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Abstract  

The important small heat shock proteins (sHSPs) of Bombyx mori sHSP19.9, sHSP20.1, sHSP20.4, 

sHSP20.8, sHSP21.4 and sHSP23.7 are known to display distinct chaperone like activity (CLA) against a 

range of non-native protein aggregation during environmental stress. The small heat shock proteins 

sHSP19.9 and sHSP20.8 are identical polypeptides containing a single Cys residue: Cys-43 and Cys-123 

respectively. The current information proposes that sHSPs function to prevent irreversible aggregation 

sometimes pre-incubation is pre-requisite to enhance their chaperone activities. In an attempt to 

determine their function, we have examined whether these two proteins have CLA using pre-incubation 

chaperone assay. The assay was conducted against the aggregation of a non-native protein, bovine liver 

catalase (BLC), which is readily aggregated at 60° C. Heat induced aggregation of BLC was decreased 

from 100 to 17% in the presence of pre-incubated sHSP20.8, which was 60% for without pre-incubation 

at a 1:0.5 molar ratio of BLC to sHSP. Whereas the aggregation was decreased from 100 to 33% in the 

presence of sHSP19.9 with dithiothreitol (DTT) , which was 67% for without pre-incubation at a 1:0.25 

molar ratio of BLC to sHSP. The functional reason for such variation might be due to the position of Cys 

residue in the amino acid sequence.    

Key words: sHSPs, Pre-incubation, CLA, BLC, silkworm, sHSP19.9 and sHSP20.8 

Bangladesh Animal Husbandry Association. All rights reserved. Bang. J. Anim. Sci. 2017. 46 (4):258-265 

Introduction 

Since exposure to high temperature represents 

a serious threat as at this condition the native 

proteins of living organism are unfolded and 

subsequently aggregated. The protein 

aggregates were toxic to the cells since they 

would impair the normal cellular functions 

(Horwich, 2002). The most documented sHSP of 

insect is that from Drosophila melanogaster 

composed of 4 main members (Hsp22, Hsp23, 

Hsp26 and Hsp27) and among them Hsp22 has 

been reported to increase its lifespan and 

resistance to oxidative stress (Arrigo, 2005, 

Morrow et al., 2006, Morrow et al., 2004). 

Eukaryotic small heat shock proteins (sHSPs) 

act as molecular chaperones by binding to 

denaturing proteins to form soluble complex 

and thus preventing their heat-induced 

aggregation (Kaldis et al., 2004; Horwich, 

2002; Lee and Vierling 2000; Haslbeck et al., 

1999). They are also believed to have involved 

for preventing protein aggregation under 

unfavorable conditions by blocking the 

hydrophobic surface exposed from the 

denaturing substrate proteins (Zhang et al., 

2005, Wang and Kurganov, 2003). The wheat 

HSP16.9 structure analysis predicts that several 

hydrophobic sites become exposed on 

disassembly of the oligomer into dimers (van 

Montfort et al., 2001). Thus it is reasonable to 

assume that the hydrophobic interface sites for 

the sHSP oligomer assembly are exposed due to 

its disassembly in response to heat stress and 

then become available for substrate binding, 

resulting in activation of the sHSPs (Hossain et 

al 2010). Although the silkworm, Bombyx mori 

has long been well-managed, well-documented, 

and used for biochemical and physiological 

research as a model organism, little information 

on the sHSP of this lepidopteran is available. B. 

mori has at least six genes encoding sHSP19.9, 

sHSP20.1, sHSP20.4, sHSP20.8, sHSP21.4 and 

sHSP23.7 (Aso et al., 2006 and Sakano et al., 

2006). sHSP20.4 and sHSP21.4 have no Cys 

residues. sHSP23.7 has three Cys residues. 

Others have one Cys residue each (Sakano et 

al., 2006). sHSP20.8 and sHSP19.9 composed 

of identical polypeptides, and each of 

polypeptides has a single Cys residue: Cys-43 

and Cys-123 respectively. The Cys residue of 

sHSP20.8 is in the N-terminal side of α-
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crystallin domain. This N-terminal side is very 

essential for substrate interactions and 

subsequently suppression of thermal 

aggregation of target protein (Basha et al., 

2006). However, the conformation changes of 

both substrate and sHSPs are pre-requisite for 

correct interactions as well as to suppress the 

irreversible substrate aggregation by sHSPs. It 

is observed at lag-phase during incubation 

under stress (Bova et al., 2002). The 

investigation of exact active species of silkworm 

sHSP20.8 and sHSP19.9 was a matter of 

interest and so, the present study was 

conducted to observe the pre-incubation effects 

on the CLA of silkworm sHSP20.8 and sHSP19.9 

against the aggregation of a nonnative protein, 

BLC. 

