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ABSTRACT

  This study investigated on enzyme production in the digestive organs of the native termite 

(Reticulitermes speratus) in Milyang, Korea. Four types of major cellulases [EG (endo-1,4-β-glucanase), 

BGL (β-glucosidase), CBH (cellobiohydrolase) and BXL (β-1,4-xylosidase)] were present in the diges-

tive organs of the termite. The strong enzyme activity for BGL was found from the native termite, and 

also shown that the enzyme was distributed in the salivary gland, foregut, and hindgut. BXL, which breaks 

down hemicellulose near the amorphous region, was detected mainly from salivary gland, foregut, and 

midgut. However, CBH was distributed mainly in the hindgut. Meanwhile, EG which degrades cellulose, 

was found mainly in the hindgut and salivary glands. These facts indicate that celluases production patterns 

are differ from different sites compare to the same species found in Japan, suggesting that enzyme pro-

duction in the digestive organs of termites is changed according to their habitats. 
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1. INTRODUCTION

Cellulose is one of the most abundant source 

of renewable biomass on the earth. It consists 

of long chain molecules, composed of repeating 

units of two β-D-glucose residues. It consists of 

composite forms of highly crystallized microfibrils 

among amorphous matrices which creates a very 

complex and recalcitrant physical structure of 

cellulose found in plant cell walls (Delmer & 

Amor, 1995). Lignocellulosic biomass digestion 

is a complex process, involving a various cellu-

lase with diverse modes of reaction. It has been 

known that three major enzyme types, EG, 

CBH and BGL, were concerned in hydrolysis of 

cellulose. EG hydrolyzes mainly amorphous cel-

lulose and forms free reducing chain-ends and 

short-chain oligosaccharides by random cleavage 

of the β(1→4)-bonds of cellulose. CBH produces 

mainly cellobiose by endwise hydrolysis of the 

free reducing end of cellulose or cello-oligo- 

saccharides. BGL hydrolyze cellobiose to glucose. 
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Cellulases act each other synergistically to hy-

drolyze crystalline cellulose to produce glucose 

(Berghem et al., 1976; Eriksson, 1975; Wood & 

McCrae, 1978). 

Many cellulolytic systems from a wide array 

of organisms, including Archaezoa, fungi and 

bacteria, have been studied. Although the pro-

duction of a complete cellulolytic system is 

common among bacteria and fungi, it is unusual 

among animals, especially insects. Cleveland 

(1923, 1924) proposed that intestinal protozoa 

were essential for the lower termite, Reticuli- 

termes flavipes, and concentrated on the role of 

the protozoan fauna in cellulose digestion. 

Initially, cellulose digestion of the termite was 

attributed to hindgut bacteria, however the pos-

sibility of an endogenous cellulose digesting 

system was then considered (Breznak & Brune, 

1994; Hogan et al., 1988; O’Brien et al., 1979; 

Potts & Hewitt, 1973; Slaytor, 1992). Yamaoka 

and Nagatani (1975) demonstrated the presence 

of EG in the salivary glands of Reticulitermes 

speratus and also showed that the hindgut pro-

tozoa of this species had the ability to hydro-

lyze crystalline cellulose. Slaytor et al. (1997) 

reported hydrolysis of cellulose in the midgut in 

the higher termite Nasutitermes walkeri (Hill). 

The distribution of cellulase in the digestive or-

gans of several species of termites has been 

reported. Kovoor (1970) showed that most of 

the EG from Microcerotermes edentatus (Was.) 

was found in the midgut. On the other hand, it 

has been reported that the EG and the BGL 

from Reticulitermes speratus was distributed in 

the salivary glands and hindgut, respectively 

(Inoue et al., 1997). Recently, Zhou & Smith 

(2007) reported that 64.9% of EG activity was 

found in the foregut, whereas 28% of the activ-

ity was present in the hindgut from 

Reticulitermes flavipes. Also, 61.5% of CBH ac-

tivity was found in the hindgut, whereas 14% 

and 12.6% of the activity was present in the 

foregut and head, respectively. 

Recently, demand for studies on the cellulase 

for saccharification of the lignocellulosic bio-

mass for bio-alcohol has been increased. However, 

few studies have been done on the character-

istics of digestive enzyme secretion and enzyme 

activity of cellulases of the native termite of 

Korea, even though these termites show a vigo-

rous degradability of cellulose. Therefore, this 

paper reports the results of an investigation of 

the enzyme producing site and activity of cellu-

lases from a termite from Milyang, Korea. In 

particular, we report the distribution of cellu-

lases in the digestive organs of the native ter-

mite in Korea. 

2. MATERIALS and METHODS

2.1. Termites and Their Identification 

Tested termites were collected in Milyang-si, 

Kyungsangnamdo, Korea and were identified as 

Reticulitermes speratus, based on the termite 

taxonomy we observed with an image analyzer 

(BVS-314, SomeTech). Adult workers and sol-

diers of the tested termite, which is the same 

species as Park and Bae’s identification, is 

shown in Fig.1(a) and Fig.1(b) (Park & Bae, 

1997). Test termites were cultured in dark con-

ditions at 26°C with 65% relative humidity with 

pine wood blocks as food. Adult workers were 

used for all experiments.

