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Huntington’s disease is a progressive, autosomal dominant neurodegenerative disease caused 

by dramatic CAG repeat expansion in exon 1 of the Huntington (HTT) gene. More than 36 

CAG repeats lead to the generation of mutant HTT (mHTT) fragments. These amino-terminal 

mutant HTT fragments result in misfolded proteins that give rise to oligomers and subsequent 

aggregate formation in relevant brain areas. Available therapies mainly focus on ameliorating 

the symptoms of the disease. Therefore, therapeutic interventions which can delay the onset 

of disease are imperative for halting disease progression. Peptide-based drug therapy provide 

such a platform. Previously in our lab, candidate ligand peptides were screened against both 

willd type (Htt-Q25) and mHTT fragments such as Htt-Q46, and Htt-Q103. This was done 

using different display technologies  

This work focuses on the in vitro characterization of those selected peptides. Fibril formation 

was observed in real-time using Thiofllavin T assay. Selected peptides were added to check 

their effect on fibril formation by change in fluorescence signal. The effect of peptides on fibril 

formation was also studied using Atomic Force microscopy. 3 of the 6 selected peptides 

(HHGANSLSLVSQD), (HGLHSMHNKLTR) and (WMFPSLKLLDYH) successfully 

showed a blocking in aggregation. These s
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tudies show that the selected peptides are affective for inhibiting the aggregation of fibrils in 

mHTT proteins.  
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      Huntington hastalığı, Huntington (HTT) geninin ekson 1'inde dramatik CAG tekrar 

genişlemesinin neden olduğu ilerleyici, otozomal dominant nörodejeneratif bir hastalıktır. 

336'dan fazla CAG tekrarı, mutant HTT (mHTT) fragmanlarının üretilmesine yol 

açmaktadır. Bu amino-terminal mutant HTT fragmanları, ilgili beyin bölgelerinde 

oligomerlere ve müteakip agregasyon oluşumuna yol açan yanlış katlanmış proteinlerle 

sonuçlanır. Mevcut tedaviler esas olarak hastalığın semptomlarını iyileştirmeye odaklanır. 

Bu nedenle, hastalığın başlangıcını geciktirebilecek terapötik müdahaleler, hastalığın 

ilerlemesini durdurmak için zorunludur. Peptid bazlı ilaç tedavisi böyle bir platform sağlar. 

Daha önce laboratuvarımızda aday ligand peptitleri, hem doğal fenotipi (25Q-Htt) hem de 

46Q-Htt ve 103Q-Htt gibi mHTT fragmanlarına karşı taranmıştı.  

 

      Bu çalışma, seçilen peptitlerin in vitro karakterizasyonuna odaklanmaktadır. Thioflavin T 

tahlili kullanılarak gerçek zamanlı olarak fibril oluşumu gözlemlenmiştir. Floresan 

sinyalindeki değişiklikle fibril oluşumu üzerindeki etkilerini kontrol etmek için seçilen 
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peptitler eklenmiştir. Peptitlerin kümelenme kinetiği üzerindeki etkisi Atomik Kuvvet 

mikroskobu kullanılarak da incelenmiştir. Seçilen 6 peptitten 3’ünün 

(HHGANSLSLVSQD, HGLHSMHNKLTR ve WMFPSLKLLDYH) agregasyonu başarılı 

bir şekilde bloke ettiğini gösterilmiştir. Bu çalışmalar, seçilen peptitlerin, mHTT 

proteinlerinde fibrillerin toplanmasını inhibe etmede etkili olduğunu göstermektedir.

 

Anahtar Kelimeler: HUNTINGTON HASTALIĞINDA, PEPTİT TERAPİLERİ 
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CHAPTER 1  

1 Introduction 

A chronic neurological disorder that causes choreatic movements, behavioral disturbances, and 

dementia, Huntington's disease (HD) is caused by a malfunctioning nervous system [1].  Its an 

age-onset neurodegenerative disease, and has been a subject of scientific and medical 

fascination for decades [2]. 

1.1 Huntington’s disease background 

HD patients may experience subtle involuntary movements, executive function difficulties, and 

depression in the early stages [1]. In 1872, The classic description of HD by George Huntington 

(Huntington, 1872) sparked widespread interest. HD can still be diagnosed based on movement 

disorders, emotional disturbances, and cognitive impairment from a clinical trial that clarifies 

the familial basis and gives insight into the clinical trial findings. The majority of patients with 

this condition remain independent, but assistance becomes more necessary as the disease 

progresses. Due to their lack of voluntary motor control and uncontrollable involuntary 

movements, HD patients can become bedridden, require feeding tubes, and cannot speak [1]. 

As dementia progresses, it often affects all aspects of cognition at this stage in its progression 

[27]. The most common reason of death is infections, specifically aspiration pneumonia, which 

occurs 18 years after symptoms begin [28]. 

1.1.1 Epidemiology 

Worldwide, every 2.7 per 100,000 people are directly affected by HD [25]. People from 

Western countries tend to have the highest prevalence rates, while those from Asian countries 

like Japan, Korea, Taiwan, and Hong Kong tend to have the lowest prevalence rates [30]. The 

HTT gene haplotypes could be responsible for these differences[31]. Since HD is an age onset 
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disease, the symptoms of these conditions often arise gradually and are insidious. Initially, the 

patient may not recognize them for several years before they are diagnosed [42]. 

1.1.2 Molecular Feature: 

The HD gene on chromosome 4p16.3 [10] encodes Huntingtin, a protein of 3136 residues and 

a molecular weight of 360 kDa. An anonymous marker was first used to map HD in 1983 [2]. 

The molecular and cellular mechanisms underlying HD have made significant progress in 

recent years. The advancement of linkage analysis through molecular tools for predictive 

genetic testing [5].The CAG tri-nucleotide repeat expansion, the causative mutation, was 

identified after a decade-long struggle with positional cloning [10].  

In HD, glutamine units (Gln) are repeated near the amino-terminus (beginning at residue 18) 

of huntingtin as a result of the unstable CAG trinucleotide expansion in the first exon [11]. The 

CAG/polyGln expansion of a normal individual varies from 6 to 39 units, whereas the 

expansion of a HD patient varies from 36 to 180 units[12]. PolyGln expansion overlaps 

between normal and pathological ranges, suggesting that HD has multiple causes or that some 

populations are incompletely affected. DNA replication may be disrupted by CAG repetitions 

by forming stable hairpin structures and mismatched duplexes, which may result in replication 

fork slippage [14][15]. Increasing CAG repeats are associated with disease progression, and 

paternal transmission tends to increase them [16].  

 

 

 

 

 

 

 



 3 

 

1.2 Protein aggregation in Huntington disease 

Inheritance of HD is autosomal dominant and located on chromosome 4 (4p16.3). In the HD 

gene coding region, the CAG repeat has expanded [10]. In the HD gene, huntingtin (HTT) 

protein is encoded; the protein is abundant throughout the body, but highest in the central 

nervous system (CNS). A variety of cellular events, including protein trafficking, transporting 

vesicles, and selective autophagy, have been proposed to rely on this protein. The function of 

this device has not yet been fully understood [33]. In subsequent generations, and particularly 

if they are passed down paternally, CAG sequences that exceed 6–26 repetitions may become 

unstable. Typically, individuals with the clinical phenotype have 27 to 35 repeats in their 

genome. It is commonly believed that HD can develop when 36 repeats or more are present, 

although full penetration does not occur until 40 repeats [35]. High CAG repeat counts have 

also been linked to an earlier onset, faster progression of disease, and an increase in severity of 

the disease [36]. A combination of predispositions to HD, as well as environmental factors, 

may contribute to its etiology and progression [37]. 

Figure1. Schematics showing Molecular Pathology of HD 
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A number of neurodegenerative diseases are associated with CAG/polyglutamine expansions 

in coding regions of proteins, such as dentatorubral pallidoluysian atrophy, spinobulbar 

muscular atrophy, and spinocerebellar ataxias. Types 1, 2, 3, (Machado-Joseph disease) and 

types 6 and 7 are among them [17][18][19][20][21]. In these diseases, insoluble nuclear 

inclusions are formed in neurons, disrupting nuclear function and contributing to 

neurodegeneration. This suggests a common cellular basis for regional brain pathologies [22]. 

In the affected brain areas, these aggregates cause cell death and dysfunction, which eventually 

result in severe atrophy [40]. It appears that these aggregates primarily affect the striatum, 

which consists of the caudate nucleus, the putamen, the nucleus accumbens, and the olfactory 

tubercle. Neuronal intranuclear inclusions, or NIIs, have been observed post-mortem in both 

nuclei and cytoplasm of neurons [41]. HD is characterized by prominent striatal atrophy as a 

neuropathological hallmark. As well, select nuclei of the cerebral cortex, cerebellum, 

hypothalamus, hippocampal region, and brain stem have been reported to have atrophy[41]. 

Although the causal relationship between neuronal intranuclear inclusion formation and HD 

has not been proven, the gradual deposition of amyloids in neurons that degenerate in HD 

would be consistent with the late onset and progressive nature of symptoms. Therefore 

elucidation of underlying  molecular mechanisms of amyloid formation and the explanation of  

why the huntingtin protein with an expanded poly(Q) stretch (38–100 and more residues), or 

an N-terminal fragment thereof, aggregates in diseased individuals, whereas the same protein 

with a poly(Q) tract in the normal range (6–37 residues) does not [56]; has attracted  interest 

of scientist worldwide. It has been established that a nucleus that is formed before 

polymerization occurs predicts certain characteristics of the aggregation process, including (i) 

dependence on exceeding a critical protein concentration for the initial formation of aggregates 

and (ii) kinetics displaying a lag phase during which nuclei forms.  

Formation of HDex1p Aggregates Is Nucleation-Dependent.  
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In a typical nucleation-dependent polymerization, polymer is not observed until the monomer 

concentration exceeds a certain critical concentration. Above that level, polymerization does 

not proceed immediately but after a defined time period, or lag time (Jarrett and Lansbury, 

1993). Consistent with these predictions, it was revealed that the in vitro aggregation of 

poly(Q)-containing HDex1 peptides depends on both protein concentration and time [56].  

