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Abstract 
 

Expression, Purification and Crystallization of human Heat 
Shock Transcriptional Factors 

 
Aditya Mojumdar 

 
 
Heat shock factors are known to be the key players in heat shock response. They regulate 
the transcription of hsp genes to produce heat shock proteins. Heat shock factors (HSFs) 
are known to function cooperatively. The exact role of HSFs in heat shock response is 
still not completely clear. They are also known to have different functions in the process 
of development regulations like reproduction, embryonic development, lens development, 
cortical lamination and olfactory epithelium maintenance. Three-dimensional structures 
of the proteins will give a more detailed view of their functions. 
 
In this project we try to determine the three-dimensional structure of human HSFs by X-
ray crystallography. To achieve the goal, we transformed E. coli with the plasmid called 
pMAL-c2 containing the gene encoding the DNA binding domain and trimerization 
domain (1-232 residues) of HSF1 fused with maltose binding protein (MBP) at the N-
terminus. We tried to get HSF1-232 in soluble form by expressing it with MBP and then 
cleaving it inside the cell by co-expressing tobacco etch virus (TEV) protease which can 
cleave the fusion protein at the TEV cleavage site between the MBP and HSF1 proteins. 
But this strategy failed so we tried in vitro cleavage which gave rise to insoluble proteins. 
The fusion protein was then over-expressed and was purified using amylose affinity 
chromatography, HisTrap column chromatography and Superdex 200 gel filtration 
chromatography. After purification we got almost 95% pure proteins which was 
sufficient for crystallization. The protein solution was then concentrated to almost 15 
mg/ml and the drops were set for crystallization under 200 crystal screen conditions. 
Vapor diffusion was used as the crystallization method. After almost 20 days, 2 out of 
those 200 conditions gave some crystals in the form of needles, plates and rod cluster. 
These conditions were further optimized to get better crystals. 
 
Further optimization of crystallization conditions and making new constructs with shorter 
linker between MBP and the target protein can help in getting better crystals that can be 
used for X-ray diffraction experiments and determining three-dimensional structures of 
HSFs.  
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Abbreviations 
 
A    absorbance 
AAC    amylose affinity chromatography 
AD   activation domain 
Amp    ampicillin 
APS    ammonium persulfate 
ATP    adenosine triphosphate 
CaCl2    calcium chloride 
Cam    chloramphenicol 
CD    circular dichroism 
cDNA    complementary DNA 
cm    centimeter 
DBD    DNA binding domain 
ddH2O   double distilled water 
DNA    deoxyribonucleic acid 
dNTP    deoxyribonucleotide triphosphate 
DTT    dithiothreitol 
EDTA    ethylenediaminetetraacetic acid 
Fig    figure 
g    gram 
HAC    heparin affinity chromatography 
HCl    hydrochloric acid 
HR-A/B   heptad hydrophobic repeat region A and B 
HR-C   heptad hydrophobic repeat region C 
HRP    horseradish peroxidase 
HSE    heat shock elements 
HSF    heat shock transcription factor 
hsp    genes encoding heat shock proteins 
HSP    heat shock proteins 
HSR    heat shock response 
IMAC    immobilized metal ion affinity chromatography 
IPTG    isopropyl-ß-D-thiogalactopyranoside 
kb    kilobase 
kDa    kilodaltons 
L    litre 
LA    luria agar 
LB    luria bertani 
M    molar 
mA    milliamperes 
MBP    maltose binding protein 
mg    miligram 
Mg    magnesium 
MgCl2    magnesium chloride 
min    minutes 
ml    mililitre 
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mM    milimolar 
mm    millimeter 
NaCl    sodium chloride 
NaPi    sodium phosphate 
Ni    nickel 
OD    optical density 
PAGE    poly acrylamide gel electrophoresis 
PCR    polymerase chain reaction 
PEG    polyethylene glycol 
pH    hydrogen ion concentration 
rpm    revolutions per minute 
SDS    sodium dodecyl sulphate 
sec    seconds 
TBE    tris borate EDTA 
TBS    tris buffered saline 
TBS-T   tris buffered saline – tween 20 
TE    tris EDTA 
TEMED   tetramethylethylenediamine 
TEV    tobacco etch virus 
Tris    tris(hydroxymethyl)aminomethane 
UV    ultraviolet 
V    volts 
v/v    volume to volume 
wHTH   winged helix-turn-helix 
α    alpha 
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ºC    degree celsius 
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Chapter 1 
 
Introduction 
 
1.1 Heat shock response 

Acute exposure to severe pathological and environmental stress conditions leads to 
several problems in cell life which may also cause cell death. The heat shock response 
(HSR) is an evolutionarily conserved defense mechanism against such stress conditions 
that may be due to elevated temperature, chemical toxicants, heavy metals, oxidative 
stress, infection, etc. From bacteria to mammals the general features of HSR are 
conserved but in detail they are different. The HSR includes rapid and increased 
expression of HS genes which produces heat shock proteins (HSP). Some heat shock 
proteins are known to act as molecular chaperones that help proteins to fold and assemble 
correctly and take care of their intracellular translocation in stress as well as in non-stress 
conditions [Santoro, 2000, Pirkkala et al., 2001 and Voellmy, 2004]. 
 
1.2 Heat shock response regulation in eukaryotes 

Heat shock response is controlled by a group of heat shock transcription factors (HSF) in 
eukaryotes. Heat shock factors are the proteins that interact with heat shock elements 
(HSE) present upstream to the Hsp promoter in multiple copies and thus regulating Hsp 
expression. It has been seen that in yeast, nematode and fruit fly one HSF is present while 
in plants and vertebrates there are several. HSF1 and HSF2 are present in all vertebrates 
together with HSF3 in avian species and HSF4 in mammals. HSF1 is reported to be the 
major transcription regulator of HSR and is activated in response to increased 
temperature, exposure to heavy metals, oxidants, viral and bacterial infections. HSF2 has 
been reported to play a role in differentiation and development processes. HSF4 has been 
suggested to be involved in forming and maintaining the olfactory epithelium but not in 
any stress-related functions [Schöffl et al. 1998; Santoro, 2000, Pirkkala et al., 2001 and 
Voellmy, 2004]. 
 
