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Abstract  

About ten genes responsible for small heat-shock proteins (sHSP) have been isolated from silkworm. 

sHSP19.9 is one of the important member among them. Heat-induced stability of the sHSP was 

investigated at 60ºC with 20 mM HEPES buffer pH 7.7 containing 10 mM NaCl (low-ionic strength). 

Along with it probable suppression of the aggregation was also examined. At the mentioned reaction 

medium, sHSP19.9 was observed to be aggregated on the concentration- and time-dependent manners. 

It was successfully suppressed with dithiothreitol (DTT), higher-ionic strengths, Cysteine residues 

modifications and molecular chaperone: sHSP20.8.  
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Introduction  

When living organisms is exposed to the different 

environment out of physiological conditions, the 

cohesive interaction is reduced to disintegrate the 

protein (Meno, 2003). Namely, tertiary structure 

of protein is disintegrated by drastic changes in 

temperatures, a variety of mechanical stresses, 

extremely acidic or basic pH, pressure extremes, 

osmotic pressure variations, hypoxia, noxious 

chemicals etc. These conditions pose a serious 

threat to the living organism and causing the 

complete or partial unfolding of cellular proteins 

that may lead to aggregation and inactivation of 

protein (Khurana et al., 2001; Torrent et al., 

2006; Bellotti et al., 1999).  

Small heat shock proteins (sHSPs) are a family of 

ATP-independent molecular chaperones which 

prevent cellular protein aggregation under 

cellular stresses by binding to misfolded proteins 

(Nandini et. al., 2015). sHsps contain a 

structurally conserved α-crystallin domain of 

about 100 amino acid residues flanked by varied 

N- and C-terminal extensions and usually exist as 

oligomers which is important for the biological 

functions of most sHsps (Hilario et al., 2011). 

Relatively small amount of sHSPs are synthesized 

constitutively, but these accumulate rapidly 

during temperature stress. The accumulation of 

sHSPs is proportional to the temperature and 

duration of stress (Waters et al., 1996). The 

maximum synthesis of sHSP and accumulation 

were reported to be observed at temperatures 

just below lethal level (Howarth, 1991). sHSP 

plays a significant role in stabilization of native 

conformation, folding, and mediation of correct 

oligomeric assembly, translocation, and 

protection from heat denaturation (Morimoto et 

al., 1994; Ellis & van der Vies 1991; Wickner et 

al., 1991; Gething & Sambrook 1992). Among 

them, the most important character is the 

stabilization of protein during heat stress; sHSP 

stabilizes other nonnative proteins. 

Among the ten members of silkworm small heat 

shock proteins, sHSP19.9 and sHSP20.8 are the 

two members. These two molecular chaperones 

suppose to have the aggregation suppressive 

activity against the aggregation of other non-

native proteins. But in course of preliminary 

experiment, sHSP19.9 was found to be 

aggregated at 60ºC with low-ionic strength (low 

NaCl concentration). On the other hand, 

sHSP20.8 was stable even at autoclave. So, the 

present study was conducted to observe the 

thermally induced aggregation of sHSP19.9 at 

60ºC with low-ionic strength and seeking the 

ways of protection by applying various factors 

such as Dithiothreitol (DTT), high ionic-strength 
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(high NaCl concentration), Cystein residue 

modified sHSP19.9 and sHSP20.8 as molecular 

chaperone. 

Materials and Methods 

 

Purification of sHSPs 
 

Overproduction of sHSPs by E. Coli cells and 

purification of the overproduced sHSPs were done 

as described by Hossain et al., (2010). Thus N-

terminal His-tagged recombinant sHSPs were 

prepared. Protein amounts for sHSP19.9 and 

sHSP20.8 were evaluated using calculated 

molecular extinction coefficients at 280 nm of 

19940 cm-1 M-1 and 22585 cm-1 M-1 respectively 

(Pace et al., 1995). 
 

