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Abstract 

Molecular chaperones are a class of oligomeric proteins that play a critical role in 

preventing the aggregation of non-native protein so that these proteins can later be refolded. 

Chaperones are ubiquitously expressed in all the kingdoms of life where their function is to 

counteract cellular stress and to maintain protein homeostasis. One subgroup of molecular 

chaperones is characterized by low molecular weight and are termed small heat shock proteins. 

The focus of the proposed research is the small heat shock protein 27 (Hsp27). Hsp27 is an ATP 

independent chaperone that is overexpressed in response to heat shock, radiation damage, 

oxidative damage, or other cellular stress in order to preserve protein homeostasis. Notably, there 

is an oligomeric reshuffling of Hsp27 from large oligomers to functional dimers under stressful 

conditions. Phosphorylation at three serine residues, 15, 78, 82 initiate the dynamic equilibrium 

change from large oligomeric complexes to much smaller dimeric subunits.  

Accumulation of misfolded protein causes numerous diseases that impacts the daily life 

of millions of individuals. For example, the misfolding or aggregation of microtubule associated 

protein Tau, and neuron associated alpha-synuclein are the pathological hallmarks for 

Alzheimer’s and Parkinson disease, respectively. Studies have suggested a significant role of 

Hsp27 in inhibiting the aggregation of both Tau and alpha-synuclein. The contact area between 

Hsp27 and its client proteins Tau and alpha-synuclein has been characterized by a variety of 

biophysical techniques that enhance our understanding neurotherapeutics. However, a high-

resolution atomic structure of the monomeric full length Hsp27 still remains ambiguous because 

of the struggles in obtaining a homogeneous purified product for reconstruction and by the fact 

that the protein has intrinsic disorder. This intrinsic disorder is a functional attribute of a large 

portion of the N-terminal and C-terminal regions. This project aims to apply cryo-EM 3D 
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reconstruction techniques to elucidate a high-resolution structure of human Hsp27 in complex 

with its substrates Tau and alpha-synuclein with the idea that the association with substrate will 

stabilize previously disordered regions in Hsp27. 
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Chapter 1: Protein Folding and Small Heat Shock Protein 27 

1.1 PROTEIN FOLDING AND MOLECULAR CHAPERONE  

Proteins are one of the most sophisticated biological macromolecules that play a vital role 

in all cellular functions.[1] In general, proteins must be folded into a proper three-dimensional 

conformation to attain their biological function.[2] The protein folding process was initially 

described by Christian Anfinsen denatured ribonuclease refolding experiment. The experiment 

demonstrated that the denatured ribonuclease was able to independently refold to its native 

conformation without the participation of other enzymes. [3] Interestingly, protein must maintain 

a certain degree of structural flexibility in order to interact with numerous substrates. Majority of 

protein are barely thermodynamically stable under phycological cellular condition.[4] Diverse 

physiological stressful conditions such as heat and oxidative stress can drastically disrupt protein 

intermolecular interactions, which consequently lead to loss of protein function.[5] Not 

surprisingly, misfolding or aggregation of proteins causes detrimental effects in cellular 

homeostasis that will eventually lead to the progression of various diseases such as type 2 

diabetes, and cardiovascular disease.[6] A class of proteins, termed molecular chaperones, 

usually serve as the cell first line of defense during stressful conditions by interacting with non-

native protein to maintain proteostasis to acquire its native conformation. [7] Chaperones can be 

categorized based on their molecular weight such as heat shock protein 100, heat shock protein 

60, heat shock protein 70 as well as small heat shock proteins like Hsp27. These proteins are 

widely involved in nascent peptide folding, partially denatured protein refolding and prevent 

protein irreversible aggregation. Both Hsp60 and Hsp70 are able to refold the non-native protein 

in ATP dependent folding cycle. Hsp70 primarily refolds the nascent synthesized proteins. While 
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Hsp60 targets for refolding the late stage of protein which is not able to reach thermodynamic 

favorable state.[8] 

 

1.2 SMALL HEAT SHOCK PROTEIN 27   

Small heat shock proteins are ubiquitously expressed in all kingdoms of life and play 

essential roles in cellular stress response in an ATP independent manner. Humans express 10 

different small heat shock proteins that are categorized by their molecule weight.[9] A small heat 

shock protein’s main function is to preserve a misfolded protein in a folding competent state. The 

misfolded protein can then be transferred to a chaperonin such Hsp60 and its co-chaperonin 

Hsp10 to be refolded to its native conformation through an ATP dependent hsp60/10 mechanism 

or Hsp70 protein [10] As the name implies, small heat shock protein 27 is 27 kDa in size and is 

encoded by the HSBP1 gene. Ironically, Hsp27 is characterized as an intrinsically disordered 

protein due to its unique architecture where an extremely disordered long amino terminal region 

and a short flexible carboxyl terminal region flank a central α-crystallin domain (ACD) that is 

highly conserved in the small heat shock protein family.[11] Hsp27 can form a dimeric complex 

that is considered the fundamental functional building block that is used to form larger 

oligomers. The dimer interaction is through hydrogen bonding between monomers to form a beta 

sheet in the central α-crystallin domain.[12] 

The central α-crystalline domain from residues 86-169 is composed of nine beta stands 

that form two anti-parallel β-sandwich folds which the beta sheet interaction generated between 

two of these ACD domains modulates the dimerization of small Hsp27. The dimer can then 

assemble to form an oligomer of up to 900 kDa via interactions across dimers to adjacent dimers 

using both the amino and carboxy terminal regions which then bind to the ACD domain. [13] 

Similar to other mammalian small heat shock proteins, Hsp27 can assemble to oligomers of 
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various sizes that rapidly dissociate to small oligomers and dimers under stress induced 

phosphorylation.[14] 

Protein phosphorylation is evaluated as a quintessential post translational modification in 

eukaryotic cells. Reversible phosphorylation plays a key role in signal transduction pathways 

where it serves as a mediator for cells to rapidly respond to both intracellular and intercellular 

signals.[15] For Hsp27, phosphorylation plays a role in regulating the dynamic equilibrium shift 

from large oligomeric complexes to dimers and back again. Serine 15 (S15), Serine 78 (S78) and 

Serine 82 (S82) located in the amino terminus and Threonine 43 (T 143) in the central α-

crystallin domain are characterized as the phosphorylation sites in Hsp27 responsible for 

oligomer disruption. Preliminary research has illustrated that the phosphorylation at Serine 

(S15), Serine (S78) and Serine (S82) are primarily inducing conformational changes from large 

oligomeric complexes to dimers.[16] Numerous of kinase are able to phosphorylate Hsp27 such 

as mitogen actived protein kinase activated protein kinase 2, 3 ,5 (MAPKAPK2, 3, 5). Serval 

research have demonstrated protein phosphatase 2A (PP2A) is able to be dephosphorylated 

Hsp27 to reform large oligomer complex.[17] 

The disordered N-terminal region of Hsp27 is composed of the first 93 amino acids 

which are predominantly hydrophobic or aromatic amino acid. The WF/EPF motif from residue 

16 to 19 has been shown to play a critical role in Hsp27 protein chaperoning activity. The highly 

conserved N-terminal region has been shown to stabilize high molecular weight oligomers.[18] 

However, the intrinsic disorder found in the N-terminal region is the primary obstacle for high 

resolution structure determination. The N-terminal region has been found to bind to non-native 

substrate protein to achieve its chaperone function. In the non-native conformation, the 

hydrophobic surface of the substrate protein will be exposed to the aqueous environment. The N-
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terminal region of Hsp27 has a tendency to bind to partially denatured protein through the 

hydrophobic residues found on its surface.[19] Even though partially denatured proteins can bind 

to the ACD domain, binding the N-terminal region is required to maintaining its chaperone 

function.[20] The highly conserved ACD domain forms an immunoglobulin like structure that is 

composed of two β sheets. Beta strands 4, 5 and extended strands 6+7 form one beta-sheet. 

Another beta sheet is composed of strands 3, 8 and 9. Beta strands 4 and 8 form a hydrophobic 

groove which is versatile region in charge of substrate binding.  

The C terminal region, which contains the last 36 residues, is composed of polar and 

charged residues. The higher flexibility of this region contributes to the intrinsic disordered 

characteristics of Hsp27 as well. The IXI/V motif can interact with the β 4 and β 8 groove to 

facilitate large oligomer formation.[21] The protein interaction between the IXI/V motif and β 4/ 

β 8 is one of the best characterized protein-protein interactions primarily in charge of oligomer 

stabilization. This protein-protein interaction drives the association of the flexible IXI motif with 

the groove between β 4 and β sheet 8.[22] 

 

1.3 SUBSTRATE NEURONAL PROTEIN TAU  

Alzheimer disease (AD) is a progressive neurodegenerative disease central nervous 

system that predominantly affects individuals over 65. Currently, more than 6 million Americans 

are afflicted from Alzheimer disease. The clinical manifestations include memory loss, cognitive 

impairment, and disorientation. Despite significant research effort in therapeutic treatment of 

Alzheimer, it remains an incurable condition that impacts a large population. Preliminary 

investigation has revealed that the formation of amyloid plaques from beta-amyloid peptide and 



5 

neurofibrillary tangles consisting of aberrant hyperphosphorylated microtubule-associated 

protein tau (Tau) are the pathological hallmarks of Alzheimer disease.[23] 

Microtubule-associated protein Tau, which is primarily expressed in neurons and 

encoded by the MAPT gene, plays a crucial role in stabilizing the microtubules that are integral 

components of the cytoskeleton, responsible for intracellular transport.[24] However, the 

abnormal behavior of Tau has been shown to be similar in various neurodegenerative disorders, 

including Alzheimer's disease. In these disorders, Tauopathy is characterized by the 

accumulation of insoluble amyloid filaments containing Tau protein, resulting in irreversible 

damage to neuronal cells.[25] 

Human MAPT gene is able to encode 6 isoforms from 352 to 441 amino acids 

contributed from RNA alternative splicing. [26] The tau can be characterized in three domains 

which are N terminal projection domain, proline rich domain and microtubule binding domain. 

The interaction between Tau and microtubule is dynamically modulated by serval post 

translational modifications including phosphorylation, glycosylation, and nitration.[27] Tau 

aggregation is associated with neurodegenerative disorders and is directly correlated with Tau 

hyperphosphorylation. The normal level phosphorylation of Tau occurred at serval serine or 

threonine residues and mediates the dynamic binding equilibrium between Tau and 

microtubular.[28] The normal phosphorylation occurs at different sites for Tau isomers. 

