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The beginning

Hi Takao, I need a method to 
measure catalase activity, but I have 
no external funding for my research.

You are the biochemist, you’ll figure 
out something cheap and reliable!

Okay, let’s see what can 
I do four you!



An inspiration 





• 1 ml iodine weak solution (2–3%)


• slowly add 2 ml ascorbate solution (0.2%)


• dark brown colour changes to light yellow


• add 0.8 ml starch solution (1.0%)


• add 8 ml water


• add 8 ml hydrogen peroxide (3%)


• just wait for a while (a few minutes)

Iodine clock reaction



The chemistry behind
Catalase Assay by Iodine Clock Reaction – CAICR

C₆H₈O₆ + I₂ → C₆H₆O₆ + 2I⁻ + 2H⁺
(ascorbate) (ascorbate)

2I⁻ + H₂O₂ + 2H⁺ → I₂ + 2H₂O

reduction

oxidation

catalase: H2O2 + H2O → 2H2O + O2

=



So, what is the point?
Catalase Assay by Iodine Clock Reaction – CAICR

• high catalase activity 

• less H2O2


• less I2


• longer time required for the 
regeneration of I2, thus the 
colour reaction with starch 
will be delayed

• low catalase activity 

• more H2O2


• more I2


• shorter time (without delay) 
required for the colour 
reaction of I2 with starch

slow fast



enzymatic reaction solution 
(E solution; catalase + H2O2)

catalase

H2O2 30% 10 min. reaction

80 μl 

colour change solution  
(C solution; iodine + ascorbate + starch)

178 μl 
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20 min. experiment shown in 1 min. 
(20×accelerated)



How to identify the reaction  
as completed?



Machine Learning greatly helps!



Training data sets for ML

Positive Negative



Programming environment and ML libraries

KerasRStudio



The algorithm of CAICR
movie recorded by cellular phonemovie recorded by cellular phone

transform to still image every 1 s

identification of wells on plate

ML-based classification

assay output in CSV file further analysis  
or data interpretation  



Simple moving average as an identification index
± 20 s (can be adjusted if needed)



Identification index threshold
resembles Ct (cycle threshold) in qPCR

iit = 0.5



Non-biased automatic identification
resembles Ct (cycle threshold) in qPCR

iit = 0.5



CAICR really works!
Intra-Assay 
Coefficient  

of Variability

Inter-Assay  
Coefficients  
of Variability

9.4%

3.4%



CAICR in science
still preliminary
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Conclusions

• Quantitative assay available for all


• Beautiful chemistry behind


• Cross-talk of chemistry and biology 


• Programming skills in Python or R


• Glimpse of Machine Learning



FACULTY 
OF BIOLOGY

Department of Environmental  
Microbiology and Biotechnology

Web: 
takao.pl 

Takao Ishikawa 
t.ishikawa@uw.edu.pl 

http://takao.pl