1.1.2 Etiology 

Protein encoded (HTT) by the gene that plays a role in synaptic function and post-embryonic 

development. In addition to having anti-apoptotic properties, it protects against toxic mutants 

of HTT. Mutant proteins may have both new and lost functions, according to some evidence. 

A number of brain areas contain intranuclear and intracytoplasmic inclusions. The inclusions 

themselves are unknown, however, as to whether they play a role in pathogenesis. Neuronal 

loss, particularly in the striatum, is well known to accompany brain atrophy [23]. 

Those with CAG repeats 36-55 are commonly carriers of the HTT allele. With juvenile-onset 

disease, CAG repeats usually exceed 60. There is no disease phenotype in patients with alleles 

between 27 and 35, but the patient is susceptible to repeat instability [1]. 

 

1.3 Huntington disease therapies 

The therapeutic potential of HD 

In spite of HD's rarity, it receives a great deal of examination attention, in part because it is 

more tractable than other neurodegenerative conditions due to its few features. Firstly, because 

the condition is autosomal dominant, it can be diagnosed almost definitively and even prior to 

death. In vitro and in vivo models can then be accurately developed, and patients can be assured 

that they suffer from a reasonably homogeneous condition. It is rarely possible to make a 

definitive diagnosis in other types of dementia, and autopsy analysis often reveals a mix of 

pathologies. It is also possible to diagnose the condition before symptoms appear, since it is 
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familial. The importance of early diagnosis is that it allows treatment to begin before significant 

neuronal damage occurs, which may make slowing progression even more difficult and make 

it impossible to correct existing deficits by that point in the illness [24].  

Tremendous molecular research has been conducted for understanding the pathology of the 

disease. In laboratories around the world today, cell therapy and gene therapy of HD are not 

just a dream. As a result, it is pertinent to summarize the progress made, particularly in treating 

HD . 

1.3.1 Specific and radical treatments for HD 

Neuroprotective strategies 

Neuroprotective therapies would be most effective in individuals with proven genetic risk 

before symptoms of HD appear because neurodegenerative processes begin long before 

symptoms appear (Hersch and Rosas, 2008). The treatment of mutant Htt itself seems to be an 

attractive therapeutic strategy. Bringing mutant Htt levels down may reduce aberrant protein 

interactions, reducing neurotoxicity in experimental disease models. It was initially shown that 

stopping mutant Htt expression could stop and even reverse HD progression in mice using a 

mutant Htt transgene model as a proof-of-concept [9]. 

Symptomatic and palliative therapies for HD 

Drugs that are A receptor antagonists have shown to reduce choreographic movements and 

psychiatric disorders. [44]. 

Stereotaxic surgery for choreic movements  

Ansa lenticularis, which is the origin of the common path, and globus pallidus (the internal 

segment) are generally targeted during HD surgery [46]. However  In most cases, the outcome 

is not disappointing since the disease is highly progressive. 
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The aforementioned treatments mainly focus on ameliorating the symptoms of the disease but 

not the progression of the disease it-self. Recently Peptide based drug therapeutics that work 

towards halting the disease progression have come into light. 

1.4 Peptide-based therapeutic approach 

The peptide bond links amino acids together in small molecules called peptides. As a result of 

their targeted action and ability to reach difficult-to-reach locations in the body, these peptides 

are considered to have tremendous potential in disease-modifying treatments. Carnosine, a 

peptide found in nature, is currently being researched for treatment of Neurodegenerative 

Disorders (NDDs). Dementia, for example, is under intense research using peptide-based 

vaccines [58]. The use of peptides as therapeutics has a long and successful history in the 

management of disease. Bioactive peptides play a wide variety of roles in biological functions 

and contribute to human health. Antioxidants, antimicrobials, and antithrombotic effects are 

just a few of the therapeutic effects of peptides.  

Peptide-based therapeutic for HD have shown promising results by hampering the 

progression of disease by preventing aggregation.  Some of the highlighted studies in this 

regard as following,; An alpha-helix separated polyQ region (25Q) was found to colocalizes 

with polyQHtt protein aggregates and interacts with them. Drosophila HD models  treated with 

this peptide were able to reduce and delay aggregate formation, increase survival, reduce 

degeneration and formation of eye aggregates, and inhibit brain aggregate formation in the 

presence of COR-1 hHtt17aa-103Q [47]. 

Polyglutamine binding peptide 1 (QBP1) was found to be particularly effective in binding 

abnormal polyQ molecules using combinatorial screening [48]. A Drosophila HD model 

showed that it improved survival, reduced aging, and reduced aggregate formation when it co-

localized with aggregate formation, reducing aggregate formation in cultured cells [48]. In 

order to facilitate efficient delivery to cells, these short peptides of PTDs and CPPs have been 
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conjugated to QBP1[50]. When cells were internalized with HIV, a protein called TAT allowed 

them to access their cytoplasm and nucleus[51]. Antp-QBP1 significantly increased the 

bioavailability of the modified peptide in the MJD fly, a Drosophila model of polyQ-induced 

spinocerebellar ataxia 3. In addition, Antp-QBP1 significantly reduced the rate of premature 

death in PolyQ-MJD flies [52].  

A caspase-6 inhibitor has also been developed and tested on the BACHD mouse model with 

full-length 97Q-mHtt mutations, which is an important step in HD development [54]. HTT 

competes with the caspase-6 active site for space, ED11 inhibited caspase-6 activity in cells 

and enhanced cell penetration using HIV TAT-derived peptides. There was a selective 

interference effect of caspase 6 with only minor effects on caspase 1 and 10. ED11 administered 

continuously under the skin with a minipumps resulted in a reduction in depressive behavior, 

weight loss, and improved cognitive performance at the presymptomatic stage. 

Postsymptomatic ED11  

administration improved motor performance, cognition, and depression. BACHD mice 

transgenic with hHtt-97Q showed no sign of atrophy or aggregation. This makes it impossible 

to evaluate ED11's effectiveness on these features. Neither mice nor cells showed toxicity after 

prolonged administration[54]. 

These all peptides demonstrated a considerable decrease in the aggregation of HD.  

 

 

 

 

1.5 Previously screened ligand peptide  

Our group member Cemile Elif Ozcelik in her master’s thesis screened candidate ligand 

peptides screened against both wild type (25Q-Htt) and mHTT fragments such as Htt(Q46), 
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and Htt(Q103). This was done using display technologies such as yeast surface display 

system and M13 phage display library. The monomers of Htt were displayed on the surface 

of yeast and candidate inhibitory peptides were selected by phage display library. The 

candidate peptides were selected after 4 rounds of biopanning and the model of their 

interaction with proteins were predicted by online tools.  

1.6 Aim of the study  

Available therapies for HD mainly focus on ameliorating the symptoms of the disease. 

Therefore, therapeutic interventions which can delay the onset of disease are imperative for 

halting disease progression. Peptide-based drug therapy provide such a platform. As described 

above, Inhibitory peptides that interact with the mutant Huntington fibrils at early stages can 

block aggregation. This work focuses on the in vitro characterization of previously screened 

ligand peptides. The aim of this study was to evaluate whether the screened peptides interacted 

with the mHtt proteins to inhibit the fibril formation in mHTT proteins.  

 

 

 

 

 

 

 

 

Chapter 2 Materials and methods  

2.1 Designs and Cloning 
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6His-GST-htt-(Q25), 6His-GST-htt-(Q46) and 6His-GST-htt-(Q103) were designed and 

cloned in PET22b (+) ampR vector by our lab member Cemile Elif Ozcelik. Tev cleavage site 

was designed between the 6His-GST and Htt proteins and the construct was cloned 

downstream to T7 promoter region. The sequence was verified by (NGS) sequencing 

2.Transformation  

Sequence verified PET22b 6His-GST-htt-protein plasmids were then chemically transformed 

in E. coli BL21 (DE3) strain for protein expression.  For the preparation of chemical 

competent cells, E. coli BL21 (DE3) cell stock stored previously at -80 was inoculated and 

grown in Lysogeny Broth (LB) media for 16hours at 37C. The following day, cells were 

diluted in fresh LB with a dilution factor of 1:100. The cells were then grown till the OD600 

reached 0.3. Cells were placed on ice and cooled for 10 minutes. After this, the cells were 

centrifuged at 1000 x g for 10 minutes. The supernatant was discarded and the cell pellet was 

resuspended in TSS Buffer. The volume of TSS buffer was 1:10 of the original cell growth 

media. The cells were then aliquoted as 100µl in 1.5 ml micro-centrifuge tubes  and were 

then stored in -80 ̊C.  

To perform transformation, chemically competent E. coli BL21 (DE3) cell stock were thawed 

on ice for 20 minutes. 100 ng of isolated plasmid was then mixed into the thawed cells. The 

cell-plasmid mixture was incubated again on ice for 15 minutes. After this the cells were heat 

shocked by placing them on heat block at 42 ̊C for 45 seconds. Immediately after this the 

cells were incubated on ice for 2 minutes. 450µl of LB was then added on the cells and the 

cells were incubated at 37 ̊C for 45 minutes in shaking incubator (200rpm) for cell recovery. 

The cells were then centrifuged at 4500rpm for 5 minutes.  300ul of supernatant was then 

discarded and the cell pellet was resuspended in the remaining 150ul media. The cells were 
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then spread onto ampicillin resistant LB-agar plates. The agar plates were incubated at 37C 

overnight.   

Protein Expression  

Next day, a single colony from each transformed plate was inoculated in LB containing 

100mg/ml ampicillin. The cells were then grown at 37C, 200rpm in the shaking incubator 

overnight. For the production of 6His-GST-htt-exon1 (Q103), the overnight culture was diluted 

in LB with 1:100 ratio and grown in 37C shaking incubator till the OD600 reached 0.4-0.6 

(mid-log phase), the expression of 6His-GST-htt-exon1 (Q103) was induced by the addition of 

1mM of IPTG (isopropyl β- D-1-thiogalactopyranoside). The cells were then grown at three 

different conditions. These were 37C for 4 hours, 30C for 8 hours and 16C for 18 hours. Best 

growth condition at 37C for 4 hours was selected for protein expression after SDS-PAGE and 

Western blot analysis.  