Materials and Methods 

Materials 

Unless otherwise noted, the buffers used were 

50 mM sodium phosphate buffer (pH 8.0) 

containing 0.1 M NaCl (buffer A), containing 0.3 

M NaCl (buffer B), and 20 mM HEPES buffer (pH 

7.7) containing 10 mM NaCl (buffer C). DTT was 

used as 10 mM. BLC was prepared with Milli Q 

(2 mm) water without further preparation. All of 

the used chemicals were reagent grade and 

freshly prepared. The incubation times were 

selected as 15, 20, 45, 60 and 240 minutes 

based on the requirement.  

Purification of sHSP19.9 and sHSP20.8  

sHSP20.8 and sHSP19.9 were prepared as 

recombinant N-terminal His-tagged briefly 

described below. 

Pre-culture and culture of cells 

Each of sHSP19.9 and sHSP20.8 genes was 

sub-cloned into a pET28a expression vector. 

The resulting plasmids were introduced into the 

(DE3) E. coli cells and cultured at 37ºC for 12 

to 15 hour. Thus sHSP19.9 and sHSP20.8 were 

overproduced as recombinant proteins having 

N-terminal His-tags. The entire procedure of 

purification was followed as described by 

Sakano et al. (2006) and Aso et al. (2007) with 

minor modifications (Hossain et al., 2010). The 

cells were grown up at 37ºC on Luria-Bertani 

(LB) medium (Sigma, USA) until mid-log phase 

where absorbance at 600 nm was within 0.5 to 

0.6. After induction with 1 mM Isopropyl β-D-1-

thiogalactopyranoside (IPTG) (Wako Pure 

Chemical Industries Ltd. Tokyo, Japan), the 

cells were further cultured for 3 hour and 

collected from 150 ml of LB medium by 

centrifugation at 1,095 × g for 20 minutes. The 

resulting cell pellet was made frozen with liquid 

nitrogen and stored at -70ºC until use. 

Isolation and purification of sHSPs from 

cells 

The pellet was suspended in 30 ml of buffer A 

and centrifuged at 1,095 × g for 20 minutes at 

4ºC. The resultant pellet was re-suspended with 

10 ml of the same buffer and was lysed by 

sonication for 1 hour. Insoluble substance was 

removed by addition of 0.33 ml of 5% 

polyethyleneimine (MP Biomedical Inc., 

Germany) and 1 ml of 5.0 M NaCl and was 

stirred on ice for 1 hour and centrifuged at 

17,528 × g for 20 min. The resulting 

supernatant was taken, and soluble proteins 

were precipitated with 80% saturation of 

ammonium sulfate by stirring on ice for more 

than 1 hour. After centrifugation at 7,243 × g 

for 20 min, the resulting precipitate was 

suspended with buffer C, kept at 4ºC for 1 

hour, and centrifuged at 7,243 × g for 20 

minutes. The resulting supernatant was 

saturated with 80% of ammonium sulfate to 

precipitate proteins. It was done on ice for more 

than 1 hour and centrifuged at 7,243 × g for 20 

minutes. The resulting pellet was suspended 

with 10 ml buffer B containing 45 mM imidazole 

and poured into the suspension of Ni-NTA resin 

pre-equilibrated with the same buffer, and 

churned for 1 hour at 4ºC. The resin was 

washed with buffer B containing 45 mM 

imidazole, and sHSPs were thus eluted with the 

buffer B containing 250 mM imidazole. Four 

fractions (1 ml each) were collected. Based on 

the higher absorbance at 280 nm of the eluted 

proteins, two fractions were mixed together and 

dialyzed overnight against buffer C at 4ºC.  

sHSP20.8 against BLC aggregation 

sHSP20.8 with buffer C was used against BLC 

aggregation in two conditions: with pre-

incubation and without pre-incubation. Both 

time- and concentration-dependent CLA of 

sHSP20.8 were monitored by Shimadzu UV-

2400 double beam spectrophotometer at 360 

nm wavelength. For the former case, 2.76 µM 

sHSP20.8 was used against 8.96 µM BLC and 

the activities were continuously monitored from 

0 to 50 minutes. For the later one, different 

molar ratios; 1:0 (BLC 5.0 µM), 1:0.2, 1:0.5, 

1:1 and 1:2 were used in the cell and the 

performance was observed at 360 nm. 