Reagents 
 

Unless otherwise noted, 20 mM HEPES buffer pH 

7.7 containing 10 mM NaCl (buffer C) was used 

to prepare all required materials and incubation 

was done at 60ºC. Aggregation of sHSP19.9 and 

effects of DTT, high ionic-strength such as 0.1 M 

HEPES buffer pH 7.7 containing 0.1 M NaCl, 50 

mM Sodium Phosphate buffer pH 8.0 containing 

0.1 M NaCl (buffer A), Cys residues modified 

sHSP19.9 and sHSP20.8 on the aggregation of 

sHSP19.9 was monitored at 60ºC by 

spectrophotometer method at 360 nm. All of the 

used chemicals were prepared freshly. The used 

concentrations of sHSP19.9 and mentioned 

factors have been outlined at the legend of the 

respective figures.  
 

Heat-induced aggregation of sHSP19.9 
 

Concentration- and time-dependent heat stability 

of sHSP19.9 was investigated by the 

spectrophotometer method. Quartz cell (1.0 cm 

width) containing different concentration of 

sHSP19.9 was incubated in the cell holder for 

fixed times and the absorbance at 360 nm was 

taken continuously by the recordable 

spectrophotometer (Shimadzu UV-2400). For 

another case, fixed concentration of sHSP19.9 

was incubated for different times in the cell and 

the absorbance was taken continuously at 

different wavelengths by the same 

spectrophotometer (Shimadzu UV-2400). Then 

the incubated solution was taken from the cell 

and was centrifuged at 10,955 × g for 20 min. 

The resultant supernatant was used to take 

absorbance at 280 nm by spectrophotometer 

(Hitachi GeneSpec III) and compared with 

control. As sHSP19.9 was aggregated with buffer 

C, so the higher concentration (22.8 μM) of 

sHSP19.9 was used during 3 hours incubation to 

observe the time-dependent aggregation based 

on the change of spectrum. Moreover, for the 

relatively lower time of incubation (30 minutes) 

lower concentration of sHSP19.9 (7.0 μM) was 

used. Based on feasibility of the method applied, 

feasible concentration of sHSP19.9 such as 1.044, 

2.5 and 5.0 μM were used.   

Suppression of sHSP19.9 by various factors 

To observe the suppressive activity of DTT, 

higher ionic strength and cysteine residue 

modified sHSP19.9 Shimadzu UV-2400 

spectrophotometer at 360 nm wavelength at 

60ºC was used. Concentration-dependent 

aggregation suppressive activities were 

monitored with buffer C. 

In presence and absence of fixed 1 mM DTT, the 

thermal aggregation of sHSP19.9 at various 

concentration such as 5.0, 3.75, 2.5 & 1.25 μM 

were monitored. Moreover, Keeping the constant 

concentration of sHSP19.9 at 2.5 μM the activity 

of DTT was also observed with its various 

concentration such as 0.5, 1.0, 1.5, 2.0, 2.5, 5.0, 

7.5 and 10.0 mM. On the other hand, higher ionic 

strength buffer such as buffer A and 0.1 M HEPES 

buffer pH 7.7 containing  0.1 M NaCl were used 

against the various concentration of sHSP such as 

5.0, 3.75, 2.5 and 1.25 µM to monitor the 

suppression of sHSP19.9 aggregation. 

Moreover, cysteine residue modified sHSP19.9 

with various concentration such as 5.0, 3.75, 2.5 

and 1.25 µM were used against the aggregation 

of same concentration of without modified 

sHSP19.9 to observe the suppressive activity. 

Most sophisticated method named 

spectrofluorometer (Shimadzu RF-5000) was 

used to evaluate the chaperone-like activity 

(CLA) of sHSP20.8 against sHSP19.9 aggregation. 

It was also attached with thermostatic controlled 

circulating water bath at 60ºC. Both excitation 

and emission wavelength were set at 360 nm 

with 3 nm and 1.5 nm band path respectively. By 

this procedure both molar concentration ratio-

dependent CLA of sHSP20.8 against sHSP19.9 

aggregation was monitored. To be distinct about 
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the performance of sHSP20.8 and the condition of 

proteins during incubation, the absorbance was 

monitored at different wavelengths for 2 h with 

30 min intervals.   

