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INTRODUCTION 

Pullulanase (pullulan α- glucano 
hydrolase; EC 3.2.1.41) is an 
extracellular carbohydrase which was 
first discovered by Bender and Wallenfels 
in 1961 from mesophilic organism 
Klebsiella pneumoniae (formerly known 
as Aerobactor aerogenes or Klebsiella 
aerogenes). Pullulanase are also called 
de-branching enzyme which hydrolyze 
the extracellular yeast, polysaccharide 
and pullulan. To cause an essentially 
quantitative conversion of pullulan into 
the trisaccharides, maltotriose, pullulan a 
linear α-glucan elaborated by Pullularia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pullulan. It consists of repeating units of 
α-maltotriose joined “head to tail” by 1, 6 
bonds. Pullulanase specifically attack on 
α-1, 6-glycosidic linkage and it also 
attacks on α-1, 4-glycosidic linkage with 
other residues, these properties have 
made pullulanase a useful agent in 
structural studies of oligosaccharide and 
polysaccharide. (Ling et al., 2009) (Knish 
1979), (Hantai 1969).  (Drummond et al., 
1969), (Saha et al., 1988) and 
(Enlvoldsen 1977). 

A number of thermo stable pullulanase 
with dual specificities have been 
investigated. Pullulanase of thermophilic 
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ABSTRACT 

Pullulanase is one of the most important enzymes in starch processing. This enzyme is used 
on a large scale in glucose and maltose syrup industries. In recant times, the agricultural 
wastes rich in polysaccharides can be processed to useful from the sucrose and glucose 
instant of dumping. Pullulanase is a very potent enzyme for degradation of starch to glucose 
or maltose. Pullulanase hydrolyses α-1, 6-glycosidic linkage of branched chain and α-1, 4-
glycosidic linkage and α-1, 6-glycosidic linkage of polysaccharides. It is also known as de-
branching enzyme. Pullulanase has been used in some industries like glucose and maltose 
syrup production, baking and cyclodextrin production recently. In future pullulanase 
enzyme can be widely used in industries if improve we the stability and activity of this 
enzyme upon searching novel extremophile microorganism. The number of applications 
will increase manifolds and with the availability of thermostable enzyme a number of new 
possibilities for industrial processes shall emerge. 
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microorganisms, attack on both α-1, 4-
glycosidic linkage and α-1, 6-glycosidic 
linkage in Amylopectin and malto-
oligosaccharide (Koch et al., 1997). 
Extremophilic microorganisms which 
grow at 60-800 C are called as 
thermophilic microorganisms (Rudiger et 
al., 1995). There are three kinds of bond 
that are cleaved by enzymes called 
pullulanase (EC. 3.2.1.41) isopullulanase 
(EC.3.2.1.57) and neopullulanase 
(EC.3.2.1.35). The pullulanase can be sub 
divided into two types pullulanase type-I 
and pullulanase type-II. Pullulanase type-
I hydrolyses only α-1, 6-glycocidic 
linkage but pullulanase type –II 
specifically attack on α-1,4-glycocidic 
linkage and α-1,6-glycocidic linkage 
(Kriegshauser  et al., 2000). 

Thermostable enzymes are required for a 
number of industrial processes as in the 
saccharification of starch. The main 
amylolytic enzymes used in the starch 
industry are α-amylase, β-amylase, 
glucoamylase and pullulanase. 
Glucoamylase and pullulanase have 
improved thermostability as compared 
with the enzyme in use for the 
saccharification process (Madi et al., 
1987). Chlostridium 
thermohydrosulfuricum is an anaerobic 
thermophilic bacteria that ferments starch 
to ethanol and have been investigated for 
starch degradation by the strain E-39 and 
reported a pullulanase and a 
glucoamylase activity from cell extract of 
this strain (Melashiemi 1988). An 
enzyme preparation from broad beans 
that hydrolyses the α-1, 6 branch linkages 
of amylopectin, α-amylopectin, β-limit 
dextrin and amylopectin α-limit dextrin 
was discovered by Hobson Whelan and 
peat and termed r-enzyme subsequently 
Macwilliam and Harris described the 
fractionation of bean and malted barley 

extracts on aluminium such that separate 
1, 6 bond hydrolyses were found 
(Drummond 1970). 