The interaction between incubated BLC (at 

60ºC) and sHSP20.8 at 60ºC also was observed 

prior to investigate the CLA of pre-incubated 

sHSP20.8. BLC (14.0 µM) was incubated for 5 

and 7.5 minutes in the cell prior to addition of 
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sHSP20.8 (7.0 µM). The absorbance was 

monitored for 15 minutes. The entire process 

was repeated again at 30ºC with the same 

conditions and methods. Moreover, BLC (0.74 

µM) was incubated at 60ºC for 2, 4, 6, 8, 10, 

20 and 40 minutes and centrifuged at 10,955 × 

g for 5 minutes. The resultant supernatant was 

used again to monitor the interaction with 7.4 

µM sHSP20.8.  

Effects of pre-incubated sHSP20.8 on the CLA 

were monitored then. sHSP20.8 (2.5 µM) with 

buffer C was incubated for different times; 5, 

10, 20 and 30 minutes prior to apply against 

BLC (5.0 µM) aggregation with control (without 

pre-incubation). The used molar ratios for both 

cases were fixed at 1:0.5 (BLC and sHS20.8).  

Concentration-dependent pre-incubation effects 

of sHSP20.8 were also observed using different 

molar ratios; 1:0 (control), 1:0.01, 1:0.05 and 

1:0.1. sHSP20.8 and buffer C (control). They 

were incubated for 30 min in the cell and fixed 

amount of BLC (7.0 µM) was added to it. 

Keeping the molar ratio fixed at 1:1 but using 

higher (40.0 µM) and lower concentration (5.0 

µM) of each sHSP20.8 and BLC, the CLA of 30 

minutes pre-incubated sHSP20.8 was further 

monitored for 4 hours.  

sHSP19.9 against BLC aggregation 

By using the similar method as mentioned 

above, 30 minutes pre-incubated sHSP19.9 with 

10 mM DTT were used to observe the pre-

incubation effects. The respective DTT 

containing sHSP19.9 with buffer C was 

incubated for 30 minutes and fixed amount of 

BLC (5.0 µM) was added to it. The absorbance 

was taken at 360 nm. Different molar ratios 

such as 1:0.25, 1:0.5 and 1:0.75 for BLC to 

sHSP19.9 were used to observe the effects of 

pre-incubation on CLA of sHSP19.9 , whereas 

the same ratios were used as control (without 

pre-incubated). 

Data analysis and interpretation 

The used data were analysed and figures were 

prepared by using OriginPro7.5 Scientific 

Graphing and Analyzing Software (Origin Lab).  

Results  

To perform the chaperone assay of pre-

incubated sHSPs, the sHSP19.9 and sHSP20.8 

of B mori were overexpressed in (DE3) E. coli 

cells with use of the corresponding pET28a 

expression vector and were purified through 

their N-terminal Histidine tag The yield of His-

sHSP (Histidine-tagged sHSP) was of the order 

of about 5 mg/L bacteria as recombinant 

protein as like Morrow et al., (2006).  

 

Figure 1. Effects of sHSP20.8 on the 

aggregation of BLC (14.0 μM) at 60ºC, 

where sHSP20.8 (7.0 μM) was added 

after different times (b: 7.5 min, c: 5.0 

min) of BLC incubation 
 

Pre-incubated sHSP20.8 against BLC 

aggregation  

Because sHSPs of other organisms have been 

shown to have chaperone-like activity in vitro, 

we tested whether each of the sHSPs of B mori 

could prevent protein denaturation and loss of 

function. So, prior to investigate the pre-

incubation effects, sHSP20.8 was used against 

BLC aggregation to observe its effects on the 

further aggregation of BLC. BLC was incubated 

at 60°C for 15 minutes alone and then 

sHSP20.8 was added after 5 and 7.5 minutes of 

BLC incubation. Result from presented figure 1 

revealed that aggregation of BLC was partially 

halted by addition of HSP20.8, indicating that 

already aggregated BLC cannot be solubilized as 

well as renatured by sHSP20.8. 

