu t  the time corresponding to the change in pressure in a given interval  is recorded. 
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Wi th  the exper iments  described this interval  was 10 mm.  of manomet r ic  liquid. The rate  of re- 
action would make  it difficult to  main ta in  the volume of gas Vg a t  a cons tan t  level. I n  order to 
avoid this difficulty the values obtained were calculated acSording to the mathemat ica l ly  
derived and exper imental ly  confirmed relation 

P .  V m 
h = 2h 1 + - - ,  

Vg 

where 2h 1 is the change in pressure in mm.  of manometr ic  liquid when  the volume of gas Vg 
is no t  main ta ined  a t  a cons tan t  level (h 1 is the change in level in one a r m  of the manometer )  and  
V m is the volume of gas formed in the capillary above the liquid in the  closed a rm of the mano- 
meter.  The remaining symbols  are com m on  in manomet ry .  

Fo r  the purpose  followed W a r b u r g ' s  respi rometer  of usual  type wi th  a vessel lacking the central  
cup and wi th  one side a r m  was  used. 

The above relation is only approximate ,  as follows f rom its derivation: 

pV = (P + h ) . V g  (1) 

pV = (P + 2h~). (Vg+  Vm) (2) 

By compar ison of the r ight  sides of these equat ions  the following expression is obtained 

Vg -[- V m P . V m 
h = 2h 1 -- -~ - -  

Vg Vg 

Since 

Vg-~- V m ~ V g ,  

then  

Vg + V m 

Vgo - -  

and therefore this expression can be ignored in the formula.  Wi th in  the  pressure range of the 
Warbu rg  manomete r  it is possible in most  cases to ignore the error (less t h a n  30/o) so produced. 
For  example,  if Vg = 16,850 1., t t h l  ~ 300 ram. and V m ~ 800/tl. (the volume of gas correspond- 
ing to 1 ram. of manomet r ic  liquid m u s t  be known;  in our  case it is 2.67 td.) Calculating h 
according to the original formula the resul tant  value is 1105 ram., when  using the simplified 
formula h is 1075 ram. 

With in  the pressure range of the W a r b u r g  manomete r  the relation between h and h 1 is also 
practically linear, which can be usefully employed in the graphic evaluat ion of the results.  

Time intervals  corresponding to a change in pressure of 10 ram. of manometr ic  liquid were 
registered photographical ly.  A spring machine was used in which a cons tan t  speed was ensured 

Fig. l. Pho tograph  of original t ime records f rom which the rate of decomposit ion of hydrogen  
peroxide by the catalase was worked out. 
A) 0 ~  B) 30 ~  C) 50 ~ 
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by a centrifugal regulator.  To the machine there was a t tached a d r u m  wi th  grooves for the in- 
sertion of polarographic paper  and wi th  a signalling appa ra tus  to announce  the beginning and  
the end of the record paper.  The speed of ro ta t ion  was  one t u rn  in two and a hal f  minutes  (r 
= 8 cm.). Opposite the d rum there was  a slit wi th  two signal electric bulbs  one above the other.  
The contacts  of met ronome were connected to the circuit of one bulb  recording the interval  of 
one second. The circuit of the other  bulb  was connected by  the pressing of a switch at the m o m e n t  
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Fig. 2. Ra te  of l iberation of oxygen f rom 
0.1 M solution of hydrogen peroxide a t  va- 
rious tempera tures .  The reaction was  catal- 
ysed by  a homogenate  of the alga Oscilla. 

toria at  pI-I = 7. 
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Fig. 3. Relat ion of the catalytic act ivi ty of 
the Oscillatoria homogenate  to tempera ture .  
The measure  of act ivi ty of the homogenate  
is the original rate of decomposit ion of hydro-  
gen peroxide expressed in micromols of I~O~ 

dis t r ibuted in seconds. 

when  a change in pressure of 10 mm.  of manometr ic  liquid took place. I n  this way, after  developing 
the records, two rows of signs were obtained, of which one was  a measure  of the t ime in seconds 
and  the other  indicated--according to this sca le - - the  t ime necessary for a change in pressure  
of the degree chosen to occur (fig. 1). I t  is possible to read the pressure wi th  sufficient accuracy 
even during shaking (100 oscillations to the minute) .  I t  is best  to  read it a t  the m o m e n t  when  
the  moving  meniscus first reaches each fifth graduat ion  of the scale. 

Results 

The course of  the decomposition of  hydrogen peroxide in relation to time 
is given in fig. 2. The relation of  the rate constant determined (M H~O~/sec.) 
to temperature is illustrated in fig. 3. Deviations from the theoretically pre- 
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sumed exponential curve cannot be fully explained since the work was not 
carried out with the pure enzyme but with a suspension of homogenised mate- 
rial. Therefore, not even the logarithmic expression of the constant in relation 
to 1/T gives a straight line (fig. 4). 

