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ABSTRACT 
 

Conservation and Regulation of the Essential Epigenetic Regulator 
UHRF1 Across Vertebrata Orthologs 

 
 
UHRF1 is a critical epigenetic regulator which serves as a molecular model for 

understanding the crosstalk between histone modification and DNA methylation. It is 

integrated in the process of DNA maintenance methylation through its histone 

ubiquitylation activity, ultimately functioning as a recruiter of DNA methyltransferase 

1 (DNMT1). As the faithful propagation of DNA methylation patterns during cell 

division is a common molecular phenomenon among vertebrates, understanding the 

underlying conserved mechanism of UHRF1 for executing such a key process is 

important. Here, I present a broad-range evolutionary comparison of UHRF1 binding 

behavior and enzymatic activity of six species spanning across the vertebrata 

subphylum. According to their distinct binding modes to differentially methylated 

histone H3, a pattern is emerging which separates between mammalian and non-

mammalian orthologs. H. sapiens, P. troglodytes and M. musculus UHRF1 orthologs 

utilize the functionality of both TTD and PHD domains to interact with histone H3 

peptides, while G. gallus, X. laevis, and D. rerio employ either TTD or PHD. Further, 

UHRF1 allosteric regulation by 16:0 PI5P  is a unique case to primate orthologs where 

H3K9me3 peptide binding is enhanced upon hUHRF1 and pUHRF1 interacting with 

16:0 PI5P. This is due to their closed and autoinhibited conformation wherein TTD is 

blocked by the PBR region in linker 4. 16:0 PI5P outcompetes TTD for PBR binding 

resulting in a release of TTD blockage, hence, enhanced H3K9me3 binding. However, 

owing to the lack of phosphatidylinositol binding specificity and reduced sequence 

conservation of linker 4, the regulatory impact of 16:0 PI5P in avian and lower 
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vertebrate orthologs could not be detected. Additionally, all UHRF1 orthologs exert 

their ubiquitylation enzymatic activity on histone H3 substrates, supporting the notion 

that the overall functionality of UHRF1 orthologs is conserved, despite their divergent 

molecular approaches. Taken together, my findings suggest that UHRF1 orthologs 

adopt distinct conformational states with a differential response to the allosteric 

regulators 16:0 PI5P and hemi-methylated DNA.   
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CHAPTER 1: INTRODUCTION 
 
 

 1.1     Background  
 

1.1.1 Chromatin and its structure  
 

The development of disparate cell types in multicellular organisms is caused by their 

distinct gene expression profile, albeit having identical DNA sequence. Maintaining 

cells identity following each somatic cell division is a process controlled at the 

epigenetic level. Hence, epigenetic regulatory pathways are integrated and 

manifested in a plethora of essential processes. Further, as eukaryotic cellular 

complexity demands both amenable and tightly regulated responses to diverse 

environmental stimuli, the accessibility to the massive genetic repertoire entails 

careful epigenetic fine-tuning. Such a process is executed by deciphering a cascade of 

transcriptional signals aimed at accessing the relevant regions of the packed genetic 

material at an opportune time.1,2 

 
DNA packaging follows a hierarchy of multiple levels of organization to deliver two 

main purposes: fitting DNA into the nucleus and maintaining its integrity with respect 

to transcriptional accessibility and cell cycle progression. The fundamental level/unit 

of packaging is established by a nucleosome; a fiber of coiled DNA wrapped around 

histone octamer, a highly conserved complex with a net positive charge, assembled 

by two copies of each of the core histone proteins H2A, H2B, H3 and H4.1,3  

The overall compact structure of DNA and its close association with proteins and RNAs 

establish a highly conserved polymer known as “chromatin” (Figure 1.1).  
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Chromatin exists in two structurally and functionally distinct and regionalized states, 

heterochromatin and euchromatin. It is thought that the primary aim of such an 

organization is to better control the accessibility to the massive genetic information. 

Heterochromatin is characterized by condensed, transcriptionally inactive chromatin 

that expands beyond a single gene and normally supports structural functions for 

chromosomal stability, such as centromeres.4 Euchromatin, on the contrary, 

constitutes the relaxed and active template on which several essential processes 

unfold, such as transcription, replication and DNA repair.5 For these processes to be 

faithfully controlled and executed, a balanced regulation of chromatin is an essential 

prerequisite.  

Figure 1.1: The levels of DNA packaging. The eukaryotic genome is assembled into highly ordered structures 
wherein the basic unit is a set of core histones wrapped by DNA, forming an array of nucleosomes. Histone 
tails protrude from the center of a nucleosome providing an interface for binding with chromatin modifiers. 
The outcome of such a binding directs many of the essential processes related to DNA expression (Figure 
adapted from Rosa et al).6 
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1.1.2     Chromatin regulation and histone tail modifications 

Chromatin structural organization promotes the interplay between its core elements 

and the factors acting upon it. Multiple components partake in initiating and 

regulating these interactions, one of which are histone tails. Known for their major 

role in stabilizing the structure and dynamics of chromatin, histone tails conjointly 

recruit the applicable machinery during a particular process in a cascade manner.1,5,7 

A precise temporal and spatial coordination of regulation is mediated on the N-

terminus of histone tails in the form of post-translational modifications (PTMs), such 

as methylation, acetylation and ubiquitylation.8 The catalysis of these modifications is 

executed by chromatin modulators which constitute a diverse group of proteins. 