Hyperphosphorylation leads Tau incompetent to bind to the microtubular, causing the 

destabilization of microtubular leading the neuron death. The hyperphosphorylated Tau 

thermodynamically favors the formation of neurofibrillary tangles (NFTS), which has been 

identified in Alzheimer disease patient.[29] The high atomic resolution of Tau from Alzheimer 

disease brain sample, determined by cryo-EM, enhances the current understanding of tauopathy. 
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          Figure 1.1 Cryo-EM atomic model of Tau filament from Alzheimer's patient brain [30] 

 

 Recent studies have shown that Hsp27, a small heat shock protein, is competent to inhibit 

Tau aggregation both in vitro and in vivo. Hsp27 has been shown to interact with the Tau PHF 

domain, which is responsible for filament formation, and prevent the aggregation of Tau 

proteins. Moreover, studies on the truncation of the N-terminus of Hsp27 have indicated that the 

central ACD alone is insufficient to inhibit Tau filament formation. The N-terminus of Hsp27 

has been shown to play a vital role in its chaperone activity, as it is responsible for the 

oligomerization of Hsp27 and its subsequent interaction with abnormal proteins. This 

demonstrates the significance of understanding the molecular mechanisms by which Hsp27 

interacts with Tau and other client proteins, in order to advance potent therapeutic interventions. 

[31] 

 

1.4 SUBSTRATE NEURONAL PROTEIN ALPHA SYNUCLEIN  

Parkinson disease (PD), a central nervous system neurodegenerative disorder is caused by 

substantial loss of dopaminergic neurons. Over 95% of cases occurs the people over 55. The 
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clinical symptoms of Parkinson disease are typically characterized by rigidity, hypophonia and 

drooling.[32] The primary pathological hallmark of Parkinson disease is Lewy bodies which is 

composed of various of filament proteins such as alpha synuclein.[33] The toxic alpha synuclein 

filament is able to disrupt the cell membrane which is able to lead the death of neuron cells. 

Human alpha synuclein encoded from SNCA gene is a small 14.5 kDa presynaptic protein 

composed of 140 amino acids. Alpha synuclein can be characterized in three domains. The N 

terminus (1 to 60 residues) which contains lipid binding motif to interact with neuron cell 

membrane; the center hydrophobic domain known as NAC and the negative charge, disordered 

short C terminus.[34] While α-synuclein has been studied extensively over the past few decades, 

the clear physiological function of α-synuclein in regulating central neurons remains enigmatic.  

Alpha synuclein is most abundantly localized in axon terminal in neurons, which plays 

vital role in modulation of synaptic vesicle transportation.[35] The association between alpha 

synuclein and synaptic vesicle is mediated by calcium ion binding to C terminus residues. The N 

terminal membrane binding domain of alpha synuclein is able to bind to phospholipid bilayers of 

synaptic terminal cell membrane. Preliminary C terminal truncation experiment demonstrates 

that highly negative charged C terminus plays critical role in association with synaptic receptor 

protein (SNARE) to facilitate vesicle fusion. [36] 
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Figure 1.2: schematic diagram of alpha synuclein interaction with SNARE complex [37] 

 

 The formation of alpha synuclein to small soluble oligomers and elongated insoluble 

fibers are extremely detrimental to neuron cell. To date, the alpha synuclein aggregation 

mechanism is still enigmatic. One proposed model depicts the early stage alpha synuclein fiber 

growth is nucleation polymerization. Alpha synuclein monomers are able to initially form 

oligomer through beta-sheet structure. The oligomer can serve as a seeding template competent 

for self-assembly with the continuous addition of monomer. [38] Serval single point mutation of 

alpha synuclein (A30P, A53T and E46K) have been described to associate with Parkinson 

Disease. Interestingly, the growth kinetics of each mutant is significantly differed based on in 

vitro fiber formation study.[39] 

The various growth condition such pH and ionic strength can drastically impact aggregation 

kinetic and mature fiber morphology.[40] This discovery enhances the current understand of 

fundamental mechanism of alphas synuclein fiber formation.  Another bottle neck of alpha 



9 

synuclein research is the detailed mechanism of fiber cell-to-cell propagation. Current major 

hypothesis of alpha synuclein propagation is via exocytosis of aggregates.[41] 

 The high-resolution atomic structure of alpha synuclein fiber reveal the detail structural 

information, which shed the light on the advancement of alpha synuclein therapeutics. 

Preliminary studies have found that the Hsp27 is able to suppress the alpha synuclein fiber 

formation in vitro. The sedimentation experiment demonstrated that constitutive active triple 

serine mutant was able to form a stable complex with α-synuclein fibrils through its intrinsically 

disordered N-termini. Hsp27 core domain mutant alone was not able to co-sedimented with alpha 

synuclein, which is indicative of Hsp27 core domain mutant incompetent for stable binding to 

alpha synuclein fiber. The hydrophobicity of the alpha synuclein fiber significantly decreased 

after Hsp27 adhered to the surface of alpha synuclein fiber.[42] 
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1.5 PROJECT GOAL AND HYPOTHESIS 

Since the first discovery of Hsp27, the diverse pathological function of Hsp27 has been 

extensively investigated. The missing high-resolution atomic structure of full length Hsp27 is 

still the key needed for us to interpret the Hsp27 mechanism of prevent aberrant protein 

aggregation and its relationship to numerous diseases involved in neurodegeneration. This 

research will provide new insight to understanding the molecular interaction between Hsp27 and 

neurodegenerative disease related substrates.  

The working hypothesis of this project is that both alpha synuclein fiber and tau fiber are 

able to bind to the Hsp27 intrinsic disorder domain, which allow the cryo-EM 3D reconstruction 

of the entire Hsp27-fiber complex to reveal the detail structural information of full length human 

Hsp27. 
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Chapter 2: Molecular Cloning 

2.1 BACKGROUND OF MOLECULAR CLONING  

Molecular cloning is a versatile technique in molecular biology that involves the process 

of amplifying a target gene of interest and then inserting gene into a desired expression vector 

plasmid. This engineered expression plasmid is then transformed into a compatible host 

expression system, which allow the overexpression of the recombinant protein. [43] The entire 

routes among molecular cloning are composed of polymerase chain reaction (PCR), restriction 

enzyme digestion and ligation, transformation and antibiotic selection. In general, the molecular 

cloning begins with polymerase chain reaction (PCR), which is the process to amplify target of 

gene to billions of copies. PCR works by cycling though repeated steps of double strand DNA 

denaturation, complementary primer annealing and new DNA strand extension. These three steps 

are typically repeated 25 to 30 cycles to obtain considerable amount of target interest for the 

downstream experiment. [44] The foundations of PCR reaction is the utilization of a 

thermophilic DNA polymerase that can withstand the initial high temperature denaturation step. 

Furthermore, the specifically designed primers complementary to the DNA template will initiate 

the synthesis of new single DNA strand. Nucleotides, which serve as the building blocks for the 

newly synthesized DNA strand.  

Site-directed mutagenesis is a potent technique that allows for the introduction of specific 

mutations into the target of DNA, which includes substitution, insertion, and deletion. This 

technique is frequently used to investigate the impact of disease related mutation on protein 

structure and function. In order to successfully conduct the site directed mutagenesis, specific 

designed primers containing the target mutation, and using these primers in PCR reaction to 

amplify the mutated DNA templet.  
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 After the gene of interest has been amplified to the desired concentration, restriction 

enzyme digestion is the following procedure in the molecular cloning process. This technique 

involves utilizing restriction enzymes to cut both ends of target of gene to create overhangs 

which enable the digested gene inserted to the desired expression vector plasmid. Restriction 

enzymes is able to recognize and cut at specific sequences of the double strand DNA. Majority 

of the restriction enzymes can recognize four to eight base pairs and hydrolyze phosphodiester 

bond of DNA strand. [45] Restriction enzymes can digest the DNA to create two different ends. 

The majority restriction enzymes is able to perform asymmetrically cut to create a single 

overhang referred to sticky end. Another type of restriction enzymes symmetrically digests 

double strand DNA to generate blunt end.  

 The following step is ligation. This process is to seal the digested gene and vector 

plasmid through formation of phosphodiester bond with conventional DNA ligase. [46] DNA 

ligases are indispensable enzymes which are found in all the species to modulate DNA 

replication. [47] DNA ligase can link the Okazaki fragments to create a continuous DNA strand. 

[48] With the supplement of ATP, the target of gene is covalently connected to the plasmid 

vector via DNA ligase to form a new construct. The gene is inserted in the 5’ to 3’ direction to 

ensure the successful transcription initiated by mRNA. 

 The expression vector, containing the target gene of interest, is then transformed into the 

desired expression host cell such as bacteria, yeast, or mammalian cell for recombinant protein 

production. Bacteria expression system has been considered as an excellent recombinant protein 

expression host due to several advantages. First, it has a fast growth rate, with cells reaching 

exponential growth phase a few hours after inoculation. Furthermore, the affordable media and 

high yield make bacterial cell an ideal candidate for recombinant protein expression. [49] In 
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order to introduce the vector plasmid into the expression cells, it is necessary to induce cells to 

uptake foreign DNA effectively.[50] Utilize calcium chloride or rubidium chloride to treat the 

expression cell is conventional chemical treatment, which has decent transformation efficiency. 

Calcium ion or rubidium ion can neutralize the negatively charged layer on surface of the 

expression cell membrane, allowing the exogenous plasmid vector to diffuse closely to the cell 

membrane and enter the expression cells more proficiently during the heat shock condition. 

[51,52] After transformation, it is necessary to verify the success of the process by performing an 

antibiotic selection. The majority of the expression plasmid contains the antibiotic resistance 

gene which encodes certain compounds to protect expression cell survive from growth media 

supplied with antibiotic. The expression cells containing the plasmid is able to grow on the 

selection LB plate containing the appropriate antibiotic. The overnight grown colonies can be 

inoculated to the liquid media and stored in -80℃ with the addition of 25% glycerol to protect 

cell integrity for long term storage. 

 

 

 

 

 

 

 

 

 

 

 

 



14 

2.2 MATERIAL AND METHOD 

The human α-synuclein gene, encoded by the SNAC gene was cloned into the expression 

vector pet-22b (+) using NdeI and Xho1 restriction sites. Before the transformation, the 

concentration of the plasmid vector was determined using UV-VIS spectrometer to measure the 

absorbance at 260nm. 50 µL of One Shot™ TOP10 Chemically Competent cell was thawed out 

on ice for 5 minutes. 4 µL of the plasmid was added to the TOP10 cells and mixed by flicking 4 

times. The plasmid was incubated with the competent cell on ice for 30 minutes. The cells were 

then heat shock by water bath at 42 °C for 10s. The competent cell was then incubated in the ice 

for 10 minutes. 1mL S.O.C. media were added to the cells in level two biosafety cabinet.  The 

cells were recovered in incubator at 37°C for 1 hour with constant agitation at 220rpm. After 

recovered 1 hour, the transformed competent cells were inoculated on LB agar growth plate with 

100 µg/µL ampicillin. The LB plate was incubated for 16 hours at 37°C. The overnight grown 

colony was inoculated into 35mL 2XTY media containing 100 µg/µL ampicillin. The cells were 

grown for 14 hours at 37°C with agitation at 220 rpm.  