Pullulanase is distributed in plants and 
bacteria. The enzyme in plants, readily 
cleaves the α-1, 6 glycosidic linkages in 
pullulan β-limit dextrin and α-limit 
dextrin while debranching amylopectin to 
a lesser extent than polyglucans. 
Pullulanase activity was detected in the 
endosperm of rice seed (Amasaki 2008). 
The enzyme is produced by several 
bacteria and is also present in higher plant 
(Enlvoldsen 1977).The highly 
thermostable pullulanase type-II enzyme 
is the most interesting from industrial 
point of view. Clearly these enzymes 
could facilitate a major change in the 
current strategy for starch processing (Ni 
hin 2002). 

Pullulanase activity is determined using 
enzyme digests (1.0ml) containing 
pullulan (5.0 mg) and acetate buffer (pH 
5.0 final concentration 100 ml) incubated 
at 370C Reducing sugars liberated are 
determined using the nelson adaptation of 
Somagyls copper reduction method. 
Calibrated glucose one unit pullulanase is 
the amount which liberates one 
micromole of reducing sugar per minute 
under these conditions (Marshal 1973). 
The enzyme industries and starch 
processors continue to search for better 
enzyme to improve standard processes 
and Pullulanase created new products 
(Douglas 1999). In present time 
debranching enzyme for example 
pullulanase of Klebsiella pneumoniae and 
Bacillus species have gained increasing 
interest as they possess good activity and 
stability at high temperatures and these 
are factors required for an ideal 
amylolytic enzyme, therefore 
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thermophilic organisms are often first 
choice (Melashiemi et al., 1987).  

SOURCES OF PULLULANASE 

In the last decade, a number of 
hyperthermophilic archaea, have been 
isolated which are able to grow around 
the high temperatures. Some organisms 
with highest growth temperature are 
members of the genera Thermotoga 
maritima and Pyrococcus etc. described 
in the table no. 1 (Haki et al., 2003). 

BIOCHEMISTRY OF ENZYME 
PULLULANASE 

Pullulanase three dimensional structure is 
show in fig.1.and Pullulanase could 
attack Pullulan by either of two modes of 
action shown in fig.2 these are (a) an exo-
action in which  hydrolysis is restricted to 
the α-1,6 glycosidic linkage nearest to the 
terminal non reducing end, or reducing 
end with the stepwise release of 
maltotriose as the only low-molecular 
weight product of the reaction (b) an endo 
action in which initial hydrolysis can 
occur  at internal as well as external α-1,6 
glycosidic linkage, with the intermediate 
production of hexa- nona and larger 
oligosaccharides, in addition to 
maltotriose (Drummond et al.,1969).  

PROPERTIES OF PULLULANASE 

The optimum pH for the activity of 
pullulanase was observed at pH 6.0 and 
temperature 550C without Ca2+.  
Maximum activity was observed at pH 
6.5, although growth of Bacillus cerus 
FDTA 13 was observed at pH 4.5-7.5, 
70% activity was shown between 5.5 - 8 
pH. Various data have been shown 
(Rudiger et al., 1995). 

 

FACTORS AFFECTING THE 
PULLULANASE ENZYME 

pH 

pH is the most important physical 
parameter that effect growth as well as 
secretion of extracellular enzyme. pH 
optimum for growth and enzyme 
production by G. thermoleovorans were 
pH 7.0, respectively. Microorganism is 
known to produce enzyme optimally at 
pH optimal for their growth.(Noorwez et 
al., 2006). Pullulanase possess activity 
and stability on long ranges of pH 2-10. 
But the optimum the Pullulanase enzyme 
activity is shown in pH range 5.5 - 6.5, 
From Bacillus cerus H1.5.  Above pH 7 
the activity of pullulanase is greatly 
reduced (Ling et al. 2009). Maximum 
activity was observed at pH 6.5, although 
growth of Bacillus cerus FDTA 13 was 
observed 70% activity was shown 
between pH 5.5 – 8. the pH optimumwas 
determinedto be 6.0 (Rudiger et al., 
1995). The optimum activity was 
determined at pH 6 (Nair et al., 2006). 

