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Supplementary Table 1. ITC Enzyme Kinetics Publications 

Enzyme  
Class 

Reaction Enzyme Organism Reference Advantage of ITC Method 

Hydrolase       

Esterase hydrolysis of 
ester bond 

Phosphotriesterase 
(OpdA) 

Agrobacterium 
radiobacter 

(1) Traditional  uses chromogenic 
Modified substrate.  

Multiple injection; 
Single substrate 
injection; Single enzyme 
injection  

  Glycerophospodiesterase 
(GpdQ) 

Enterobacter 
aerogenes 

(1) Same as above Multiple injection; 
Single substrate 
injection  

  Cyclic nucleotide diesterase 
(Rv0805) 

Mycobacterium 
tuberculosis 

(1) Same above Multiple injection; 
Single substrate 
injection  

  Phosphodiesterase (PDE1) Bos taurus (2,3)  Multiple injection  

  alkaline phosphatase Bos taurus (4)  others 

  RNases (ribonucleases) Bos taurus (5,6)  Single substrate 
injection;  
Modified single 
substrate injection  

  Acetylcholinesterase (AChE)  Electrophorus 
electricus 

(7,8) Neither the product nor 
substrate of AChE are suitable 
for direct spectrophotometric 
evaluation.  

Multiple injection; 
Single substrate 
injection  

  sulfatases Patella vulgate (4)  others 

Glycosylase hydrolysis of 
glycosyl 
compounds 

Pullulanase 
 

Klebsiella 
pneumoniae 

(9-11) Entangled alginate medium and 
immobilized, insoluble support 
matrix. 

Single enzyme injection  

  exo-polygalacturonases 
(PGs) 

Rhizopus oryzae (12) The using of reducing sugar s 
(e.g. dinitrosalicylic acid, 
Somogyi–Nelson) may 
overestimate or underestimate 
reducing sugars. 

Multiple injection; 
Single substrate 
injection  

  nucleoside hydrolase 
(MtIAGU-NH) 

Mycobacterium 
tuberculosis 

(13)  Single enzyme injection  



  α-Amylase Drosophila 
melanogaster; 
Homo sapiens; 
Sus scrofa 

(14-16) Conventional α-Amylase activity 
s use a Modified substrate (e.g. 
chromophore-containing (CNP) 
maltoheptaose), which may 
influence the binding and 
catalysis mechanisms.  

Single enzyme injection  

  sialidase Arthrobacter 
ureafaciens 

(17)  Multiple injection  

  Invertase 
 

Saccharomyces 
cerevisiae 

(18) Membrane immobilized 
enzyme. 

Modified single 
substrate injection  

  Chitinases  
 

Arthrobacter sp. 
TAD20; Serratia 
marcescens; 
Serratia 
marcescens 

(19,20) Insoluble substrate. Single enzyme injection  

  β-glucosidase (BG)  
 

Pyrococcus 
furiosus; 
Thermobifida 
fusca; Prunis 
dulcus 

(21-23) Immobilized enzyme. Multiple injection; 
Single substrate 
injection  

  xylanase Aspergillus 
aculeatus 

(24) Chemical-reducing-end sugar s 
are not always reliable.  

Multiple injection  

  endo-Glucanases (EGs)  
 

Trichoderma 
reesei 

(25) The conventional  uses a 
Modified substrate.  

Single substrate 
injection  

  Cellulases  
 

Hypocrea 
jecorina; 
Trichoderma 
reesei; 
Aspergillus 
niger;   

(26,27) No alternative simple and 
quantitative  to characterize a 
saccharification of cellulosic 
biomass.  

Single substrate 
injection  

  cellobiohydrolase  (Cel6A) 
 

Hypocrea 
jecorina 

(28) The use of chromogenic 
substrates or modified 
oligosaccharides do not reflect 
the enzymatic activity of 
complex substrates. ITC uses a 
native substrate (e.g. soluble, 

Multiple injection; 
Single substrate 
injection  



insoluble and complex 
substrate).  

Epoxide 
hydrolase 

hydrolysis of 
trans-
substituted 
epoxides 

epoxide hydrolase (hsEH) 
 

Homo sapiens (29) Conventional  uses LC-MS/MS Single substrate 
injection;  
Modified single 
substrate injection  

Acid 
anhydride 
hydrolases 

hydrolysis of 
acid 
anhydride 

Nucleoside triphosphate 
diphosphohydrolases 
(NTPDases)  

Rattus 
norvegicus 

(30)  Multiple injection  

  Lupin Diadenosine 5’,5-
P1,P4-Tetraphosphate 
Hydrolase(Ap4A)  

Lupinus 
angustifolius 

(31)  Multiple injection; 
Single substrate 
injection  

Proteases / 
Peptidases 

Hydrolysis of 
peptide bonds 

Trypsin 
 

Bos Taurus (32-37) Conventional real-time s use 
Modified chromogenic 
substrates.  