In HSR, heat shock factors are activated in a multi-step process which includes 
trimerization, localization to the nucleus and DNA binding. Several post-transcriptional 
modifications like phosphorylation and sumoylation are also involved in activation 
regulation of HSFs [Holmberg et al., 2002; Hietakangas et al., 2003; Hietakangas et al., 
2006 and Anckar et al., 2007]. Both HSF1 and HSF2 form trimers from monomers and 
dimers respectively, upon activation. The DNA-binding domain (DBD) is the most 
preserved domain in HSFs. The DBD of HSFs recognizes and binds HSE in the major 
groove. HSEs are very much conserved and consist of several inverted repeats of 
pentameric sequences nGAAn, ‘n’ being any nucleotide [Sorger et al., 1989; Wu, C., 
1995; Sistonen et al., 1994; Anckar et al., 2007; Amin et al., 1988]. The inverted repeats 
of nGAAn results in two possible orientations, nGAAnnTTCn called “head-to-head” and 
nTTCnnGAAn called “tail-to-tail” repeat. The HSFs bind to HSE cooperatively [Xiao et 
al., 1991]. The recognition of HSE by HSF and the transcriptional activation depends on 
the number and conservation of repeats. It has been reported that one DBD binds to one 
nGAAn repeat and thus a homotrimer of HSF binds to three such repeats. In vitro studies 
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have shown that HSF trimers also bind to “head-to head” and “tail-to-tail” repeats. 
Binding of HSF trimers to “tail-to-tail” repeats is more efficient than their binding to 
“head-to-head” repeats [Sakurai and Takemori 2007]. 
 

 
 
Fig. 1.1 Regulation of the heat shock response. [Redrawn from Santoro 2000, Biochemical 
Pharmacology]  
 
Usually in normal cells the heat shock proteins Hsp70, Hsp90 and Hdj1 are bound to the 
inactive monomer or dimer forms of HSF1 or HSF2, respectively. As shown in fig. 1.1, 
when the cell gets exposed to stress conditions there is an increase in the number of non-
native proteins. These non-native proteins need the molecular chaperones to prevent 
aggregation and misfolding.  As a result, Hsp70 and Hsp90 bound to the inactivate form 
of HSFs are released from HSFs and are available to the non-native proteins. On the other 
hand, the inactive HSFs translocate to the nucleus, trimerize and get phosphorylated at 
specific serine residues. Thus HSFs get activated and bind to HSEs resulting in 
transcription of hsp genes. As the synthesized HSPs level reaches a certain limit, the 
chaperones bind to HSFs resulting in dissociation of trimers and folding of HSFs to its 
inactive form [Santoro, 2000]. 
 
The HSFs are known to have hydrophobic repeat regions at their N and C terminus which 
interact with each other and thus this intra-molecular interaction maintains the inactive 
form of HSFs. In stress conditions, inter-molecular interactions among the trimerization 
domains of adjacent HSF monomers replace the above mentioned intra-molecular 
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interactions and hence result in formation of homotrimers of HSFs [Schöffl et al. 1998; 
Santoro, 2000, Pirkkala et al., 2001 and Voellmy, 2004]. 
 
1.3 Structure and function correlation of eukaryotic heat shock factors 

Eukaryotic HSFs bind to DNA sequences specifically in their homotrimeric activated 
form. They are reported to be approximately 60 kDa in molecular weight. All eukaryotic 
HSFs have similar structural and functional features. The structural features are shown in 
fig. 1.2, showing the DNA-binding domain at the N-terminus followed by the heptad 
hydrophobic repeat region (HR-A/B) and another heptad hydrophobic repeat region (HR-
C) with the transcriptional activation domain at the C-terminus. 
 

 
N           DBD                  HR-A      HR-B                               HR-C                   AD          C 
 
Fig. 1.2 Structural features of HSFs in eukaryotes. The colored regions are the conserved 
structural domains of HSFs, consisting of maroon colored DNA-binding domain (DBD) and two 
green colored  heptad hydrophobic repeat regions (HR-A/B) at the N-terminus and blue colored 
heptad hydrophobic repeat region (HR-C) and an orange colored transcriptional activator domain 
(AD) at the C-terminus. 
 
The DNA-binding domain – DBD - is the most conserved domain of HSFs and is present 
at the N-terminus. It has a winged helix-turn-helix (wHTH) structural motif that interacts 
with HSE. DBD consists of three alpha-helices and a four-stranded antiparallel beta sheet 
as shown in fig 1.3(a). There is a helix-turn-helix motif between helices 2 and 3 where 
helix 3 recognizes and binds to the major groove of DNA, shown in fig 1.3(b). There is a 
winged loop between beta-strands 3 and 4 that may mediate protein-protein interactions 
[Harrison et al., 1994; Vuister et al., 1994; Littlefield and Nelson, 1999; Cicero et al., 
2001; Ahn et al., 2001]. 
 

(a)       (b)  
Fig. 1.3 Structure of the HSF DNA binding domain. (a) the three-dimensional structure 
depicting the alpha-helices (H1, H2 and H3) in red and beta-sheets (B1, B2, B3 and B4) in yellow 
and the loop in green. [Harrison et al., 1994; Vuister et al., 1994] (b) protein –DNA complex with 
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protein in blue color and DNA in yellow color, showing H3 in the major groove. [Littlefield and 
Nelson, 1999] 
 
The study of crystal structure of the HSF DBD-DNA complex from Kluyveromyces lactis 
revealed that the winged loop does not interact with DNA as it does in other wHTH 
proteins. Instead, the wing is involved in protein-protein interaction among the adjacent 
HSF monomers forming homotrimers thus increasing the cooperativity between the HSF 
monomers [Littlefield and Nelson, 1999]. The C-terminus of DBD has a linker region 
further connecting the DBD to the heptad hydrophobic repeat regions (HR-A/B) 
[Harrison et al., 1994; Vuister et al., 1994]. 
 
Heptad hydrophobic repeats – Next to the DBD is the heptad hydrophobic repeat region 
(HR-A/B) which is connected to the DBD by a linker. The region HR-A contains one 
hydrophobic repeat and region HR-B contains two overlapping hydrophobic repeats. 
Three arrays of hydrophobic repeats (HR-A/B) are involved in trimerization of HSFs 
[Pirkala et al., 2001]. The structure of this heptad hydrophobic repeat region is not 
available; however some studies by chemical crosslinking and circular dichroism 
spectroscopy show that the HR-A/B region has a three fold symmetry on trimerization. 
This is due to the formation of a structure containing three strands of alpha-helical coiled-
coil [Peteranderl and Nelson, 1992]. At the C-terminus of HSFs another hydrophobic 
repeat (HR-C) is present which is thought to stabilize the inactive monomer HSFs by 
interacting at intramolecular level with HR-A/B. 
 
Regulatory domain – Near the central region of HSFs between HR-A/B and the 
activation domain there is another domain called regulatory domain. Not much is known 
about this domain but it is reported that it plays an important role in regulating activation 
domains and sensing stress [Newton et al., 1996]. 
 