Temperature 

We know that every 100C rise in 
temperature, increases the enzyme 
activity upto  2-3 times. The optimum 
activity of the enzyme is within the 
temperature range of 550C -1000C. Most 
thermophilic microorganisms show 
highest activity between temperature 
range 550C-800C and some 
hyperthermophilic microorganisms show 
highest activity produced at 800C – 1150C 
(Ling et al., 2009).. The optimum 
temperature of the purified enzyme is 
1000C and a rapid decreases in 
pullulanase activity was observed above 
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this point (Rudiger et al., 
1995).Temperature is most important 
parameter that affect growth as well as 
secretion of extracellular enzyme. 
Temperature optimum for growth and 
enzyme production by G. 
thermoleovorans  is 700C, respectively. 
(Noorwez et al., 2006). 

Time 

Time is a main factor affecting 
Pullulanase enzyme activity which is 
reduces the time of substrate conversion. 
The shelf life of the enzyme is 2h at 500C 
temperature and pH 6.0 in Bacillus 
cereus. (Ling et al., 2009). 

Metal ions 

The Pullulanase activity is strongly 
inhibited by Ni2+, Co2+, Mg2+, Cu2+, and 
Zn2+ at 0.2 mM concentration. But Ca2+ is 
strong stimulator which increases the 
activity of Pullulanase enzyme around 
179%. Strong inhibitor of Pullulanase 
enzyme activity is Cu 2+. Metal ions are 
main factor affecting Pullulanase enzyme 
activity, in presence of Ca2+ highest 
activity is shown by microorganism (Ling 
et al., 2009).   

Polyols 

 The effect of polyols on the enzyme 
activity is strongly increased in the 
presence of sucrose and highly decreased 
in the presence of glycine. The highest 
improvement in relative stability of 
172.67 was obtained with sucrose. The 
enzyme was almost denatured with the 
presence of glycine (Ling et al., 2009). 

 

 

Substrate concentration 

Increasing the concentration of substrate 
the activity is increased in the presence of 
Pullulan 100% of activity is determined. 
Incubation of pullulanase from isolate 
ven 5 pullulan, glycogen, starch, amylase, 
amylopectin, dextrin or a mixture of 
oligosaccharide 0.5% wt/vol. each in 
20mM sodium phosphate buffer pH 6.0 at 
850C for different time stand that 
maximal relative activity was obtained 
with pullulan 100% and that 41% activity 
was obtained with a mixture of 
oligosaccharides (Koch  et al., 1997). 

Carbon source 

A carbon source is the most affective 
factor for pullulanase producing 
microorganism. In presence of soluble 
starch the production of pullulanase 
enzyme was increased as compared to 
other carbon source. Maximum 
production of pullulanase was observed 
with soluble starch, it is therefore a good 
source of carbon for production of 
pullulanase enzyme. Glucose, amylase 
and glycogen severely repress pullulanase 
production by approximately 70-80%.  
Except pullulan all other carbon source 
gives maximum pullulanase activity in 
the 12h fermentation (Nair et al., 2006). 

Nitrogen source 

Nitrogen source is one of the most 
common factors which affect the 
pullulanase enzyme production. Yeast 
extract is more efficient source of 
nitrogen for pullulanase production. 
Peptone does not increase pullulanase 
production in the medium. Pullulanase 
activity seemed to be considerably 
induced by yeast extract since the activity 
with yeast extract as sole source of 

Bhushan
Text box

Bhushan
Text box
www.ijbr.ssjournals.com



                                                            Malviya et al                                   Review Article              
   

IJBR 1 [2] [2010]10‐20                                                                                                     www.ijbr.in 
                                                                                             
 

14 
 

 

nitrogen paralleled that of the medium 
with combination of tryptone and yeast 
extract (Nair et al., 2006). 

Minerals 

Minerals are very necessary for the 
production of enzyme, minerals are 
required in very low quantity for the 
microorganisms, it is used by 
microorganism in the form of trace 
elements. It can be seen that only 
K2HPO4 enhanced the pullulanase 
production and it was also observed that 
in the medium with MgSo4 pullulanase 
activity was stable until the 48h as 
compared the control. (Nair et al., 2006). 