2.2. Preparation of Enzyme Extracts 

from Termites

Twenty healthy adult workers were used for 

experiments. The digestive organs of each ter-

mite were removed with forceps as shown in 

Fig. 2∼3, and divided into salivary glands, 

midgut and hindgut. Each section was mixed 

with 400 ㎕ of 0.1 M sodium acetate buffer 

(SAB) (pH 5.5) and phenyl-methyl sulfonyl flu-

oride (PMSF), then ultrasonicated with a sonic 
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Fig. 1(b).  Soldier of tested termite (Reticulitermes spe-

ratus).

Fig. 1(a).  Worker of tested termite (Reticulitermes spe-

ratus).

Fig. 2. Digestive organs of the tested termite.

Fig. 3. Extraction of the gut from of tested termite.

dismembrator. Homogenates were centrifuged at 

13,000 rpm for 25 min. The supernatant from 

each section was used to measure activity of 

cellulases and on PAGE gels. All operations 

were carried out at 4°C. 

2.3. Enzyme Assays and Protein Mea- 

surement

EG activity was assayed in 50 ㎕ reaction 

mixtures containing 2% (w/v) carboxymethy- 

lcellulose (Sigma-Aldrich Fine Chemicals, Co.) 

in 100 mM sodium acetate buffer (pH 5.5) at 

50°C. Reducing sugars were determined by the 

Somogyi-Nelson method (Nelson, 1944). One unit 

(U) of activity was defined as the amount of 

enzyme releasing 1 nmol of reducing sugar per 

hour. BGL activity was assayed using p-nitro-

phenyl-α-D-galactopyranoside (p-NPG, Sigma- 

Aldrich) as substrate. The 1 ㎖ enzymatic re-

action mixtures containing 100 ㎕ of the test 

solution and 10 mM p-NPG in 1 M sodium 

acetate buffer (pH 5.5) were incubated for 15 

min at 50°C. The amount of p-nitrophenol re-

leased was determined by the increase in ab-

sorbance at A405 in UV/VIS spectroscopy after 

the addition of Na2CO3 to the reaction mixture. 

One unit of p-NPG hydrolyzing activity was de-

fined as the amount of enzyme releasing 1 nmol 

of p-nitrophenol per hour. CBH and BXL activ-
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Table 1. Distribution of cellulases in digestive organs of the test termite (Reticulitermes speratus)

Enzyme activity
Organ

Salivary gland Midgut Hindgut Whole 

Endo-β-1,4-

glucanase

Activity (U/termite)

(%)

2.5

(33.1)

0.9

(11.7)

3.5

(46.1)

7.6

(100)

Specific activity

(U/µg protein)
15 14.8 21.2 22.8

Cellobio-hydrolase

Activity (U/termite)

(%)

14.9

(6.9)

11

(5.1)

118.4

(54.4)

217.6

(100)

Specific activity

(U/µg protein)
22.3 45.9 179.5 161.2

β-glucosidase

Activity (U/termite)

(%)

1530.2

(22.5)

783.7

(11.5)

2199.9

(32.3)

6812.4

(100)

Specific activity

(U/µg protein)
2283.9 3265.2 3333.1 5046.2

β-1,4-xylosidase

Activity (U/termite)

(%)

217.2

(22.9)

381.1

(40.2)

100

(10.5)

948.1

(100)

Specific activity

(U/µg protein)
324.2 1588.1 151.5 702.3

ities were assayed using p-NPL and p-NPX 

(Sigma-Aldrich) as substrate. The methods for 

the determination of CBH and BXL activities 

were the same as the BGL assay, but incubation 

time was 30 min. The protein concentration in 

the enzyme solution was measured by the meth-

od of Bradford (Bradford, 1976).

2.4. Electrophoresis

Crude extracts were examined by sodium do-

decyl sulfatepolyacrylamide gel electro-phoresis 

(SDS-PAGE) according to the method described 

by Laemmli (Laemmli, 1970). The slab gel con-

sisted of 10% (w/v) resolving gel, 12% (w/v) 

resolving gel and 5% (w/v) stacking gel. Proteins 

and standard mixture (Precision Plus Protein Stan- 

dards, Bio-Rad) were stained using Coomassie 

Brilliant Blue R250 (Sigma).    

3. RESULTS and DISCUSSION

3.1. Activities and Distribution of Cellu- 

lase from Termites

Results of activities and distribution of cellu-

lase in the digestive system of Reticulitermes 

speratus was shown in Table 1 and Fig. 4. The 

specific activity of the enzyme from whole 

body of a test termite was 5,046 (U/µg, protein) 

for BGL, 702.3 (U/µg, protein) of BXL, 161.2 

(U/µg, protein) for CBH, and 22.8 (U/µg, pro-

tein) for EG (Table 1), especially, showing the 

very high activity for BGL. These results are 

different from those obtained from Azuma and 

Koshijima’s report (1984) from which carboxy- 

methyl cellulase and xylosidase were the high-

est activity of enzyme from termite. In this 

study, EG was distributed in the hindgut (46%) 

and salivary glands (33%). BGL was almost 

equally distributed in the foregut, hindgut and 

salivary gland. CBH, which mainly breaks 

down the crystalline regions of cellulose, was 
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Fig. 4. Distribution ratio of cellulases in digestive or-

gans of the test termite (Reticulitermes sper-

atus).