20mL of the overnight grown culture was centrifuged at 4000xg for 10 minutes. The 

supernatant was discarded, and the precipitated cell pellet was saved for plasmid purification 

with PureLink HiPure Plasmid Midiprep. The cell pellet was resuspended in 5mL of 

resuspending buffer. Then the cells were lysed using 5mL lysis buffer. After a brief incubation at 

room temperature, the cells were treated with 5mL precipitation buffer, and the tubes were gently 

inverted to make sure thoroughly mixed. The resulting cell lysate was centrifuged at 12,000xg 

for 30 minutes. A disposable Midi purification column was preequilibrated with 10mL of 

equilibration buffer. After 30 minutes centrifugation, the supernatant containing the target 

plasmid was transferred to the purification column and filtered by gravity. 10mL of washing 
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buffer was added to the column twice to clean the column membrane. Once all the washing 

buffer was eluted out from the column, the 4mL of prewarmed elution buffer was added to the 

column to elute out the plasmid vector. The elution was then treated with 3.5 mL of isopropanol 

to precipitate the plasmid. After centrifugation at 12,000xg for 30 minutes, the supernatant was 

discarded, and the precipitated plasmid was washed with 10mL of 70% ethanol.  The cleaned 

plasmid vector was centrifuged at 12000xg for 10 minutes. The supernatant was discarded, and 

the plasmid vector was dried in the room temperature. The plasmid pellet was resuspended in 

200 µL Tri-base-EDTA (TE) buffer and the concentration was measured by the UV-vis 

spectrometer at 260nm wavelength.  

 

 The presence of target α-synuclein gene was quickly verified through polymerase chain 

reaction (PCR) before transformation to the BL21 cell. The target gene was amplified with 

commercially available Q5® DNA Polymerase (NEBiolabs) with the optimized setting. All the 

PCR reactions were executed with T7 promoter primer and T7 terminator primer ordered from 

Integrated DNA Technologies (IDT) 1nmol of purified plasmid with 0.5µM T7 promoter primer 

and T7 terminator primer were applied for the PCR reaction. The initial denaturation was 

performed for 30 seconds at 98°C. Then annealing condition was set up at 69°C for 30 seconds 

and followed by extension at 72°C for 35 seconds. The target gene was amplified by 30 

thermocycles. The end PCR product was verified by running 0.7% agarose gel supplied with 

SYBR Safe dye. The gel was checked using conventional blue light image machine. 

50µL of BL21(DE3) expression cells were used for each plasmid vector transformation. 

The BL21 cells were thawed out on the ice for 5 minutes. 5ng of each plasmid vector were 

incubated with BL21 cell on the ice for 30 minutes. The competent cells were heat shocked for 
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30 seconds via water bath at 42°C. 500 µL of S.O.C media were added to each tube in biosafety 

cabinet. The competent cells were incubated at 37 °C with constant agitation at 220 rpm. After 1 

hour, the BL21 competent cells were inoculated on the LB agar plate containing 100 µg/µL 

ampicillin. The LB agar plate was incubated at 37°C overnight to ensure colonies grown. The 

next day, three healthy grown colonies were inoculated in 2XTY media and verified the protein 

expression. The BL21 cell were grown in 2xTY media containing 100 µg/µL ampicillin until 

reach optical density （OD600）at 0.6. 1 mM Isopropyl β- d-1-thiogalactopyranoside (IPTG) was 

added to the cell culture which induced for another 3 hours. 1 mL uninduced and induced sample 

was centrifuged down at 6000xg for 5 minutes. The precipitated cell pellet was resuspended in 

400 µL of Milli-Q water. 5 µL of resuspended cell samples were mixed with 5 µL of 1X 

Lammeli SDS Buffer and denatured at 98°C for 5 minutes. The denatured samples were loaded 

at 10% sodium dodecyl sulfate–polyacrylamide gel (SDS-PAGE). The SDS-PAGE gels were 

performed at 210V for 40 minutes. After 40 minutes, the SDS-PAGE gels were stained with 

Commassie blue solution for 30 minutes followed by 30 minutes detaining. The colony with the 

normal expression of target proteins were grown in 35mL 2XTY media until OD600 reached 0.4. 

The 30mL of cell culture were mixed with 30mL autoclaved 50% glycerol solution to reach 25% 

glycerol as final working concentration. The glycerol stock was prepared in 1mL for each tube 

which flash frozen in liquid N2 and stored in -80°C refrigerator.  
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2.3 RESULT 

Figure 1 demonstrates the amplification of the SNCA gene and MAPT gene shown in solid 

bright bands at around 600 bp and 2000bp respectively.  

 

 
   Figure2.1. 0.7% agarose gel of the PCR amplification end products. Alpha synuclein gene 

(SNCA) presents as solid bright band between 750 bp and 500bp in the second line. 

Tau gene (MAPT) presents as bright band slightly above 2000bp and one faint band 

around 750bp in third line.  
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2.4 DISCUSSION  

The DNA agarose gel demonstrated that the PCR amplification products were shown 

very close to the expected position, indicating that their size was consistent with the theoretical 

size. The MAPT gene that encodes for Tau is 2277bp, and the bright band observed on the third 

line on the agarose gel was slightly above the 2000 bp DNA marker. The very faint band shown 

around the 750 bp could be due to the nonspecific binding of the T7 primers. T7 promoter and 

terminator primers are commonly utilized to quickly verify the presence of the target gene in the 

desired T7 promoter modulated plasmid vector. In general, T7 primers were designed to 

complementary to the T7 promoter and terminator of the plasmid, with the target gene is cloned 

in the muti cloning site which is located between T7 promoter and T7 terminator. Unlike the 

specific designed primer which is complementary to both ends of the target gene, the PCR 

amplification with T7 primers sometimes will cause nonspecific binding, which could explain 

the faint band observed on the DNA agarose gel. However, the band that appears around 2000bp 

was more dominant compared with the faint band.  Thus, the presence of MAPT gene in the 

pET-22b plasmid was successfully verified after Midi plasmid purification. 
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Chapter 3: Recombinant Protein Expression 

3.1 BACKGROUND OF RECOMBINANT PROTEIN EXPRESSION 

 Recombinant protein expression refers to the process the target of proteins is synthesized 

and modified in desired expression organism, which is considered a critical step for various 

biochemistry researches. Through conventional molecular cloning techniques, the gene of 

interest is inserted into the desired expression vector which is transformed into the biocompatible 

expression organism. Via inducing the transcription of gene, the host organism is able to mass 

produce the recombinant protein. BL21 (DE3) is the most frequently used bacterial expression 

cell line for production of soluble cytosolic proteins. [53] The protein expression is controlled by 

the lac operon on the plasmid vector which is located before the target of gene. The lac operon is 

composed of three genes lacZ, Lac Y and Lac A, which encodes the essential housekeeping 

protein to regulate the E. coli metabolism.[54] The lac operon suppresser is located on the lac 

operon to inhibit the expression of the T7 RNA polymerase. With the addition of the IPTG 

which is a non-hydrolysable lactose analog, the lac operon suppresser is able to be removed, 

which allows the production of T7 RNA polymerase. The nascent synthesized T7 RNA 

polymerase can recognize the T7 promoter on the plasmid vector and subsequently initiate the 

transcription of the inserted target gene which is located downstream of the T7 promoter on the 

expression plasmid.[55] 

 In order to produce a substantial amount of recombinant target protein, sufficient amount 

of IPTG need to be added to induce the structural conformational change of lac operon 

suppresser, leading to its removal from the lac operon. Theoretically, the addition of lactose can 

also be applied to remove of the lac operon suppresser, which can activate the transcription of 

the target gene. While LacZ gene normally encodes beta-galactosidase that hydrolyzes lactose 
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into glucose and galactose, which will cause the significantly decrease the lactose availability. 

Eventually, the lac operon repressor will bind and inhibit the protein synthesis again.[56] 

Therefore, IPTG is substituted for the lactose to elevate the recombinant protein synthesis 

efficiency. 

 In order to effectively obtain target proteins from expression cell, cell lysis is the 

conventional approach to disrupt the cell membrane to effectively extract the cellular material 

from expression system. Cell lysis can be depicted in two classes which are mechanical method 

or non-mechanical method. For mechanical lysis approach, cell membrane is vigorously 

disrupted by physical force which can be generated from numerous techniques.[57] One of the 

popular mechanical lysis techniques is ultra-sonication which agitate the tissue or cells via high 

frequency sound wave. While one of the drawbacks of sonication is not compatible with relative 

fragile protein. The potent ultrasonication wave not only can agitate the outer cellular membrane 

but also can disrupt the intermolecular interaction of the protein, which causes the denaturation 

of the target protein. Alternatively, the addition of chemical or biological agents to lyse the 

bacterial cell can be employed.  Lysozyme is frequently applied to hydrolyze the bacterial cell 

wall resulting to release the target proteins. Cell walls peptidoglycan can be effectively digested 

by the lysozyme which causes minimal detrimental effect of the protein to preserve protein in 

near native biological conformation.[58] Lysozyme can catalyze the cleavage of β (1-4) linkages 

between N-Acetylgucosamine and N-Acetylmuramic acid. The high-resolution crystal structure 

of lysozyme also reveals the fundamental mechanism of lysozyme catalytic process. [59] 

Lysozyme treatment is usually combined with another mild physical lysis method freeze and 

thaw cycles to elevate the lysis efficiency. The freezing process causes the generation of ice 

crystals on the cell membrane to facilitate disrupt the cell membrane. This method has been 
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demonstrated to be capable of releasing overexpressed recombinant proteins from expression 

cells but not releasing unwanted giant cytoplasmic E. coli protein. [60] However, freeze and 

thaw might be not compatible for temperature sensitive protein complex. Furthermore, time 

consuming is another disadvantage of this approach. Thus, the suitable lysis method needs to be 

considered based on the property of target protein.  