These are categorized as (I) writers, that deposit chemical tags on particular residues 

of histone tails, (II) readers, that recognize and decipher these tags for downstream 

processes and (III) erasers: that eliminate the tags for diverse purposes. These 

chemical tags create binding interfaces, carried out by the structural outlet of 

chromatin, which are recognized by specific protein domains to elicit a targeted 

functional response or serve as a scaffold for the recruitment of additional modifiers, 

be it proteins or RNAs.9 The specific position and the class of a modification determine 

the type of a response and its extent; for example, trimethylation on lysine 9 of 

histone H3 tail (H3K9m3) is associated with repressed genes while the same mark on 

lysine 4 (H3K4me3) is usually involved in the expression of active genes.8,10 

 
Out of the highly essential chromatin modifiers, UHRF1 serves as a key multitasker 

regulator by simultaneously engaging with DNA and histones. 
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1.1.3 UHRF1 as a chromatin reader and writer   
 

Ubiquitin-like with PHD and RING finger domains 1 (UHRF1) is a nuclear multidomain 

protein implicated in the process of DNA maintenance methylation through recruiting 

the methyltransferase DNMT1 to the replication fork.11 DNA maintenance 

methylation is a pivotal process to preserve the integrity of DNA methylation 

patterns—being  specific per cell type—following each DNA replication cycle.11,12  This 

is achieved by using the methylation blueprint of the parental strand as a template to 

be faithfully duplicated on the newly replicated strand.  

 
To initiate this process, UHRF1 serves as unique crosstalker between the methylated 

parental strand and nearby distinct histone marks. The interplay between UHRF1 

domains paves the way for carrying out such a multitiered task (Figure 1.2). Of 

particular interest to this study are three domains known for their direct association 

with chromatin components, TTD, PHD and SRA. Given that the full-length structure 

of UHRF1 has not been resolved yet, a major part of our current knowledge on UHRF1 

is based on the structures of its isolated domains.  

 
Tandom tudor domain (TTD) consists of two subdomains (TTDN and TTDC). TTDN is 

able to recognize di- and trimethylated lysine residues of histone H3 tail through an 

aromatic cage, which in hUHRF1 is established by phenylalanine 152, tyrosine 188 and 

191. There exists at the point connecting TTDN with TTDC a peptide-binding groove to 

which H3K9me3 tightly interacts.13  
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Plant homodomain (PHD) integrates three zinc atoms to maintain its structural 

stability taking the form of a rod-shape. It interacts with arginine 2 of histone H3 tail, 

regardless of other lysine residues modification status.14  

SET and RING finger associated domain (SRA) is known to specifically bind to hemi-

methylated DNA through base flipping mechanism in which 5-methylcytosine is 

flipped out of the DNA helix and situated into a binding pocket aligned with basic inner 

surface residues. The inner surface of SRA contains two loops that hold two significant 

roles: (R491-associated loop), which accounts for the initial recognition of CpG 

sequences, and (H445/V446-associated loop) which is responsible for 5-

methylcytosine base contact and flipping.15  

 
Figure 1.2: Domain composition of UHRF1 and its binding partners. The number of the starting and the 
ending residue per domain is designated above each. The arrows indicate UHRF1 ligands with each pointing 
towards its respective binding site.  
 
 
During the course of S phase and downstream of DNA unwinding and replication, the 

machinery of DNA maintenance methylation commences upon SRA recognition of 

hemi-methylated DNA on the parental strand. While TTD recognizes histone 

H3K9me3, PHD contributes to the binding by recognizing the N-terminus of histone 

H3, a uniformal region in both modified and unmodified H3.16 After initiating these 

essential chromatin contacts to ensure its specificity and stability, UHRF1 
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ubiquitylates certain lysine residues, lysine 14, 18 and/or 23, of the histone H3 tail, 

through its E3 ubiquitin ligase activity.17 Further, UHRF1 E3 ligase activity on histone 

H3 tails is significantly enhanced by the binding of SRA to hemi-methylated.18 

Ubiquitylated histone tails in turn function as a signal to recruit DNMT1, the 

maintenance methyltransferase, to copy the parental CpG methylation marks to the 

newly synthesized DNA strand. The enzymatic activity of UHRF1 is carried out by the 

cooperative interplay of UBL and RING finger domains upon their interaction with 

ubiquitin conjugating E2 enzyme to stimulate the ubiquitylation of histone H3.18,19  

On another note, methylated DNA ligase 1 (Lig1) was recently identified as a recruiter 

of UHRF1 during DNA replication. It contains a histone H3K9me3-like segment 

(Lig1K126me3) that has a high affinity to the TTD domain.20 This highlights the tight 

regulation imposed on UHRF1 for it to maintain its functional purposes.  

 
UHRF1 initially gained a significant recognition upon establishing its lethal depletion 

effect in mouse cells during the early developmental stages.21 Moreover, its 

contribution to DNA maintenance methylation holds a global role across vertebrates 

as it has recently been shown that depletion of UHRF1 in zebrafish drastically impairs 

its DNA methylation pattern and embryonic development.22 

 

1.1.4 UHRF1 distinct behavior in human and mouse  
 

Initial studies of UHRF1 behavior and mechanism of its recruitment to chromatin were 

mainly done using mouse and/or human full length UHRF1 irrespective of their 

potential inherent differences. Although UHRF1 core domains are considerably 

conserved across vertebrates, intrinsically disordered regions show high variability. 
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These regions partake in the regulation of UHRF1 by inducing variable conformations 

that limit the accessibility of peptide recognition. Accumulative in-vitro studies have 

demonstrated that binding of UHRF1 to multiple ligands, namely hemi-methylated 

DNA, PI5P, Lig1 and USP7, induces a variety of functional states—shifting UHRF1 

conformation from an autoinhibited, closed state to an open one.20,23-26 

 
Our recent study on the distinctive behaviors of the different variants of mouse UHRF1 