Activation domain – The activation domain (AD) is commonly present at the C-terminus 
of HSFs but in S. cerevisiae it is also present at the N-terminus [Santoro, 2000; Pirkkala 
et al., 2001 and Voellmy, 2004]. Although, the degree of sequence conservation is very 
low there are several negative and positive regulatory modules in it that regulate the 
activation of HSFs under stress conditions. The activation domain is in turn regulated by 
the regulatory domain. At normal temperature two serine residues in the regulatory 
domain are phosphorylated thus negatively regulating the AD. Although, no structure for 
this domain is known, certain studies have shown that normally the C-terminal end is 
very flexible and unfolded and gets more ordered under stress thus influencing the 
transcriptional activity of HSFs [Bulman and Nelson, 2005; Pattaramanon et al., 2007]. 
 
1.4 Roles of HSFs other than in heat shock response. 

Various gene knock-out studies show that HSFs play an important role not only in heat 
shock response but also in various developmental regulations like reproduction, 
embryonic development, lens development, cortical lamination and olfactory epithelium 
maintenance [Kallio et al. 2002; Wang et al. 2003; Chang et al. 2006; Fujimoto et al. 
2004; Takaki et al. 2006; McMillan et al. 2002; Min et al. 2004].   
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Lack of HSF1 in mice results in female infertility, prenatal lethality, placental 
insufficiency and growth retardation in its adulthood [Xiao et al. 1999]. Mice lacking 
HSF4 developed cataract within 6 weeks of birth due to abnormal lens fiber cells 
[Fujimoto et al. 2004; Min et al. 2004]. HSF1 and HSF4 are reported to play a role in the 
maintenance of olfactory epithelium, lens and sensory organs when exposed to 
environmental stress after birth [Fujimoto et al. 2004; Takaki et al. 2006]. Mice lacking 
HSF2 show abnormalities in brain development, central nervous system and cortical 
development [Kallio et al. 2002; Wang et al. 2003; Chang et al. 2006; McMillan et al. 
2002]. HSF1 and HSF2 are also involved in spermatogenesis. Lack of HSF2 results in 
decreased sperm cell count, increase in apoptosis and reduced testes size. Disruption of 
both HSF1 and HSF2 results in male sterility [Kallio et al. 2002; Wang et al. 2003; Wang 
et al. 2004]. 
  
1.5 Aims and objectives 

The primary aim of this project was to obtain crystals of diffraction quality of any of the 
full-length or small constructs of human HSF1 or HSF2. To achieve this goal, 
optimization of purification conditions for human HSF1 and HSF2 is required to get 
sufficient concentration of purified proteins which can be further used to obtain crystals 
and determine the 3D structure of any construct. 
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Chapter 2 
 
Materials and Methods 
 
2.1 Materials 

2.1.1 Laboratory equipment 

Table 2.1.1 Analytical equipments 

Company Device/Instrument Analytical use 

Pretech Instruments Gilson Pipetman To measure in µl 

Gilson Pipette tips To measure in µl 

Sarstedt Ag & Co, 
Corning Incorporation Plastic disposable pipettes To measure in ml 

 Filtropur V25 & V50 Vacuum filtration units 

Eppendorf Micropipette (2.5 to 1000µl) To measure in µl 

 5415C table top centrifuge Microcentrifugation 

PerkinElmer 

GeneAmp PCR System, 9600 

(Version 2.01) 

Polymerase chain 

reaction 

Thermo Fisher 

Scientific Inc Owl Separation Systems 

Agarose Gel 

Electrophoresis 

Mettler Mettler PM2500 Deltarange Precision balance 

Sartorius Sartorius  Analytical Balance 

Spectroline Corporation  Standard series  UV Transilluminator 

Bio-Rad Laboratories  Gel Doc 2000 Agarose gel 
documentation system 

 Mini-PROTEAN Tetra 
Electrophoresis System SDS-PAGE 

Memmert GmbH Incubator  Incubation 

ISIS  Minitron, Unitron Plus  Incubator Shakers 

GE Healthcare Life 
Sciences Phast Electrophoresis System SDS-PAGE 

 Ultrospec 3000 UV/Visible 
Spectrophotometer 

 ÄKTA Explorer Protein purification 

 XK 16/20 empty column Protein purification 

 HisTrap™ Column 5 ml Protein purification 
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 HiLoad™ 16/60 Superdex 200 
column Protein purification 

 Hybond-C membrane Western blotting 

Beckman Coulter  Beckman J2-M High capacity 
centrifuge 

 Beckman L8-70M Ultracentrifuge 

Amicon  Centriprep YM50  Concentrate the protein 
samples 

SCIE-PLAS  V20-SDB  Semi dry blotter for 
Western blot analysis 

FujiFilm  Fuji Super Rx medical X-ray film  Western blot analysis 

Kodak  Kodak X-Omat 1000 processor Western blot analysis 

 

2.1.2 Biochemical Ingredients 

Table 2.1.2 Biochemicals and their suppliers. 

Supplier  Material 

American Bioorganics  Tris 

Sigma  EDTA, SDS, TEMED 

Fluka  Boric acid, Maltose 

Lonza  Agarose, SeaPlaque® 

Fischer Scientific  Glycerol, Acetic acid, Methanol 

VWR International  Bromophenol blue, Ethidium bromide 

Bio-Rad  Xylene cyanol, 30% Acrylamide/Bis 29:1, 10% Tween 20 
solution, Non-fat dry milk (blocker grade) 

Difco Laboratories  Bacto-tryptone, Bacto-yeast extract 

Calbiochem  IPTG 

Merck  PMSF, HCl, APS, NaPi 

Roche  DTT 

BDH Laboratory  Coomassie Brilliant blue R 250 

Kemetyl AB  Ethanol 

New England Biolabs  Amylose resin, Phusion™ Site-Directed Mutagenesis Kit 

Qiagen  QIAquick PCR Purification Kit, QIAPrep Miniprep Kit, 

QIAquick Gel Extraction Kit 

Pierce  SuperSignal® West Pico Chemiluminescent Substrate Kit 
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Hampten Research Crystallization screens 

 
2.1.3 Reagents and buffers 

Table 2.1.3 Reagents and buffers with their recipe 

Name  Content  Quantity 

TE Buffer 1.0 M Tris-HCl pH 7.4 10 ml 

 0.5 M EDTA 2 ml 

 ddH2O 1 L (final volume) 

10X TBE Buffer  Tris base 108 g 

 Boric acid 55 g 

 0.5 M EDTA 40 ml 

 ddH2O 1 L (final volume) 

1% Agarose gel  Agarose 4 g 

 1X TBE Buffer 400 ml 

6X DNA Gel loading 
buffer Glycerol 1.2 ml 

 0.5 M EDTA 1.2 ml 

 SDS (10% Stock) 600 µl 

 Bromophenol blue (0.5% stock) 60 µl 

 Xylene cyanol (0.5% Stock) 60 µl 

 ddH2O 10 ml (final volume) 