Multiple injection; 
Single substrate 
injection;  
Modified single 
substrate injection  
Others (ERM) 

  Nattokinase (NK) Bacillus subtilis (38)  Modified single 
substrate injection  

  Prolyl carboxypeptidase 
(PRCP)  

Homo sapiens (39)  Multiple injection  

  prolyl oligopeptidase (POP)  
 

Homo sapiens (37,40)  Modified Multiple 
injection; 
Single substrate 
injection; 
Others (ERM) 

  Pepsin 
 

Sus scrofa (41)  Multiple injection; 
Single substrate 
injection  

  d,d-dipeptidase enzyme 
VanX  
 

Enterococcus 
faecalis; 
vancomycin-
resistant 
Enterococci 

(42) Conventional  uses capillary 
electrophoresis. In vivo 
application of ITC. 

Single substrate 
injection  



Amido-
hydrolase 

hydrolysis of 
amide or 
amine bonds 

β-lactamase 
 

Halophile 
Chromohalobac
ter sp. 560;  
Pseudomonas 
aeruginosa; 
Escherichia coli; 
Staphylococcus 
aureus; 
Acinetobacter 
baumannii 

(43-47) In vivo ITC application.  Multiple injection; 
Single substrate 
injection  

  Urease 
 

Sporosarcina 
pasteurii 

(48,49)  Multiple injection  

  Maleamate Amidohydrolase 
(NicF) 

Bordetella 
bronchiseptica 

(50)  Multiple injection  

deaminase Removal of an 
amino group  

dCMP deaminase Schistosoma 
mansoni 

(51)  Multiple injection  

Transferases       

Phospho-
transferase 
(Kinase) 

transfer of 
phosphate 
groups  

Gluconokinase Homo sapiens (52) Conventional  uses coupled 
enzymes. 

Multiple injection  

  Hexokinase (HK) Saccharomyces 
cerevisiae 

(53-55) The use of labeled substrates 
caused a large variation of Km 
for glucose and fructose(56).  

Multiple injection; 
Single substrate 
injection  

  Arginine kinase Litopenaeus 
vannamei 

(57)  Multiple injection  

  aminoglycoside 3′- 
phosphotransferase-IIIa 
(APH (3′)-IIIa) 

Enterococcus 
faecalis 

(58) ITC allows real-time 
measurement of ADP 
interactions (unlike coupled ) 

Modified single 
substrate injection  
 

  pantothenate kinases  
(EcPanK, PaPanK) 

Pseudomonas 
aeruginosa, 
Escherichia coli 

(58) Same as above Modified single 
substrate injection  

  protein kinase C  Rattus 
norvegicus 

(59)  Modified single 
substrate injection  

  pyruvate kinase  Oryctolagus 
Cuniculus 

(60,61) Conventional  uses coupled 
enzymes. 

Single enzyme injection  

  Taurocyamine kinase 
(PsTK) 

Phytophthora 
sojae 

(62)  Multiple injection  



Glycosyl-
transferase 

formation of 
glycosidic 
linkages 
 

glycogen phosphorylase 
(GP)  

Oryctolagus 
Cuniculus 

(63) Custom-ITC based method 
directly monitored reaction 
kinetics in both glycogen 
synthesis and phosphorolysis 
directions. 

Single enzyme injection  

  Levansucrase (SacB)  Bacillus subtilis (64)  Single substrate 
injection  

Oxidoreduct
ases 

      

 redox 
reaction 

versatile peroxidase (VP)  
 

Bjerkandera 
adjusta 

(65,66) Complex humic substances 
substrates. 

Single substrate 
injection  

  Putrescine oxidase (PUO)  Micrococcus 
rubens 

(67) Immobilized enzyme Single substrate 
injection  

  dihydrofolate reductase 
(DHFR)  

Schistosoma 
mansoni 

(68)  Multiple injection  

  recombinant human 
flavincontaining 
monooxygenase 3 (hFMO3) 

Homo sapiens (69)  Multiple injection; 
Single substrate 
injection  

  diaphorase Clostridium 
kluyveri 

(4)  others 

  laccase Trametes 
versicolor 

(4)  others 

  phenylalanine hydroxylase 
(PHA)  
 

Homo sapiens (70)  Multiple injection; 
Single enzyme injection  

  dihydroorotate 
dehydrogenase (TcDHODH)  

Trypanosoma 
cruzi 

(71) ITC employs native substrate. Multiple injection  

Lyase       

  elimination 
reaction 

Adenylosuccinate lyase 
(SmADSL)  

Schistosoma 
mansoni 

(72)  Multiple injection  

  Acetolactate synthase  unknown (55)  Multiple injection  

  Heparin lyase Flavobacterium 
. heparinum 

(55)  Multiple injection  

  Rubisco Rhodospirillum . 
rubrum 

(55)  Multiple injection  

Ligases       



 Covalently 
links two 
substrates 

CTP synthase Lactococcus 
lactis 

(73)  Multiple injection  

  pyruvate carboxylase Bos taurus (55)  Multiple injection  

Isomerases       

  Chaperonin GroEL  
 

Escherichia coli (55)  Multiple injection  

 

 

  



 

Supplemental Figure 1. Cumulative graph of ITC enzyme kinetics studies by year. 
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