
ISOCHIZOMERS



Introduction 

 Isoschizomers are restriction enzymes that have the same recognition sequence 

and the same specificity.

 When two or more enzymes recognize the same double-stranded DNA sequence 

and cleave it in exactly the same way, they are called isoschizomers.

 These isoschizomers usually originate from different sources, and thus may 

have optimal activity under different reaction conditions.

 Neoschizomers are similar to isoschizomers in that they recognize the same 

DNA sequence; however, they generate different cleavages at the recognition 

sequence.



Introduction 

 The prototype enzyme is generally the first to be discovered and characterized. 

 Subsequent enzyme(s) discovered from different hosts that recognize and cut at 

the same target sequence are termed “isoschizomers” of that prototype

 Because enzyme naming conventions reference the genus, species, and strain 

from which they were isolated, isoschizomers could have very different names, 

despite the sequence recognition similarities between them

 For example, Anza 3 BcuI is an isoschizomer of SpeI.

 Table 1 shows the different commercial available isochizomers



Prototype Source organism Recognition 

sequence

Anza isochizomer Source organism

Spel Sphaerotilus species 5'-A↓CTAGT-3' Anza 3 BcuI Bacillus coagulans VS 29-

022

Agel Agrobacterium gelatinovorum 5'-A↓CCGGT-3' Anza 7 BshTI Bacillus sphaericus Jo 22-

024

Avrll Anabaena variabilis UW 5'-C↓CTAGG-3' Anza 15 XmaJI Xanthomonas maltophilia Jo 

85-025

Ascl Arthrobacter species 5'-GG↓CGCGCC-3' Anza 21 SgsI Streptomyces griseus RFL5

Pmel Pseudomonas mendocina 5'-GTTT↓AAAC-3' Anza 24 MssI Methylobacterium species 

Dd 5-732

Sphl Streptomyces phaeochromogenes 5'-GCATG↓C-3' Anza 25 PaeI Pseudomonas aeruginosa

EcoRV Escherichia coli J62 pLG74 5'-GAT↓ATC-3' Anza 26 Eco32I Escherichia coli RFL32

Clal Caryophanon latum L 5'-AT↓CGAT-3' Anza 30 Bsu15I Bacillus subtilis 15

Hpal Haemophilus parainfluenzae 5'-GTT↓AAC-3' Anza 50 KspAI Kurthia species N88



SUB TYPES

 Neoschizomers

 Isocaudomers



NEOSCHIZOMERS

 Neoschizomers are similar to isoschizomers in that they recognize the same 

DNA sequence; however, they generate different cleavages at the 

recognition sequence

 e.g, Smal (CCC/GGG) and XmaI (C/CCGGG) are neoschizomers of each 

other.

 AatII (recognition sequence: GACGT↓C) and ZraI (recognition sequence: 

GAC↓GTC) are neoschizomers of one another

 A maximum number of 8-10 most common isoschizomers are indicated for 

every enzyme but there may be many more

 e.g. SmaI CUTS ----------C C C | G G G--------

XmaI CUTS ----------C | C C G G G--------



ISOCAUDOMERS

 An enzyme that recognizes a slightly different sequence, but produces the 

same ends. i.e blunt ends

 e.g.

 BamHI CUTS ----------G | G A T C C--------

 BclI CUTS ----------T | G A T C A--------



Selection considerations

 There are several parameters to consider in order to obtain optimal restriction 
enzyme activity and experimental success, including reaction temperature, 
methylation sensitivity, and recognition site specificity (star activity).

1. Reaction temperature:

 Despite sharing the same DNA recognition site, isoschizomers may have 
different optimal reaction temperatures.

 Anza 13 EspI has an optimal reaction temperature of 37°C, while its 
isoschizomer BsmBI works best at 55°C and has only 20% relative activity at 
37°C.

 Another example, SwaI shows 100% activity at 25°C but has only ~50% 
activity at 37°C. In contrast, its isoschizomer Anza 49 SmiI is fully active at 
37°C.

 When performing digests with two enzymes with different optimal 
temperatures, it is sometimes necessary to sequentially digest the DNA at two 
different temperatures in order to obtain complete cleavage.



Selection considerations 

2. Methylation sensitivity

 Methylation sensitivity must be carefully considered when evaluating 

isoschizomers for experiment.

 Methylated DNA in the target region can have the following effects on restriction 

enzyme performance:

 No effect—all methylated DNA sequences will be digested

 Partial inhibition—some of the methylated DNA sequences will not be digested

 Complete blocking—none of the methylated DNA sequences will be digested

 Activation—methylation is required for cleavage by the restriction enzyme

 Commercially available restriction enzymes have some level of cleavage 

sensitivity when their target recognition sequence completely or partially 

overlaps a DNA methylation site.



3. Star activity/recognition site specificity:

 Another important property of restriction enzymes is their propensity for star 

activity, the cleavage of DNA sequences that are similar but not identical to their 

canonical recognition site, usually differing at a single nucleotide position.

 Occurs primarily under nonoptimal reaction conditions such as high pH, low 

ionic strength, higher than 5% glycerol concentration, extremely high enzyme 

concentrations, and the presence of inorganic solvents in the reaction.

 Star activity tends to increase with longer digestion times, and is undesirable for 

cloning applications



Isoschizomer cleavage efficiencies

 Isoschizomers with the same methylation sensitivity share identical DNA 

recognition sites and cleavage specificity.

 Therefore, the fragments generated by digesting a specific DNA sample with 

isoschizomers, when viewed by gel electrophoresis, are expected to be the 

same.

 To confirm restriction enzymes are compared with their isoschizomers of the 

same methylation sensitivity.

 DNA cleavage patterns are analyzed by agarose gel electrophoresis.

 Complete digestion with identical cleavage patterns was obtained from each 

pair of isoschizomers, regardless of their source



Conclusion

 Key considerations for restriction enzyme function include 

optimal reaction temperature, propensity for star activity, 

and DNA methylation sensitivity.

 An ideal restriction enzymes should be 100% active at 37°C, 

100% compatible with a single reaction buffer, and achieve 

complete digestion in 15 minutes, providing the flexibility of 

digesting for up to 16 hours without undesirable star activity.



THANK YOU