Activation energies for individual temperature intervals were calculated from 

Arrhenius's equation ~ 2-303 R log k 2 - - l o g  k~ �9 I/T1 __ l/T2 (where I~ is the gas constant 

expressed as 1.987 cal./mol.). They 
are set out in the following table: 

0 to 50 ~ C 4100 cal. 
0 to 10 ~ C 5500 cal. 

10 to 40 ~ C 2900 cal. 
40 to 50 ~ C 6400 cal. 
50 to 60 ~ C 59,000 cal. 

Experiments with whole, non- 
homogenised material gave similar 
results. For obvious reasons their 
dispersion was, however, rather 
greater. 

The results obtained do not show 
any essential differences from these 
of SIZER (1944), using catalase iso- 
lated from beef liver, or from those 
of the Japanese author TAKAGI 
(1953) who worked with five spe- 
cies of seaweeds: Ulva pertusa, 
Enteromorpha linza var. crispata, 
Scytosiphon lomentaria, Polysiphonia 
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Fig. 4. Relat ion of the logar i thm of the rate 
cons tant  of  decomposit ion of hydrogen perGxide 
(catalysed by  homogenate  of the alga Oscillatoria) 
to the inversion value of absolute t empera tu re  at  

which the reaction took place. 

venticulosa and Porphyra ?seudolinearis. As far as the resistance of the 
catalase to high temperatures is concerned, the results are also numerically 
in complete agreement both for marine mcsophiles and for thermal blue- 
green algae. BO•NICHSEN and co-workers (1947) obtained, on the basis of 
their experiments with very pure preparation, a considerably lower value of 
activation energy (1700 cal.) and they stated tha t  higher values were obtained 
only when working with imperfectly pure preparations. For denaturation 
SrZER has quoted a lower activation energy (51,000 cal.), but this can 
be explained by differences in method (different incubation period, etc.). 
I t  seems, then, tha t  the catalase of thermal blue-green algae does not exhibit 
any special characteristics as regards the relation of its activity to temperature 
and resistance to high temperatures. 
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AKTHBHOCT~ ~ a T a ~ a 3 ~  TepMOOH~bHbIXCHHe3e~eH~X Bo~opocaef i  
B 3aBHCHMOCTH OT TeM~epaTyp~ 

~TEHAH ~ H H  

Pe3ioMe 

ABTOp I4ccae~IoBaa aKTgBImCT~, •aTaaa3bi Tep~mq~HabHbIX cgHeaeaeHh/X ~oaopocnefi 
B 3aBHCHMOCTI40T weMnepawyp~. B Ka~ecTBe Mawepi4ana npHMeH~aC~ roMoreHaT 53 TepMo- 
~HJILRHX cH~e~enenbrx noaopoc~efi Oscillatoria (OnTnMy~ weMnepawypLi 38 ~ C). MaHOMeTp~- 
,4ecI<I4fi MeTO~ Appleman-a  ( i95i)  5 ~  HecImnSKO MO~IH~HIIHpo~aH, ]I0 ere np~H~H~ (onpe- 
~eaeHne oeBoS o~ammeroc~  KHc~opo~a B nepB~Ix ~Sa3ax peaK~Ha) ocwaBaac~ HeII3MeHtthIM. 
B o w ~ u n e  OW OSLI~HHX MaImMeTp~uecI<HX MeTO~IOB, 13 we,~e~e onpe~eaeH~fi He coxpaHuewc~l 
~OCTOaH~fi o57~eM (Vo) ~ per~ewp~pyeTc~ npeM~, ~eo5xoa~Moe Z ~  ~aMe~e~g  ~ a ~ a e n ~  
Ha onpe~e~eHny~o ne~u~Hy.  Pe3yn~waT~,~ n e p e ~ c a ~ w e u  na Vo r p a ~ u e e ~ m  

3aBHCHMOeTH aI~THBHOCTH Kawa:Ia3i,i Tep~mip~n~H~x c~Heae~eH~X no;mpocnefi OW weM- 
nepaTyp~ ~e 5~n~ OTMe~CH~. 3TO ~m~Tnep~aew n p e ~ o n o m e m m  M. B. Allen-a (i950), 
~TO ~e cyn~ecT~yioT oeo6~m 5ericH, ycwof i~n~e  ~ Bh~CO~HM weMnepaTypaM. CKopoeTb npo- 
TeNaHH~t pea~tRgg HOBhHuaeTeH IIpOIIOpKHoHaJIhHO IIOBI)IIIIeHHIO TeMgepaTyps~ BIIJIOTb 
~10 55 ~ C. Hpu 60 ~ C aH3nM 53 TepMO~H~IbHbIX cnneae~eH~X ~o~opoc~efi ItpaKTHqeeIr 
IIOJ1HOCTI~IO ~enaTypHpyeTcu, ~a~ l~ }r H3 Me30~H,~,Hh~X MopcK~x no~opoc~efi ~ a ,  
H3 ~Mqhefi ne~eHm 