6His-GST-htt-(Q46) and 6His-GST-htt-(Q25) were expressed using ZYM5052 autoinduction 

media. The overnight cultures grown in LB were diluted in autoinduction media in 1:100 ratio 

and grown at 37C for 20-24 hours.  

 

SDS-PAGE and Western Blot  

Following the induction, 20ul cells from each sample were centrifuged. The supernatant was 

discarded and the pellet was resuspended in 20ul of ddH2O. 4ul of 6X SDS loading dye was 

added. The samples were then boiled at 95C for 5minutes for SDS-PAGE analysis. The 

samples were loaded on 12% SDS-PAGE gel and 80V was applied until the samples passed 

through the stacking gel. As the samples reached the separating gel, the voltage was increased 

to 120V and the gel was ran for 1.5 hours in 1x SDS running buffer.  
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For SDS-PAGE analysis, the gel was transferred to Coomassie blue staining dye and was 

heated for 30 seconds in the microwave.  The gel was then incubated for 10 minutes at room 

temperature by gentle shaking. Following this, the excess dye was washed off by water and 

the gel was transferred into destaining buffer composed of 30% methanol, 10% acetic acid 

and 60% water. The gel was incubated in destaining buffer at room temperature over night by 

gentle shaking. Once the proteins bands were visible the destaining dye was removed and the 

gel was visualized by Fusionâ Software of Vilber Lourmat imaging system. 

Western Blotting for 6His-GST-Htt proteins 

For the detection of the desired proteins by western bot analysis, the gel was subjected to 

semi-wet protein transfer onto a polyvinylidene difluoride (PVDF) membrane (Thermo 

Fisher Scientific). The activation of PVDF membrane was done by placing the membrane in 

methanol for 2 minutes and then equilibrating it in Turbo Transfer buffer (Bio-Rad). 

Meanwhile two watt man filter papers were soaked in into Turbo Transfer buffer as well. One 

filter paper was placed on the cathode of the transfer cassette, followed by the PVDF 

membrane, the gel was placed and lastly the other filter paper was placed on top. The cassette 

was tightly closed and semi-dry transfer protocol from the Transblot Turbo Transfer System 

was selected. The transfer of proteins from the gel to the membrane was completed in 7 

minutes after which the membrane was placed in the blocking solution (comprising of 1x Tris 

Buffer Saline Tween (TBS-T (0.1%)) and 5% skimmed milk) for 1 hour at room temperature. 

This was done to prevent any unspecific binding. After the blocking, primary antibody 

incubation was performed. The membrane was incubated in His-Tag Mouse McAB 

(Proteintech Europe) antibody, diluted at 1:10000 in %5 milk powder and TBS-T. The 

incubation was performed at +4 overnight. The membrane was then washed in TBS-T for 

once for 5 minutes, then twice for 10 minutes each. After this the membrane was incubated in 
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secondary antibody (comprising HRP conjugated goat anti-mouse antibody) (Abcam) in  

1:10000 blocking solution) for 1 hour at room temperature. The membrane was again washed 

in TBST by the same way as described above. After this the membrane was visualized using 

Enhanced chemiluminescence (ECL) (Bio-Rad) solution. This was prepared by mixing equal 

volumes of Clarity Western Luminol/Enhancer Reagent and Clarity Western Peroxide 

Reagent. The solution was poured over the membrane which was then incubated in dark for 2 

minutes. The membrane was visualized by Fusionâ	Software of Vilber Lourmat imaging 

system.  

 

Purification of 6His-GST-Htt proteins 

All three 6His-GST-htt-(Q103), (Q46), (Q25) proteins were induced in 200ml media as 

described above. The cell culture was then centrifuged at 8000 rpm for 5 minutes and the 

supernatant was discarded. The cell pellet was resuspended in 20ml binding buffer (20 mM 

sodium phosphate, 0.5 M NaCl, 20 mM imidazole, pH 7.4). For cell lysis, 200ul of 1mM of 

PMSF and 40ul of 100 µg/µl of lysozyme was added. Immediately after this the cells were 

frozen in liquid nitrogen followed by thawing in water bath (55C). The cells were lysed by 3 

rounds of this freeze and thaw and then were subjected to lysis by sonication. Sonication was 

performed at 30% Amp, with 10seconds pulse on and 10 seconds pulse off for 5 minutes at 

4C. Cells were then centrifuged at 13000rpm for 1 hour, 4C. The supernatant was collected 

and filtered using 0.45um filters. Fast protein liquid chromatography (FPLC) was used to 

purify the his tagged proteins from the whole cell lysate. The proteins were purified  using 

Ni-NTA column  in AKTA start and were eluted in imidazole elution buffer(20 mM sodium 

phosphate, 0.5 M NaCl, 500 mM imidazole, pH 7.4).  
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Buffer Exchange 

AKTA start and Hi-Trap Desalting column (5ml) was used for buffer exchange. Proteins in 

Imidazole Elution buffer were desalted in tev reaction buffer. For this purpose, the Hi-Trap 

column was first washed with 25ml of filtered and degassed water at the flow rate of 

5ml/min. The column was then equilibrated in 1X tev reaction buffer (50mM tris-HCl 

(pH8.0) and 0.5mM EDTA). The flow rate was then reduced to 1ml/min and 1.5ml of protein 

was manually added to the column. 2ml of buffer exchanged protein was then collected  

protein quantification was performed using BCA assay (Thermo Fisher Scientific). Protein 

standards for BCA were prepared 2000u/ml of BSA solution. The working reagent for BCA 

was prepared by adding Reagent A and Reagent B in 50:1 ratio respectively. 200ul of this 

working solution was added to 10ul of both the standards and protein samples in 96 well 

plate. 10ul of tev reaction buffer was used as blank. The plate was incubated for 30minutes at 

37C in dark. The absorbance was then measured at 540 nm using spectraMax M5 Microplate 

Reader spectrophotometer (Molecular Devices). Each measurement was done in duplicates 

and the mean OD of standards was plotted against their concentrations. The standard curve 

was created and the concentration of the proteins were extrapolated from the equation of the 

curve. 

.  

 

 

Removal of GST tag from GST-Htt proteins 

Tev reaction optimization  
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Tev protease was added to purified proteins, to remove the GST tag. One unit of tev protease 

was added per 50g of protein and 1mM DTT was added. The reaction was performed at rtp and 

samples were every collected after 3,4,6,8,12 and 18 hours. 4ul of 6X SDS loading dye was 

added to the sample to stop the reaction and the sample was stored immediately at -20C. Once 

all samples were collected, they were loaded on 12% SDS PAGE gel for Coomassie blue and 

western blot analysis. Wester blot was performed both with anti-his antibody and anti-polyQ 

(MWI) antibody.  

Tev Reaction for Removal of GST Tag 

After the optmisation, of tev cleavage reaction, 12 hours at rtp was selected for the future 

experiments. GST-Htt Exon1 (Q25), GST-Htt Exon1 (Q46), GST-Htt Exon1 (Q103) were 

purified as described above. Tev : Protein was kept (1:50). The reaction was set up for 12 hours 

after which 20ul sample was mixed with 6X SDS loading dye.  

6His-GST was removed from the reaction by batch purification with HisPurTM Cobalt Resin. 

Since both tev protease used in the reaction and GST had 6 his tag fused. HisPurTM Cobalt 

Resin was preferred for batch purification.  

1ml of cobalt resin was added to a 15ml falcon tube. The tube was centrifuged for 2 minutes 

at 700 × g and the supernatant was removed. 1ml of Wash Buffer (50mM sodium phosphate, 

300mM sodium chloride, 10mM imidazole; pH 7.4) was added to the resin and the mixture 

was centrifuged for 2 minutes at 700 × g. The supernatant was removed. sample for 

purification was prepared by mixing the 1ml of protein in 1ml of  Wash Buffer. The prepared 

protein solution was added to the resin tube and was mixed on an end-over-end rotator at rtp 

for 30 minutes. After this The tube was centrifuged for 2 minutes at 700 × g. The supernatant 

containing unbound proteins was collected. The resin was then washed with 1ml of Wash 

Buffer and centrifuged for 2 minutes at 700 × g. This step was repeated again. All unbound 

fractions were collected and concentrated in thermofisher scientific protein concentrator with 
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10K cutoff at 1500g for 30 mins. Once the protein was concentrated to >1ml, 1ml of PBS 

was added and centrifuged again for 10 mins. This was repeated twice to  perform buffer 

exchange. The protein concentration was then calculated with BCA kit as described above.  

Since HTT proteins aggregates soon after the removal of GST tag, the samples were loaded on 

8% SDS PAGE gel.  

For SDS-PAGE analysis, the gel was transferred to Coomassie blue staining dye. No heating 

was applied.  The gel was incubated for 16  hours at room temperature by gentle shaking. 

Following this, the excess dye was washed off by water and the gel was transferred into 

destaising buffer composed of 30% methanol, 10% acetic acid and 60% water. The gel was 

incubated in destaining buffer at room temperature over night by gentle shaking. Once the 

proteins bands were visible the distaining dye was removed and the gel was visualized by 

Fusionâ Software of Vilber Lourmat imaging system.The stacking gel was not removed. 