 After cell lysis, a significant amount of cellular material including DNA, RNA and 

numerous proteins are released from the E. coli cell. In order to prepare the lysate for 

downstream purification, all the nucleotides must be excluded from the protein mixture. The 

traditional approach is the addition of trace amount of deoxyriboncuclease I (DNase) to 

effectively digest the bulk DNA into smaller fragments. DNase is a versatile endonuclease that 

can hydrolyze the phosphodiester linkage of one strand of nucleotide. This enzyme is able to 

recognize the cleavage site between 3’ oxygen atom and the neighbor phosphorus atom.[60] The 

presence of magnesium ion is critical cofactor for maintaining its enzymatic activity. Following 

the DNase treatment, 3% of streptomycin sulfate is added to the lysate to effectively separate 

digested small nucleotide fragment from protein mixture.[61] After the high-speed centrifugation 

at low temperature, cellular debris and unwanted DNA material will precipitate from the lysate 

and the soluble protein mixture will remain in the top supernatant for future purification. 

  

 

 

 

 

 

 



22 

3.2 MATERIAL AND METHOD 

Alpha synuclein cell cultures were inoculated from 1mL flash frozen 25% glycerol stock. 

1mL glycerol stock was added to the 1L of 2XTY media supplied with 100 mg/mL ampicillin. 

The cell culture was grown in 2.5 L culture flask at 37 °C with constant agitation. The cell 

culture grew until cell density OD600 reached 0.6. Then 1mL 1M IPTG stock was added to the 

culture to reach final working concentration of 1 mM. The cells were induced for another 3 hours 

at 37 °C.  Cells were harvested through centrifugation at 6000xg for 20 minutes. The collected 

cell pellet was resuspended in lysis buffer (25mM Tris-base, 50mM NaCl, 5mM EDTA). The 

cell pellet was resuspended in 1 to 3 ratio. Lysozyme stock was added to the cell lysate to reach 

the final work concentration of 0.2 mg/mL. The lysozyme treatment was performed for 45 

minutes at 4 °C on the HulaMixer. The lysate was completely frozen in -20 °C refrigerator and 

thawed out at the room temperature. The freeze and thaw cycle were executed 3 times. After the 

third thaw out, 1 M MgCl2 stock was added to the cell lysate to reach 100 mM final 

concentration. DNase stock was added to the 0.1 mg/mL. The DNase digestion was performed 

for 1 hour at 4 °C on the HulaMixer. The streptomycin sulfate was added to 3% (w/v) and lysate 

was incubated until becoming less viscous. Cell lysate was centrifuged at 12,000xg for 30 

minutes. The precipitate pellet was discarded, and supernatant was added with a room 

temperature saturated ammonium sulfate stock solution to reach final concentration of 30%. The 

lysate was then incubated at HulaMixer for another 30 minutes at 4 °C. After 30 minutes, the 

lysate was centrifuged at 12,000xg for 30 minutes and the precipitated protein pellet was 

discarded. The room temperature ammonia sulfate stock solution was added to the collected 

supernatant to reach final concentration of 40%. The cell lysate was incubated again for another 

30 minutes at 4 °C and then centrifuged at 12,000xg for 30 minutes. The supernatant was 
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discarded, and the protein pellet was resuspended in 3 mL ion exchange buffer A (20mM Tris-

base, 5mM EDTA pH= 7.5). The resuspended protein was aliquoted into the 1.5 mL high 

centrifuge speed Eppendorf tube and flash freeze in liquid nitrogen stored in -80 °C refrigerator 

for long term storage. 

Tau cell cultures were inoculated from 1mL flash frozen 25% glycerol stock. 1mL 

glycerol stock was added to the 1L of 2XTY media supplied with 100 mg/mL ampicillin. The 

cell culture was grown in 2.5 L culture flask at 37 °C with constant agitation. The cell culture 

was grown until cell density OD600 reached 0.8. Then 1mL 1M IPTG stock was added to the 

culture to reach final working concentration of 0.5 mM. The cells were induced for another 4 

hours at 30 °C.  Cells were harvested through centrifugation at 6000xg for 20 minutes. The 

collected cell pellet was resuspended in lysis buffer (20mM Tris-base, 100mM NaCl, 5mM 

EDTA). The cell pellet was resuspended in 1 to 4 ratio. Lysozyme stock was added to the cell 

lysate to reach the final work concentration 0.25 mg/mL. The lysozyme treatment was performed 

for 60 minutes at 4 °C on the HulaMixer. The lysate was completely frozen in -20 °C refrigerator 

and thaw out at the room temperature. The freeze and thaw cycle were executed 2 times. After 

the second thaw out, 1 M MgCl2 stock were added to the cell lysate to reach 100 mM final 

concentration. DNase stock was added to the 0.15 mg/mL. The DNase digestion was performed 

for 1 hour at 4 °C on the HulaMixer. The streptomycin sulfate was added to 3% (w/v) and lysate 

was incubated for an additional 60 minutes. Cell lysate was centrifuged at 12,000xg for 30 

minutes. The precipitate pellet was discarded, and supernatant was added with a room 

temperature saturated ammonium sulfate stock solution to reach final concentration of 25%. The 

lysate was then incubated at HulaMixer for another 30 minutes at 4 °C. After 30 minutes, the 

lysate was centrifuged at 12,000xg for 30 minutes and the precipitated protein pellet was 
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discarded. The room temperature ammonia sulfate stock solution was added to the collected 

supernatant to reach final concentration of 35%. The cell lysate was incubated again for another 

30 minutes at 4 °C and then centrifuged at 12,000xg for 30 minutes. The supernatant was 

discarded, and the protein pellet was resuspended in 6 mL ion exchange buffer A (20mM Tris-

base, 50mM NaCl, 1mM EDTA pH= 6.9). The resuspended protein was aliquoted into the 1.5 

mL high centrifuge speed Eppendorf tube and flash freeze in liquid nitrogen stored in -80 °C 

refrigerator for long term storage. 

 

Hsp27 wild type cell cultures were inoculated from 1mL flash frozen 25% glycerol stock. 

1mL glycerol stock was added to the 1L of 2XTY media supplied with 100 mg/mL ampicillin. 

The cell culture was grown in 2.5 L culture flask at 37 °C with constant agitation. The cell 

culture was grown until cell density OD600 reach 0.6. Then 1mL 1M IPTG stock was added to 

the culture to reach final working concentration of 0.05 mM. The cells were induced for another 

18 hours at 15°C.  Cells were harvested through centrifugation at 6000xg for 20 minutes. The 

collected cell pellet was resuspended in lysis buffer (25mM HEPES, 100mM NaCl, 20mM 

EDTA, pH=7.5). The cell pellet was resuspended in 1 to 3 ratio. Lysozyme stock was added to 

the cell lysate to reach the final work concentration of 0.2 mg/mL. The lysozyme treatment was 

performed for 45 minutes at 4 °C on the HulaMixer. The lysate was completely frozen in -20 °C 

refrigerator and thawed out at room temperature. The freeze and thaw cycle were executed 3 

times. After the third thaw out, 1 M MgCl2 stock was added to the cell lysate to reach 60 mM 

final concentration. DNase stock was added to the 0.1 mg/mL. The DNase digestion was 

performed for 1 hour at 4 °C on the HulaMixer. The streptomycin sulfate was added to 3% (w/v) 

and lysate was incubated until becoming less viscous. Cell lysate was centrifuged at 12,000xg for 
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30 minutes. The precipitate pellet was discarded, and supernatant was added with a room 

temperature saturated ammonium sulfate stock solution to reach final concentration of 25%. The 

lysate was then incubated at HulaMixer for another 30 minutes at 4 °C. After 30 minutes, the 

lysate was centrifuged at 12,000xg for 30 minutes and the precipitated protein pellet was 

discarded. The room temperature ammonia sulfate stock solution was added to the collected 

supernatant to reach final concentration of 35%. The cell lysate was incubated again for another 

30 minutes at 4 °C and then centrifuged at 12,000xg for 30 minutes. The supernatant was 

discarded, and the protein pellet was resuspended in 3 mL ion exchange buffer A (20mM 

HEPES, 5mM EDTA pH= 7.5). The resuspended protein was aliquoted into the 1.5 mL high 

centrifuge speed Eppendorf tube and flash freeze in liquid nitrogen stored in -80 °C refrigerator 

for long term storage. 

 

Human MAP kinase-activated protein kinase 2 (MAPKAPK2) constitutively active triple 

serine mutants cell cultures were inoculated from 1mL flash frozen 25% glycerol stock. 1mL 

glycerol stock was added to the 1L of 2XTY media supplied with 100 mg/mL kanamycin. The 

cell culture was grown in 2.5 L culture flask at 37 °C with constant agitation. The cell culture 

was grown until cell density OD600 reach 0.6. Then 1mL 1M IPTG stock was added to the 

culture to reach final working concentration of 0.2 mM. The cells were induced for another 3 

hours at 30°C.  Cells were harvested through centrifugation at 6000xg for 20 minutes. The 

collected cell pellet was resuspended in lysis buffer (25mM HEPES, 100mM NaCl, 20mM 

EDTA, pH=7.5). The cell pellet was resuspended in 1 to 3 ratio. Lysozyme stock was added to 

the cell lysate to reach the final work concentration of 0.2 mg/mL. The lysozyme treatment was 

performed for 45 minutes at 4 °C on the HulaMixer. The lysate was completely frozen in -20 °C 
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refrigerator and thaw out at the room temperature. The freeze and thaw cycle were executed 3 

times. After the third thaw out, 1 M MgCl2 stock was added to the cell lysate to reach 60 mM 

final concentration. DNase stock was added to the 0.1 mg/mL. The DNase digestion was 

performed for 1 hour at 4 °C on the HulaMixer. The streptomycin sulfate was added to 3% (w/v) 

and lysate was incubated until becoming less viscous. Cell lysate was centrifuged at 12,000xg for 

30 minutes. The precipitate pellet was discarded, and supernatant was added with a room 

temperature saturated ammonium sulfate stock solution to reach final concentration of 30%. The 

lysate was then incubated at HulaMixer for another 30 minutes at 4 °C. After 30 minutes, the 

lysate was centrifuged at 12,000xg for 30 minutes and the precipitated protein pellet was 

discarded. The room temperature ammonia sulfate stock solution was added to the collected 

supernatant to reach final concentration of 50%. The cell lysate was incubated again for another 

30 minutes at 4 °C and then centrifuged at 12,000xg for 30 minutes. The supernatant was 

discarded, and the protein pellet was resuspended in 4 mL ion exchange buffer A (20mM 

HEPES, 5mM EDTA pH= 6.7). The resuspended protein was aliquoted into the 1.5 mL high 

centrifuge speed Eppendorf tube and flash freeze in liquid nitrogen stored in -80 °C refrigerator 

for long term storage. 

Human Hsp27 constitutively active triple serine mutants cell cultures were inoculated 

from 1mL flash frozen 25% glycerol stock. 1mL glycerol stock was added to the 1L of 2XTY 

media supplied with 100 mg/mL ampicillin. The cell culture was grown in 2.5 L culture flask at 

37 °C with constant agitation. The cell culture was grown until cell density OD600 reach 0.6. 