(mUHRF1) and human UHRF1 (hUHRF1) strongly suggests that UHRF1 orthologs do 

not adopt one particular conformation in their apo state.27 In the case of mUHRF1 V1, 

where there exists a unique insertion of nine amino acids in linker 2, H3K9me3 

recognition is modulated through a synergistic and bivalent interaction with mTTD-

PHD. A synergistic interaction is primarily the greater, combined effect observed with 

the binding of a ligand to multiple target sites at the same time as opposed to the sum 

of its binding to individual target sites—an effect in which “one plus one is greater 

than two” is applicable—e.g. the affinity of H3K9me3 to mTTD-PHD is stronger than 

the sum of affinities to mTTD and mPHD.28 Bivalency is established when two binding 

sites of a ligand are occupied by the target at the same time, e.g. trimethyl mark of 

H3K9 interacts with mTTD, while H3R2, of the same peptide, engages with mPHD.29 

 
 The establishment of this synergistic binding is facilitated by linker 2 folding back on 

mouse TTD (mTTD) where arginine 298 occupies the R-pocket, and P-patch interacts 

with the mTTD surface groove (Figure 1.3). This conformation allows mPHD to be fixed 

and situated in a close proximity to mTTD whereat H3K9me3 can access both domains 

tightly resulting in a higher binding affinity. In a different manner to that of mTTD, 

human TTD (hTTD) is regulated by its tight association with the polybasic region (PBR) 
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in linker 4 (Figure 1.4), where proline 656 and arginine 649 were structurally found to 

be residing in the aromatic cage and the R-pocket, respectively.30 In this closed state 

of hUHRF1, histone H3 recognition is primarily mPHD-mediated. An open 

conformation of hUHRF1 is stimulated upon its interaction with PI5P wherefore both 

hTTD and hPHD are accessible for H3K9me3 binding. Taken together, these 

observations highlight the variability of UHRF1 regulation and conformational 

adaptation across its orthologs. Ultimately, scientific scrutiny must be carefully 

practiced when understanding UHRF1 by means of generalizing a behavior 

corresponding to one particular species.  

 

 

 

 

 

 
 
 
 
 
Figure 1.3: mUHRF1 V1/V2 binding mode to H3K9me3. mUHRF1 V1 TTD-PHD adopt a compact confirmation 
due to mTTD-linker 2 association resulting in a multivalent and synergistic H3K9me3 binding, where the N-
terminus of histone H3 is recognized by mPHD while trimethylated K9 interacts with mTTDN. mUHRF1 V2 
TTD-PHD, however, bind separate H3K9me3 peptides. The diagram is adapted from Tauber et al.27 
 
 
 
1.1.5      PI5P as an emergent regulator of hUHRF1 

Phosphatidylinositol 5-phosphate (PI5P) belongs to a family of amphiphilic lipids 

which are composed of a hydrophilic phosphorylated inositol head group linked, via a 

phosphodiester bond, to a hydrophobic glycerol along with two fatty acids chains.31 

Multiple PIP species, carrying distinct biological functionalities, can be generated 
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through the phosphorylation of the inositol head on different hydroxyl groups with 

different combinations, resulting in phosphatidylinositol monophosphate, e.g. PI5P, 

bisphosphate, e.g. PI4,5P2, and triphosphate, e.g. PI3,4,5P3.
31,32 Moreover, 

phosphatidylinositol phosphates variants have long been known for their role in cell 

signaling transduction and membrane trafficking through serving as a second 

messenger linked to the plasma membrane.33,34 PI5P was first identified in-vivo in 

1997,35 and it was thought to be involved in nuclear regulatory processes as its levels 

increases in the nucleus upon entering the S phase of murine erythroleukemia (MEL) 

cells.36 PI5P was first linked to a nuclear process in 2003, when it was shown that it 

regulates ING2 activation of p53-dependent apoptotic pathways.37 

 
In a 2014 study published by our lab, PI5P was proposed to function as an allosteric     

regulator for hUHRF1 with an enhancing impact on TTD-H3K9me3 binding. This 

regulation is achieved through PI5P inducing a conformational change upon its 

association with the PBR region of linker 4 resulting in freeing up TTD; hence, enabling 

K9me3 to grasp into the TTDN-TTDC peptide groove (Figure 1.4). This effect on 

hUHRF1 is specifically implemented by 16:0 PI5P, a saturated form of PI5P, when 

compared to other types of PIPs. Further, as the PBR region carries a patch of basic 

residues that can interact with TTD, it is assumed that hUHRF1 takes on a closed 

conformation in the absence of PI5P.24,38  
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The profound effect of PI5P highlights the significance of the intramolecular 

associations inflicted on UHRF1 to govern and regulate its binding to diverse partners. 

A deeper understanding of such a convoluted regulation is one important incentive to 

study and compare UHRF1 functionality and whether it follows the same set of rules 

across different species.  

 
Figure 1.4: hUHRF1 conformational change upon PI5P binding. hUHRF1 adopts a closed conformation 
where linker 4 folds back on TTD impairing H3K9me3 peptide binding. PI5P outcompetes linker 4 and releases 
TTD leading to an enhancement of H3K9me3 binding whereat both TTD and PHD cooperatively interact with 
the peptide. 
 

