
Gupta Dipali et al. Int. Res. J. Pharm. 2014, 5 (4) 

Page 259 

INTERNATIONAL RESEARCH JOURNAL OF PHARMACY 

www.irjponline.com  

ISSN 2230 – 8407 

 

Review Article    
THERMOSTABLE RESTRICTION ENDONUCLEASES FROM THERMOPHILIC BACTERIA 
Gupta Dipali1 and Sharma Nevadita2* 

1Associate Professor in Department of Biotechnology and Microbiology, Tanveer Malawat College of Biosciences, Bikaner 
(Rajasthan), India 

2PhD Scholar in Department of Biotechnology and Microbiology, Tanveer Malawat College of Biosciences, Bikaner 
(Rajasthan), India 

*Corresponding Author Email: nevadita@gmail.com 
 
Article Received on: 25/02/14 Revised on: 31/03/14 Approved for publication: 09/04/14 
 
DOI: 10.7897/2230-8407.050455 
 
ABSTRACT 
Restriction endonucleases are not only important for bacteria and archaea as their defense mechanism but they are considered as foundation of recombinant 
DNA technology. The whole empire of biotechnology depends upon type II restriction endonucleases isolated from the diversified array of bacteria. There are 
4,096 known restriction enzymes, including 106 Type I, 3, 950 Type II, 21 Type III and 19 Type IV restriction enzymes. Among which 646 type II enzymes 
have been cloned and 611 have been sequenced. A number of restriction endonucleases have been isolated from thermophilic bacteria also, having higher 
thermal stability and tolerance to most of the chemical denaturants. In Restriction Enzyme Database, about 600 type II restriction enzymes have been listed 
showing growth temperature above 400C. Nowadays these enzymes have found their importance in isolating mutant strains and for production of antisense 
oligonucleotides. Thermostable restrictions enzymes are also applied as important tool for molecular biology, industrial works and in cellular processes.  
Keywords: Restriction Endonucleases, Thermostable, Thermophilic  
 
INTRODUCTION 
The main function of Restriction endonucleases is to defend 
their host against foreign DNA. This is achieved by cleaving 
incoming DNA that is recognized as foreign by the absence 
of a characteristic modification (N4 or C5 methylation at 
cytosine or N6 methylation at adenine) at defined sites within 
the recognition sequence. The host DNA is resistant to 
cleavage as these sites are modified. Restriction 
endonucleases have traditionally been placed into two groups 
based on their cofactor requirements, catalytic properties, and 
subunit structures. Since the discovery of the first type II 
restriction endonuclease1, these enzymes have played 
important roles in creating recombinant DNA molecules2,3. 
Over 600 type II restriction- modification (R-M) systems 
have been cloned so far.4 Among the cloned restriction 
endonucleases, some enzymes with the same or related DNA 
recognition sequences have similar amino acid sequences (30 
to 100 % identity)5. Weak amino acid sequence similarities 
(16 to 20 % identity) have been reported among some non-
isoschizomers6,7. The methylases of different R-M systems 
are more conserved. Nine conserved sequence motifs were 
found among the aminomethylases (N4-cytosine and N6-
adenine methylases)8 and 10 were found among the cytosine-
5 methylases9. The aminomethylases are separated into three 
groups, a, b, and g, based on the circular permutation of 
conserved motifs5,8. The majority of the restriction 
endonucleases have been isolated from mesophilic bacteria, 
so whilst the enzymes are stable at temperatures below 45°C, 
they usually denature rapidly at higher temperatures. 
Restriction endonucleases that will withstand higher 
temperatures represent an extremely useful addition to the 
molecular biologist's tool-kit. In recent years the search for 
novel and thermally stable restriction endonucleases has been 
extended to include organisms that normally thrive at high 
temperatures10. The thermophilic genus Thermus and its type 
species aquaticus were first described by Brock and Freeze11 

as aerobic, non-sporulating heterotrophic rods with optimum 
growth temperatures in the region of 700C. Strains of 
Thermus have been isolated from neutral and alkaline hot 
water environments in the U.S.A12, Japan13, Iceland14, 
Belgium15, Britain16, New Zealand17, Portugal18, the Czech 
Republic19 and Thailand20. Twenty-two restriction 
endonucleases, each with a different DNA recognition site, 
have been discovered within the species and strains of the 
genus Thermus21 and four of these enzymes have no known 
mesophilic isoschizomers. 
 