Western Blot with MW1 (anti-polyQ) antibody 

For the detection of the GST cleaved Htt exon1(proteins) by western bot analysis, the 8% SDS-

PAGE gel was subjected to semi-wet protein transfer onto a polyvinylidene difluoride (PVDF) 

membrane (Thermo Fisher Scientific). The activation of PVDF membrane was done by placing 

the membrane in methanol for 2 minutes, followed by incubation in water for two minutes and 

then equilibrating it in 1X towbin buffer (Bio-Rad) for 10 minutes. Meanwhile two wattman 

filter papers were soaked in into 1X Towbin Transfer buffer as well. The gel was equilibrated 

in 1X Towbin  Transfer buffer for 10 minutes.  One filter paper was placed on the cathode of 

the transfer cassette, followed by the PVDF membrane, the gel was placed and  lastly the other 

filter paper was placed on top. The cassette was tightly closed and semi-dry transfer was done 

with 1.3A 25V for 30 minutes. Once the  transfer of proteins from the gel to the membrane was 

completed the membrane was placed in the blocking solution (comprising of 1x Tris Buffer 



 17 

Saline Tween (TBS-T (0.1%)) and 5% skimmed milk) for 1 hour at room temperature. This 

was done to prevent any unspecific binding. After the blocking, primary antibody incubation 

was performed. The membrane was incubated in MWI (ms anti-polyQ) antibody (Mecrk) , 

diluted at 1:10000 in %5 milk powder and TBS-T. The incubation was performed at +4 

overnight. The membrane was then washed in TBS-T for once for 5 minutes, then twice for 10 

minutes each. After this the membrane was incubated in secondary antibody (comprising HRP 

conjugated goat anti-mouse antibody) (Abcam) in  1:10000 blocking solution) for 1 hour at 

room temperature. The membrane was again washed in TBST by the same way as described 

above. After this the membrane was visualized using Enhanced chemiluminescence (ECL) 

(Bio-Rad) solution. This was prepared by mixing equal volumes of Clarity Western 

Luminol/Enhancer Reagent and Clarity Western Peroxide Reagent. The solution was poured 

over the membrane which was then incubated in dark for 2 minutes. Fusionâ Software of Vilber 

Lourmat imaging system. 

 

Congo Red Assay  

Congo red dye was used to visualize fibril aggregation in Htt exon1 (Q103) protein. For this 

the GST-Htt exon1 (Q103)  was  purified as described above.  

1ml of Tev cleavage reaction was set up with 600ug/ml protein for 12 hours at rtp. After this 

batch purification with HisPurTM Cobalt Resin was performed as described above. The purified 

protein in PBS which was free of Tev protease and GST tag was then incubated at rtp for 5 

days.  

 After 5 days,  4ul of 50X Congo red dye was added to 200ul pf protein and was centrifuged at 

11000rpm for  10 minutes.  

 

Peptide Synthesis  
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The peptides were produced by solid state synthesis and were purchased from Peptiteam. 

The following peptides were used in the experiments. 

 

 

 

 

 

 

 

 

 

Table1. List of 

previously 

screened candidate ligand peptides  

 

 

 

 

 

 

 

 

 

 

 

INHIBITORY PEPTIDE  

1. HHGANSLGLVQS 
 

2. SWPLTPVRFMTE 

3. HGLHSMHNKLQT 
 

4. FQKDAWEAVDIR 
 

5. WMFPSLKLLDYH  
 

6. HVTFKFQWDRES 
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Thioflalvin T Assay 

 All three Htt proteins;  6His-GST-htt-(Q25), 6His-GST-htt-(Q46) and 6His-GST-htt-(Q103); 

were purified and quantified by the methods described above. 

600ug/ml of purified 6His-GST-htt-(Q103) and 1.5mg/ml of purified 6His-GST-htt-(Q25) 

and 6His-GST-htt-(Q46) were completed to the final concentration of 7uM and put into each 

well. 3ul of 1000ug/ml tev protease was added to remove 6His-GST and initiate fibril 

formation. 7uM of each peptide was then added to the peptide treated groups. The reaction 

was completed to 200ul by tev reaction buffer and 0.5ul of 25uM tht was added. The  96-

microwell plate was then sealed by adhesive tape to prevent evaporation and incubated in 

dark at 37°C .The ThT fluorescence intensity of each sample was recorded by spectraMax 

M5 Microplate Reader spectrophotometer (Molecular Devices) with 438/495-nm 

excitation/emission filters at cutoff at 475nm after every 10 minutes for 16-20 hours. Each 

reading was preceded by 5 s for orbital agitation. To study the effect of ligand peptides fibril 

kinetics of Htt exon 1 proteins, 4 experimental groups were set up. These were GST-Htt 

proteins (Q25)(Q46) and (Q103), GST-Htt proteins (Q25)(Q46) and (Q103) with tev protease 

(to remove GST). Peptide effect was evaluated on both GST removed and GST fused Htt 

proteins.  

All samples were repeated three times. The ThT data were normalized as described earlier 

(65). and percentage fluorescence was plotted against time.  
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2.5 Atomic Force Microscopy  

The effect of inhibitory peptides on the aggregation kinetics of Huntingtin exon1 was studied 

using 6His-GST-htt-exon 1-(Q25), 6His-GST-htt-exon 1-(Q46) and 6His-GST-htt-exon 1-

(Q103) . GST fusion proteins were purified quantified by the aforementioned methods. In order 

to remove any pre-existing aggregates, the proteins were centrifuged at 18000 x g for 20 

minutes.  

6His-GST-htt-exon 1-(Q103) was diluted to a final concentration of 10µM in 1X tev reaction 

buffer (pH 8.0); 4.2µl of 1000µg/ml Tev Protease was added to remove 6His-GST and initiate 

the aggregation. 500ul reaction volumes were incubated at room temperature. 2 hours after 

addition of tev protease; at t=0, 10µM peptide was added. Following this 5µl of samples were 

aliquoted after 2,4,8,10,12 and 24 hours from both peptide treated and non-treated htt-exon-

1(Q103) for AFM deposition. For taking the topographic images in air, 5µl sample was 

deposited on SiO2 wafers. After two minutes the wafer was rinsed with ultrapure water and 

was argon dried.  

For studying the effect of inhibitory peptides on 6His-GST-htt-exon 1-(Q46) and 6His-GST-

htt-exon 1-(Q25), the purified proteins were diluted to a final concentration of 30µM in 1X tev 

reaction buffer (pH 8.0); 12.6µl of 1000µg/ml Tev Protease was added to remove 6His-GST 

and initiate the aggregation. 1ml reaction volumes were incubated at room temperature. 2 hours 

after addition of tev protease; at t=0, 30µM peptide was added. Following this 5µl of samples 

were aliquoted after 4,8 and 24 hours from both peptide treated and non-treated htt-exon-Q25 

and htt-exon-Q46 experimental groups. The sample deposition for AFM was performed in a 

similar fashion as described above. 
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AFM Imaging  

 

AFM surface topography images were obtained with an Oxford Instruments MFP-3D Origin 

in the Tapping mode which uses the air topography technique. Beam-shaped AFM probes of 

300 kHz resonance frequency with 40 N/m spring constant from Budget Sensors are used for 

the measurements. Samples are scanned with 1.2Hz to 2.2Hz, depending on the scan area 

dimensions. AFM measurements are performed under the ambient at room temperature. 

Collected AFM images are then analyzed and corrected for scan artifacts in the Gwyddion 

v2.60 program 

 

Matlab FiberApp  was used to measure the fibril length of each data set. Fibril length of both 

peptide treated htt-exon 1 proteins and untreated htt-exon 1 proteins were compared by using 

the 2 way-Anova statistic test. 
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RESULTS  

 

1. Expression of 6HisGST-HTT(1) proteins and removal of GST tag  

 

 

 

 

 

 
 
 

 

 

  

	
	
	
	
	
	
	
	
	
	
All three proteins were expressed and purified and Following buffer exchange in tev reaction 

buffer, Tev cleavage reaction optimization was carried  out as described in  chapter 2. 

	
	
	
	
	
	
	
	
 
 

Figure2 . Schematic representation of the enzymatic activity of tev protease 
enzyme. Tev protease makes site specific cleavage at ENLYFQG between 
GST and Htt protein, releasing the Htt monomer free. 
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Optimisation of tev cleavage reaction for Htt (Q25) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After the cleavage of GST by tev protease, the monomers of Htt Q25 form polymers of different 

sizes like  20.24kDa , 30.36kDa,  40.57kDa. Polymerization can be observed at these sizes as 

shown above at different time points after tev cleavage reaction as indicated above.  

 

 

Uncut 25QHtt 
(~35KDa)  

Figure 3) Western blot analysis with MW1 antibody for Htt(Q25) treated with tev protease for 

different time points. The lanes are annotated with corresponding time point after initation of tev 

cleavage reaction at which the sample was taken.  

The gel was ran on 12% SDS PAGE gel 

 

~40.57kD
a 
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Uncut GST-Htt Q25 at 35kDa  were visible  till 8th hour. After which bands for uncut protein 

were not observed, marking possible completion of the reaction.  

 

GST 
~25kDa 

Tev 
protease 

Figure 4) Western blot analysis with anti-His antibody for Htt(Q25) treated with tev protease for 

different time points. The lanes are annotated with corresponding time point after initation of tev 

cleavage reaction at which the sample was taken.  

The gel was ran on 12% SDS PAGE gel 
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Figure 5) Western blot analysis with MW1 antibody for Htt(Q46) treated with tev protease 

for different time points. The lanes are annotated with corresponding time point after initation 

of tev cleavage reaction at which the sample was taken.  
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After the cleavage of GST by tev protease, the monomers of Htt Q46 (12.43kDa) form rapid 

polymers of different sizes like (24.86kDa    35.07kDa    47.50kDa). Polymerization can be 

observed at these sizes as shown above at different time points after tev cleavage reaction as 

indicated by the arrows. However the monomers were not seen either of the proteins.  

For Htt (Q103) bands were not observed (data not shown here).  

 

 

Figure 6) Western blot analysis Anti-His antibody for Htt(Q46) treated with tev protease 

for different time points. The lanes are annotated with corresponding time point after 

initiation of tev cleavage reaction at which the sample was taken. The gel was ran on 

12% SDS PAGE gel 

 

GST  
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Form the above data and the AFM analysis of aggregation kinetics of GST-cleaved Htt proteins 

(discussed in detail below). It was observed that 12 hours at rtp was sufficient for tev protease 

reaction.  

As reported earlier, GST tag increase the solubility of Htt proteins and prevents aggregation. 