Results  

Aggregation of sHSP19.9 

sHSP19.9 with low-ionic strength was incubated 

at 60ºC, and the changes in absorbance at 360 

nm were continuously monitored. As shown in 

figure 1, the absorbance increased drastically 

after a lag-phase for 5 minutes. The increasing 

rate was clearly dependent on the amounts of 

sHSP19.9. Using the larger amounts of sHSP19.9, 

the increased aggregation was observed to be 

decreased chronologically after 10 minutes of 

incubation. With the decreased amounts of 

sHSP19.9 such tendencies were not observed. 

Spectral change during incubation of sHSP19.9 

was also monitored at 60ºC by 

spectrophotometer at different wavelengths 

(Figure 2). Comparing the produced spectra with 

the spectrum of 0 min incubation, it was found 

that changes in spectrum happened when the 

next readings were taken after 30 min of 

incubation. Such change in spectrum was 

observed for every interval up to the last (Figure 

2A). The characteristic changes were observed at 

280 nm and the absorbance at this wavelength 

was decreased based on the time of incubation. 

Figure 1. Concentration-dependent heat-induced 
changes of sHSP19.9. sHSP19.9 in buffer A 
demonstrates the changes in absorbance for 
both panel B and C by spectrophotometer 
(Shimadzu UV-2400) method 

 

It was happened due to the aggregation of 

sHSP19.9 as well as loss of polypeptides as after 

3 h of incubation about 15% sHSP19.9 was 

observed to be recovered (Figure 2B). 

Figure 2. Time-dependent changes in spectrum (aggregation) of sHSP19.9. Panel A demonstrates the 
continuous monitoring of the changes for 3 h at 30 min intervals (a-g) with a fixed 22.8 µM sHSP19.9. 
Panel B represents the changes in spectrum of sHSP19.9 before (a) and after incubation (b) for 3 h and 
about 14.9% sHSP19.9 was observed to be remained in the reaction mixture after incubation 
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Figure 3. CLA of sHSP20.8 against sHSP19.9 aggregation. Panel A demonstrates the activity for 30 min with a 
varieties of lower molar concentration ratios; 1:0 (a; 7.0 μM sHSP19.9 only), 1:0.025 (b), 1:0.05 (c), 

1:0.075 (d) and 1:0.1 (e). Panel B shows spectrums of sHSP19.9 (7.60 µM) in the presence of sHSP20.8 
(3.67 µM) at 30 min of intervals up to 3 h and inset shows the spectrum of mixture before (a) and after 

(b) incubation 

 

sHSP20.8 against the aggregation of 

sHSP19.9 

sHSP20.8 was used against the aggregation of 

sHSP19.9 and it was observed that even 1:0.025 

molar ratio for sHSP19.9 and sHSP20.8 was 

effective to suppress the aggregation (Figure 3). 

The activity of sHSP20.8 was concentration-

dependent and even 1:0.1 molar ratio for 

sHSP19.9 and sHSP20.8 was observed to be 

effective enough to suppress the aggregation 

completely (Figure 3A). 

On the other hand, the performance of sHSP20.8 

against sHSP19.9 aggregation was continuously 

monitored and insignificant differences in 

spectrum were evident for each interval up to 

180 min (Figure 3B). Comparison of spectrum 

between 0 min and 180 min incubation also 

revealed almost no differences at 360 nm (Inset 

figure 3B).  

The CLA of sHSP20.8 against sHSP19.9 

aggregation was re-examined by 

spectrofluorometer method and observed the 

similar potentiality of sHSP20.8 (Figure 4). The 

aggregation showed by sHSP19.9 in the absence 

of sHSP20.8 (Figure 4A) was completely 

suppressed by the entire used molar 

concentration ratios; 1:1 (Figure 4B), 1:0.4 

(Figure 4C) and 1:0.2 (Figure 4D) for sHSP19.9 

and sHSP20.8. These results clearly suggest that 

sHSP20.8 can suppress the aggregation of 

sHSP19.9 completely during heat-stress 

incubation. 