Thermophilic Microorganisms  
Ecological studies have shown that both aerobic and 
anaerobic species and many morphological and physiological 
types of microorganisms can exist in thermophilic 
environments22,23. Extreme thermophiles are mostly 
distributed among the genera of Bacillus, Clostridium, 
Thermoanaerobacter, Thermus, Thermotoga, Aquifex. Most 
hyperthermophiles, on the other hand, include the two 
kingdoms of Archaea, Crenarchacota (Sulfolobus, 
Pyrodictium, Pyrolobus.), Euryarchaeaota (Thermococcus, 
Pyrococcus), methanogenes (Methanococcus, 
Methanobacterium), sulfate reducers and halophiles24. 
Archaea bacteria have been first mentioned as a separate 
group by Woese25, after his 16S rRNA based three-kingdom 
system proposal26. According to the universal tree, a tripartite 
division of living world consists of phylogenetic domains 
Bacteria, Archaea and Eukarya. The root of the universal tree 
represents a point in evolutionary time that all life on earth 
shared a common ancestor. It clearly indicates that initial 
evolution from a universal ancestor was first branched in two 
directions. These were the bacteria line and the Archaea-
eukarya line. Archaea and Eucarya are therefore 
phylogenetically more related to each other than bacteria 27. 
The universal tree shows that the Archaea has branched off 
the tree at a point closest to the root. This supports the idea 
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that Archaea include the most primitive organism among the 
three domains. Placement of the Archaea nearest to the 
universal ancestor is also supported by the fact that many 
Archaea tolerate extreme environmental conditions such as 
high temperature, high salinity, low pH under which the 
earliest life forms have been thought to be originated. Thus, 
members of Archaea may be the earth’s earliest life forms27.  
 
Structural Adaptations of Thermostable Proteins and 
Enzymes 
Taxonomically thermophilic microorganisms are related to 
the mesophilic species. The thermophile’s anatomy, 
ultrastructure, respiration, and metabolic processes are very 
similar when compared with those of mesophilic organisms. 
These similarities indicate that thermophiles and mesophiles 
have evolved from common ancestors. It has been concluded 
that an enzyme from a thermophilic organism, in general, is 
remarkably similar to that of a mesophilic organism in 
physical properties28. Thermophiles, on the other hand have 
been reported to produce proteins called chaperonins that 
help to refold to their native form after denaturation. The cell 
membrane of thermophiles is composed of saturated fatty 
acids that provide hydrophobic environment for the cell. 
Archaea, which compose most of the hyperthermophiles, 
have lipids linked with ether on the cell wall. The DNA of 
thermophiles has also been reported to have a reverse DNA 
gyrase producing positive supercoils in the DNA. Since this 
difference increases the melting point of DNA, the stability at 
high temperatures is achieved29. No general strategy of 
stabilization has yet been established30. Thermostability 
appears to be achieved by proteins using the same forces 
involved in folding acquired by small structural 
modifications31. Several parameters may be effective for the 
stability of thermophilic proteins like; Increased number of 
ion pairs and hydrogen bonds, extended hydrophobic subunit 
interactions and improved packing of hydrophobic core, 
shortened chain termini, decreased hydrophobic area, 
increased helicity, less cavity volume, large number of 
additional salt bridges, stabilization of α-helices, replacement 
of conformationally strained residues by glycines, strong 
docking of N-terminal methionine etc30. Alterations in the 
amino acid composition of proteins bring about additional 
electrostatic interactions, formation of hydrogen and disulfide 
bonds, and enhancement of hydrophobic interactions or 
compaction of the structure32. There are only a few cysteine 
residues in thermophilic enzymes or they are completely 
absent. Since the fact that inactivation is often caused by 
oxidation of SH- groups, lower cysteine content could enable 
the protein protected against the oxidation type of 
inactivation. In some cases localization of cystein residues is 
also important32 as alcohol dehydrogenase from Bacillus 
sterarothermophilus has the same number of cysteine 
residues as its mesophilic analogue, but its SH-groups are 
localized inside the protein globule31,33. Many significant 
substitutions in thermophilic enzymes as Lys to Arg, Ser to 
Ala, Ser to Thr and Val to Ile have been reported31. These 
substitutions cause an increase in the internal hydrophobicity. 
Thermophilic proteins generally show a decreased flexibility 
and increased hydrophobicity within the α-helical regions. 
The amino acids responsible for decreased flexibility are 
located in the helices at non-buried or surface positions so 
that they are tightly packaged by means of increased 
hydrophobic contacts31. Furthermore a helix-favoring residue, 
arginine, occurs more frequently whereas helix-dis favoring 
residues cysteine, histidine and proline have lower 