Then 1mL 1M IPTG stock was added to the culture to reach final working concentration of 0.05 

mM. The cells were induced for another 20 hours at 15 °C.  Cells were harvested through 

centrifugation at 6000xg for 20 minutes. The collected cell pellet was resuspended in lysis buffer 
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(20mM HEPES, 100mM NaCl, 20mM EDTA, pH=7.5). The cell pellet was resuspended in 1 to 

3 ratio. Lysozyme stock was added to the cell lysate to reach the final work concentration 0.25 

mg/mL. The lysozyme treatment was performed for 60 minutes at 4 °C on the HulaMixer. The 

lysate was completely frozen in -20 °C refrigerator and thaw out at the room temperature. The 

freeze and thaw cycle were executed 2 times. After the second thaw out, 1 M MgCl2 stock was 

added to the cell lysate to reach 100 mM final concentration. DNase stock was added to the 0.1 

mg/mL. The DNase digestion was performed for 1 hour at 4 °C on the HulaMixer. The 

streptomycin sulfate was added to 3% (w/v) and lysate was incubated for an additional 60 

minutes. Cell lysate was centrifuged at 12,000xg for 30 minutes. The precipitate pellet was 

discarded, and supernatant was added with a room temperature saturated ammonium sulfate 

stock solution to reach final concentration of 25%. The lysate was then incubated at HulaMixer 

for another 30 minutes at 4 °C. After 30 minutes, the lysate was centrifuged at 12,000xg for 30 

minutes and the precipitated protein pellet was discarded. The room temperature ammonia 

sulfate stock solution was added to the collected supernatant to reach final concentration of 40%. 

The cell lysate was incubated again for another 30 minutes at 4 °C and then centrifuged at 

12,000xg for 30 minutes. The supernatant was discarded, and the protein pellet was resuspended 

in 4 mL ion exchange buffer A (20mM HEPES, 100mM NaCl, 5mM EDTA pH= 7.5). The 

resuspended protein was aliquoted into the 1.5 mL high centrifuge speed Eppendorf tube and 

flash freeze in liquid nitrogen stored in -80 °C refrigerator for long term storage. 
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3.3 RESULT 

Figure 3.1 depicted the results of the SDS-PAGE analysis conducted to assess the 

expression condition of alpha synuclein. The first line in the figure represented the protein 

marker, while the second line corresponded to the uninduced cell culture sample. The third and 

fourth lines illustrated the induced cell culture samples. Following a 3-hour induction period, a 

substantial amount of recombinant alpha synuclein was successfully obtained. Notably, no leaky 

expression was observed in the uninduced sample, indicating a tightly regulated expression. 

These findings suggested that the induced expression condition of alpha synuclein may be an 

effective means of producing the protein for further research purposes.  

 

 

 

 
               Figure 3.1: 10% SDS-PAGE of the human alpha synuclein protein expression conditions. Line 

1 protein marker, line 2 uninduced cell sample, line 3 to 5 induced cell sample with solid 

sharp band around 14.4 kDa. 
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Figure 3.2 displays the SDS-PAGE results obtained from evaluating the expression 

conditions of human Tau protein. As expected, the protein was detected at the anticipated 

position of approximately 110 kDa. However, the expression level of Tau was significantly 

lower in comparison to that of alpha synuclein. Although the expression level of Tau was lower, 

these results provide valuable insight into the protein's expression conditions, which could be 

useful for optimizing its production in future studies. Further investigation may be necessary to 

identify factors that could impact Tau expression. 

 

 

 

Figure 3.2: 7.5% SDS-PAGE of the human Tau protein expression conditions. Line 1 protein 

marker, line 2 uninduced cell sample, line 3 to 5 induced cell sample with solid 

sharp band around 110 kDa 
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Figure 3.3 depicts the SDS-PAGE result obtained from analyzing the expression level of 

wild type human heat shock protein 27 (Hsp27). Notably, the expression level of Hsp27 was 

found to be high. These findings suggest that the expression system applied in this study was 

effective in producing significant quantities of Hsp27. 

 

 

 Figure 3.3: 12.5% SDS-PAGE of the human Hsp27 WT protein expression conditions. Line 

1 protein marker, line 2 uninduced cell sample, line 3 induced cell sample with solid sharp 

band around 27 kDa. 
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The SDS-PAGE result obtained from evaluating the expression of constitutively active 

serine mutants of human heat shock protein 27 (Hsp27) was presented in Figure 3.4. Notably, the 

expression level of the mutants was almost identical to that of the wild type Hsp27. However, in 

the second line of the figure representing the uninduced sample, leaky expression was observed. 

 

 

 

Figure 3.4: 12.5% SDS-PAGE of the human heat shock protein 27 constitutively active serine 

mutant protein expression conditions. Line 1 protein marker, line 2 uninduced cell 

sample, line 3 to 5 induced cell sample with solid sharp band around 27 kDa 
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The results of the SDS-PAGE analysis conducted on Tau ammonium sulfate precipitation 

was presented in Figure 3.5. To prepare the protein mixture, cell debris was separated from the 

lysate and subsequently treated with room temperature ammonium sulfate solution, increasing 

the final concentration from 30% to 45% saturation in 5% increments with each addition. 

Following each round of ammonium sulfate precipitation, the resulting protein pellet and 

remaining supernatant was resuspended in water, mixed with SDS sample buffer, and analyzed 

on a 7.5% SDS-PAGE gel. 

 

Figure 3.5. 7.5% SDS-PAGE of the Tau ammonium sulfate precipitate optimization. Line 1: 

protein marker. Line 2 resuspended protein pellet at 30% ammonium sulfate. Line 

3: supernatant at 30% ammonium sulfate saturation. Line 4: resuspended protein 

pellet at 35% ammonium sulfate. Line 4: supernatant at 35% ammonium sulfate 

saturation. Line 5: supernatant at 35% ammonium sulfate saturation. Line 6: 

resuspended protein pellet at 40% ammonium sulfate precipitation. Line 6: 

supernatant at 40% ammonium sulfate saturation. Line 7: resuspended protein pellet 

at 45% ammonium sulfate precipitation. Line 8: supernatant at 45% ammonium 

sulfate saturation.  
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SDS-PAGE result of alpha synuclein ammonium sulfate precipitation was shown in 

Figure 3.6. After separation of cell debris from lysate, the protein mixture was subsequently 

treated with room temperature ammonium sulfate solution to reach final concentration from 25% 

to 60% saturation with 5% increment for each addition. Each round ammonium sulfate 

precipitated protein pellet was resuspended with water and mixed with SDS sample buffer and 

verified on the 12.5% SDS-PAGE. 

 

 

Figure 3.6. 12.5% SDS-PAGE of the alpha synuclein ammonium sulfate precipitate 

optimization. Line 1: protein marker. Line 2 resuspended protein pellet at 30% 

ammonium sulfate. Line 3: supernatant at 30% ammonium sulfate saturation. Line 

4: resuspended protein pellet at 35% ammonium sulfate. Line 4: supernatant at 35% 

ammonium sulfate saturation. Line 5: supernatant at 35% ammonium sulfate 

saturation. Line 6: resuspended protein pellet at 40% ammonium sulfate 

precipitation. Line 6: supernatant at 40% ammonium sulfate saturation. Line 7: 

resuspended protein pellet at 45% ammonium sulfate precipitation. Line 8: 

supernatant at 45% ammonium sulfate saturation.  
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3.4 DISCUSSION 

Based on the SDS-PAGE results, a substantial amount of alpha synuclein was able to be 

obtained from 3-hour induction at 37 °C. While the expression level of the Tau was significantly 

lower compared with alpha synuclein. Based on the preliminary expression optimization of Tau, 

induction at 30°C for 3 hours resulted in the highest expression level. There were no leaky 

expression issues occurred for both alpha synuclein and Tau. Notably, the expression level of 

Hsp27 WT is the highest among all the proteins. In comparison to induce at 30°C or 37°C, low 

temperature overnight induction significantly enhanced the Hsp27 WT solubility and maintained 

a high protein expression level. Interestingly, the expression condition of Hsp27 constitutively 

active serine mutant was very similar to those of the Hsp27. However, in contrast to the Hsp27 

WT, a faint band around 27 kDa was observed in the second line on the SDS-PAGE of 

uninduced samples of the Hsp27 constitutively active serine mutant, indicating the occurrence of 

leaky expression. In comparison to the expression levels observed in the induced sample on line 

3, the extent of leaky expression in uninduced samples was relatively negligible. Given that 

leaky expression is a common issue with the pET expression system, these findings suggest that 

additional optimization may not be necessary to completely inhibit this phenomenon.  

 The SDS-PAGE results obtained from the ammonium sulfate precipitation demonstrated 

that approximately 90% of Tau presented in the cell lysate was successfully precipitated at 30% 

ammonium sulfate saturation, as evidenced by the dominant band observed at around 110 kDa in 

line 2 of Figure 3.5. However, approximately 10% of the Tau remained in the supernatant even 

after precipitation at this saturation level. Based on the results of line 5, all the Tau was able to 

be collected through ammonium sulfate precipitation at 35% saturation. Similarly for alpha 

synuclein, the initial ammonium sulfate precipitation step at 35% saturation resulted in the 
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precipitation of about 80% of the protein, as indicated by the dominant band around 14.5 kDa in 

line 4 of Figure 3.6. However, there was still about 20% of the protein remaining in the cell 

lysate. To recover this residual protein, the cell lysate was subjected to another round of 

ammonium sulfate precipitation at 40% saturation, resulting in the band shown in line 6 of 

Figure 3.6. 

 Through exploiting E. coli expression system, all the targets protein successfully 

overexpressed and remain in soluble native conformation. After the initial ammonium sulfate 

precipitation, the proteins of interest were able concentrated from the protein mixture and briefly 

purified. The flash freeze resuspended ammonium sulfate precipitation protein pellet was ready 

for the downstream protein chromatograph purification.  
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Chapter 4: Protein Chromatography Purification 

4.1 BACKGROUND OF PROTEIN CHROMATOGRAPHY 

 In order to perform the enzymatic or structural investigation of target protein, protein has 

to be purified from crude mixture to reach high purity to eliminate impact from undesired 

proteins. In recent years, Fast protein liquid chromatograph (FPLC) has emerged as the robust 

approach to extract protein of interest from the protein mixture in modern biochemistry research. 