1.1.6 UHRF1 conservation levels  

An accurate assessment and comparison of UHRF1 orthologs behavior initially 

demands looking into the chromatin profile of each organism, starting with DNA 

methylation pattern. DNA methylation on cytosine residues is a common epigenetic 

mark across the majority of eukaryotes as it serves essential roles in regulating diverse 

genomic processes. However, the methylation level and pattern vary between 

different species with its lowest levels observed in classical model organisms such as 

Caenorhabditis elegans, and Drosophila melanogaster.39 In vertebrates, CG sites are 

heavily targeted for methylation on the global genomic scale. According to a 

comparative genomic study where the level of methylation was assessed across 

different organisms, a considerable decrease in the level of methylation was observed 

upon UHRF1 knockout in mouse and zebrafish.40 This implies the integral role of 
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UHRF1 in maintaining DNA methylation not only in mammals, but also in lower 

vertebrates. Additionally, conservation of histone modifications appears to be more 

dependent on the conservation and stability of the underlying genomic region with a 

specific nucleotide composition, e.g. CG-rich versus CG-poor regions. Highly 

conserved promoters and active transcribed regions were shown to relatively have 

stable and comparable levels of the same type of a histone modification across 

different species. This is most correlated with the conservation of transcription factor 

binding sites (TFBS).41,45 Thereby, the more divergent the DNA sequence, the less 

conservation of histone modifications associated with it.   

In respect of UHRF1 protein sequence conservation across its orthologs, UBL, SRA and 

RING domains score the highest conservation level, 75% to 80%. TTD and PHD are          

~ 65% conserved. The linker regions, however, are less than 50% conserved.  

 
 
In this study, I will discuss and compare the differential binding modes of six UHRF1 

orthologs to selected chromatin components, and deduce their distinct 

conformational states in the presence of allosteric regulators, hemi-methylated DNA 

and 16: PI5P. Although this thesis represents a small-scale comparative study, I will 

remark on the evolutionary implications, whenever reasonable, to provide a broader 

perspective of UHRF1 properties.  
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1.2      Hypothesis and Objectives  
 
1.2.1  Hypothesis  
 
As UHRF1 serves a crucial task of recruiting DNMT1 through engaging with chromatin 

at multiple levels, I hypothesized that its biochemical properties, particularly these 

related to DNA and histone H3 recognition, to be universally conserved across species. 

To test this hypothesis, I utilized six UHRF1 vertebrate orthologs: Homo sapiens 

(hUHRF1), Pan troglodytes (pUHRF1), Mus musculus (mUHRF1), Gallus gallus 

(gUHRF1), Xenopus laevis (xUHRF1), and Danio rerio (dUHRF1). I expected the binding 

affinity of UHRF1 different orthologs to hemi-methylated DNA and histone H3 

peptides to be highly comparable as the domains engaging in the binding of these 

ligands are fairly conserved. Further, for 16:0 PI5P to allosterically induce an open 

state of UHRF1 for enhancing peptide binding, an autoinhibited conformation 

whereby TTD is blocked by linker 4, as is the case with hUHRF1, needed to be assumed. 

However, as a preliminary assessment of 16:0 PI5P interaction with UHRF1 orthologs 

was initially based on sequence alignment of linker 4, a region of low conservation, I 

anticipated 16:0 PI5P binding to be reduced, at a considerable varying degree, to non-

mammalian orthologs as compared to hUHRF1 and pUHRF1. Thereby, the impact of 

16:0 PI5P outcompeting TTD for linker 4 binding was reasoned to be a unique 

phenomenon to UHRF1 primates orthologs.  

1.2.2  Objectives  

• Clone, express and purify full-length UHRF1 orthologs proteins  

• Measure their binding affinity to hemi-methylated DNA, histone H3 peptides 

and different lipids using microscale thermophoresis (MST) 
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• Determine the impact of hemi-methylated DNA and PI5P on histone peptide 

binding 

• Express and purify isolated domains and linkers of UHRF1  

• Determine the intramolecular interaction between linker 4 and TTD 

• Test the ubiquitylation activity of full length UHRF1 orthologs 

• Obtain an indirect structural insight of their conformational state through MST 

analysis 
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CHAPTER 2: RESULTS 
 
 
2.1      UHRF1 orthologs binding affinity to histone H3 peptide and hemi-methylated  
            DNA 
 
For UHRF1 to carry out its role during the process of DNA maintenance methylation, 

its recognition of the histone H3 tail and the methylated cytosine on one DNA strand 

is a prerequisite. To achieve a comparison between UHRF1 orthologs binding affinities 

to these critical ligands, I generated recombinant UHRF1 orthologs proteins and 

performed quantitative binding measurements utilizing Microscale Thermophoresis 

(MST) to determine the disassociation constant (KD). One of the advantages of using 

MST is that it enables binding detection by using very low concentration of the target, 

in this case UHRF1, while maximizing the titration series of the ligand, e.g. histone H3 

peptides, to reach an acceptable saturation point; hence, an accurate KD value. This 

methodology was kept constant across all measurements where UHRF1 is involved. 

During the optimization period of this project, it was observed that keeping the 

concentration of the ligand constant while titrating UHRF1, up to 50 μM, almost 

always resulted in its precipitation. Thereby, using low concentration of UHRF1 

ensured avoiding such a technical limitation and maintaining a secured system to 

obtain reliable measurements.  