This can be owed to the property of GST for existing as a dimer. As per this model GST-Htt 

fusion protein form stable hairpins around GST dimer, and consists of antiparallel β strands  

held together by hydrogen bonds. These GST bound protein are not accessible for protein 

interactions with other Htt proteins, However once GST is removed by Tev cleavage reaction, 

these proteins are made accessible for polyQ interact to form stable β sheet fibrils. These then 

immediately start polymerization(66). And as seen above the Htt proteins go under rapid 

aggregation, it seemed a better idea to carry out the SDS-PAGE analysis on 8% SDS-PAGE 

gel. All three GST fused Htt proteins were purified as mentioned above. The proteins were 

desalted in tev reaction buffer and tev cleavage reaction was set up for 12 hours. Following 

this, GST tag was removed by HisPur Cobalt Resin. The unbound protein fractions were 

concentrated in PBS and were analysed by 8% SDS -PAGE gel. The figure below shows the 

Western blot result carried out by immunoblotting MW1 anti polyQ anti body. 
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Western blot with MW1 antibody  

 

 

 

 

 

 

 

 

 

 

 

Figure . 7) Western blot analysis results by MW1 antibody. The wells were loaded in the 

following order. Lane1= page ruler, lane 2=GST-Htt (Q103), lane3= GST-Htt (Q103) with 

tev protease (12 hours after GST removal reaction), lane 4= Htt (103Q) purified by removal 

of GST and tev protease. Lane5= Htt (Q103) in PBS. Lane 6= 5 days old  Htt (103Q) pellet. 

Lane 7 = 5 days old  Htt (103Q) supernatant.  

Lane8= GST-Htt (Q46), lane9= 5 days old  Htt (46Q) pellet. Lane 10 = 5 days old  Htt (46Q) 

supernatant. Lane 11= Htt (Q46) in PBS. 

Lane12= GST-Htt (Q25), lane13= 5 days old  Htt (25Q) pellet. Lane 14 = 5 days old  Htt 

(25Q) supernatant. Lane 14= Htt (Q25) in PBS. 
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Coomassie blue staining 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Both Western blot analysis and Commassie blue staining showed higher molecular mass 

proteins. Lane1 and 2, the green box shows GST tag. The arrow indicates insoluble high-

molecular-weight aggregates stuck in stacking gel. Lane 6 and Lane 9, both show protein in 

the well. These are fibrils of Htt Q103 and Htt Q46 respectively. 

 

Figure . 8) Coomassie blue staining on 8% SDS-PAGE gel. The wells were loaded in the following order. 

Lane1= page ruler, lane 2=GST-Htt (Q103), lane3= GST-Htt (Q103) with tev protease (12 hours after GST 

removal reaction), lane 4= Htt (103Q) purified by removal of GST and tev protease. Lane5= Htt (Q103) in 

PBS. Lane 6= 5 days old  Htt (103Q) pellet. Lane 7 = 5 days old  Htt (103Q) supernatant.  

Lane8= GST-Htt (Q46), lane9= 5 days old  Htt (46Q) pellet. Lane 10 = 5 days old  Htt (46Q) supernatant. 

Lane 11= Htt (Q46) in PBS. 

Lane12= GST-Htt (Q25), lane13= 5 days old  Htt (25Q) pellet. Lane 14 = 5 days old  Htt (25Q) supernatant. 

Lane 14= Htt (Q25) in PBS. 
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Next we wanted to confirm the presence of fibrils in HttQ103 (one week old) reaction in PBS.  

For that Congo Red dye was used as described in the material and method section. 

 

 

Congo Red assay to visualize Htt amyloid fibrils  

 

 

 

 

 

    Congo Red dye has been extensively used for detecting amyloid fibrils both in-vivo and in-

vitro. Congo red high binding affinity towards the beta-sheet rich regions of amyloid fibrils 

(66) makes it an excellent candidate for quick detection of the presence of aggregates in isolated 

Htt proteins. Here   Congo red dye was used to detect the presence of fibrils in Htt(Q103), 5 

days after its purification.  

In the figure above, 4ul of 50X Congo Red dye was added to 200ul protein sample. A red pellet 

was observed after centrifugation, showing the presence of fibrils in in Htt(Q103). B was PBS 

control, upon adding congo red and centrifugation no pellet was observed as per expectation.  

 

a b 

Figure 9. a) Congo Red staining for Htt (Q103) fibrils 
b)Schematic representation of Congo Red staining for Htt (Q103) fibrils 
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Thioflavin T (ThT) Assay 

Thioflavin T (ThT) dye is a fluorescence dye which has been widely used quantify fibril 

kinetics in real-time. Tht dye binds to β-sheet quaternary structure of amyloid fibrils and 

gives off fluorescent signal with excitation at ~440nm and emission at  ~490nm. Owing to 

this property, tht assay has been widely used to quantify both the formation and inhibition of 

amyloid fibrils in vitro. 

Herein THT assay was used to quantify the effects of candidate ligand peptides on fibril 

formation and subsequent aggregation in Htt proteins.  

 

THT ASSAY FOR HTT (Q103) 

The fibril formation in real-time was evaluated by Tht assay. Tev protease was added to one 

experimental group to initiate GST removal process just before adding tht dye. Tht 

measurements for both for GST cleaved Htt protein and GST fused proteins were measured. 

7uM protein was used in all experiments. The effect of inhibitory peptide on fibrilization 

process was evaluated  by adding 7uM peptide to the protein. Peptide was added both to  the 

GST cleaved Htt protein and GST fused proteins.  
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As seen in the figure above, the binding of tht dye to the b-sheet-rich amyloid structures in 

the presence of GST is significantly reduced as expected. To quantify the effect of the 

candidate inhibitory peptide on fibril formation. Equimolar (7uM) of peptide was added at the 

beginning of tht assay. The fluorescence was then recorded for over the interval of 16 hours. 

Figure 4 shows that fluorescence intensity was decreased in the peptide treated groups; the 

observance was relevant for both in GST cleaved and GST fused Htt-(Q103).  

Figure 10. Aggregation kinetics for Htt(exon1)103Q shown in real time by tht assay. 

The measurement were taken for the interval of 16 hours. Site specific GST 

cleavage was done by adding tev protease. The GST cleaved  Htt-103Q exhibited 

1.8 fold increase in fluorescence as compared to the GST intact protein. 

a) The fluorescence intensity was normalized and plotted as a standard curve. 

b) The measurements were taken as triplicates. The bar represents the mean 

fluorescence intensity of the end point fluorescence value and the error bars show 

the standard deviation of the triplicates.  

Student t- test was performed to check the significance in the fluorescence 

difference between the two groups. (p= <0.0001).   
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Figure11. Aggregation kinetics for Htt-(Q103) with the addition of peptide HHGANSLGLVQS shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q103) and plotted as a standard 

curve. 

b) The fluorescence decreased by 53% GST cleaved Htt-(Q103) in presence of the peptide.The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the 

fluorescence difference between the groups. (p= <0.0001).  
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Figure12. Aggregation kinetics for Htt exon1(Q103) with the addition of peptide SWPLTPVRFMTE shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q103) and plotted as a standard curve.  

b) The fluorescence decreased by 55.5% GST cleaved Htt-(Q103) in presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the  groups. (p= <0.0001).  
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Figure13. Aggregation kinetics for Htt exon1(Q103) with the addition of peptide HGLHSMHNKLQD shown 

in real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q103) and plotted as a standard curve.  

b) The fluorescence decreased by 64.9%  in GST cleaved Htt-(Q103) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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Figure14. Aggregation kinetics for Htt exon1(Q103) with the addition of peptide FQKEDAWEAVDIR shown 

in real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q103) and plotted as a standard curve.  

b) The fluorescence decreased by 62.3% in GST cleaved Htt-(Q103) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the  groups. (p= <0.0001).  
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Figure 15. Aggregation kinetics for Htt exon1(Q103) with the addition of peptide WMPSLKLLDYH shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q103) and plotted as a standard curve.  

b) The fluorescence decreased by 65.1% in GST cleaved Htt-(Q103) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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Figure16. Aggregation kinetics for Htt exon1(Q103) with the addition of peptide HVTFKFQWDRES shown 

in real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q103) and plotted as a standard curve.  

b) The fluorescence decreased by 69.3% in GST cleaved Htt-(Q103) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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All six candidate ligand peptides showed a significance decrease in fluorescent signal. Since 

fluorescence signal, in tht assay, is a measure of aggregation kinetics of amyloid fibrils; From 

the above data It is fair to say that the peptides caused inhibition and blocking in this 

aggregation process.  

 
 
 
 
THT ASSAY FOR HTT EXON1 (Q46) 
 
Aggregation kinetics were also studied for Htt-(Q46) protein both in the presence and 

absence of the inhibitory peptides. The tht assay was set up as described in chapter 2. As seen 

previously with Htt-(Q103).  GST-fused Htt-(Q46)  showed lower fluorescence signal as 

compared to the when GST was cleaved. 

All six peptides were tested in the similar fashion. The results are shown the figures below.   
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Figure17. Aggregation kinetics for Htt-(Q46) with the addition of peptide HHGANSLGLVQS shown in real 

time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q46) and plotted as a standard curve.  

b) The fluorescence decreased by 48.4% in GST cleaved Htt-(Q46) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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Figure18. Aggregation kinetics for Htt exon1(Q46) with the addition of peptide SWPLTPVRFMTE shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q46) and plotted as a standard curve.  

b) The fluorescence decreased by 10.5% in GST cleaved Htt-(Q46) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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Figure19. Aggregation kinetics for Htt exon1(Q46) with the addition of peptide HGLHSMHNKLQD shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q46) and plotted as a standard curve.  

b) The fluorescence decreased by 27.7% in GST cleaved Htt-(Q46) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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Figure20. Aggregation kinetics for Htt exon1(Q46) with the addition of peptide WMFPSLKLLDYH shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q46) and plotted as a standard curve.  

b) The fluorescence decreased by 1.6% in GST cleaved Htt-(Q46) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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Figure21. Aggregation kinetics for Htt exon1(Q46) with the addition of peptide HVTFKFQWDRES shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q46) and plotted as a standard curve.  

b) The fluorescence increase by 1.6% in GST cleaved Htt-(Q46) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the 

standard deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence 

difference between the groups. (p= <0.0001).  
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Figure 22. Aggregation kinetics for Htt exon1(Q46) with the addition of peptide FQKDAWEAVDIR shown in 

real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q46) and plotted as a standard curve.  

b) The fluorescence decreased by 45.5% in GST cleaved Htt-(Q46) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the standard 

deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence difference 

between the groups. (p= <0.0001).  
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THT ASSAY FOR HTT EXON1 (Q25) 
 
 
In comparison with the mutant Htt exon1 fragments, the wildypye Htt with less than 36 

polyQ repeats do not form insoluble aggregates, but soluble aggregates are present in Htt 

Q25(69). 