Ethidium bromide 
(10mg/ml stock solution) Ethidium bromide 1 g 

 ddH2O 100 ml 

LB Medium  Bacto-tryptone 10 g 

 Bacto-yeast extract 5 g 

 NaCl 10 g 

 ddH2O 1 L (final volume) 

IPTG (0.1M stock 
solution) IPTG 0.238 g 

 ddH2O 10 ml (final volume) 

PMSF (100mM stock 
solution) PMSF 871 mg 

 Isopropanol 50 ml 
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2X SDS sample buffer  0.5 M Tris-HCl, pH 6.8 2.5 ml 

 SDS (10% Stock) 4.0 ml 

 DTT 231 mg 

 Glycerol 2.0 ml 

 Bromophenol blue (0.5% Stock) 0.2 ml 

 ddH2O 10 ml (final volume) 

4X Stacking gel buffer 
(0.5M Tris-HCl pH 6.8) Tris base 12.1 g 

 ddH2O 150 ml 

 HCl (concentrated) ≈ adjust pH 6.8 

 ddH2O 200 ml (final volume) 

4X Resolving gel buffer 
(1.5M Tris-HCl pH 8.8) Tris base 36.3 g 

 ddH2O 150 ml 

 HCl (concentrated) ≈ adjust pH 8.8 

 ddH2O 200 ml (final volume) 

APS (10% stocksolution) APS 1 mg 

 ddH2O 1.0 ml (final volume) 

Resolving gel (12%)  Acrylamide/Bis (29:1) (30% 
stock solution) 1.5 ml 

 1.5 M Tris-HCl pH 8.8 1.25 ml 

 SDS (10% Stock) 50 µl 

 TEMED 2.5 µl 

 APS (10% stock solution) 25 µl 

 ddH2O 2.18 ml 

Stacking gel (4.0%)  Acrylamide/Bis (29:1) (30% 
stock solution) 250 µl 

 0.5 M Tris-HCl pH 6.8 650 µl 

 SDS (10% Stock) 25 µl 

 TEMED 2.5 µl 

 APS (10% stock solution) 12.5 µl 

 ddH2O 1.56 ml 

5X SDS-PAGE Running 
buffer Tris base 75 g 
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 Glycine 360 g 

 SDS 25 g 

 ddH2O 5 L (final volume) 

Staining solution (SDS-
PAGE) Coomassie Brilliant blue R 250 125 mg 

 Methanol 200 ml 

 Acetic acid 35 ml 

 ddH2O 500 ml (final volume) 

Destaining solution 
(SDS-PAGE) Methanol 150 ml 

 Acetic acid 50 ml 

 ddH2O 500 ml (final volume) 

Column buffer (AAC)  1.0 M Tris-HCl pH 7.4 20 ml 

 5.0 M NaCl 40 ml 

 0.5 M EDTA 2.0 ml 

 100 mM DTT 10 ml 

 ddH2O 1 L (final volume) 

Elution buffer (AAC)  1.0 M Tris-HCl pH 7.4 20 ml 

 5.0 M NaCl 40 ml 

 0.5 M EDTA 2.0 ml 

 100 mM DTT 10 ml 

 1.0 M Maltose 10 ml 

 ddH2O 1 L (final volume) 

Gel filtration buffer  1.0 M Tris-HCl pH 7.4 20 ml 

 5.0 M NaCl 30 ml 

 ddH2O 1 L (final volume) 

Binding buffer (HisTrap) 0.5 M NaPi, pH 7.2 100 ml 

 3 M NaCl 170 ml 

 1 M Imidazole 25 ml 

 Glycerol 100 ml 

 ddH2O 1 L (final volume) 

Elution buffer (HisTrap) 0.5 M NaPi, pH 7.2 50 ml 
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 3 M NaCl 85 ml 

 1 M Imidazole 100 ml 

 Glycerol 50 ml 

 ddH2O 500 ml (final volume) 

1X Blotting buffer 5 X SDS-PAGE Running buffer 200 ml 

 Methanol (100%) 100 ml 

 ddH2O 1 L (final volume) 

10 X TBS buffer (pH 7.6) Tris base 24.23 g 

 NaCl 80.06 g 

 ddH2O 1 L (final volume) 

TBS-T Washing buffer 10 X TBS buffer (pH 7.6) 50 ml 

 10% Tween 20 10 ml 

 ddH2O 500 ml (final volume) 

Blocking buffer  Non-fat dry milk (blocker grade) 1.25 g 

 Washing buffer 25 ml 

 
Two types of host cells were used for protein expression they were, Rosetta2(DE3) and 
Rosetta2(DE3)pLysS. 
 
2.2 Methods 

pMAL expression vectors were used in this project. These vectors contained the desired 
HSF gene fused with the malE gene that encodes maltose binding protein (MBP). This 
plasmid also contained a TEV protease cleavage site and a His tag. On expression of this 
plasmid we got a fusion protein having MBP at the amino-terminus followed by a TEV 
protease cleavage site, a His tag and then the desired HSF construct. MBP was used to 
purify the fusion proteins by amylose affinity chromatography (AAC). The TEV protease 
cleavage site was used to cleave the fusion protein and get the desired HSF protein 
construct with a His tag at its amino terminus which can be purified by using a HisTrap 
column. This can be done either by an in vivo method or by an in vitro method.  
In vivo method – In this method we used a plasmid named pRK603 containing the gene 
encoding TEV protease. This plasmid was co-expressed with the pMAL plasmid 
expecting removal of MBP and a soluble His-tagged HSF protein which can be further 
purified through a HisTrap column. 
In vitro method – In this method the fusion protein containing MBP and the desired HSF 
construct was expressed and purified by using AAC and then incubated with TEV 
protease overnight at 4 ºC for in vitro cleavage  
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2.2.1 Microbiology 

2.2.1.1 Transformation of host competent cells 

An Eppendorf tube containing 50 µl of host competent cells was taken out from the -80 
ºC freezer and then thawed on ice for 5 min. 1 µl of recombinant plasmid was added. The 
cells were incubated on ice for 15 min thereafter giving them a heat shock treatment for 
90 sec at 42 ºC. The cells were then again incubated on ice for 5 min followed by 
addition of 400 µl of SOC medium. The cells were kept under incubation for 45 min at 
37 ºC at 200 rpm shaker. 150 µl of the cells were then spread over a LA culture plate 
containing desired antibiotics. The plates were kept for overnight incubation at 37 ºC.  
 