This approach is able to reproducibly purify a variety of biomolecules with high resolution. The 

system can precisely load the protein mixture referred to as mobile phase to interact with the 

stationary phase which is the column composed of microscopic resin with the sample pump to 

separate the target protein from crude protein mixture.[62] Conventional chromatography used 

for protein purification includes ion exchange chromatography, size exclusion chromatography, 

affinity chromatography, and hydrophobic interaction chromatography. Each type of 

chromatography exploits a distinct property such as the net charge, hydrophobicity and overall 

size and shape of the target protein and can be used alone or in combination to achieve the 

desired purity. Once protein is loaded to the purification column, protein will either bind to the 

chromatograph column or pass through it. Under the designated condition, the target protein will 

elute out from the column resulting in a unique elusion profile can be monitored by a highly 

sensitive UV detector. In general, there are serval type of chromatographs which can be 

exploited for the protein purification. In order to reach high resolution and preserve protein 

native conformation, it is imperative to carefully select the appropriate type of and the 

purification condition has to be carefully optimized accordingly. 

 Ion exchange chromatography is broadly utilized approach for the initial purification of 

crude protein samples. This technique is particularly effective for separating proteins according 
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to the overall surface charge difference of protein. The ion exchange column is compatible with 

fast flow rate, routinely used salts, which make its idea for initial stage purification. The 

separation process is dictated by the degree of protein interaction to the compatible ion exchange 

column. [63] In order to achieve optimal separation resolution, numerous parameters have to be 

carefully considered such as buffer pH, ionic strength and type of resin for each target protein. 

[64] Ion exchange chromatography can be classified as two categories, the anion exchange 

chromatograph and cation exchange chromatography. The name indicates the charge of the 

column that target of biomolecular can bind to. The anion exchange column is packed with 

positive charged functional group which enable the overall negative charged protein to bind to it. 

The common positive charged functional group for strong anion exchange is quaternary 

ammonium, which enables superior separation in broad range of pH. On the other hand, the 

sulfonic acid or carboxymethyl negative charged functional group are frequently exploited for 

the cation exchange column. In order to perform the ion exchange chromatography, the overall 

net charge of target of protein under working pH must be determined. The isoelectric point (PI) 

is the critical property of target protein to dictate protein overall surface charge. This property is 

determined via the sum of dissociation constant values of the individual primary amino acid 

sequence. Based on preliminary research, the theoretical calculated PI based on the primary 

amino acid sequence matches with the experimental investigated value. Various computational 

programs have been applied to precisely estimating protein overall net charge for the 

downstream applications.[65] 

Elution of bound proteins in ion exchange chromatograph is dependent on the salt 

concentration of buffer, specifically the overall ionic strength. Protein mixtures are prepared in 

the appropriate equilibration buffer with very low ionic strength and an ideal pH environment, 



38 

which allow charged protein binding to the column, while proteins with zero charged or same 

charged as resin protein will flow through the column. Then, the ion exchange column is washed 

with the equilibration buffer to remove nonspecifically bound proteins. The elution is conducted 

through increasing the amount of salt in the buffer, which disrupts the ionic interaction between 

bound protein to the resin. Since proteins have various levels of charge, the protein with lower 

charged will elute earlier. At a specific salt concentration, the target protein will elute out from 

the column and subjected for downstream experiments.    

Size elution chromatograph (SEC) is complementary technique frequently used in 

conjunction with Ion exchange chromatograph to further purify the target of protein. Moreover, 

SEC has been utilized for aggregation assessment and protein size validation.[66] Size elution 

chromatograph is able to separate the protein based on their size and shape. Size elution 

chromatograph column is packed of microscopic agarose beads which have many porous on the 

surface. The smaller protein is able to enter the pores and travel through the entire column. While 

the larger globular protein will bypass the agarose bead resulting in earlier elusion. Thus, larger 

proteins are excluded and pass around the beads. As a result, proteins are eluted in order of 

decreasing size, with the smallest proteins eluting last. Additionally, SEC can be exploited to 

evaluate the size and oligomeric state of protein complexes, making it a potent technique in 

structural biology research. However, intrinsic disordered protein or elongated folded protein 

may have physical shape that are not proportional to their molecular weight, leading to earlier 

elution than expected. The entire separation is dictated on the size of the pores and to reach 

highest resolution, the effective separation range of the SEC column must be compatible to the 

size of the target protein.[67] In addition to its role in final polishing step, SEC is frequently 
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utilized for the buffer exchange process as well. SEC only requires one type of elution buffer that 

is dictated by the downstream experiment condition.  

 Hydrophobic interaction chromatograph is another conventional technique which enables 

the analytical scale purification of the crude protein mixture. Unlike the ion exchange 

chromatography, hydrophobic interaction chromatography separate proteins according to the 

hydrophobicity differences. The hydrophobic column is packed with the resin which covalently 

linked to various of hydrophobic function ligand such as t-Butyl or other aromatic functional 

group. The protein mixture is prepared in the high salt buffer, which enhances the binding to the 

resin. In general, the linear decreasing of salt concentration is applied to elute out the target 

protein. As the salt concentration decreases, the solvation of protein increases. The least 

hydrophobic protein will elute from the column earlier than the relative hydrophilic one. Due to 

the robust performance, the hydrophobic interaction chromatography can substitute the ion 

exchange chromatography as the initial purification. The elution then can be concentrated to 

small volume and further purified by the SEC. The high concentration salt can be exchanged to 

the desired buffer for the following process.  
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4.2 MATERIAL AND METHOD 

 Alpha synuclein was purified via dissolving 1mL of flash freeze ammonium sulfate prep 

in the 20 mL Ion exchange buffer A. The diluted protein mixture is loaded to the 5mL HiTrap Q 

column pre-equilibrated with Ion exchange buffer A. The column was washed with 25mL (5 

column volumes) of buffer A. The elution was performed through step gradient. The first elution 

was set at step gradient of 18% ion exchange buffer B (20mM Tris, 1M NaCl, pH=7.5) for 6 

column volumes. The second step was set at 22% of buffer B for an additional 6 column 

volumes. The fractions were collected at 25 mS/cm and concentrated to 1mL using an 

MilliporeSigma™ Amicon™ Ultra-15 Centrifugal Filter Units. The concentrated protein was 

diluted to the 10mL of hydrophobic buffer A and loaded to the pre-equilibrated 5mL HiTrap 

Butyl HP column (GE Healthcare). The elution was executed through an ammonium sulfate 

linear gradient from 1.5 M to 0 M over 20 column volumes. The fractions were collected at 150 

mS/cm conductivity and concentrated to 500 µl. The concentrated protein was loaded onto a 

Superose 6 Increase 10/300 GL (GE Healthcare) gel filtration column with 0.4 ml/minute flow 

rate. The fractions from 27 to 35 were collected and concentrated to 300uL. The purified protein 

concentration was evaluated through Pierce™ BCA Assay (Thermo Fisher Scientific). The 

fractions collected from each chromatograph was verified by running through the 10% SDS-

PAGE gel at 210 V for 40 minutes.  

 Tau was purified via dissolving 2mL of flash freeze ammonium sulfate prep in the 75 mL 

Ion exchange buffer A. The diluted protein mixture is loaded to the 5mL HiTrap SP (GE 

Healthcare) column pre-equilibrated with Ion exchange buffer A. The column was washed with 

25mL (3 column volumes) of buffer A. The elution was performed through step gradient. The 

first elution was set at step gradient of 18% ion exchange buffer B (20 mM Tris, 1 M NaCl, 1 
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mM EDTA, pH=6.9) for 6 column volumes. The second step was set at 22% of buffer B for an 

additional 6 column volumes. The fractions were collected at 25 mS/cm and concentrated to 500 

uL using an MilliporeSigma™ Amicon™ Ultra-15 Centrifugal Filter Units. The concentrated 

protein was loaded onto a Superose 6 Increase 10/300 GL (GE Healthcare) gel filtration column 

with 0.4 ml/minute flow rate. The fractions from 19 to 26 were collected and concentrated to 100 

µL. The purified protein concentration was evaluated through Pierce™ BCA Assay (Thermo 

Fisher Scientific). The fractions collected from each chromatograph was verified by running 

through 7.5% SDS-PAGE gel at 210 V for 40 minutes.  

 Human Hsp27 WT and Hsp27 constitutively active mutant were purified through 

identical approach. Hsp27 WT or mutant was purified via dissolving 1mL of flash freeze 

ammonium sulfate prep in the 20 mL Ion exchange buffer A. The diluted protein mixture is 

loaded to the double 5mL HiTrap Q column pre-equilibrated with Ion exchange buffer A. The 

column was washed with 25mL (5 column volumes) of buffer A. The elution was performed 

through linear gradient from 0 M to 1 M over 10 column volume. The fractions were collected at 

20 mS/cm and concentrated to 500 µL using an MilliporeSigma™ Amicon™ Ultra-15 

Centrifugal Filter Units. The concentrated protein was loaded onto a Superose 6 Increase 10/300 

GL (GE Healthcare) gel filtration column with 0.4 ml/minute flow rate. The fractions from 28 to 

39 were collected and concentrated to 250 µL. The purified protein concentration was evaluated 

through Pierce™ BCA Assay (Thermo Fisher Scientific). The fractions collected from each 

chromatograph was verified by running through the 12.5 % SDS-PAGE gel at 210 V for 40 

minutes.  

 MAPKAPK2 was purified via dissolving 1mL of flash freeze ammonium sulfate prep in 

the 20 mL Ion exchange buffer A. The diluted protein mixture is loaded to the 5mL HiTrap SP 
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(GE Healthcare) column pre-equilibrated with Ion exchange buffer A. The column was loaded 

with 20mL (4 column volumes) of buffer A. The elution was performed through linear gradient 

from 0 M to 1M over 20 column volumes. The fractions were collected at 25 mS/cm and 

concentrated to 500 µL using an MilliporeSigma™ Amicon™ Ultra-15 Centrifugal Filter Units. 

The concentrated protein was loaded onto a Superose 6 Increase 10/300 GL (GE Healthcare) gel 

filtration column with 0.4 ml/minute flow rate. The fractions from 19 to 26 were collected and 

concentrated to 200 µL. The purified protein concentration was evaluated through Pierce™ BCA 

Assay (Thermo Fisher Scientific).  
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4.3 RESULT 

 Ion exchange chromatogram and SDS-PAGE analysis of alpha synuclein was employed 

to evaluate the purity of target protein. Alpha synuclein was observed at 14.5 kDa and was eluted 

out at second peak with 22% buffer B step gradient. The fraction from F32 to F42 was collected, 

mixed with SDS sample buffer, and analyzed using SDS-PAGE gel. The SDS-PAGE gel Figure 

4.2 demonstrated the purity of alpha synuclein from Ion exchange column was proximately 80% 

purity, with the most dominant band around 14.5 kDa representing target protein. Several bands 

representing impurity proteins were also visible. The collected fractions were concentrated for 

the hydrophobic interaction chromatograph in order to reach over 95% purity for downstream 

experiments. 