Both GST cleaved and fused protein did not vary in terms of fluorescence intensity. As 

expected. However baseline fluorescence was observed for both, this is due to the presence of 

Beta sheets (although of shorter length and less cross linked) are still present.  Since the 

screened peptides were screed against all three Htt (Q25), (Q46) and (Q103) proteins, The 

effect of the candidate inhibitory peptides was also studied on HttQ25.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure3. Tht assay for Htt(exon1)25Q shown in real time by tht assay. The 
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Figure 23. Aggregation kinetics for Htt-(Q25) with the addition of peptide HHGANSLGLVQS shown in real 

time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q25) and plotted as a standard curve.  

b) The fluorescence decreased by 36.3% in GST cleaved Htt-(Q25) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the standard 

deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence difference 

between the groups. (p= <0.0001).  
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Figure24. Aggregation kinetics for Htt-(Q25) with the addition of peptide SWPLTPVRFMTE shown in real 

time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q25) and plotted as a standard curve.  

b) The fluorescence increased by 5.4% in GST cleaved Htt-(Q25) in the presence of the peptide. The bar 

represents mean fluorescence intensity of the end point fluorescence value and the error bars show the standard 

deviation of the triplicates. Student t-test was performed to check the significance in the fluorescence difference 

between the groups. (p= <0.0001).  

 
 
 

  

 

Pe
pt

id
e (

-) 
 

      
   P

ep
tid

e (
+)

 



 49 

 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure25. Aggregation kinetics for Htt-(Q25) with the addition of peptide 

HGLHSMHNKLQD shown in real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q25) and plotted as a 

standard curve.  

b) The fluorescence decreased by 31% in GST cleaved Htt-(Q25) in the presence of the 

peptide. The bar represents mean fluorescence intensity of the end point fluorescence value 

and the error bars show the standard deviation of the triplicates. Student t-test was performed 

to check the significance in the fluorescence difference between the groups. (p= <0.0001).  
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Figure 26. Aggregation kinetics for Htt-(Q25) with the addition of peptide 

FQKEDAWEADIR shown in real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q25) and plotted as a 

standard curve.  

b) The fluorescence increased by 1.7% in GST cleaved Htt-(Q25) in the presence of the 

peptide. The bar represents mean fluorescence intensity of the end point fluorescence value 

and the error bars show the standard deviation of the triplicates. Student t-test was performed 

to check the significance in the fluorescence difference between the groups. (p= <0.0001).  
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Figure 27. Aggregation kinetics for Htt-(Q25) with the addition of peptide 

WMFPSLKLLDYH shown in real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q25) and plotted as a 

standard curve.  

b) The fluorescence decreased by 10% in GST cleaved Htt-(Q25) in the presence of the 

peptide. The bar represents mean fluorescence intensity of the end point fluorescence value 

and the error bars show the standard deviation of the triplicates. Student t-test was performed 

to check the significance in the fluorescence difference between the groups. (p= <0.0001).  

 
 
 

  

 

Pe
pt

id
e (

-) 
 

      
   P

ep
tid

e (
+)

 



 52 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 28. Aggregation kinetics for Htt-(Q25) with the addition of peptide HVTFKFQDRES 

shown in real time by tht assay.  

a) The fluorescence intensity was normalized against GST cleaved Htt-(Q25) and plotted as a 

standard curve.  

b) The fluorescence decreased by 36% in GST cleaved Htt-(Q25) in the presence of the 

peptide. The bar represents mean fluorescence intensity of the end point fluorescence value 

and the error bars show the standard deviation of the triplicates. Student t-test was performed 

to check the significance in the fluorescence difference between the groups. (p= <0.0001).  
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As the glutamine expansion/ length of polyQ repeats is directly correlated with the increase in 

the kinetics of aggregation. Highest fluorescence was observed for Htt-Q103, followed by 

Htt-Q46 and then HttQ25. Fluorescence for both GST fused and GST-Cleaved (real-time 

reaction) were recorded for the interval of at least 16 hours.  It has previously been shown 

that fusion of GST protein with Htt proteins forms a stable structure. The model proposed by 

Scherzinger (67) suggests that GST-Htt (exon1) protein are bound to the surface of GST 

protein as dimers, stabilized by strong hydrogen bonds formed between the antiparallel β 

strands forming a stable hairpin structure. In this conformation the hairpins are not accessible 

to one another, therefore the possibility of them interacting is significantly reduced. However 

as in our construct the site-specific cleavage by tev protease; between the GST tag and the Htt 

protein; releases the GST bound protein. These Htt- proteins are then able to interact with 

each other, forming polyQ-comprising  β sheet fibrils and thus initiating the aggregation 

process. This can be seen by increase in the fluorescence signal with time.  

Upon addition of peptides, either decrease or increase was observed in the fluorescence 

signal. The decrease in fluorescence suggests that there was a decrease in fibrillization 

process and that the inhibitory peptide blocked aggregation in the otherwise highly 

aggregated protein (in the case of Q103 and Q46). Inhibition in signal of Htt Q25 suggest that 

the peptide was able to block aggregation even for short polyQ repeats. Therefore, if 

clinically translated can be used at an early onset of disease progression.  

Some peptides caused increase in fluorescence signal. A reason for that could be that the 

peptide doesn’t  block aggregation, but is exciting it by binding at some other domain of the 

Htt protein. Or that the peptide doesn’t bind to the protein and during the screening process it 

might have interacted with Aga2 or the linker region between Aga2 and Htt monomer [69]. 
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After evaluating all Tht assays perfomed, 3 ligand peptides, that caused decrease in 

fluorescent signal in all three protein were selected for further analysis of their inhibition on 

Aggregation kinetics by Atomic Force Microscopy 

 

 
 

Table 2. Summarizes the increase or decrease in fluorescence detected after tht assay for all 

three Htt proteins, in the presence of all 6 peptides. HHGANSLSLVSQD, 

HGLHSMHNKLTR, WMFPSLKLLDYH caused decrease in fluorescence in all three Htt 

proteins. 

 

 

 
 
 
 
 
 
 

INHIBITORY 
PEPTIDE  

Htt(Q46) Htt(Q25) Htt(Q103) 

1. 
HHGANSLSLVSQD 
  

decreases 
  

decreases decreases 

2. 
SWPLTPVRFMTE 

decreases increases decreases 

3. 
HGLHSMHNKLTR 

decreases 
  

decreases decreases 
  

4. 
FKQDAWEAVDIR  
  

decreases increases increases 

5. 
WMFPSLKLLDYH  
  

decreases decreases decreases 

6. 
HVTFKFQWDRES 
  

increases decreases decreases 
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Atomic Force Microscopy  

The effect of the inhibitory peptides on the Aggregation kinetics of both wildtype Htt-Q25 

and mutant  Htt-Q46 and HttQ103 were studied by Atomic Force Microscopy.  

 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 29. Shows the aggregation kinetics of HttQ103, both in absence and presence of 

inhibitory peptides. The AFM images show samples obtained at 0 hour, 4 hours, 8 hours,  and 

24 hours. Imges A through D correspond to fibril growth kinetic of of HttQ103 protein. Images 

E through H  correspond to fibril growth kinetics  of HttQ103 in the presence of inhibitory 

peptide HHGANSLLGLVQS Images I through L correspond to fibril growth kinetics  of 

HttQ103 in the presence of inhibitory peptide HGLHSMHNKLLQT and Images M through P 

correspond to fibril growth kinetics  of of HttQ103 in the presence of inhibitory peptide 

WMFPSLKLLDYH. Scale bar is 1um. 
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To initiate the aggregation process, Site specific cleavage of GST was done by the addition of 

tev protease. The fibrils were allowed to grow for two hours after which peptides was added. 

This was noted as hour t=0. As shown in the figure above samples were collected every 4 

hours for AFM imaging. For Htt(Q103), at t=0, small round Oligomers and individual fibrils 

are visible. These are expected to be observed at early stages of fibrillization kinetics, as 

reported before by (Dahlgren et.al). At t=4, we observed an increase in length of fibrils and 

branching. Branched morphology is a well-established characteristic of Htt protein with 

polyQ> 36, and this was observed for t=4, t=8 and  t=24. The branching and aggregation 

increased with time and more clustering was observed. The Length of 100 different fibrils at 

each time point was measured. The length of fibrils at individual time points are graphed 

below in figure 30.  observed a decrease in length at t=24. This could be due to degradation 

of Htt(Q103) in tev cleavage buffer.   

While comparing the fibril kinetics of peptide treated proteins, a significant decrease in fibril 

length was observed for all time points. A decrease in clustering and branching was also seen. 