2.2.1.2 Preparation of competent cells 

Single colonies of transformed cells were  picked and inoculated in 3 ml LB medium 
with 3 µl of 34 mg/ml Chloramphenicol (Cam) and 30 mg/ml Kanamycin (Kan) each and 
left for overnight incubation at 37 ºC in a shaker at 200 rpm. 1ml of this pre-culture was 
added to 100 ml of LB medium with 100µl of Cam and Kan. The cells were allowed to 
grow on a shaker at 200 rpm at 37 ºC until OD(A600) reaches approximately 0.3 to 0.4. 
Bottles containing 100 mM MgCl2 and 100 mM CaCl2 were prechilled on ice. The cells 
were collected as pellet in two 25 ml autoclaved centrifuge tubes by centrifuging at 5000 
rpm in JA-17 rotor for 10 min at 4 ºC. The cell pellet was resuspended in ¼ volume of ice 
cold 100 mM MgCl2. The suspension was kept on ice for 5 min followed by 
centrifugation at 4000 rpm for 10 min at 4 ºC. The cell pellet was resuspended in 1/20 
volume of ice cold 100 mM CaCl2. The suspension was incubated on ice for 30 min and 
was centrifuged at 4000 rpm for 10 min at 4 ºC followed by throwing of supernatant and 
resuspending the pellet in 1/50 volume of solution containing 85 mM CaCl2 and 15% 
glycerol. The competent cells were now stored as 100 µl of aliquots in Eppendorf tubes at 
-80 ºC. 
 
2.2.1.3 Pilot scale overexpression of protein for in vivo cleavage 

Single colonies of transformed cells were picked and inoculated in 12 ml LB growth 
media containing 34 mg/ml Cam, 30 mg/ml Kan and 100 mg/ml Amp and grown 
overnight at 37 ºC. 120 µl of this pre-culture was transferred to 12 ml of LB growth 
media containing Cam, Kan and Amp. The cells were allowed to grow in a shaker at 200 
rpm at 37 ºC until OD(A600) reaches approximately 0.5. 1 ml culture was withdrawn in to 
Eppendorf tubes and microcentrifuged to collect the cell pellet. Cell pellet was 
resuspended in 50 µl 2X protein gel SDS-PAGE sample buffer and the tubes were saved 
at -20 ºC. The remaining cells were induced by adding 11 µl of 0.3 M IPTG and leave 
them for incubation at 30 ºC for 3 hours. 1 ml culture was again withdrawn into 
Eppendorf tubes and microcentrifuged to collect the cell pellet. Cell pellet was 
resuspended in 50 µl 2X protein gel SDS-PAGE sample buffer and the tubes were saved 
at -20 ºC. Thereafter, 1 µl of 1 mg/ml aTet was added to the culture to enable the 
expression of TEV protease for in vivo cleavage. The culture was incubated for 2 hours at 
30 ºC. After incubation, 1 ml of culture was withdrawn into two Eppendorf tubes and 
microcentrifuged to collect the cell pellet.  
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The cell pellet in the first Eppendorf tube was resuspended in 100 µl 2X protein gel SDS-
PAGE sample buffer and the tubes were saved at -20 ºC. In the second Eppendorf tube, 
the cell pellet was resuspended and lysed with 100 µl Bugbuster solution. The tube was 
incubated at room temperature for 10 min and later microcentrifuged for 5 min. 100 µl 
2X protein gel SDS-PAGE sample buffer was added to the cell lysate. All the samples 
were analyzed by SDS-PAGE. 
 
To achieve a large scale overexpression of protein the culture can be scaled up to 4 L 
culture by increasing the amount of substrates and antibiotics proportionately. The cells 
were harvested by centrifuging them at 6000 rpm at 4 ºC for 10 min in a JA-10 rotor 
using two 500 ml centrifuge bottles. The supernatant was thrown and the bottles 
containing pellets were stored at -20 ºC for further use. 
 
2.2.1.4 Pilot scale overexpression of MBP-HSF fusion protein 

Single colonies of transformed cells were picked and inoculated in 12 ml LB growth 
media containing 34 mg/ml Cam, 30 mg/ml Kan and 100 mg/ml Amp each and left for 
overnight incubation in a shaker at 37 ºC. 120 µl of this pre-culture was transferred to 12 
ml of LB growth media containing Cam, Kan and Amp. The cells were allowed to grow 
in a shaker at 200 rpm at 37 ºC until OD(A600) reaches approximately 0.5. 1 ml culture 
was withdrawn in to Eppendorf tubes and microcentrifuged to collect the cell pellet. The 
cell pellet was resuspended in 50 µl 2X protein gel SDS-PAGE sample buffer and the 
tubes were saved at -20 ºC. The remaining cells were induced by adding 11 µl of 0.3 M 
IPTG and leaving them for incubation at 25 ºC for 6 hours. After incubation, 1 ml of 
culture was withdrawn in to Eppendorf tube and microcentrifuged to collect the cell 
pellet. The cell pellet was resuspended and lysed with 100 µl Bugbuster solution. The 
tube was incubated at room temperature for 10 min and later microcentrifuged for 5 min. 
100 µl 2X protein gel SDS-PAGE sample buffer was added to all the tubes containing 
cell lysate and analyzed by SDS-PAGE to identify a suitable cell lysis method. 
 
To achieve a large scale overexpression of protein the culture can be scaled up to 4 L 
culture by increasing the amount of substrates and antibiotics proportionately. The cells 
were harvested by centrifuging them at 6000 rpm at 4 ºC for 10 min in a JA-10 rotor 
using two 500 ml centrifuge bottles. The supernatant was thrown and the bottles 
containing pellets were stored at -20 ºC for further use. 
 
2.2.2 Protein purification and analysis 

2.2.2.1 Cell lysate preparation for purification 

The frozen pellets were fully thawed at room temperature followed by resuspension in 
the amylose affinity column buffer. It was then left on a rolling machine at room-
temperature until the solution became viscous and sticky due to the release of nucleic 
acid from the cells. Then 1 µl of 10x Benzonase (Merk) was added in 25 ml of cell lysate 
and left for incubation on a rolling machine for 30 min until it becomes non-sticky again. 
The cell lysate was then ultracentrifuged at 40000 rpm for 1 hour at 4 ºC using L8-70M 
ultracentrifuge. The supernatant was filtrated and was further used for purification 
process. 
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2.2.2.2 Amylose affinity chromatography 

The MBP-HSF fusion protein binds to the amylose resin packed in the XK 16/20 column. 
The column was first equilibrated by 5 column volumes(CV) of the column buffer 
followed by loading of the protein sample at a flow rate of 1 ml/min. The unbound 
proteins were then washed away by column buffer in 2 CVs. Elution of the desired 
proteins was done by using 5 CVs of the AAC elution buffer at 5 ml/min flow rate. The 
eluted fractions were then analyzed on a 12% SDS-PAGE gel and kept for further use. 
 
2.2.2.3 HisTrap column chromatography 

The HisTrap column was pre-equilibrated by the binding buffer containing 25 mM 
imidazole. The sample was loaded at 1 ml/min flow rate. Washing of unbound proteins 
was done by the washing buffer in 2 CVs containing 40 mM imidazole. At last, elution of 
the desired proteins was done by applying 5 CVs of elution buffer containing 200 mM 
imidazole at 5 ml/min flow rate. The eluted fractions were then analyzed on 12% SDS-
PAGE gel and kept for further use. 
 