 

Figure 2. Pre-incubation effects on the CLA of 

sHSP20.8, where the activities show with 

fixed 1:0.5 molar ratio for BLC (5.0 μM) 

to sHSP20.8 at different times of 

incubation: 0 (c), 5 (b), 10 (d), 15 (e) 

and 20 (f) min. 
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Next we determined the time dependent 

chaperone-like activity of sHSP20.8 against 

BLC. The molar ratio for BLC to sHSP20.8 was 

kept fixed at 1:0.5. It was observed that among 

the various times of incubation of sHSP20.8, 

incubation with 20 minutes is the best 

performer compare to others (Figure 2). The 

figure also revealed that pre-incubation of 

sHSP20.8 (f) has better activity than the 

without pre-incubated (b) against BLC 

aggregation.  

Similar experiment was done by using 

sHSP20.8-BLC mixture at different molar ratios 

to observe the concentration dependent 

chaperone like activity with fixed pre-incubation 

time. The incubation time was fixed for 30 

minutes. Using the same molar ratios, pre-

incubated and without pre-incubated sHSP20.8 

was applied against BLC. It was observed that 

fixed 1:0.05 molar ratio (f) for BLC to sHSP20.8 

shows the better performance than others and 

also than the without pre-incubation ratios 

(Figure 3). So, it can be mentioned that pre-

incubation bears reproducible effects than the 

without pre-incubation, which is similar to the 

chaperone of other organisms that pre-

incubation is an enhancing factor for CLA. 

 

Figure 3. CLA of 30 min pre-incubated 

sHSP20.8 with 1:0.01 (a), 1:0.05 (f) and 

1:0.1 (d) molar ratios along with control 

(without pre-incubated sHSP20.8) 1:0.01 

(b), 1:0.05 (c) and 1:0.1 (e) molar ratios 

of catalase (7.0 μM fixed) to sHSP20.8 

  

Various concentrations of pre-incubated 

sHSP20.8 were used against fixed 25.0 μM BLC, 

and CLA was measured. Although marked 

differences between the activities of pre-

incubated and without pre-incubated sHSP20.8 

were not evident, the molar ratio 1:0.05 molar 

ratio for BLC to pre-incubated sHSP20.8 shows 

a little bit better performance (Figure 4).  

 

Figure 4. Pre-incubated sHSP20.8 against BLC 

aggregation, where the activities with (□) 

and without pre-incubated (○) sHSP20.8 

is represented (from 0 to above 10.0 μM) 

against 25.0 μM BLC. 

 

Figure 5. CLA of pre-incubated sHSP20.8. 

Protection (%) of BLC aggregation by 

sHSP20.8 with (□) and without pre-

incubated (○) sHSP20.8 at fixed 1:1 

molar ratio is shown here 

Independent performances monitored during 

determination of BLC aggregation protection 

(%) by sHSP20.8 is presented in Figure 5. 

Keeping fixed molar ratio for sHSP20.8 and 

BLC, the mixture containing their larger 

amounts were used for studying the pre-

incubation effects of sHSP20.8. In observation 

of long time CLA, the pre-incubated curve 

showed a slight halt compared to the without 

pre-incubated sHSP20.8 indicating the evidence 

of the positive performance of pre-incubation of 

the protein against the irreversible aggregation 

of BLC (Figure 6 & 7). This finding is alike with 

the finding of Smýkal et al., (2000) for tobacco 

HSP18 against citrate synthase aggregation. 
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Pre-incubated sHSP19.9 against BLC 

aggregation 

sHSP19.9 is aggregated at low ionic strength 

(buffer C) but in the presence of 10 mM DTT, 

such aggregation was not evident (Hossain and 

Aso, 2017). So, the aggregation suppressive 

activity of pre-incubated sHSP19.9 was 

observed against BLC aggregation at 60°C in 

the presence of DTT. To observe effects of the 

pre-incubation on the CLA of sHSP19.9, 10 mM 

DTT containing different concentrations of 

sHSP19.9 was pre-incubated prior of addition to 

BLC.  