For all analyses, histone H3 peptides were titrated up to 320 μM against a constant 50 

nM of UHRF1. In the context of full length UHRF1, hUHRF1, pUHRF1 V1 and mUHRF1 

V1/V2 showed comparable binding affinities to H3K9me3 and H3K9me0 with mUHRF1 

V1 favoring H3K9me3 over H3K9me0 (Table 2.1). gUHRF1 V1 reproducibly bound to 

H3K9me3 and H3K9me0 with similar KD, 3-fold less than that of hUHRF1 binding, 

exhibiting a binding pattern highly similar to mUHRF1 V2. However, unlike mUHRF1 
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V2, gUHRF1 V1 histone H3 peptide binding is primarily PHD-mediated with TTD failing 

to recognize the trimethyl mark on lysine 9. Further, xUHRF1 exhibited an equivalent 

affinity to both peptides with the lowest KD  among UHRF1 orthologs. Hemi-

methylated DNA, however, played a role in enhancing histone H3 peptide binding 

suggesting that xUHRF1 in its apo state adopts a closed confirmation in which PHD is 

blocked by SRA. In contrast, dUHRF1 appeared to recognize only H3K9me3 implying a 

TTD-mediated mode of binding. Lastly, all the titration series of hemi-methylated 

DNA, ranging from 20 nM to 40 μM over a constant 50 nM of UHRF1 protein, resulted 

in saturating UHRF1 orthologs at a comparable low micromolar concentration of 

hemi-methylated DNA. That is, binding to hemi-methylated DNA followed a uniform 

pattern among all UHRF1 orthologs as the ligand with the highest affinity to UHRF1.  

 

Together, this data indicates the shared overall functionality of UHRF1 orthologs with 

respect to DNA and histone H3 peptide recognition, albeit in distinct modes. More 

elaborated data on the distinct binding behavior and enzymatic activity of each 

ortholog will be discussed on a separate manner. The order of the following result 

sections is based on the phylogenetic relationship among the orthologs, starting with 

pUHRF1. 
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Figure 2.1: UHRF1 orthologs binding affinity to histone H3 peptides and hemi-methylated DNA. Purified 
recombinant full-length UHRF1 orthologs were separately tested for their binding affinity against a titration 
series of (A) H3K9me0 and, (B) H3K9me3 using Microscale Thermophoresis (MST). The error bars reflect the 
standard deviation over two biological and three technical normalized replicates. It is assumed that the 
stoichiometry between the target, UHRF1, and ligand, histone H3 peptides, is kept constant at 1:1. The 
corresponding KD values are indicated in Table 2.1. (C) The purity of UHRF1 orthologs proteins was analyzed 
on SDS-PAGE stained with Coomassie blue. The running position of the molecular weight markers is indicated 
on the gel. This gel shows the purity of one biological replicate; however, all biological replicates are of a 
highly similar purity level. 
 
 
 
 

2.2      pUHRF1 V1 behaves similarly to hUHRF1 both in its apo and bound states  
 
Given that hUHRF1 is the most studied protein ortholog, I rationalized that studying 

its closest evolutionary relative, pUHRF1, would address whether hUHRF1 behavior is 

 H3K9me0 H3K9me3 hm-DNA 
hUHRF1 2.5 +/- 0.3 1.5 +/- 0.1 0.31 +/- 0.04 

pUHRF1 V1 3.2 +/- 0.4 4.8 +/- 0.6 0.9 +/- 0.01 
pUHRF1 V2 N.B. N.B. N.B. 
mUHRF1 V1 5.3 +/- 02 1.4 +/- 0.05 1 +/- 0.1 
mUHRF1 V2 5.8 +/- 0.3 4 +/- 0.2 1.7 +/- 0.2 
gUHRF1 V1 21.6 +/- 1.9 16 +/- 0.9 2.04 +/- 0.2  
gUHRF1 V2 N.B. N.B. N.B. 

xUHRF1 59.3 +/- 7.8 42 +/- 6.9 1.8 +/- 0.5 
dUHRF1 N.B. 26.4 +/- 0.9 1.5 +/- 0.3 

B 

A 

Table 2.1: KD values of UHRF1 orthologs binding to histone H3 peptides and hm-DNA:  

KD values are denoted in μM 
N.B. = Not bound 

 

C 
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specific or common among primates. pUHRF1 exists in two splicing variants, pUHRF1 

V1 and V2. As only one point-mutation and a single amino acid deletion mark the 

difference between hUHRF1 and pUHRF1 V1, I used hUHRF1 construct as a template 

to clone pUHRF1 V1/V2 via Site Directed Mutagenesis (SDM). In pUHRF1 V1, the 

variant residue A83 and the deleted residue E628 are found in linker 1 and linker 4, 

respectively. The generated clone was verified by Sanger sequencing and 

subsequently the protein was expressed following the same conditions that were 

subjected for hUHRF1 protein. Initially, pUHRF1 V1 binding affinities to histone H3 

peptides and 16:0 PI5P were determined; and as anticipated, they are highly 

comparable to hUHRF1 (Table 2.2). Next, to test the effect of 16:0 PI5P on H3K9me3 

binding, pUHRF1 V1 was 50% saturated with 16:PI5P against a titration series of 

H3K9me3. As expected, the affinity between pUHRF1 V1 and H3K9me3 increased by 

35-fold in the presence of 16:0 PI5P, a response that is now common to both hUHRF1 

and pUHRF1 V1 (Figure 2.2, Table 2.2), indicating their shared binding specificities and 

conformational states. That is, in its apo state, pUHRF1 V1 assumes a closed 

autoinhibited conformation where TTD is blocked by linker 4. However, 16:0 PI5P did 

not elicit a similar effect on pUHRF1 V2 for a reason embedded in its primary structure 

that is further analyzed in the following section. 
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Figure 2.2: The effect of 16:0 PI5P on H3K9me3 binding to primate UHRF1 orthologs.  Normalized MST plot 
of primate UHRF1 orthologs, hUHRF1 and pUHRF1 V1/V2, against H3K9me3 in the presence and absence of 
16:0 PI5P. H3K9me3 was titrated over a pre-complexed UHRF1-16:0 PI5P. The error bars reflect the standard 
deviation over three technical replicates of one biological replicate. The corresponding KD values are listed 
in Table 2.2. 
 

