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ABSTRACT 
 

The present study is a trial to detect diseased worms in early stage of bacterial infection through studying 
the changes in thiodiglycol level in mulberry silkworms using the gas chromatogrphy / mass spectrometry (GC / 
MS) technique. The GC / MS technique was used as an easy, precise and cheaper technique than other 
expensive techniques that depends on molecular diagnosis to detect the presence of thiodiglycol in three tested 
samples, mulberry leaves (Morus alba L.),  tissues of healthy and bacterial infected silkworm larvae during fifth 
larval stage (Bombyx mori L.). The thiodiglycol which detected in the three tested samples at the same retention 
time (~8.5 minutes) was not affected by bacterial infection. However, some associated compounds were found 
in the bacterial diseased worm samples and not exist in both leave and healthy worm samples which can be used 
to differentiate between healthy and diseased larvae. It may be concluded that, thiodiglycol could not be used as 
a reliable biomarker for insect bacterial infection since it was not changed upon bacterial infection, but The GC / 
MS technique can be used to detect the diseased worms.  
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Introduction 
 

Recently, the rapid development of mass spectrometry analytical techniques and metabolome analysis have 
been increasingly applied to biomarker detection and disease diagnosis in medical studies. Therefore, the 
metabolite profile of a cell is more likely to represent the current status of a cell than DNA, RNA, or protein 
(Yoshida et al., 2012). The study of the metabolic profile of a given cell, tissue or an organism at a given time is 
known as metabolomics (Rouse, 2005).  

Phosphatases enzymes played an important role in metabolism including phosphate cycle, tissue 
transformation, growth, nerve action and synthesis of fibrous proteins (Mahmoud 1988). Thiodiglycol (2,2'-
thiobis-ethanol), the hydrolysis product of sulfur mustard, was related to the inhibition of one or more protein 
(serine/threonine) phosphatases in tissues (Brimfield et al., 1998).  

Mulberry silkworm, Bombyx mori L. is prone to bacterial infection which is the most serious as it occurs 
throughout the year (Taha, 2002). The pathogen is difficult to be detected at early stage of infection, as the 
discernible morphological symptoms are developed at late stages of infection (Shamim et al., 1996). Since there 
are no specific preventive measures for the occurrence and spread of disease other than sanitized breeding and 
rearing methods, the only commercial practice is to discard large stock of worms in case of infection to avoid 
the spread of disease (Acharya et al., 2002).  

Bacterial infection to silkworm larvae cause behavioral and physiological alterations, leading to a new 
metabolic profile as reported by Taha (2007). Bacteria often suppress the insect immune system in order to 
maintain a more favorable environment thus prolonging their ability to reproduce (Keeling and Fast, 2002). 

Therefore, the metabolic profile of organism could provide valuable insights on the factors that cause their 
disturbance and furthermore, could be used to define the status of an organism as normal / healthy or not (Fiehn, 
2002). Thus making metabolites a robust bio-analytical tool for diagnostic and monitoring purposes (Aliferis 
and Jabaji, 2011; Simpson et al., 2011). 

 The applicability of gas chromatography / mass spectroscopy (GC / MS) for of disease diagnosis by 
thiodiglycol analysis was discussed. This technique may aid in the discovery of novel biomarkers, hopefully 
leading to provide an alternative help than the other molecular techniques in early diagnosis of bacterial diseases 
to overcome the improper and delayed diagnosis of Bombyx mori diseases by physical examination.  
 
 
 



4669 
J. Appl. Sci. Res., 8(8): 4668-4671, 2012 

 

 

Materials and Method 
 
Rearing: 

 
Silkworm eggs were obtained from the Sericulture Research Department (SRD) of Plant Protection 

Research Institute. The rearing technique was done following the standard methodology of rearing in SRD. 
Larvae were fed on leaves of Kokuzo-27 mulberry variety. They were reared and maintained in a standard 
condition of 25±2°C temperature and 75±3% relative humidity (Krishnaswami 1978). At the seventh day of the 
fifth larval instar, larval samples were collected, healthy control larvae and naturally bacterial diseased larvae. 
Also, mulberry leaves were collected. 
 