 

Figure 6. CLA of 30 min pre-incubated and 

without pre-incubated sHSP20.8 at fixed 

1:1 molar ratio with lower concentration 

(5.0 μM each) 

 

Figure 7. CLA of 30 min pre-incubated and 

without pre-incubated sHSP20.8 at fixed 

1:1 molar ratio with higher concentration 

(40.0 μM each) molar ratio  

A wide ranged concentration series of BLC and 

sHSP19.9 was used with control for each ratio 

(Figure 8A-D). Results showed that all of the 

used concentration ratios are positive for pre-

incubated sHSP19.9. Although the performance 

of pre-incubated and without pre-incubated 

sHSP19.9 were not drastically different, the 

pre-incubated sHSP19.9 at molar ratio 1:0.25 

molar ratio for BLC to sHSP19.9 showed a little 

better performance than the control. So it 

becomes evident that pre-incubation had also 

some extent of significant effect on CLA of 

sHSP19.9. 

Discussion 

Despite reports that many sHSPs from yeast, 

plants and mammals present chaperone-like 

activity in in vitro aggregation assay, their 

function in vivo remain unknown.   

Overexpression of silkworm sHSP19.9 and 

sHSP20.0 has been shown to confer resistance 

to supraoptimal temperatures and also showed 

chaperone-like activity to inhibit heat-induced 

aggregation of BLC (Hossain et al., 2010). Thus 

these two silkworm sHSPs perform functions 

similar to sHSPs of other organisms in vitro 

chaperone assay (Panesenko et al., 2002; 

Abdulle et al., 2002; Van Montfort et al., 2002). 

But the exact mechanism of the chaperone 

action is not completely known but it is now 

evident that temperature regulated exposed of 

hydrophobic surface and temperature-

dependent reversible dissociation of oligomers 

into smaller subunits such as dimers (van 

Montfort et al., 2001; Haslbeck et al., 1999) are 

involved in the chaperone mechanism of sHSPs. 

Changes in quaternary structure at 

temperatures that are physiologically relevant 

for sHSP are important for their chaperone 

activity (Van Montfort et al., 2002; Haslbeck et 

al., 1999; Giese and Veirling, 2002). Moreover, 

sometimes the pre-incubation is the pre-

requisite for the aggregation prevention 

mechanism (Manna et al., 2001). To 

understand the active species as well as the 

factors influence chaperone activities, we 

incubated the sHSP19.9 and sHSP20.8 prior to 

load against BLC. The performance was 

monitored for various times of incubation 

according to necessity.  Although the two 

silkworm sHSPs share a high degree of 

homology, they display differences in their 

capacity to prevent aggregation of a common 

substance, BLC, suggesting difference in their 

mode of action. sHSP20.8 was more efficient 

than sHSP19.9 and solely can prevent the 

aggregation whereas sHSP19.9 required DTT to 

tolerate heat stress and to show the CLA as well 

(Hossain and Aso, 2017).   This difference is not 

caused by their mode of preparation, as 

demonstrated with His-tagged purified under 

native condition. sHSPs of other organisms have 

also been reported to show differences intheir 

chaperone activities; mammalian Hsp22 
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(Chowdary et al., 2004) and S. cerevisiae 

Hsp42 and Hsp26 (Haslbeck 2004). 

 

Figure 8A. Pre-incubated sHSP19.9 (at 60ºC 

for 30 min) with 10 mM DTT against BLC 

aggregation with 1:0.25 concentration 

ratios, where (a) represents BLC only, (b) 

and (c) show without and with pre-

incubated sHSP19.9 respectively. 

 

Figure 8B. Aggregation suppressive activity of 

pre-incubated sHSP19.9 (for 30 min at 

60ºC with 10 mM DTT) against BLC 

aggregation with 1:0.5 concentration ratio, 

where (a) represents BLC only, (b) and (c) 

indicate without and with pre-incubated 

sHSP19 respectively.  

Among the various substrate proteins, BLC is 

seen to be rapidly inactivated upon incubation 

at 60ºC, and about 80% of original activity is 

lost within 10 min (Hook and Harding, 1997). 

So it was used and the performance of pre-

incubated silkworm sHSP20.8 and sHSP19.9 

(with DTT) on the aggregation reaction of BLC 

was examined. When the silkworm sHSPs were 

added the aggregation of BLC was suppressed 

and pre-incubation bears reproducible effects. 