 
2.3      A major deletion in SRA domain diminishes the activity of pUHRF1 and 

     gUHRF1 V2 
 

Due to alternative splicing, UHRF1 orthologs exist in multiple splicing variants. Given 

that all variants tested thus far are the primary expressed UHRF1 proteins in these 

species, particularly during development, a question of the function of the other 

variants still remained. To compare the functionality of these proteins, two variants 

from two species were selected based on (I) the availability of a confirmed clone, as 

established by expressed sequence tag (EST) alignment, and (II) setting up a 

comparison between mammalian and non-mammalian organisms. Interestingly, the 

SRA domain of both gUHRF1 V2 and pUHRF1 V2 is subjected for alternative splicing 

resulting in a deletion of 35 residues towards the N-terminus of SRA (Figure 2.3.B). 

The deletion includes the critical residue V446 which is implicated in forming a loop 

responsible for the initial promotion of 5-methylcytosine base flipping (Figure 2.3.C). 

 16:0 PI5P H3K9me3 H3K9me3 + PI5P 
hUHRF1 4.7 +/- 0.5 1.5 +/- 0.1 0.08 +/- 0.01 

pUHRF1 V1 6.8 +/- 0.6 4.8 +/- 0.5 0.23 +/- 0.04 
pUHRF1 V2 N.B. N.B. N.M 

Table 2.2: KD values of hUHRF1 and pUHRF1 variants binding to 16:0 PI5P and H3K9me3: 

KD values are denoted in μM 
N.B. = Not bound. N.M. = Not measured 
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Analysis done using the BLAT tool, which maps protein domains to their exons, shows 

that pUHRF1 V2 is a result of exon skipping in which the omission of exon 8, out of 16, 

mapped to the very N-terminus of SRA domain, rendered pUHRF1 V1 dysfunctional 

(Figure 2.3.D). This deletion caused the diminished activity of pUHRF1 V2 and gUHRF1 

V2  at the level of histone H3 and DNA binding (Figure 2.3.A) along with its impaired 

ubiquitylation activity, provided that variant 1 of both gUHRF1 and pUHRF1 were 

considered as a positive control (Figure 2.9).  

These findings highlight the importance of the conserved integrity of the overall 

functionality of UHRF1 carried out by SRA in which any residual alterations could have 

a drastic impact.  

 

 

 

 

 

 

 

 

 

 

A 

B SRA V446-associated loop  
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Figure 2.3: Abolished histone H3 peptide affinity of pUHRF1 and gUHRF1 variant 2. (A) The represented 
data points in this figure reflect one replicate per variant. However, three technical replicates were tested 
for peptide binding from two biological batches. As the points are highly fluctuating in terms of fluorescence 
detection due to an inherent technical variation but consistent in undetectable binding, error bars are 
reasoned to be dispensable. (B) Alignment of UHRF1 orthologs SRA N-terminus and its corresponding deleted 
region in gUHRF1 V2. The indicated number is based on hUHRF1 sequence. The arrow points at the critical 
residue V446 implicated in forming a loop that penetrates the DNA minor groove to flip out 5-
methylcytosine. The alignment was done using PRALINE alignment tool. (C) Structural illustration of SRA and 
hemi-methylated DNA interaction; the deleted region in gUHRF1 V2 is shown in red and the V446-associated 
loop is colored in magenta (PDB ID: 3FDE). (D) BLAT mapping analysis of pUHRF1 exons. (D.1) Alignment of 
pUHRF1 V1 exons on Chimp chromosome 19 showing exon 7 and 8, highlighted in blue. (D.2) pUHRF1 V2 
exons alignment against the same genomic region as that of V1 in which exon 8 is skipped. The selected 
genome assembly for this alignment: Clint_PTRv2/panTro6. 
 
 
2.4      gTTD contribution to H3K9me3 binding is limited in the context of full length  

     UHRF1 and isolated domains  
 

To further dissect UHRF1 domain conservation with regard to histone H3 binding, 

gUHRF1 V1 domains were selected for downstream analyses. The isolated 

recombinant domains gTTD, gPHD and tandem gTTD-PHD (gTP) were cloned, 

Deletion of 35 residues 

C 

Exon 7 

Exon 8 

Exon 7 

D. 1 

D. 2 
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expressed and purified following the same conditions subjected to full length gUHRF1. 

Interestingly, MST analysis showed a weak, unsaturated binding of gTTD to H3K9me3, 

while the binding was completely retained with gPHD and gTTD-PHD (Figure 2.4.A). 

The KD values of gPHD and gTTD-PHD bindings fall in the same range as that of full-

length gUHRF1 V1 binding to H3K9me3 and H3K9me0, indicating that gPHD is the only 

domain responsible for recognizing the N-terminus of both trimethylated and 

unmethylated H3K9 peptides (Table 2.4). Further, to corroborate the results of 

H3K9me3 binding, H3R2me2symK9me3 was used as a negative control to exclude the 

effect of H3 peptide N-terminus recognition by gPHD; given that the symmetric 

dimethyl mark on arginine blocks the peptide binding sites. As expected, the 

interaction of H3R2me2symK9me3 with gUHRF1 V1 and xUHRF1 could not be 

detected, whereas hUHRF1 bound with a KD value of 13.2 +/- 0.9 μM indicating the 

ability of hTTD, but not gTTD and xTTD, to recognize H3K9me3 (Figure 2.4.C).  