 

Figure 4. Time dependent aggregation of sHSP19.9 
by spectrofluorometer at 360 nm (both 
excitation and emission) and effect of 
sHSP20.8. Panel A represents the aggregation 
of fixed sHSP19.9 (1.044 µM) and B, C and D 
demonstrate the suppression of the 
aggregation by sHSP20.8 at 1:1, 1:0.4 and 
1:0.2 molar ratio for sHSP19.9 and sHSP20.8 
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Effects of DTT on sHSP19.9 aggregation 

Different amounts of sHSP19.9 in the presence 

and the absence of 1 mM DTT were used and 

observed that DTT can potentially suppress the 

thermal aggregation of sHSP19.9 (Figure 5A). 

Using different amounts of DTT against fixed 

amount (2.5 μM) of sHSP19.9, the effects on the 

suppression of sHSP19.9 aggregation was found 

to be concentration-independent as all of the 

used concentration series revealed the similar 

performances (Figure 5B).  

Effects of high ionic-strength on sHSP19.9 
aggregation 

To get insight into the effects of high ionic-

strength, 0.1 M NaCl containing (pH 7.7) 0.1 M 

HEPES (Figure 6A) and 0.1 M NaCl containing (pH 

8.0) 50 mM Sodium Phosphate (Figure 6B) were 

used. Concentration-dependent aggregation of 

sHSP19.9 was observed in buffer C, which was 

completely suppressed with the entire ionic-

strength.  

Thermostability of Cys residue modified 

sHSP19.9 

Without Cys residue modification, the sHSP19.9 

at low ionic-strength produced increased 

absorbance on concentration-dependent manner 

due to aggregation. This property was not 

evident for the chemically modified sHSP19.9, 

which can effectively tolerate the stress 

(Figure7). The Cys residue of sHSP19.9 is capped 

with mono Iodoacetic Acid during modification 

and this modified sHSP19.9 do not feel enough 

affinity to interact with each other for 

aggregation.  

Discussion 

At least ten different genes for sHSPs were found 

in silkworm larvae and sHSP19.9 is one of the 

members among them. During incubation, the 

hydrophobic site of sHSP19.9 as like as other 

sHSPs exposed and by interaction between these 

sites of sHSP19.9, its aggregation occurred. 

Because the structural changes that occur during 

protein aggregation, protein molecules should 

also be assembled to form higher order 

aggregates. The assembly process occurs as a 

result of the protein-protein pair potential of 

mean force, which include hard-sphere, 

electrostatic, van der waals’, desolvation, 

hydrophobic and all other short-range 

interactions (Chi et al., 2003; Curtis et al., 2002 

). It is widely believed that the partially-unfolded 

molten globule-like protein structures are 

especially susceptible to aggregation (Dobson, 

2002; Khurana et al., 2001; Plakoutsi et al., 

2004; Uversky and Fink, 2004).  

Figure 5. Thermal aggregation of sHSP19.9 at 60ºC and effect of DTT. Panel A shows the concentration (5.0, 
3.75, 2.5 & 1.25 μM) dependent aggregation in the presence (e-h) and the absence (a-d) of fixed 1 mM 
DTT and Panel B demonstrates for fixed concentration of sHSP19.9 (2.5 μM) in the absence (a) and the 
presence 0.5, 1.0, 1.5, 2.0, 2.5, 5.0, 7.5 and 10.0 mM DTT (b-h) 
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Figure 6. Aggregation of sHSP19.9 in the presence of buffer C (a-d: 5.0, 3.75, 2.5 and 1.25 µM) by 
spectrophotometer method. Panel A shows the effect of higher ionic-strength buffer, 0.1 M HEPES buffer 
pH 7.7 containing 0.1 M NaCl (e-h: 5.0, 3.75, 2.5 and 1.25 µM) and panel B represents the performance 
of buffer A (e-h: 5.0, 3.75, 2.5 and 1.25 µM)  

Moreover, from the amino acid sequence of 

sHSP19.9, it was cleared that sHSP19.9 contained 

more –SH (sulfhydryl) residues than –S-S- 

(disulfide) residues (Hossain et al., 2010). So, 

when sHSP19.9 was incubated with low-ionic 

strength, the ionic repulsion of the reaction 

medium is decreased. This condition increased 

the protein-protein interactions and also inter-

polypeptide interactions and therefore inter 

disulfide bonds is produced by the reduced Cys 

residues and is destabilizing the sHSP19.9 as like 

as IP-10 (Crow et al., 2001), which was also 

aggregated due to the presence of reduced 

sulfhydryl residues.  