This decrease was quantified by measuring 100 fibrils at all time points and plotting the mean 

length in the figure below. Even at early stages of aggregation kinetic the inhibitory effect of 

peptide is visible. Less branching and even individual fibrils are observed at t=4 and t=8. This 

gives clear evidence that the peptide applied inhibit the aggregation of otherwise aggregated 

HttQ103 protein with well-defined branching and clustering. These decrease in the length of 

the fibrils indicate inhibition of fibril formation at an early stage. 
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Figure30 . Shows change in fibril length of the peptide treated Htt(exon1) Q103 respect to 
time. The mean and standard deviation of 100 fibrils are plotted. From the data above it was 
seen that  
HHGANSLGLVQS= 36.5%  Percentage decrease in fibril length after 24 hours 
HGLHSMHNKLQD= 24.91%  Percentage decrease in fibril length 24 hours 
WMPSLKLLLDYH=  42.87%  Percentage decrease in fibril length after 24 hours 
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The effect of the peptides were then checked on Htt-Q46.  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure31. Shows the aggregation kinetics of HttQ46, both in absence and 

presence of inhibitory peptides. The AFM images show samples obtained at 0 

hour, 4 hours, 8 hours,  and 24 hours. Images A through D correspond to fibril 

growth kinetic of of HttQ46 protein. Images E through H  correspond to fibril 

growth kinetics  of of Htt Q46 in the presence of inhibitory peptide 

HHGANSLLGLVQS Images I through L correspond to fibril growth kinetics  

of  Htt(exon1) Q46 in the presence of inhibitory peptide HGLHSMHNKLLQT 

and Images M through P correspond to fibril growth kinetics  of  Htt Q46 in the 

presence of inhibitory peptide WMFPSLKLLDYH. Scale bar is 1um. 
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To initiate the aggregation kinetic in HttQ46 of , Site specific cleavage of GST was done by 

the addition of tev protease, As described in material and methods chapter. The fibrils were 

allowed to grow for two hours after which peptides was added in equimolar ratio. This was 

noted as hour t=0. As shown in the figure above samples were collected every 4 hours for 

AFM imaging. For HttQ46 (protein only)   at t=0, small round Oligomers are visible. These 

are expected to be observed at early stages of fibrillization kinetics, for shorter polyQ repeats. 

At t=4, we the oligomeric aggregates dominated as shown previously by beasly et al. At this 

point fibrillar structures of ~400nm in length are also observed. As Branched morphology is a 

well-established  characteristic of Htt protein with polyQ> 36, ar t=8 and  t=24, more 

branched morphology with clusters was visible. The branching and aggregation increased 

with time and more clustering was observed. The Length of 100 different fibrils at each time 

point was measured. The length of fibrils at individual time points are graphed below in 

figure 32.  observed a decrease in length at t=24 and degradation of the protein could be seen. 

This could possibly be explained the alkaline pH of tev reaction buffer (pH 8.0)  these 

proteins were desalted in for the cleavage reaction.  

While comparing the fibril kinetics of peptide treated proteins, a significant decrease in fibril 

length was observed for all time points. At times 4 and 8 more oligomeric clusters are seen as 

compared to fibrils. A decrease in clustering and branching was also seen at t=24 and for 

peptide WMPSLKLLLDYH at t=24, thin individual fibrils are visible. This decrease was 

quantified by measuring 100 fibrils at all time points and plotting the mean length in the 

figure below. Even at early stages of aggregation kinetic the inhibitory effect of peptide is 

visible. This gives clear evidence that the peptide applied inhibit the aggregation of otherwise 

aggregated Htt Q46 protein with well-defined branching and clustering and reduced number 

of oligomeric aggregates.  
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Figure 32 . Shows change in fibril length of the peptide treated Htt(exon1) Q46 
respect to time. The mean and standard deviation of 100 fibrils are plotted. From the 
data above it was seen that  
 

   HHGANSLGLVQS= 22.67%  Percentage decrease in fibril length after 24 hours 
   HGLHSMHNKLQD= 17.67%  Percentage decrease in fibril length 24 hours 
   WMPSLKLLLDYH=  38.33%  Percentage decrease in fibril length after 24 hours 
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Figure33. Shows the fibrillation kinetics of HttQ25, both in absence and 

presence of inhibitory peptides. The AFM images show samples obtained at 0 

hour, 4 hours, 8 hours,  and 24 hours. Images A through D correspond to fibril 

growth kinetic of of HttQ25 protein. Images E through H  correspond to fibril 

growth kinetics  of of HttQ25 in the presence of inhibitory peptide 

HHGANSLLGLVQS Images I through L correspond to fibril growth kinetics  

of  HttQ25 in the presence of inhibitory peptide HGLHSMHNKLLQT and 

Images M through P correspond to fibril growth kinetics  of  HttQ25 in the 

presence of inhibitory peptide WMFPSLKLLDYH. Scale bar is 1um. 
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As done previously, Site specific cleavage of GST fused HttQ46 was done by the addition of 

tev protease, described in material and methods chapter. Two hours after the tev reaction,  

peptides was added in equimolar ratio. This was noted as hour t=0. As shown in the figure 

above samples were collected every 4 hours for AFM imaging. For HttQ25 (protein only) at 

t=0, small round Oligomers with a diameter of 80-100nm were visible. These were as 

expected. Since HttQ25 do not form insoluble aggregates, small oligomers were seen 

predominately in t=4 samples as well with very few small individual fibrils. These fibrils 

were significantly smaller in length than the mutant Htt exon1 proteins discussed above. At 

t=8  for HttQ25, protein only small individual fibrils ranging from 100-140nm were observed 

and at t=24 again small oligomers were observed. The diameters of these oligomers were 

measured. To eliminate any impurity present in SiO2 wafer, only oligomers above 5nm in 

height were accounted for.  The diameters of 100 different fibrils/ oligomers at each time 

point was measured. The length these fibrils at individual time points are graphed below in 

figure 34.  observed a decrease in length at t=24 and degradaration of the protein could be 

seen. This could possibly be explained the alkaline pH of tev reaction buffer (pH 8.0)  these 

proteins were desalted in for the cleavage reaction.  

While comparing the fibril kinetics of peptide treated proteins, a significant decrease in fibril 

length was observed for all time points. At times 4 and 8 and 24 we did not see any individual 

fibers but only oligomers were visible in case of all peptides. These results give clear 

evidence that the inhibitory peptides are very specific and show inhibition of fibri formatio 

even for short ployQ stretches. 

This along with tht data suggests that the inhibitory peptides are highly efficient in blocking 

aggregation process in all Huntington repeats.   
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Figure34 . Shows change in fibril length of the peptide treated Htt(exon1) Q46 
respect to time. The mean and standard deviation of 100 fibrils are plotted. From 
the data above it was seen that  

  HHGANSLGLVQS= 28%  Percentage decrease in fibril length after 24 hours 
  HGLHSMHNKLQD= 17.3%  Percentage decrease in fibril length 24 hours 
  WMPSLKLLLDYH=  25.6%  Percentage decrease in fibril length after 24 hours 
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The AFM results and the THT Assay results complement each other. It gives us a strong 

evidence that the inhibitory peptides efficiently blocked the aggregation in both the wildtype 

and mutant Htt fibrils in-vitro. For these experiments the exon1 of both mutant and wildtype 

htt was focused on. It has been previously shown that the N-terminal HTT peptides exhibit 

exceptional pathogenicity [69]. The increment in the poly-Q stretch in exon1 lead to unique 

structural and biophysical changes in the Htt proteins that result in misfolded monomers, 

which polymerize rapidly to form toxic oligomers. These oligomers then form inclusion 

bodies in the basal ganglia region of the brain disrupting the neuronal function, leading to 

neural degeneration [56]. Wildtype Htt was included in all the aggregation kinetics studies, 

this is mainly due to the fact that HD is an autosomal dominant disorder. One mutant allele is 

sufficient for the formation of the pathological aggregates. Moreover, it has been shown that 

mutant httQ46 seeds can cause the formation of insoluble aggregates on httQ25[71] in vitro. 

Therefore, we wanted to see if our peptides had an effect on soluble aggregate formation by 

Htt Q25 and if our peptide therapy will be effective in heterozygous HD variants.  

The utilization of peptides that act to prevent this aggregation in Htt protein by interacting 

with polyQ stretches provide a promising platform for drug development.  The low potential 

toxicity and the ability of these peptides to target the mHtt at the very initial steps in the 

aggregation make them an ideal candidate for peptide-based therapeutics. Considering this 

potential of peptide therapeutics for HD; several therapeutic peptides have been developed 

such as P42, P42TAT [70], Bivalent Htt-binding peptide [72], Polyglutamine-binding peptide 

1 (QBP1) [73]. However, these peptides mainly focus on inhibiting aggregation at later stage 

in the cascade of htt polymerization and aggregate development.    

The inhibitory peptides tested in this study, were screened against the monomeric units of Htt 

proteins. These monomeric units were expressed on the yeast surface, which allowed for 
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proper eukaryotic folding/misfolding. The peptides were introduced by Phage display library. 

The ligand peptides were selected by biopanning without immobilizing yeast cells[74].  

The ability of peptide to bind monomeric htt fragments allows blocking of aggregation at a 

very early stage of disease progression. This gives novelty to our proposed peptides which 

were used in this study . 

The future studies will be focused on assessing the toxicity of these selected peptides in 

mammalian cells; this would be done by both in vitro and in vivo experiments.  

In-vitro studies will be carried out by utilizing HT22 (mouse hippocampal) cell line. And the 

toxicity will be evaluated by MTT (3–(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) colorimetric test for viability assay. The peptides will be tested individually on 

Ht22 cells, and in combination with Htt proteins in equimolar ratio by co-transfection. This 

will allow us to evaluate two things; 1. Whether The peptide has any toxic effect on the 

neurons and 2. Whether the peptide is decreasing the toxicity of the mHtt aggregates in the 

neurons. After this the peptides that poses least to no toxicity will be selected for in vivo 

experiments in animal models.  

To this date several HD animals’ models are available. These include Drosophila polyQ 

model ELAV-Gal4; UAS-MJDtr-78Q [75], Mice model Full-length hHtt-97Q BACHD [76].  

Mouse models will be ideal for this study since we can study the effect of peptides both on a 

molecular level and we can also closely monitor the behavioral changes on the mice post 

treatment. Mice transgenic for human huntingtin exon 1 (strain R6/2) [70] can be used for 

this study. In order to overcome the issues encompassing the limitations of cell membrane 

penetration, peptide degradation and the delivery of the therapeutic peptides to the central 

nervous system especially basal ganglia by non-invasive methods, we can adapt the mode of 

delivery previously described by Arribat et.al[70].  For studies involving animal models, it is 

imperative to focus on the pharmacokinetic characteristics of ligand peptide and optimize it’s 
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half-life in serum  and its distribution profile in CNS. As reported previously by Arribat et.al 

a water-in-oil microemulsion drug delivery vector named Aonys®, developed by Medesis 

Pharma (France) in a non-invasive strategy and proved to be a promising delivery vector for 

the delivery of peptide p42, in both the cortex and striatum[70]. The delivery vector was 

engineered by combining the properties of the cell penetrating peptide TAT from HIV with a 

nanostructure-based drug delivery system [70].  Building on these studies we can optimize 

the microemulsion formulation of our peptides in Aonys® and deliver them by transmucosal 

(buccal/rectal) administration. In R6/2 HD mouse model the symptoms appear at week 6. We 

can perform daily administration at pre-symptomatic stage in these mice. We can then 

perform both brain atrophy evaluation by T2-FLAIR scans and behavioral studies focusing 

on motor performances in both peptides treated and non-treated mice.  