Next, the functionality of gTTD was further examined by measuring its binding with 

the human Lig1K126me3 peptide. Despite the fact that all the residues that were 

shown structurally to participate in the binding of H3K9me3 and Lig1K126me3 are 

conserved between hTTD and gTTD,46 except for tyrosine 140 (Y140) (Figure 2.4.E), 

gTTD binding to Lig1K126me3 could not be detected (Table 2.4). It must be noted, 

however, that the conserved methylated region of DNA ligase 1, which has been 

shown to bind both hUHRF1 and mUHRF1, is not present in G.gallus DNA ligase 1. This 

finding, nonetheless, does not explain the absence of gTTD binding to H3K9me3.  

Due to the unexpected outcome of these binding measurements, I suspected that 

gTTD might require zinc to maintain its structural and folding stability; thereby, 

binding to H3K9me3 could be detected. Hence, I generated a third biological 
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replicate—a separate protein preparation—in which zinc ions were incorporated in 

the form of zinc phosphate solution to a final concentration of  1 μM in the dialysis 

buffer. However, contrary to my hypothesis, the addition of zinc ions did not show any 

difference in gTTD binding behavior. The next step to corroborate MST binding data 

was to assess gTTD binding using a different experimental set-up. For that, I tested the 

binding of gTTD to H3K9me3 by utilizing peptide pulldown assay with gTTD-PHD as a 

positive control (Figure 2.4.D). The pulldown assay results go in agreement with the 

absence of binding observed in MST, ensuring the excluding of technical artifacts.  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

 H3K9me0 H3K9me3 Lig1K126me3 
gTP 10.2 +/- 1.1 19.7 +/- 1.5 N.M. 

gPHD 28 +/- 2.1 21.8 +/- 1.1 N.M. 
gTTD N.B. > 120 N.B. 

B A 

C D 

Table 2.4: KD values of gUHRF1 domains binding to histone H3 and ligase 1 peptides: 
 

KD values are denoted in μM 
N.B. = Not bound. N.m. = Not measured 
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Figure 2.4: gTTD does not bind trimethylated histone H3 tail. (A) Normalized MST measurements of isolated 
gUHRF1 domains, gTTD, gPHD, gTTD-gPHD (gTP) against H3K9me3; the error bars reflect the standard 
deviation of two biological and three technical replicates. (B) The purity of the recombinant domains used 
for these binding measurements was analyzed on SDS-PAGE stained with Coomassie blue. The running 
position of the molecular weight markers is indicated on the gel. This gel shows the purity of one biological 
replicate; however, all biological replicates are of a highly similar purity level. (C) Full-length gUHRF1 V1, 
xUHRF1 and hUHRF1 against H3R2me2symK9me3. The error bars correspond to the standard deviation over 
two technical replicates. (D) H3K9me3 peptide pulldown assay of the tandem gTTD-PHD domains and 
isolated gTTD. gTTD and gTTD-PHD were incubated with the indicated biotin labelled peptides immobilized 
on streptavidin beads. After washing, the recovered material was run on SDS-PAGE and stained with 
Coomassie blue. The running position of the molecular weight markers is indicated on the gel. (E) Alignment 
of TTD N-terminus across UHRF1 orthologs. The numbers correspond to hUHRF1 sequence. The arrow points 
to Y140, a critical surface residue for histone H3 binding. The alignment was done using PRALINE alignment 
tool. 
 
 
2.5     Mutational analysis of gTTD reveals the cause of its reduced peptide binding 

Out of the critical residues participating in peptide binding and that were structurally 

resolved, Y140 in hUHRF1, is replaced by a leucine in gUHRF1 (L143) and xUHRF1 

(L138) (Figure 2.4.E), both of which exhibit similar peptide binding behavior. In 

dUHRF1, however, a tyrosine is replaced by phenylalanine (F142). Phenylalanine is 

relatively less hydrophobic than leucine according to Kyte-Doolittle scale4—an 

observation that might provide a clue on dUHRF1 different mode of binding compared 

to gUHRF1 and xUHRF1. 

In the published hTTD structure (PDB ID: 5XPI), Y140 is found on the surface of the 

domain and is closely associated with T6 of H3K9me3 (Figure 2.5). To determine 

whether such a single change has an effect on peptide binding, I cloned and generated 

recombinant gTTD protein carrying a L143Y mutation—gTTD L143Y—and subjected it 

to MST analysis. Interestingly, the affinity of gTTD L143Y to H3K9me3 increased by 

E 
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more than 7-fold compared to wild-type gTTD, implying that Y143 is important to set 

up a functional state of TTD by which it can recognize H3K9me3 (Figure 2.5.E). Indeed, 

when looking at the structure of hTTD  and mutating Y140 to leucine and 

phenylalanine, using PyMol, it appears that an aromatic residue at this particular site 

is best suited for H3K9me3 to be recognized by TTD surface (Figure 2.5.A-D). 

Aromaticity is the single commonality between tyrosine and phenylalanine that seems 

to be contributing to TTD structural and functional stability. However, binding of gTTD 

L143Y to human Lig1K126me3 still did not show an enhancement. Such a discrepancy 

might suggest distinct binding modes by which H3K9me3 and Lig1K126me3 approach 

gTTD, or it could be that Lig1K126me3 is not a suitable ligand for gTTD.  