2.2.2.4 Gel filtration chromatography 

The HiLoad™ 16/60 Superdex 200 column was pre-equilibrated by the gel filtration 
buffer before loading the sample. The column was run at 1 ml/min flow rate and later 
eluted by using 1.5 column volumes of the same buffer. The eluted fractions were then 
analyzed on 12% SDS-PAGE gel and kept for further use. 
 
2.2.2.5 Sodium-dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) 

SDS-PAGE was used to analyze the protein mixture, in checking the presence of the 
presence of proteins of desired molecular weight in the protein mixture. SDS is an 
anionic detergent that denatures the protein by binding them and thus giving them a 
uniform negative charge. The polyacrylamide gel is made up of acrylamide monomers 
that are crosslinked and form the matrix. The protein gets denatured in SDS buffer during 
heating at 95 °C before loading to the gel. When the protein samples are loaded on the gel 
and the voltage is applied, due to uniform negative charge in the protein gained by SDS 
treatment they move towards the anode. Due to same charge-to-mass ratio of proteins the 
smaller proteins swim through the gel much faster than the larger proteins and thus 
proteins are separated on the basis of their molecular weight. 
The polyacrylamide resolving and stacking gels were prepared according to the recipe 
given in Table 2.1.3 and were casted between the Mini-PROTEAN Tetra Electrophoresis 
System (Bio-Rad) glass plates one upon the other. The resolving gel was firstly casted 
and then on top of it stacking gel was casted with the comb inserted. Once the gel was 
well-casted it was kept in the electrophoresis tank filled with 1X SDS running buffer to 
an appropriate level. The comb was removed and the prepared protein samples were 
loaded into the wells with the size marker and then electrophoresis was carried out at 120 
V for 1.5 hours. After electrophoresis the gel was soaked in the staining solution for half 
an hour followed by washing away of excess stain by soaking the gel in the destaining 
solution. The gel with the stained protein bands was scanned and kept as a record.  



 15 

 
2.2.2.6 Western blot analysis 

SDS-PAGE was first used to analyze the purified MBP-HSF1 protein construct. The gel 
was sandwiched between three layers of thick filter papers soaked in 1X Blotting buffer 
with the Hybond-C membrane under the gel. This whole stack was kept in between the 
cathode (top) and the anode (bottom) in a blotting system. The blotting was done under 
90 mA current for 45 min. After that the membrane was soaked in the blocking solution 
for 1 hour followed by washing with TBS-T washing buffer three times for 10 min each. 
The membrane was soaked in Anti-HSF1 solution of 1:1500 dilution for 1 hour followed 
by three times washing each for 10 min. The membrane was again soaked in goat anti-
rabbit IgG solution of 1:20000 dilution for 1 hour. After incubation the membrane was 
washed for six times, 5 min each. The membrane was treated with 1 ml substrate mixture 
from the SuperSignal® West Pico Chemiluminescent Substrate Kit for 2 min. Finally, the 
membrane was exposed to a FujiFilm X-ray film which was later developed using a 
Kodak X-Omat 1000 processor. 
 
2.2.3 Crystallization trials 

2.2.3.1 Concentrating the protein samples 

The protein samples once purified to a sufficient level of purity for crystallization were 
concentrated by centrifugation in Centriprep YM50 tubes with norminal cutoff of 30 kDa 
at 6400 rpm at 4 ºC in a JA-25.50 rotor. The protein (approximate concentration of 5 
mg/ml) volume was reduced from 13 ml to 3 ml. 
 
2.2.3.2 Crystallization drop set-up 

Purified and concentrated protein sample were used to screen for 200 crystallization 
conditions from Hampten Research by sitting-drop vapor diffusion technique. 500 µl of 
crystallization solution containing precipitant, buffer and/or salt was pipetted into the 
large well of crystallization plate. Then 1 µl of this solution was pipette out from the 
large well to the small well which was later mixed with 1 µl of purified protein sample. A 
tape was applied on the plate to generate a close system which will reach the equilibrium 
in several days. 
In this procedure the water from the small drops containing the protein sample evaporates 
and transfers to the reservoir solvent in the large well by vapor diffusion thus gradiently 
increasing the concentration of the precipitant in the small drop. Once the protein drop 
reaches the saturation level the protein molecules start to accumulate and form crystals. 
 
2.2.4 Molecular biology 

2.2.4.1 Mutating pMAL-c4E plasmid by polymerase chain reaction 

The Polymerase chain reaction is a technique used to amplify a DNA sequence in vitro. 
The reaction needs a DNA template, forward and reverse primers, dNTPs and a DNA 
polymerase purified from hyperthermophiles. 25 to 35 cycles of denaturing, annealing 
and elongation is programmed in a thermocycler and the reaction is allowed to run, 
resulting in the amplified DNA. 
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For mutating the pMAL-c4E plasmid a mutation kit from New England Biolabs was used. 
The PCR reaction mixture was as follows –  
Ingredients Volume(µl) 

5X Phusion HF Buffer 10 
10mM dNTPs 1 
primer A 1 
primer B 1 
template DNA 1 
Phusion DNA 
polymerase 0.5 
ddH2O 35.5 

Total 50 
 
The thermocycler was programmed for PCR reaction as given below –  
Cycle Step Temperature Time Number of cycles 

Initial denaturation 98 ºC 30 sec 1 

Denaturation 98 ºC 10 sec  
Annealing 62 ºC 30 sec 30 
Extension 72 ºC 3 min  

Final Extension 72 ºC 10 min 1 

Hold 4 ºC   
 
2.2.4.2 Agarose gel electrophoresis 

The mutated DNA template was analyzed by using agarose gel electrophoresis. Agarose 
gel electrophoresis is a method used to separate, identify and purify the desired DNA 
fragment. DNA being negatively charged moves towards the positively charged electrode 
on application of electric potential. It moves through the agarose gel which acts as a sieve 
that holds back the DNA fragments. The fragments of smaller size move faster than the 
fragments of comparatively larger size thus enabling the separation of the fragments 
based on their sizes. 
In the process of agarose gel electrophoresis, 1% agarose gel was firstly prepared by 
adding 250 mg of agarose in 25 ml of 1X TAE buffer which was casted after addition of 
appropriate amount (1:10000) of SYBR safe DNA gel stain (Invitrogen) in it. After that 
the gel was kept in the electrophoretic tank containing appropriate amount of 1X TAE 
buffer and then the PCR products with 6X gel loading buffer were loaded in the wells in 
the gel and electric potential was applied. All the electrophoretic equipments used were 
from BioRad. After electrophoresis the gel was checked under UV light using a 
transilluminator. 
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2.2.4.3 Isolation of mutated pMAL-c4E plasmid fragment from the gel 