Among the members of silkworm sHSPs, 

sHSP20.8 is one of the member, which was used 

against sHSP19.9 aggregation and observed to be 

efficient. Molecular chaperones have been shown 

to bind only aggregation-prone proteins, but not 

native or already-aggregated proteins (Manna et 

al., 2001; Wang and Spector, 1994). This rule is 

also true for sHSP20.8 as it can efficiently stop 

the further aggregation of sHSP19.9. 

DTT is frequently used to reduce the disulfide 

bonds of proteins as reducing agent and more 

generally used to prevent intramolecular and 

intermolecular disulfide bonds from forming 

between Cys residues of proteins and leading to 

aggregation of proteins (Bhattacharyya et al., 

2003; Sing and Rao, 2002). But fully opposite 

activity of DTT was observed against sHSP19.9 

aggregation. It never accelerated the aggregation 

but observed to be quite helpful to suppress the 

aggregation. It happened due to the inhibition of 

oxidation of Cys residues. Such phenomena also 

inhibit to form inter polypeptide disulfide bonds 

and stabilize the sHSP19.9.  

Recombinant human interferon-inducible protein-

10 (IP-10), a 10-kDa C-X-C chemokine with four 

cysteines, aggregated and this aggregation 

depended on the presence of reduced sulfhydryl 

residues on IP-10. The aggregation of IP-10 could 

be prevented by reduction of its sulfhydryls with 

dithiothreitol followed by irreversible blockade 

with iodoacetamide (Crow et al, 2001). Moreover, 

the chemical modification of carboxyl residues by 

MIA cause the conformational change of the 

protein at the tertiary level, so that it conceals 

hydrophobic residues and reduces the protein-

protein interaction due to loss in hydrophobicity 

and also reduces the aggregation of protein 

(Hashemnia et al., 2006) so that chemically 

modified Cys residue of sHSP19.9 never fell 

affinity to interact with each other to form the 

inter polypeptide disulfide bonds. So it was never 

aggregated at heat stress. 
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Harsh environmental conditions or normal 

physiological extremes lead to situations where 

cells are subjected to solutions of high osmolality, 

which causes loss of water, increased crowding, 

subsequently leading to the aggregation of 

protein-like macromolecules by increasing 

intracellular concentrations. But high ionic-

strength usually reduces this interaction by 

keeping the proteins in soluble condition by 

increasing the water holding capacity of the 

proteins (Pighin et al., 2008). Such condition also 

increases the ionic repulsion which decreases the 

protein-protein as well as the inter polypeptides 

interaction. Therefore at high ionic-strength the 

reduced Cys residues of sHSP19.9 do not get 

enough scope to interact with each other to form 

inter polypeptide disulfide bonds, which also 

stabilizes the sHSP19.9 at heat stress. 

Figure 7. Thermal aggregation of sHSP19.9 in 
buffer C. Panel e-h: modified sHSP19.9 (5.0, 
3.75, 2.5 and 1.25 µM and panel a-d: without 
modified sHSP19.9 (5.0, 3.75, 2.5 and 1.25 
µM). Observation was done by 
spectrophotometer method  

 

From the above discussion, it is revealed that 

sHSP19.9 in presence of low ionic condition 

aggregated on concentration and time-dependent 

manner, which was not observed when it was 

incubated with DTT, higher ionic strength HEPES 

buffer and PBS buffer. Moreover, cysteine residue 

modified sHSP19.9 can tolerate heat stress at all 

over the experiment.  

Conclusion 

It can be concluded that sHSP19.9 with buffer C 

was aggregated on concentration- and time-

dependent manner. But with DTT, high ionic-

strength and sHSP20.8, sHSP19.9 can tolerate 

the heat stress. The chemically-modified 

sHSP19.9 is also stable at the heat stress. These 

results clearly messaged that sHSP19.9 failed to 

show its chaperone like activity at low ionic 

strength condition like other chaperone. But 

these findings would be helpful to observe the 

aggregation suppressive activity of sHSP19.9 

against the aggregation of other non-native 

proteins with the mentioned conditions.  
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