Agitation 

Agitation is a main factor for the 
production of enzyme. In the production 
of enzyme proper mixing of nutrient is 
very necessary for the proper growth of 
microorganism. proper mixing of nutrient 
and oxygen supply determine the optimal 
production of extracellular enzyme. The 
agitation rate is 200 per minute (Noorwez 
et al., 2006).     

INDUSTRIAL APPLICATIONS OF 
PULLULANASE ENZYME 

Starch Processing Industry 

Pullulanase are used in sugar syrup 
industries to complete the hydrolysis of 
starch initiated by α-amylases. The 
combined application of pullulanase with 
other amylolytic enzymes increase the 
quality of sugar syrups. When starch is 
treated with amylase and pullulanase 
simultaneously this consequently 
increases the efficiency of a 
saccharification reaction. This method 
has an advantage of generating higher 

yields of a desired end product from 
starch. Thermostable and acidophilus 
pullulanase from Bacillus 
stearothermophilus is useful here. (Nair 
et al., 2006), (Michaelis et al., 1985), 
(Saha et al., 1988).  (Silva 2005).  

Pullulanase enzyme preparation intended 
for use as a processing aid in the food 
industries, in particular pullulanase is 
useful in the debranching of corn starch 
in the production of certain corn 
sweeteners. (Modderman 1995). (Haki et 
al., 2003), (Bertoldo 2002).   

Baking Industry 

The baking industry is a large consumer 
of starch and starch-modifying enzymes. 
Staling effect is the major problem in the 
baking industry. The staling effect 
includes increase of crumb firmness, loss 
of crispness of the crust, decrease in 
moisture content of the crumb and loss of 
bread flavor, leading to the deterioration 
of quality (Vander et al., 2002). Although 
this problem can be overcome using 
chemical treatment, enzymatic treatment 
is more preferred because consumers 
nowadays demand for products without 
chemicals and higher acceptances by the 
consumers for enzymes, which are 
produced from natural ingredients, is 
seen. Pullulanase play an important role 
in the enzymatic anti-staling treatment 
(Noorwez et al., 2006), (Bertoldo 2002).   

Branched Cyclodextrin (CDs) 
Production 

There is a very interesting and highly 
economical valued application of 
pullulanase in branched cyclodextrins 
(CDs) production. CDs and branched 
CDs, such as maltosyl-CDs and glucosyl-
CDs are homogeneous cyclic 
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oligosaccharides, which are composed of 
only glucose units (Kitahata et al., 2000). 
Thus, CDs and branched CDs have been 
widely used for stabilizing labile 
materials, masking odors, and 
solubilizing insoluble or poorly soluble 
drugs (Bertoldo 2002), (Tanimoto et al., 
2005), (Okada et al., 1988).  

Glycogen and amylopectin-debranching 
enzyme such as pullulanase and 
isoamylase can be used as an effective 
additive in dish washing and laundry 
detergent as reported by for alkaline endo 
glucanase from some strain of Bacillus 
the properties of which also fulfill the 
essential requirements for enzyme to be 
used for such purposes (Ara 1993). 

CONCLUSION 

We have concluded the recent time 
investigations of Extremophile and 
thermophilic bacteria which produces 
pullulanase enzyme. Isolated and started 
conversions of starch to glucose or 
maltose under conditions appropriate for 
industrial application. In the industrial 
production some conditions are required 
such as pH, temperature, stability, 
chemical catalyst, rate of production of 
conversion reaction by enzyme catalyst. 
Substrate specificity, rate of production 
of enzyme, growth rate of microorganism 
and quantity of enzyme are some factors 
which are challenge for a future work of 
industrial application. In future 
application of pullulanase enzyme can 
increase the production increase the range 
of pH, stability on higher temperature, 
shelf life time of enzyme with the help of 
optimization of different parameters.  
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Fig.1 Biological assembly 1(500 pixels) 

Crystal Structure Analysis of Klebsiella pneumoniae Pullulanase complexed with 
isomaltose. Assumed biological Molecule (Protein data bank www.rcsb.org/pdb/images/2fh8) 
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Fig.2 The action patterns of starch-hydrolyzing enzymes (Bertoldo and Antaranikian, 2002) 
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