The desired DNA fragment was isolated from the agarose gel after electrophoresis by 
cutting the corresponding band from the gel by using a scalpel, and then purified by using 
QIAquick Gel Extraction Kit from Qiagen. Three times volume of Buffer QG was added 
in one time volume of the gel. This mixture was then incubated at 50 ºC for 10 min until 
the gel get completely dissolved followed by addition of one volume of isopropanol. This 
mixture was then transferred to QIAquick spin column and centrifuged for 1 min in a 
tabletop centrifuging machine. The flow-through was discarded. Then 0.5 ml of buffer 
QG was added and centrifuged again for 1 min, and the flow-through was discarded 
again. The spin column was then washed by adding 0.75 ml of Buffer PE and 
centrifugation for 1 min followed by discarding the flow-through and centrifuging it 
again for once to remove the entire wash buffer. The spin column containing the 
membrane was then transferred to a new eppendorf tube and the DNA bound to the 
membrane in the spin column was finally eluted by adding 50 µl Buffer EB and letting it 
to stand for 1 min followed by centrifugation for 1 min. The DNA was now isolated from 
the gel and can be used further. 
 
2.2.4.4 Ligation of the two ends of mutated pMAL-c4E plasmid 

The ligation reaction mixture contains the following ingredients –  
Ingredients Volume(µl) 

mutated pMAL-c4E plasmid 5 
2X Quick Ligation Buffer 5 
Quick T4 DNA Ligase 0.5 

 
This mixture was incubated at room temperature for 5 min. Thus the ligation was done 
and the resulting ligated plasmid was used for transforming a competent cell. 
 
2.2.4.5 Plasmid DNA purification 

The plasmid DNA was purified by using QIAprep Miniprep Kit from Qiagen. To purify 
the plasmid DNA the E.coli cells containing the plasmid was inoculated in 3 ml LB 
medium with 3 µl of ampicillin in it and left for overnight growth at 37 ºC. This culture 
was then centrifuged and the pellet was collected in an eppendorf tube. The pellet was 
then dissolved in 250 µl of Buffer P1 followed by addition of 250 µl of Buffer P2 this 
was mixed properly by inverting the tube several times. Then 350 µl of Buffer N3 was 
added which gave white cloudy precipitate that was centrifuged to pellet and the 
supernatant was transferred to the QIAprep spin column and centrifuged for 1 min. After 
discarding the flow-through 0.75 ml of Buffer PE was added and centrifuged for 1 min. 
The flow-through was again discarded and the column was centrifuged again for 1 min to 
remove all the traces of Buffer PE. The spin column was now transferred to a new 
eppendorf tube and the DNA bound to the resin in the spin column was finally eluted by 
adding 50 µl Buffer EB followed by 1 min incubation and 1 min centrifugation. The 
DNA was now isolated from the gel and kept at -20 ºC for further use. 
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Chapter 3 
 
Results 
 
3.1 In vivo cleavage of MBP-HSF1-232 

The plasmid pMAL-c2 containing HSF1-232 fused with MBP by a long linker was 
expressed in E. coli and a pilot scale test expression was performed for in vivo cleavage 
of MBP-HSF1-232 fusion protein by co-expressing the TEV protease inside the cell. The 
protein samples were collected and analyzed on SDS-PAGE, as shown in Fig 3.1. 
 

 
                    BI    BC   TCPC TCPE IFC  IFE  SFC   SFE  
 
Fig.3.1 SDS-PAGE analysis of pilot level expression and in vivo cleavage of MBP-HSF1-232 
fusion protein. Lane BI means before induction of protein expression, BC means before cleavage 
i.e. sample taken before inducing the expression of TEV protease, TCP means total cell protein, 
IF means insoluble fraction and SF means soluble fraction. The subscript ‘C’ means sample 
collected from the control tube in which cleavage is not induced and subscript ‘E’ means sample 
collected from the experimental tube in which cleavage is induced. 
 
HSF1-232 is an approximate 26 kDa protein but the gel picture in Fig. 3.1 shows no band 
at that position, which concludes that the in vivo cleavage does not work. It is hard to 
reason this out, it might be that the expression of the TEV protease is problematic or 
there might be some other reason in the host strain. 
 
3.2 In vitro cleavage of MBP-HSF1-232 

The MBP-HSF1-232 was overexpressed in E. coli and then purified by using amylose 
affinity chromatography and then subjected to in vitro cleavage by incubating the protein 
sample with TEV protease overnight at 4 ºC. The protein samples were collected for 
analysis at every step after purification and after cleavage.  
 



 19 

 
 
Fig 3.2 SDS-PAGE analysis of MBP-HSF1-232 fusion protein purified by amylose affinity 
chromatography and confirming it by western blotting. 
 
The above fig. 3.2 shows the SDS-PAGE profiles of the purified MBP-HSF1-232 fusion 
protein which is confirmed by western blot analysis. The gel shows a band at 100 kDa 
that is the fusion protein and there are other low lying bands which are mostly impurities 
and degraded proteins. This is confirmed by western blot result which shows a dark band 
at 100 kDa and lighter bands below it. The purified protein fractions were then pooled 
together and subjected to cleavage by TEV protease at 4 ºC overnight. The cleaved 
protein sample was then collected and prepared for SDS-PAGE analysis. 
 

 
        C      SF    IF 
 
Fig 3.3 SDS-PAGE analysis of in vitro cleavage of MBP-HSF1-232 fusion protein by TEV 
protease. Lane C is the control that is the uncleaved sample, SF is the soluble fraction of the 
cleaved sample and IF is the insoluble fraction of the cleaved sample.  
 
The gel picture above (Fig 3.3) shows that the HSF1-232 which is approximate 26 kDa is 
present in insoluble fraction. That means after cleavage the protein becomes insoluble. 
The same method was applied to HSF2-219 but the result was the same; after cleavage 
the protein becomes insoluble so it could not be purified. 
 
3.3 Purification of MBP-HSF1-232 fusion protein 

The in vivo and the in vitro cleavage approaches did not result in pure soluble protein but 
the fusion protein was produced highly soluble and could be purified. We purified large 
amount of fusion proteins to get a highly pure fusion protein which can be used in 
crystallization trials. The fusion protein was first purified using amylose affinity 
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chromatography then the second purification was done by using a HisTrap column and 
finally a gel filtration column was used to purify the monomers. 
 

 
 
Fig. 3.4 SDS-PAGE analysis of purified fractions of MBP-HSF1-232 fusion protein after 
amylose affinity chromatography. The first lane is the marker, second one is the crude extract 
and the rest of them are the purified fractions. 
 