Such finding is also evident for Hsp16.3. 

Hsp16.3 pre-heated at high temperature was 

reported to exhibit significantly higher 

chaperone activity (Mao et al., 2001; Xinmiao 

et al., 2003). Therefore, the effects of pre-

incubation of sHSP20.8 on its CLA were 

examined. 

 

Figure 8C. Pre-incubated sHSP19.9 (for 30 

min) with 10 mM DTT against BLC 

aggregation at 60ºC with 1:0.75 molar 

ratios, where (a) represents BLC only, (b) 

and (c) demonstrate without and with pre-

incubated sHSP19 respectively.  

 

Figure 8D. sHSP19.9 (Pre-incubated for 30 min 

at 60ºC) with 10 mM DTT against BLC 

aggregation at 1:1 molar ratio, where (a) 

represents BLC only, (b) and (c) 

demonstrate without and with pre-

incubated sHSP19 respectively.  

 

Thus pre-incubation of sHSP20.8 before 

applying against BLC aggregation bear some 

extent of successful difference compared with 

the without pre-incubated sHSP20.8. It is 

assumed that during incubation, BLC took some 

times to be dissociated and within this time 

sHSP20.8 was converted to its active species 

(large oligomer) and both of the species were 

assumed to be essential for proper interaction 

with each other to form a large, defined 

chaperone-substrate complex (Haslbeck et al., 
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1999), which can also be evaluated by SDS-

PAGE (Haslbeck et al., 1999). So, when 

sHSP20.8 and sHSP19.9 were pre-incubated at 

60°C for a certain time before incorporating of 

BLC must facilitates sHSPs to be dissociated 

into large oligomer (active species), which are 

very essential for successful interaction to form 

noble complex between sHSPs and BLC. This is 

resulting the suppression of thermal induced 

aggregation of BLC very efficiently. Such 

activation also coincides with dissociation of the 

HSP26 oligomers into dimers, leading to a 

proposal of the dissociation mediated activation 

mechanism. In fact the yeast HSP26 becomes 

activated at elevated temperatures and induces 

the dissociation of the oligomeric complex into 

dimers and these dimers initiate the interaction 

with nonnative substrate proteins and 

reassemble into larger well-defined HSP26-

nonnative substrate protein complex (Haslbeck 

et al., 1999, Haslbeck et al., 2005).  Interaction 

between active species of sHSPs and intact BLC 

is not possible. So the findings for pre-

incubated sHSPs and without pre-incubated 

sHSPs are observed to be different and in other 

words, pre-incubation is an effective method to 

accelerate the chaperone function of silkworm 

sHSPs. When both the sHSPs and BLC were 

applied at the same time, both took some time 

(lag phase) to be converted into active species. 

But the lag phase for BLC and the examined 

sHSPs are different. Silkworm sHSPs might take 

less time to be converted into its active species 

than the non-native substrate protein BLC (5 

minutes). As soon as BLC is dissociated into 

dimer it interacts with large oligomeric sHSPs 

and formed the sHSP-BLC complex and 

aggregation of BLC is prevented. Because if the 

lag phase of silkworm sHSPs would more than 

the non-native protein, the protein would be 

aggregated and it could not be recovered.  

Moreover, sHSPs can prevent the further 

aggregation of BLC only, but cannot solubilizes 

the already-aggregated BLC as like as β-casein 

against insulin (Zhang et al., 2005), which is an 

agreement of the activity of sHSP20.8.  It is 

seen that pre-incubation converts the sHSPs to 

the active species prior to the activation of non-

native protein and thus can overcome the 

problem. These results unambiguously 

demonstrate that sHSP20.8 does exhibit a CLA 

when analyzed in such in vitro system. A similar 

phenomenon was also happened in the case of 

sHSP19.9 in the presence of DTT and so the 

pre-incubation of sHSP19.9 bear satisfactory 

performance against the thermal aggregation of 

BLC.  
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Conclusion 

CLA of pre-incubated silkworm sHSP19.9 and 

sHSP20.8 was observed against BLC 

aggregation beside control (without pre-

incubated). Pre-incubation of the selected 

proteins were found to provide reproducible 

effects to a considerable extent. So, it can be 

concluded that pre-incubation is an accelerating 

factor to enhance the CLA of sHSP19.9 and 

sHSP20.8. 
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