Experimental technique: 

 
The gas chromatogrphy / mass spectrometry (GC / MS) technique used to detect the compounds in the 

silkworm, Bombyx mori (healthy and diseased) and mulberry leaves, Morus alba (Kokuzo-27).  
The (GC / MS) instrument separates compounds (the GC component) and identifies these compounds at a 

molecular level (the MS component). The GC works on the principle that a mixture will separate into individual 
compounds when heated. The heated gases are carried through a column with an inert gas (such as helium). As 
the separated compounds emerge from the column opening, they flow into the MS. Mass spectrometry identifies 
compounds by the mass of the analyzed molecule. A “library” of known mass spectra, covering several 
thousand compounds, is stored on a computer. The silkworms and mulberry leaves homogenized in different 
solvents as n-hexane, methylene chloride and methanol. A measured volume of sample (100 mg) was extracted 
at a pH above 11 and again at a pH below 2. The extract was dried, concentrated, and analyzed by GC / MS 
(Eaton et al., 1995).  

Qualitative compound identification is based on retention time and relative abundance of three 
characteristic masses. Chromatogram integration and library searches were performed using the Agilent MSD 
Chemstation (version E.02.00.493) and mass spectra searches were performed using the libraries of the National 
Institute of Standards and Technology (NIST).   
 
Results: 

 
This study is a trial to detect diseased worms in early stage of infection by thiodiglycol analysis as a 

biomarker using the gas chromatography / mass spectrometry (GC / MS) technique qualitatively. The 
silkworms, Bombyx mori (healthy and diseased) and mulberry leaves, Morus alba (Kokuzo-27); homogenized in 
methanol; which is the most suitable solvent. The GC / MS technique detected the presence of thiodiglycol in 
the methanolic homogenate. 

The general chromatogram (Fig.1) showed that, there is only one peak appeared at the same retention time 
~ 8.5 minutes in all the tested samples; the mulberry leaves, larval tissues of both healthy and bacterial diseased 
larvae. The compound which represented by this peak was found to be (2, 2 thiobis ethanol) or (Thiodiglycol) as 
found by the library of this instrument.  

 

              
A                                                                                                          C 
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Fig. 1: Identification of thiodiglycol in the tested samples 
The general GC-MS chromatograms representing thiodiglycol peak at ~ 8.5 min in (A) normal worm 
homogenized in methanol (B) diseased worm homogenized in methanol (C) mulberry leaves homogenized in 
methanol solvent. 

  
From the obtained results it was found that, there is no difference in the quality of thiodiglycol produced 

through the three tested samples. However, there were some associated compounds found in the diseased worm 
sample but not exist in both leave and healthy worm samples as represented in Figure 1 (the rectangle area).  

 
Discussion: 

 
Thiodiglycol (C4H10O2S) is an organic sulphur compound with molecular weight 122.19. TDG is 

biologically converted to the thiodiglycolic acid with the formation of an intermediate [(2-hydroxyethyl)thio] 
acetic acid (Lee and Allen 1988).  

Brimfield et al. (1998) provided the evidence that; thiodiglycol is a substrate for mammalians liver alcohol 
dehydrogenase. Thiodiglycol metabolism involving one or more dehydrogenases which may be necessary to 
produce the ultimate inhibitor of the protein phosphatases. Consequently, the metabolism beyond thiodiglycol 
may be contributing to protein phosphatase inhibition. 

Aliferis et al. (2012) used GC / MS approach for the study of infection of the worker honey bee (Apis 
mellifera L.) based on metabolite profiling of the haemolymph. They found that, metabolomics analyses were in 
agreement with those of multiplex quantitative PCR analyses, indicating that it can be used as a complementary 
tool for the detection and the study of the physiology of the disease. 

This study in agreement with this opinion; GC / MS profiling of bacterial infection is a highly 
recommended detection technique in silkworm rearing as a reasonable initial diagnostic approach avoiding 
expensive attempts at molecular diagnostic testing. It may be concluded that, thiodiglycol is a biomarker related 
to the activity of phosphatases enzymes which have important role in Bombyx mori growth and development. 
But, could not be used as a reliable biomarker for insect bacterial infection since it was not increased or 
decreased upon bacterial infection.   

The results of our study confirmed the hypothesis that GC / MS metabolic profile of bacterial infected 
silkworms reflects the disturbance of insect's metabolism and are substantially different compared to those of 
healthy ones; agreed with the study of Taha (2007) on mulberry silkworms and with Aliferis et al. (2012) on 
worker honey bee.  

Finally, metabolome analysis using gas chromatography / mass spectrometry may aid in the discovery of 
novel biomarkers, hopefully leading to the early detection of various diseases.  
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