The success of these animal model studies can then allow our peptide therapy to translated 

into clinical studies.  
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Conclusion 
 
Huntington’s disease is one of the most common hereditary disorder of the nervous system. It 

is a progressive, autosomal dominant neurodegenerative disease caused by dramatic increase 

of polyQ repeats in Exon 1 of Htt gene. Theses mutant HTT(mHtt) fragments result in 

misfolded proteins which leads to aggregation of the mutant protein in neurons. These result 

in formation of fibrils that interfere with cellular function and causes neural degeneration.  

Since formation of aggregates is a critical point in the pathology of HD, targeting and 

inhibiting the aggregation can be an effective therapeutic strategy to halt the disease 

progression. Peptide Based therapeutics can provide such platform.  

In this study,  previously screened candidate ligand  peptides were characterised and were 

evaluated for their inhibitory effect against three Htt proteins (Q25)(Q46)(Q103).  

In vitro characterisation of peptides on aggregation kinetics was  studied by  thioflavin T 

Assay and Atomic Force Microscopy.  

3 of the 6 selected peptides (HHGANSLSLVSQD),(HGLHSMHNKLTR) and 

(WMFPSLKLLDYH) showed a decrease in florescence signal  indicating inhibition in  fibril 

formation for all three proteins. AFM images for these peptides showed less aggregation in 

mHtt proteins. These studies show that the selected peptides are affective for inhibiting the 

aggregation of fibrils in mHTT proteins and are promising candidates for peptide therapy for 

HD. 
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Appendix A 

Maps of plasmids used for the expression of Htt proteins  

 

 

 

Figure A.1: Plasmid map of PET22b(+) vector with GST-Htt(Q25) construct 
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Figure A.2: Plasmid map of PET22b(+) vector with GST-Htt(Q46) construct 
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Figure A.3: Plasmid map of PET22b(+) vector with GST-Htt(Q103) construct 
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Appendex B 

DNA segment of Htt and peptide alignment 

Peptide  alignment results  
 
25Q Htt 
AGGTCGGTGCAGAGGCTCCTCAGCCACAGCTGGGCCTGGAGGAGGTGGAGGTGGAGGT
GGAGGAGGTTGTGGCTGAGGCAGCAGAGGCTGTGCCTGTGGAGGAGGTTGAGGAAGTT
GAGGAGGTGGGGGTGGAGGGGGAGGTGGTGGCGGTTGTTGCTGTTGCTGCTGTTGTTGC
TGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGGAAGCTTTTGAG
GGACTCGAAGGCCTTCATCAGCTTTTCCAGGGTCGCCAT 
 
Peptide 1:  
WMFPSLKLLDYH 
Peptide 1 Codon optimised: 
TGGATGTTCCCTAGCCTGAAGCTCCTTGACTACCAC 
 
> No significant similarity found  
 
 
Peptide 2:  
HSWLGEVLVQNT 
Peptide 2 Codon optimised: 
CACAGCTGGCTGGGCGAGGTGCTCGTCCAGAACACC 
 
> No significant similarity found  
 
 
Peptide 3:  
HVTFKFQWDRES 
Peptide 3  Codon optimised: 
CACGTGACCTTTAAGTTCCAGTGGGACAGAGAGAGC 
 
> No significant similarity found  
 
 
Peptide 4:  
TITSSGERVSFM 
Peptide 4  Codon optimised: 
ACAATCACCTCCTCTGGCGAGAGGGTGAGCTTCATG 
 
> No significant similarity found  
 
 
 
Peptide 5:  
LQTHSITYRHER 
Peptide 5  Codon optimised: 
CTGCAGACCCACAGCATCACATACAGGCATGAGAGA 
 
> No significant similarity found 
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46Q Htt 
AGGTCGGTGCAGAGGCTCCTCAGCCACAGCTGGGCCTGGAGGAGGTGGAGGTGGAGGT
GGAGGAGGTTGTGGCTGAGGCAGCAGAGGCTGTGCCTGTGGAGGAGGTTGAGGAAGTT
GAGGAGGTGGGGGTGGAGGGGGAGGTGGTGGCGGTTGTTGCTGTTGCTGCTGTTGTTGC
TGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGCTGCTGTTGTTG
CTGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGGAAGCTTTTGA
GGGACTCGAAGGCCTTCATCAGCTTTTCCAGGGTCGCCAT 
 
 
Peptide 1:  
NHHYTYHQYTVG 
Peptide 1 Codon optimised: 
AACCACCATTACACCTACCACCAGTATACAGTGGGC 
 
> No significant similarity found 
 
Peptide 2:  
APTTWFNSDSIT 
Peptide 2 Codon optimised: 
GCCCCTACTACCTGGTTCAACTCCGACAGCATCACA 
 
> No significant similarity found  
 
 
Peptide 3:  
DMHGRYMMTTRE 
Peptide 3  Codon optimised: 
GACATGCACGGCAGATACATGATGACCACAAGGGAG 
 
> No significant similarity found  
 
 
Peptide 4:  
FKQDAWEAVDIR 
Peptide 4  Codon optimised: 
TTCAAGCAGGACGCCTGGGAGGCTGTGGATATCAGG 
 
> No significant similarity found  
 
 
 
Peptide 5:  
HGLHSMHNKLQD 
Peptide 5  Codon optimised: 
CACGGCCTCCATAGCATGCACAACAAGCTGCAGGAC 
 
> No significant similarity found  
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103Q Htt 
AGGTCGGTGCAGAGGCTCCTCAGCCACAGCTGGGCCTGGAGGAGGTGGAGGTGGAGGT
GGAGGAGGTTGTGGCTGAGGCAGCAGAGGCTGTGCCTGTGGAGGAGGTTGAGGAAGTT
GAGGAGGTGGGGGTGGAGGGGGAGGTGGTGGCGGTTGTTGCTGTTGCTGCTGTTGTTGC
TGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGCTGCTGTTGTTG
CTGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGTTGCTGTTGCTGCTGTTGGAAGCTTTTGA
GGGACTCGAAGGCCTTCATCAGCTTTTCCAGGGTCGCCAT 
 
 
Peptide 1: 
WDMWPSMDWKAE 
Peptide 1 codon optimised: 
TGGGATATGTGGCCTAGCATGGACTGGAAGGCCGAG 
 
> No significant similarity found  
 
 
Peptide 2: 
KVWELDRYYASH 
Peptide 2 codon optimised: 
AAGGTGTGGGAGCTGGACAGGTACTATGCCAGCCAC 
 
> No significant similarity found  
 
 
Peptide 3: 
HHGANSLGLVQSs 
Peptide 3 codon optimised: 
CACCATGGAGCCAACAGCCTCGGCCTGGTGCAGTCC 
 
> No significant similarity found  
 
 
Peptide 4: 
SLELKRSDVQHA 
Peptide 4 codon optimised: 
AGCCTGGAGCTCAAGAGATCCGACGTGCAGCACGCC 
 
> No significant similarity found  
 
 
Peptide 5: 
SWPLTPVRFMTE 
Peptide 5 codon optimised: 
AGCTGGCCCCTGACACCTGTGAGATTCATGACCGAG 
 
> No significant similarity found  
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Appendex C 

Buffers AND Media 

 

LB 

Lysogeny Broth media 
(LB)  

1 Litre 

Tryptone  10g 

Yeast Exctract 5g 

NaCl 5g 

Table C1 

Autoinduction ZYM5052 

ZYM5052 (Autoinduction media) 

 

1L 

Yeast Extract  

 

5g 

Monopotassium Phosphate (KH2PO4)  

 

3,4g 

Disodium Phosphate (Na2HPO4)  

 

3,5g 

Ammonium Chloride (NH4Cl)  

 

2,67g 

Magnesium Sulfate Heptahydrate 
(MgSO4х7H2O)  

 

0,49g 

Sodium Sulfate (Na2SO4)  

 

0,71g 

Glucose Monohydrate  

 

0,5g 

Glycerol  5ml 
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Lactose  

 

2g 

Trace Metals (50.000x)  

 

20ul 

Table C2 

 

 BUFFERS FOR PROTEIN PURIFICATION 

 

10 mM Imidazole (pH 7.4) binding buffer for Hispur Cobalt resin.  

50mM Sodium Phosphate  
300mM  NaCl  
10mM Imidazole  

150 mM Imidazole (pH 7.4) elution buffer for HisPur Cobalt Resin.  

50mM Sodium Phosphate  
300mM NaCl  
150mM Imidazole  

 
Table C3 Binding and elution buffer for HisPur Cobalt resin  

20mM Imidazole (pH 7.4) binding buffer for Ni-NTA column.  

20mM Sodium Phosphate  
0.5M NaCl  
10mM Imidazole  

500 mM Imidazole (pH 7.4) elution buffer Ni-NTA column.  

20mM Sodium Phosphate  
0.5M NaCl  
150mM Imidazole  

 
Table C4 Table C3 Binding and elution buffer for Histag Ni-NTA column  
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TEV REACTION BUFFER 

 

50 mM Tris-HCl (pH 8.0 
0.5 mM EDTA 

1mM DTT 

Table C5. Tev reaction buffer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 88 

 

Appendex D 

Tht concentration optmisation with Htt Q103 
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Appendex E 

AFM concentration optmisation for HttQ46 

46Qhtt – 2uM protein (18hours) 

 

 

46Qhtt – 10uM protein (18hours) 
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46Qhtt – 30uM protein (18hours) 

 

 

 

  

 

 

 

 

 

 