 

 

Figure 4.1 Ion exchange chromatography of alpha synuclein 
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Figure 4.2 12.5 % SDS-PAGE of alpha synuclein fractions from Ion exchange column  

 

Hydrophobic chromatogram revealed the elution profile of alpha synuclein, where a 

linear salt gradient was applied to elute the target protein. Fractions from F36 to F50, which 

eluted at 150 mS/cm conductivity, were found to contain the alpha synuclein. The SDS-PAGE 

gel Figure 4.4 demonstrated the alpha synuclein from hydrophobic column had a purity of 

proximately 93%. 

 

Figure 4.3 Hydrophobic interaction chromatography of alpha synuclein 
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Figure 4.4 12.5% SDS-PAGE of fractions from hydrophobic interaction column 

 

SEC chromatogram demonstrates the elution of alpha synuclein with dominant peak at 

14.5 mL retention volume. A smaller protein eluted at a retention volume of 20 mL, representing 

a contaminant. The fractions from F6 to F14 was analyzed via of the SDS-PAGE gel to assess 

the purity. The resulting SDS-PAGE gel Figure 4.6 demonstrated the purity of alpha synuclein 

from SEC column was greater than 96% purity.  

 

Figure 4.5 size exclusion chromatography of alpha synuclein 
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Figure 4.6 12.5% SDS-PAGE of fractions from SEC column 

 

Ion exchange chromatogram of demonstrated that Tau eluted out at second peak with 

20% buffer B step gradient. The fraction was mixed with SDS sample buffer and analyzed using 

SDS-PAGE gel. The SDS-PAGE gel Figure 4.2 demonstrated the purity of Tau from Ion 

exchange column was proximately around 80% purity. The most dominant band around 110 kDa 

represented Tau, while there were multiply bands around 70kDa represented the impurity protein 

could be clearly observed. The fractions were collected and concentrated for the size exclusion 

column in order to reach a purity over 95% for downstream experiments. 

 

Figure 4.7 Ion exchange chromatography of Tau 
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Figure 4.8 10% SDS-PAGE of fractions from ion exchange column 

 

SEC chromatogram demonstrates the elution of Tau with the most dominant peak at 12.5 

mL retention volume. Other peaks shown represented the elution of contaminant protein. The 

fractions from F19 to F26 was assessed the purity through the SDS-PAGE analysis. The SDS-

PAGE gel Figure 4.6 demonstrated the purity of Tau from SEC column was higher than 95% 

purity. 

 

Figure 4.9 size exclusion chromatogram of Tau 
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Figure 4.10 10% SDS-PAGE of fractions from size exclusion column 

 

It is worth noting that both Hsp27 WT and triple serine mutant proteins display similar 

elution profiles in the ion exchange chromatogram. The fraction from F17 to F25 was mixed 

with SDS sample buffer and analysis through the SDS-PAGE electrophoresis. The SDS-PAGE 

gel Figure 4.11 demonstrated the purity of Hsp27 triple serine mutant from Ion exchange column 

was proximately around 90% purity. The most dominant band around 27 kDa represented Hsp27 

protein.  

 

 

Figure 4.11 Ion exchange chromatogram of Hsp27 
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Figure 4.12 10% SDS-PAGE of fractions from ion exchange column 

 

Size exclusion chromatogram demonstrated the elution profile of Hsp27 WT and triple 

serine mutant. The Hsp27 was observed to elute at 12 mL retention volume, while Hsp27 triple 

serine mutant eluted at 15 mL retention volume. The fraction was mixed with SDS sample buffer 

and analyzed use SDS-PAGE gel. The SDS-PAGE gel Figure 4.11 demonstrated the purity of 

Hsp27 from Size exclusion chromatograph was proximately around 95% purity, with the most 

dominant band around 27 kDa represented Hsp27 protein.  

 

 

               Figure 4.13 Comparison of size exclusion chromatography of Hsp27 WT with Hsp27 

triple serine mutant  
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Figure 4.14 12.5% SDS-PAGE of fractions from size exclusion column 

 

 

4.4 DISCUSSION 

 Through the combination of different types of chromatography, all the target proteins 

were able to reach high purity ready for structural and functional study. Alpha synuclein 

achieved a purity of over 98%, with a yield of approximately 8.5mg protein per liter of cell 

culture. There was no protease induced degradation or aggregation observed during the entire 

purification process. The purified alpha synuclein was ready for the fiber formation assay. The 

purity of Tau was 95% purity which was slightly lower compared to the alpha synuclein. Based 

on preliminary expression optimization, induction performed at 30 °C with 1mM IPTG was able 

to reach highest yield. Around 2mg Tau was able to be obtained from each liter cell culture. The 

final purity of Hsp27 WT and Hsp27 triple serine mutant was both above 95%. Approximately 

9mg of each protein was able to be extracted from each liter cell culture. The almost identical 

elution profile demonstrated from Ion exchange chromatogram indicated that the similar surface 

charge profile of Hsp27 WT and Hsp27 triple serine mutant. However, the size exclusion 

chromatogram depicted the significant size difference between two proteins. The notable peak 

shift could be observed in the size exclusion chromatogram. In size exclusion chromatography, 
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the order of elution is determined by the overall size and shape of the protein complex. The 

larger protein will elute earlier than the smaller one. The constitutive active mutant mutated 

contained three aspartic acids, which mimicked the natural phosphorylation of Hsp27 WT. 

Phosphorylation of Hsp27 WT with MAPKAPK2 would cause disassembly of larger oligomer 

complex into the dimeric complexes. The encoded protein from Hsp27 constitutively active gene 

that could only form homogenous dimer not the natural large oligomer. The preliminary Hsp27 

activity assay demonstrated the almost identical chaperone activity for inhibition of natural 

substrate protein aggregation for phosphorylated Hsp27 WT and Hsp27 constitutively active 

serine mutant.  

Overall, based on the established purification protocol, homogenous and stable protein 

was able to be obtained from cell lysate for all the target of proteins in this study. 
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Chapter 5: Structural and Biophysical Characterization 

5.1 BACKGROUND 

Protein enzymatic function is highly correlated with its three-dimensional structure. In 

order to fully understand its activity properties, structural or biophysical characterization is 

frequently employed to investigate protein functional domains. The majority of analysis is 

dependent on investigation of protein folding profile or secondary structure which is directly 

associated to it unique function. [68] Various of structure motif such as Zinc finger, Rossmann 

fold are identified in different proteins which participate in diverse metabolic pathways to 

maintain cellular homeostasis.[69] The interpretation of protein active site has been 

demonstrated the essential step for the advancement of modern drug discovery. The novel 

strategies identified the shape and thermodynamics profile of the protein active site is considered 

one of the most critical criteria for design the inhibitory ligand. Understanding the active sites of 

enzyme allows researchers to advance robust and highly specific drug inhibitors that can target 

disease related proteins while minimizing detrimental effects on normal cells. Thus, protein 

active site interpretation is a fundamental perspective of modern drug discovery, which plays a 

vital role in the advancement of novel treatments for numerous diseases.[70] 

 Dynamic light scattering (DLS) is versatile laser-based approach to reveal size 

distribution profile of molecular complex in solution. Through accurately quantification of the 

Brownian motion of small particles in solution, the hydrodynamic radius profile can be 

determined. The Stokes-Einstein equation is applied to report the hydrodynamic radius of the 

particle which is unproportional to its diffusion coefficients. DLS is frequently exploited to 

characterize the protein dispersion effect with the variation of pH, temperature, or salt 

concentration.[71] Thus, this approach broadly utilized in thermos on ionic strength induced 
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protein conformational change research. The traditional DLS instrument is primarily composed 

of two parts, the laser beam and scatter signal detector as shown in Figure 5.1. The sample is 

placed in cuvette and illuminated with a laser beam. The corrected scatter signal is captured 

through the high sensitivity detector.[72] 

 

Figure5.1: Traditional Dynamic light scattering schematic diagram [73] 

 

The detector will demonstrate the rate of fluctuation in light intensity which corresponds to the 

rate of diffusion of the particles. Smaller particle is able to diffuse much faster, which causes 

higher light intensity than the larger particle. [74] Due to the less time consuming and 

straightforward sample preparation, DLS is commonly conjugated with SEC or other techniques 

for early-stage structural characterization.   

 In order to achieve comprehensive understand of the protein structural information, it is 

crucial to obtain high atomic resolution structure. X-ray crystallography has been the most 

dominant structure investigation technique for several decades. The process involves purifying a 

high concentration of the protein of interest and crystallizing it. The crystals are then subjected to 

a high-energy X-ray beam, and the diffraction pattern reveals symmetry information and 

diffraction spots, which can be used to calculate the electron density map. With the appropriate 
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sample crystallization and data processing, the final resolution of macromolecular can higher 

than 3 A. [75,76] While, the primary obstacle of X-ray crystallography is the time-consuming 

protein crystallization process which is still not entirely clear. To purify high quality and 

homogenous protein sample is the quintessential process for crystallization. Furthermore, a great 

deal of elements such as temperature, pH environment, ionic strength and presence of additives 

must be considered in order to generate the crystal as well.[77] Even though tremendous effect 

and time has been invested in this step, protein crystallization is still not guaranteed for certain 

type of protein such as intrinsic disordered protein. The common approach to execute structural 

investigation of intrinsic disordered protein is through cleavage of the intrinsic disordered 

domain to reveal the structure information of central well-defined domain. While numerous 

research have been demonstrated the drastic enzymatic activity change of truncation mutant 

compared with wild type full length disordered protein, which indicates the significance of 

intrinsic terminus in terms of modulation interaction with natural substates.  

 The revolution of sample preparation, data processing and direct detection camera 

enables researchers to obtain near atomic resolution micromolecular complex with Cryo-electron 

microscope.[78] Unlike the traditional light microscope which utilizes photos for the source of 

radiation, the electron serves as imaging source for the electron microscope.[79] The accelerated 

electrons pass through the specimen in the near vacuum column. Then the scattered electrons 

converged by electromagnetic lens are able to be captured by the image plane. While, both near 

vacuum environments and high energy electrons is able to completely denature the biological 

samples. Thus, protein sample must be preserved before imaging via the electron microscopy. 

Plunge freezing is the process to freeze biological sample through submerging in the cryogen, 

which preserve protein in their near native conformation. The liquid ethane or propane are the 
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typical cryogen used for plunge freeze. Due to the extremely rapid freezing process, the bulky 

ice crystals are not able to form and the samples is embedded in the amorphous ice which is able 

to protect protein from electron radiation. This approach has been considered as the golden 

standard for Cryo-EM sample preparation.[80] Currently, the commercially available semi-

automatic Vitrobot or manual blunge freeze workstation is able to accurately and reproducibly 

prepare the high-quality specimen for the Cryo-EM 3D reconstruction.  