frequencies in thermophilic proteins34. Some thermophilic 
enzymes having proteolytic or amylolytic action are 
stabilized by Ca, Mg, Zn and other ions. The mechanism of 
stabilization is through the binding of cations to the labile 
parts of the globule. It is also known that some mesophilic 
enzymes are also stabilized by metal ions33. Hydrophobic 
interactions are considered the main driving forces in protein 
folding. In thermophilic proteins, polar surface areas are 
larger than in mesophilic proteins31. However it has been 
suggested that hydrophobicity shows little quantitative 
differences between thermophiles and mesophiles34. Differ in 
the numbers of hydrogen bonds and salt bridges may also be 
another factor for stability, as about 19 additional hydrogen 
bonds have been detected in thermophilic proteases which are 
not present in its mesophilic counterpart33. Changes in the 
number of hydrogen bonds change the secondary structure of 
a protein. It has been observed that the main players of 
thermal stability are salt bridges and hydrogen bonds. The 
salt bridges around the active site may help to keep the active 
site region together by opposing disorder due to greater 
atomic mobility at high temperatures34. It has also been 
suggested that deletion or shortening of loops may increase 
the thermal stability and that oligomerisation can be another 
contributing factor34. 
 
Thermostable Restriction Endonucleases 
The presence of thermostable restriction endonucleases was 
established by Thomas Brock through his extensive and 
pioneering studies in Yellowstone National Park (Wyoming, 
USA) from 1968 to 1978. It is now more than 30 years since 
he discovered Thermus aquaticus, the first isolated organisms 
shown to grow above 70°C35. Brock also isolated Sulfolobus 
acidocaldarius and Thermoplasma acidophilum, the first 
representatives of the thermoacidophilic archaea. Over 
10,000 eubacteria and archae bacteria from culture 
collections, hospitals, soil, and water samples from around 
the world have been screened for restriction enzymes until 
now. Among the 4,096 known restriction enzymes, there are 
about 600 enzymes which grow at above 400C temperature36. 
The majority of the restriction endonucleases have been 
isolated from mesophilic bacteria37. The search for novel and 
thermally stable restriction endonucleases has been extended 
to include microorganisms that normally thrive at high 
temperatures38,39. Most thermostable type II restriction 
endonucleases recognizing different DNA sequences have 
been discovered among species of the genus Thermus and 
strains of Bacillus stearothermophilus37. Restriction 
endonucleases with 26 different specificities have been 
discovered within the species of the genus Thermus37 
including 10 prototypes: Taq I40, Taq II41, Tfi I, Tse I, 
Tsp4CI10, TspEI42, Tsp45I43, TspRI, Tth111I44 and 
Tth111II45. A restriction endonuclease, Bst PI, was purified 
from a strain of B. stearothermophilus, and its cleavage 
specificity was determined46. In 1981 Stetter and Zillig47 
isolated Thermophile, the first anaerobic, extreme 
thermoacidophile, from Icelandic hot springs. Since then, 
several new species and genera have been isolated, including 
the landmark discoveries by Karl Stetter and his colleagues48, 
Pyrodictium, the first organism to grow optimally at 105°C 
and Pyrolobus, which has a maximum growth temperature of 
113°C, the highest growth temperature yet recorded for any 
living organism. Some isolates belong to Thermus 
scotoductus because the small subunit (SSU) rRNA gene 
sequence analysis showed 98.6 % sequence similarity and 84 
% DNA: DNA re association to Thermus scotoductus NMX2 
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A.149. Based on phylogenetic analysis of the small-subunit 
rRNA (16S rRNA) gene sequences, the order Aquificales is 
the deepest lineage within the domain Bacteria50,51. A 
Thermostable, Co++-Requiring restriction enzyme BflI, an 
Isoschizomer of BsiYI was isolated from a thermophile, 
Anoxybacillus flavithermus, isolated from geothermal areas in 
the northern Himalayan region of India. The isolate produced 
BflI, a Type II restriction endonuclease, which recognized the 
sequence 5′-CCNNNNN/NNGG-3′ and was the isoschizomer 
of BsiYI. The purified enzyme (MW 36 kDa) worked best at 
60°C. The enzyme showed high specific activity and worked 
in the presence of high concentrations of β-mercaptoethanol 
(200 mM), Triton-X-100 (25 %), urea (30 %), formamide (6 
%) and guanidine (40 mM) and showed no star activity in the 
presence of 40 % glycerol52. Five hydrogen-oxidizing, 
thermophilic, strictly chemolithoautotrophic, micro aerophilic 
strains, with similar (99–100 %) 16S rRNA gene sequences 
were isolated from terrestrial hot springs at Furnas, Sao 
Miguel Island, and Azores, Portugal. The strain, designated 
Az-Fu1T, was characterized and it is proposed that Az-Fu1T 
belongs to the recently described genus 
Sulfurihydrogenibium. It is further proposed that Az-Fu1T 
represents a new species, Sulfurihydrogenibium azorense53. 
Caldicellulosiruptor bescii genome sequence revealed the 
presence of both a HaeIII-like restriction endonuclease (Athe 
2438) and DNA methyltransferase (Athe 2437). Preliminary 
analysis of other Caldicellulosiruptor species suggested that 
this restriction/modification activity is widespread in this 
genus. A novel thermostable restriction enzyme CbeI was 
isolated from Caldicellulosiruptor bescii. CbeI is distinct 
from other members of this group and classified as a member 
of a novel subfamily of HaeIII-like enzymes54. Two 
thermostable restriction enzymes, MspNI and MspNII, 
isoschizomers of prototype Type II restriction endonucleases 
AvaII and BstYI, were extracted from an extreme 
thermophile bacterium belonging to the genus Meiothermus, 
isolated from the hot sulphur springs in north Himalayan 
region of India where temperature and pH ranged from 60 to 
80°C and 7.5 to 8.5, respectively. They recognized and 
cleaved 5′-G/GWCC-3′ and 5′-R/GATCY-3′ sites, 
respectively. MspNI and MspNII worked optimally on 6 and 
5 mM MgCl2, respectively and showed no star activity in 
organic solvents. Both were resistant to sequence methylation 
and were stable up to 25 PCR cycles55. 
 