The gel shows that even after purification there are some impurities and degraded 
proteins (Fig. 3.4). These can be removed by further purification. The next purification 
method used was HisTrap column chromatography. 
 

  
 
Fig. 3.5 SDS-PAGE analysis of purified fractions of MBP-HSF1-232 fusion protein after 
HisTrap column chromatography and confirming the purified bands by western blotting. 
 
The above gel picture shows that the fusion protein has been purified to a high level but 
there are still some impurities present in the solution (Fig. 3.5). So, Superdex 200 gel 
filtration chromatography was used to separate the two bands and purify the monomers of 
the protein. The gel filtration graph is shown in fig. 3.6 that shows two peaks, the first 
peak is the flow-through fraction containing the proteins of molecular weight higher than 
200 kDa so we can say that this peak contains the oligomers of the protein and the second 
peak corresponds to the pure monomers of the fusion protein. There is a shoulder peak 
attached to the second peak which corresponds to the impurities present as the second 
band in the gel picture shown in fig. 3.5. This was confirmed by running the purified 
fractions and the flow-through fractions in SDS-PAGE for analysis as shown in fig. 3.7 
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Fig. 3.6 Superdex 200 gel filtration chromatography of MBP-HSF1-232 fusion protein. 
 

(a)  (b)  
 
Fig. 3.7 SDS-PAGE analysis of purified fractions of MBP-HSF1-232 fusion protein after 
Superdex 200 gel filtration chromatography. (a)showing the flow-through fractions 
corresponding to the first peak of the graph above (b)showing the purified fractions of the second 
peak and the shoulder of the graph above. 
 
By using Superdex 200 gel filtration chromatography we finally purified the monomers 
of the fusion protein to a high level of purity sufficient for crystallization. Thus, the 
purified proteins were then concentrated and the crystallization drops were set up under 
200 crystal screen conditions. 
 
3.4 Preliminary results of crystallization of the fusion protein 

Almost 20 days after setting up the drops for crystallization for 200 crystal screening 
conditions some needle crystals, plate crystals and rod clusters were seen in two 
conditions. These two conditions were – 0.1 M Tris pH 8.5, 25% v/v tert-Butanol and 0.2 
M Sodium citrate tribasic dehydrate, 0.1 M HEPES sodium pH 7.5, 30% v/v (+/-)-2-
Methyl-2,4-pentanediol (MPD), respectively. Fig. 3.8 shows the preliminary crystal 
pictures obtained from these two conditions. The crystal screen condition with tert-
butanol as precipitant gave some needle and plate crystals and the crystal screen 
condition with MPD gave a rod cluster. 
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(a)    (b)  
 
Fig. 3.8 Pictures of preliminary crystals obtained from two out of 200 crystal screen 
conditions. (a) plate crystal obtained from the condition containing 25% tert-butanol as 
precipitant (b) rod cluster obtained from the condition containing 30% (+/-)-2-Methyl-2,4-
pentanediol (MPD). 
 
The crystallization conditions were then optimized around these two crystallization 
conditions in order to get some better crystals. Coarse grid screening was performed at 
this step. 
After almost 20 days some crystalline assemblies were seen in two conditions, shown in 
fig. 3.9. These two conditions were - 0.1 M Tris pH 8.5, 25% v/v tert-Butanol at 4°C and 
0.2 M Sodium citrate tribasic dehydrate, 0.1 M Bis-Tris pH 5.5, 28% v/v (+/-)-2-Methyl-
2,4-pentanediol (MPD) at room temperature, respectively. 
 

(a)      (b)  
 
Fig. 3.9 Pictures of the crystalline structures obtained from two conditions after first round 
of optimization. (a) crystal obtained from the condition containing 25% tert-butanol as 
precipitant at 4°C (b) crystalline structure obtained from the condition containing 28% (+/-)-2-
Methyl-2,4-pentanediol (MPD) at room temperature. 
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Chapter 4 
 
Discussion 
 
HSFs are the transcriptional regulators of heat shock proteins and thus play a very 
important role in heat shock response. To understand their role in heat shock response a 
three dimensional structure of HSF is required. X-ray crystallography is the method 
usually used to determine the three dimensional structure of macromolecules. To 
determine the structure by using X-ray crystallography we need highly purified proteins 
and crystals that diffracts well. This is achieved by cloning, expressing and purifying the 
protein. In this project we aim to over-express, purify and crystallize the N-terminal 
region of HSF1 protein to get good crystals and finally determine the three dimensional 
structure of the protein by using X-ray crystallography. 
 
 In the process of getting highly pure protein for crystallization trials there are two 
important and crucial steps: overexpression of the desired protein and purification of the 
protein to a high level of purity. Escherichia coli were transformed by plasmid containing 
the gene encoding the protein and thus the recombinant protein was overexpressed. The 
expressed protein was then extracted and purified by using several methods of 
chromatography. 
 
To get a pure active protein we need to have a soluble protein and the full length HSF1 
was found out to be insoluble may-be due to a big disordered c-terminus. So, to get 
soluble HSF1, the c-terminus was truncated and only amino terminal (1-232 residues) 
containing the DNA binding domain and trimerization domains was used to make a 
construct that was fused with maltose binding protein which dramatically increases the 
solubility. MBP was also used as an affinity tag for amylose affinity chromatography and 
thus helps in purifying the fusion protein.  
 
Two methods of cleaving HSF1-232 away from MBP were used namely in vivo and in 
vitro cleavage as described in previous chapters, but none of them worked. Then the 
MBP-HSF1-232 fusion protein was over-expressed, purified by using amylose affinity 
chromatography, HisTrap column chromatography and Superdex 200 gel filtration 
chromatography. Finally, a highly pure fusion protein sample was obtained which was 
concentrated by centrifuging the samples in Centiprep tubes and then drops were set-up 
for crystallization under 200 crystal screen conditions. After almost 15 days out of 200 
conditions two gave out some needles, plates and a rod cluster. These conditions were 
then optimized by varying the precipitant concentration and pH and the temperature.This 
work can be extended by more optimizing the crystallization conditions to get good 
crystals that can be used for X-ray shoots and thus determining the structure of the 
protein.  
 
According to a recent review paper Smyth, et al. (2003) Crystal structures of fusion 
proteins with large-affinity tags. Protein Science. 12:1313-1322 the probability of 
growing crystals with MBP fusion proteins depends on the length of the linker between 
MBP and the target protein. Shorter the linker greater are the chances of getting crystals. 
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So, we decided to make new constructs having a shorter linker by mutating the plasmid. 
This can enhance our chance of getting better crystals. 
 
The three dimensional structure of HSF1 will help in understanding the role of this 
protein in heat shock response and can also be used to develop drug molecules that can 
control the HSR regulation and hence treating several neurodegenerative diseases like 
Parkinson’s, Alzheimer’s, Huntington’s diseases as well as cancers. 
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