 Negative stain is an alternative approach for transmission electron microscope sample 

imaging. Through staining specimen with contrast enhancing heavy metal reagent, this technique 

enables straightforward and less time-consuming initial data screening. Negative staining is 

frequently applied to rapid assess biological sample stability and homogeneity before targeting 

for cyro sample preparation.[81] The conventional contrast enhancing staining reagent is uranyl 

acetate, uranyl formate. These reagents usually are prepared in MilliQ degassed water to reach 

1% to 2% final working concentration. [82] For negative stain, the biological sample is absorbed 

onto the surface of grid and blotted with compatible filter paper. The heavy metal reagent then 

stain the grid to promote the contrast when imaging. Compared with cryo frozen sample, the 

negative stain sample is able to generate relative higher contrast. The high contrast is contributed 

from the difference of electron dense between biological sample and surrounding stain reagent. 

The background appears darker primarily because stain is able to scatter more electrons. While 

the target of protein will show in lighter arear due to less electron scattering.[83] One of the 

major drawbacks of this approach is the low working pH of heavy metal stain reagent, which 

will potentially lead to fragile protein complex disassembled. Certain types of protein must skip 

the negative stain initial screening and directly optimize with cryo sample. If significant presence 
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of aggregation or partially denatured complex in the negative stain image was observed, the 

protein extraction and purification process had to be reoptimized accordingly.  

5.2 MATERIAL AND METHOD 

5.2.1 Alpha Synuclein Aggregation Assay 

250µL of 300µM purified alpha synuclein was diluted in aggregation buffer (20mM Tris-

base and 150mM KCl pH=7.5). All samples were loaded into 500µl Eppendorf tube and sealed 

with parafilm. The aggregation reaction was performed at 37 °C with constant agitation at 700 

rpm for 160 hours. The aggregation product was stored in 4°C for short term storage. Twenty 

microliters of α-synuclein were obtained directly from the aggregation assay and diluted 1:4 with 

dH2O. Three microliter samples were incubated on glow-discharged carbon-coated copper 

grides for 15s. Then 2% uranyl acetate was applied to stain the samples twice followed by 2% 

methylamine tungstate staining. The grid was imaged on the JOEL JEM 3200FS transmission 

electron microscope. Images were acquired at a magnification of 100,000x with a 0.3 second 

exposure in a Gatan® CCD camera. 

5.2.2 Tau Fiber Formation Assay 

 Tau proteins (3.0 mg/ml) were incubated with heparin (400 µg/mL) in 30 mM HEPES, 

100 mM NaCl, pH 7.2, 1 mM AEBSF, and 4 mM TCEP at 37°C with constant agitation at 220 

RPM for 95 hours. Twenty microliters of Tau were obtained directly from the aggregation assay 

and diluted 1:2 with dH2O. Three microliter samples were incubated on glow-discharged 

carbon-coated copper grides for 10s. Then 2% uranyl acetate was applied to stain the samples 

twice followed by 2% methylamine tungstate staining. The grid was imaged on the JOEL JEM 

3200FS transmission electron microscope. 
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5.2.3 DLS Measurement 

All the dynamic light scattering measurements were executed with Malvern Zetasizer 

instrument. The protein sample were diluted to 0.3 mg/mL with desired SEC buffer. For the DLS 

measurement of Hsp27 WT and Hsp27 constitutive active mutant, the DLS instrument was 

preequilibrated at 25 for 1 minute. Subsequently, 50 µL of diluted sample was transferred in 

disposable cuvette and equilibrated at 25 °C for 1 minute. The preset measurement program was 

used to perform triplicate measurement automatically.  

5.2.4 Hsp27 Fiber Complex Assemble Assay 

 2 mg/mL Hsp27 triple serine mutant were incubated with 3 mg/mL tau fiber and 3 

mg/mL alpha synuclein fiber at 25 °C for 1 hour. The resulting reaction was centrifuged at 

14,000xg with benchtop centrifuge at room temperature for 5 minutes. The supernatant was 

discarded and precipitated pellet was resuspended. The 5uL supernatant and pellet was mixed 

with SDS sample buffer and run at 10% SDS-PAGE gel at 220 V for 45 minutes. Three 

microliters of resuspended pellet were incubated on glow-discharged carbon-coated copper 

grides for 10s. Then 2% uranyl acetate was applied to stain the samples twice followed by 2% 

methylamine tungstate staining. The grid was imaged on the JOEL JEM 3200FS transmission 

electron microscope. 

 

 

 

 

 

 



58 

5.3 RESULT 

 The negative stain image acquired at 100,000 magnifications depicted the final alpha 

synuclein fiber formation product Figure 5.1. The image revealed individual well separated 

fibers, which displayed two major conformations, implied the rod shape and twister fiber, 

consistent with previous research.[84] The width of the individual fiber is around 10nm.  

 

 

Figure 5.2 Negative stain image of alpha synuclein fiber 
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The negative stain image, acquired at 100,000 magnifications demonstrated the heparin 

induced Tau filament formation product as shown in Figure 5.2. The image depicted individual 

well separated Tau fiber. The snake like and hose like complex represent the two conformations 

of Tau fiber that have been described from preliminary research.[85] The width of the individual 

fiber is around 4nm.  

 

 
 

Figure 5.3 Negative stain image of heparin induced Tau fiber. 



60 

The dynamic light scattering (DLS) results provide valuable insights into the average size 

of Hsp27 constitutively active triple serine mutant and Hsp27 WT. The green curve corresponds 

to the Hsp27 triple serine mutant with the average size of 7.5nm while the red curve represented 

Hsp27 WT indicated the average size 13nm. Notably, the clear peak shift could be observed, 

which indicated the homogenous dimer of Hsp27 triple serine mutant. 

 

 
 

 

Figure 5.4 DLS analysis of Hsp27 triple serine mutant and Hsp27 WT 

 
 

 The SDS-PAGE analysis demonstrated the co-sedimentation assay result with the first 

line representing the supernatant sample and the second line represented the resuspended pellet. 

The top band represented the intact alpha synuclein fiber, which was unable to enter the 

resolving gel. The dominant band around 27 kDa in both first and second line was indicative of 

Hsp27 triple serine mutant. Additionally, the band at around 14.5 kDa was observed, which 

represented the alpha synuclein monomer.  
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Figure 5.5 SDS-PAGE of alpha synuclein and Hsp27 triple serine mutant co-sedimentation assay 
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5.4 DISCUSSION 

 The negative stain image clearly provided visualization of the mature alpha synuclein 

fiber morphology with the rod and twist shapes being the most prevalent conformation. Based on 

the fiber growth conditions optimization, the condition outlined in the methods section led to the 

formation of well separated fiber, enable the downstream Hsp27 binding assay. Compared with 

alpha synuclein fiber, the morphology of Tau fiber exhibited distinct difference. There were four 

conformations of fiber observed from negative stain image, which has been illustrated from 

previous work.[86] The most dominant conformation was snake like shape fiber. The width of 

snake morphology fiber was estimated 4nm. Furthermore, approximately 10% of Tau fiber was 

in hose shape. The sigmoid hose fiber was clearly wider and shorter than the snake shape fiber. 

Even though the morphology of recombinant tau fiber was observed quite similar to the fiber 

extracted from brain sample, the high-resolution structures revealed the ineligible difference 

between two types of the fibers. Overall, we were able to obtain well separated alpha synuclein 

fiber and tau fiber, which was the prerequisite for the helical reconstruction.  

 Under physiological condition, Hsp27 WT forms a large polydisperse oligomer. Hsp27 

WT phosphorated via MAPKAPK2 is able to lead large oligomer to dissociate to dimeric 

complex, but a great deal of small oligomer was still able to be observed under negative stain 

image. The polydispersity of the phosphorylated Hsp27 causes it unfeasible to reach high 

resolution with cryo-EM reconstruction. The triple serine mutant which is dominant in dimeric 

conformation is frequently applied to mimic Hsp27 stress induced phosphorylation. Preliminary 

research has suggested that the chaperone activity was similar to the phosphorylated Hsp27.[87] 

Thus, Hsp27 triple serine mutant was exploited in this study. The DLS analysis demonstrated the 

significant size difference between Hsp27 WT and Hsp27 triple serine mutant. The sharp and 

narrow peak indicated the monodispersed property of Hsp27 mutant. 

 Even though Hsp27 has been demonstrated to bind with alpha synuclein to inhibit its 

aggregation, whether Hsp27 is able to form complex with alpha synuclein fiber still needs to be 
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investigated. Co-sedimentation assay were employed to verify the competent of Hsp27dimer to 

bind with alpha synuclein fiber to generate a stable complex. The SDS-PAGE analysis depicted 

the protein distribution after centrifugation. The majority of alpha synuclein fiber precipitated in 

the pellet as shown in the second wells of Figure 5.4. The SDS sample buffer insoluble alpha 

synuclein fiber remained in the top part of the resolving gel. The co-sedimentation of Hsp27 and 

alpha synuclein fiber could be clearly observed on the SDS-PAGE gel. The residual Hsp27 

shown in the supernatant indicated that the excess amount of Hsp27 was applied for the complex 

assemble. For future study, the final concentration of Hsp27 can be optimized accordingly. 

Due to intrinsic disorder of Hsp27 N terminus, the high atomic resolution still remains 

elusive. Neither cryo-EM or X-ray crystallography was unfeasible to reveal the structure 

information of N terminus of Hsp27. Preliminary co-sedimentation assay and florescence 

experiment suggested that the dimeric Hsp27 was able to bind to the alpha synuclein and Tau 

fiber via N terminus, which temporarily locked disordered domain to form well defined, ordered 

structure. Even though the size of dimeric Hsp27 approximately 54 kDa which still below the 

detection limit of robust digital detect camara, the reconstruction of entire fiber-Hsp27 complex 

was able to show the high-resolution structure of whole Hsp27 complex.  

 

5.5 FUTURE DIRECTION 

It is critical to optimize the conditions for the co-sedimentation assay to ensure that the 

interaction between Tau fiber and Hsp27 mutant is highly stable. The different protein 

concentrations and buffer conditions need to be investigated to find the optimal conditions for 

complex formation. Once the optimal assemble conditions have been determined, negative stain 

screening can be exploited to ensure that the fiber-Hsp27 complex is well-separated and suitable 

for cryo-EM imaging. Cryo-EM reconstruction will reveal high-resolution structural information 

about the Tau fiber-Hsp27 complex, which will aid to elucidate the fundamental mechanism of 

interaction between Hsp27 to neurodegenerative disease related protein. 
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