Biotechnological and Industrial Applications of 
Thermophiles 
One of the most attractive attributes of thermophiles is that 
they produce enzymes capable of catalyzing biochemical 
reactions at temperatures higher than those of mesophilic 
organisms56. The property of higher thermal stability and 
tolerance to most of the chemical denaturants or organic 
solvents enables them to resist harsh process conditions. 
They also show high catalytic activity at high temperatures 
and longer shelf-life as commercial products57,58. The 
increase of temperature in biotechnological processes has an 
influence on the bioavailability and solubility of organic 
compounds such as poly-aromatic, aliphatic hydrocarbons 
and polymeric substances. The elevation of temperature is 
accompanied by a decrease in viscosity and an increase in the 
diffusion coefficient of organic compounds. Consequently, 
higher reaction rates due to smaller boundary layers are 
expected59. Biological processes where high operational 
temperatures above 60ºC employed, the risk of contamination 
by other organisms is also become substantially reduced60. 

Furthermore, in large scale fermentations with heat sensitive 
microorganisms, extensive efforts must be given for cooling 
the fermentation process and as much as ten percent of the 
energy cost of a microbial fermentation may be for heat 
transfer. Thermophilic fermentations, on the other hand, need 
not to be cooled59. A restriction site mutation assay has been 
successfully developed as a mutation assay by using 
thermostable restriction enzymes. It has been applied to 
detect mutations in a variety of genes and organisms. The 
RSM assay is capable of answering questions on the 
mutability of DNA sequences which are contained within 
restriction enzyme sites. The RSM assay represents a 
powerful technique for mutation analysis, producing 
quantitative mutation data rapidly and allowing the screening 
of a large number of mutagen-treated samples61. Another 
novel application of thermostable restriction enzyme is the 
development of a PCR based technique, polymerase-
endonuclease amplification reaction (PEAR), for production 
of antisense oligonucleotides drugs.Antisense 
oligonucleotides targeting microRNAs or their mRNA targets 
prove to be powerful tools for molecular biology research and 
may eventually emerge as new therapeutic agents62.   
 
CONCLUSION 
Nowadays, interests in thermostable restriction 
endonucleases are expanding into evermore diverse fields 
such as molecular biology, whole genome sequencing, 
bioinformatics etc. Due to their uncountable properties and 
advantages in a number of processes, thermostable restriction 
endonucleases have become a hot spot in current studies. 
Therefore, this review article has emphasized on adaptations 
found in thermostable enzymes at molecular level, research 
going on isolation and characterization of thermostable 
restriction enzymes and their possible role in advanced areas 
of molecular biology, like screening of mutants and 
oligonucleotide drug synthesis.   
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