Fig. 5. 10% SDS-PAGE of enzyme from the diges-

tive organs  from  Reticulitermes speratus.  M

: Marker, 1 : Whole body, 2 : Salivary gland.

found in hindgut (54%), and 40.2% of BXL, 

which, on the other hand, mainly breaks down 

the hemicellulose near the amorphous region, 

was found rather in the midgut than in the 

hindgut.

The enzyme distribution pattern of the test 

termites was different from the same species in 

Japan. Inoue et al. (1997) reported that, in Reti- 

culitermes speratus, 77.8% of EG activity was 

found in the salivary glands and 74.2% of BXL 

activity was found in the hindgut. Also, in sev-

eral termite species, such as Nasutitermes taka-

sagoensis, Microcerotermes edentatus (Was.), 

Trinervitermes trinervoides (Masutitermitinae), 

Macrotermes subhyalinum, Coptotermes for-

mosanus, and Odontotermes formosanus, EG or 

BGL was high in the midgut (Potts & Hewitt, 

1973; Kovoor, 1970; Tokuda et al., 1997, Veivers 

et al., 1991; Mo et al., 2004).

In view of the current results and references, 

enzyme distribution in the digestive organs may 

differ according to the species or habitat of the 

same species. The distribution of cellulase among 

termites is closely linked to their postnatal hab-

itat, as well as their phylogenetic relationships. 

And the results imply that cellulose and hemi-

cellulose in amorphous region may be hydro-

lyzed by EG, BXL, and BGL in the salivary 

gland, foregut or midgut, followed by cellulose 

hydrolysis in crystalline region by CBH, EG, 

and BGL in the midgut and hindgut.

3.2. Enzyme Pattern of the Cellulase 

from the Tested Termite

Electrophortic patterns of crude enzyme ex-

tract from each digestive organ are shown Fig. 

5 and Fig. 6. Characteristic proteins are ap-

peared at 150 kDa, 108 kDa, 77∼78 kDa, 72∼

73 kDa, 60 kDa, 52 kDa, 41∼42 kDa, and 35 

kDa in the whole body extract. Based on our 

current experiments the band at 78 kDa, 108 

kDa seem to correspond to BGL from Tricho- 

derma reesei and CBH from Paenibacillus poly-

myxa (108.5 kDa), respectively. Furthermore the 

60 kDa, 52 kDa, and 41∼42 kDa proteins were 

similar to the BGL from Neotermes koshunensis 

(Shiraki) (60 kDa), the EG from Macrotermes 
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Fig. 6. 12% SDS-PAGE of proteins from the diges-

tive organs  from  Reticulitermes speratus. M 

: Marker, 3 : Hindgut, 4 : Midgut.

(52 kDa) and the EG from Reticulitermes sper-

atus (41, 42 kDa) (Veivers et al., 1991; Tokuda 

et al., 2002; Watanabe et al., 1997; Nakashima 

& Azuma, 2000). Also, the 23 kDa and 24 kDa 

bands expressed in the midgut were similar to 

the BXL from Trichoderma harzianum (23 kDa) 

and Bacillus substilus (23.4 kDa). The 87 kDa 

band was similar to BXL from Trichoderma re-

esei (87.2 kDa) (Ncbi, 2008). 

In summary, by the comparison of protein 

bands of crude extract of the termite, with those 

of already identified from other microorganisms, 

the termite seems to have major enzymes to di-

gest cellulosic materials in their gut, although to 

further purification and identification for each 

protein are needed. 

4. CONCLUSION

This study was investigated on digestive en-

zyme production in the digestive organs of the 

native termite in Milyang, Korea. Test termites 

were collected and identified as Reticulitermes 

speratus with adult workers and soldiers. Pro- 

ducing sites of digestive enzyme were identified 

with isolation of digestive organs from workers 

of tested termites and the enzyme activities of 

each cellulase were analyzed. From the meas-

urement of their activity showed four types of 

major enzymes (EG, BGL, CBH and BXL) were 

found in the digestive organs of the termite 

(Reticulitermes speratus). And it was shown the 

strong enzyme activity for BGL in test termite, 

and BGL was distributed mainly in the salivary 

gland, foregut and hindgut. BXL which breaks 

down hemicellulose near the amorphous region, 

was detected mainly in salivary gland, foregut 

and midgut. However, CBH was distributed 

mainly in the hindgut. EG which degrades cellu-

lose, was found mainly in the hindgut and sali-

vary glands. These results showed a different 

producing site pattern in cellulase compared to 

the same species found in Japan, suggesting en-

zyme production in the digestive organs might 

differ according to the habitat differences of the 

same species.
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