The above results collectively demonstrate that (I) in its apo state, interaction of 

gUHRF1 V1 with H3K9me0 and H3K9me3 is solely promoted by gPHD; (II) gTTD L143 

accounts for gUHRF1 decreased binding to H3K9me3. 
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Figure 2.5: gTTD L143Y is critical for peptide binding. Structural analysis of TTD critical peptide binding 
residues was done using PyMol to assess the impact of gTTD L143Y; (A) Published hTTD structure (PDB ID: 
5XPI) with the designated hTTD Y140. (B) Mutational editing of hTTD Y140F, which is the case observed in 
dUHRF1 with H3K9me3 detectable binding. (C) hTTD Y140L, reflecting the decrease in gTTD accessible 
surface for peptide binding, which is assumed to be the cause of gTTD reduced peptide binding. (D) An 
overview of the position of Y140 on the surface of hTTD. (E) MST measurement of gTTD and gTTD L143Y 
against H3K9me3 titration series with error bars corresponding to two technical replicates; the KD values are 
indicated in Table 2.5.  
 
 
2.6     xUHRF1 affinity to histone H3 peptide is enhanced by hemi-methylated DNA 
 
To test whether hemi-methylated DNA enhances the binding of histone H3 peptides 

across UHRF1 orthologs, histone H3 peptides were titrated over a fixed amount of 

UHRF1-hemi-methylated DNA complex. Interestingly, xUHRF1 affinity to H3K9me3 in 

the presence of hemi-methylated DNA increased by ~7-fold making it the only 

ortholog to show an enhanced binding to H3K9me3 caused by its pre-complexing with 

hemi-methylated DNA (Figure 2.6). I reasoned that this effect of hemi-methylated 

DNA was exerted on enhancing the affinity of xPHD towards the N-terminus of histone 

H3 peptides, and not xTTD, as xUHRF1 did not bind to H3R2me2symK9me3 which 

excludes xTTD from recognizing histone H3 tail (Figure 2.4.C). This could suggest that 

hemi-methylated DNA induces a conformational change in xUHRF1 via outcompeting 

xPHD for xSRA binding. 

 H3K9me0 H3K9me3 Lig1K126me3 
gTTD N.B. > 120 N.B. 

gTTD L143Y N.B. 17.8 +/- 1.0 N.B. 

E 

Table 2.5: KD values of wild-type and mutant gTTD binding to histone H3 and ligase 1 peptides: 
 

KD values are denoted in μM 
N.B. = Not bound 
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The above data indicates that xUHRF1 peptide binding mode is PHD-mediated, and 

while other UHRF1 orthologs in their apo state, e.g. gUHRF1 V1, adopt an open 

conformation allowing H3 peptides to maximally utilize PHD surface, xUHRF1 PHD is 

blocked by SRA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: The effect of hemi-methylated DNA on xUHRF1-H3K9me3 binding. H3K9me3 was titrated over 
50 nM of xUHRF1 (grey curve) and a complex of xUHRF1 with 10bp hemi-methylated DNA (dark red curve). 
As a negative control, the effect of hemi-methylated DNA on gUHRF1-H3K9me3 binding was also tested 
concurrently. The error bars reflect the standard deviation of two biological and two technical replicates.  
 
 
2.7     dUHRF1 peptide binding is TTD-mediated  

 
As it had been already established that full-length dUHRF1 binding to H3K9me0 could 

not be detected even in the presence of hemi-methylated DNA (Figure 2.1, Result 

2.6), further testing for the functionality of dUHRF1 peptide binding domains was 

needed. For that, I cloned and generated recombinant dTTD, dPHD and tandem dTTD-

dPHD proteins. Contrarily to gPHD and gTTD, dPHD  affinity to H3K9me0 and H3K9me3 

was considerably weaker while dTTD bound strongly to both H3K9me3 and 

Lig1K126me3 (Figure 2.7.A-B). The undetected binding of H3K9me0, where the 

absence of K9 trimethyl mark hinders H3 binding stability to dTTD, was observed both 

in the context of isolated dPHD and full-length dUHRF1 indicating that dPHD is not 

 H3K9me3 H3K9me3 + hmDNA 
xUHRF1 49.2 +/- 3.2 6.9 +/- 0.5 

gUHRF1 V1 16 +/- 0.9 14 +/- 1.2 

Table 2.6: KD values of hm-DNA impact on xUHRF1 and gUHRF1 histone H3 peptide binding: 

KD  values are denoted in μM 
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inhibited by an intramolecular association but rather has a limited role in histone H3 

peptide binding (Table 2.7). From that, I deduced that dUHRF1 binding to histone H3 

peptides to be largely mediated by dTTD. Interestingly, however, when compared to 

dTTD, tandem dTTD-PHD affinity to both peptides was reduced by more than 5-fold 

implying an intramolecular impediment possibly introduced by linker 2.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: Differential contribution of dUHRF1 domains to histone H3 and ligase 1 peptide binding. dTTD, 
dPHD and dTTD-PHD (dTP) were tested for binding with histone H3 and Lig1K126me3 peptides at titration 
levels that were kept constant over all measurements. (A) H3K9me3 was titrated against dUHRF1 domains. 
(B) Lig1K126me3 was measured for its binding with dTTD and dTP only, as dPHD does not carry a non-histone 
peptide binding motif, with error bars covering the standard deviation of two biological and two technical 
replicates. KD values are listed in Table 2.6. (C) The purity of the recombinant domains used for these binding 
measurements was analyzed on SDS-PAGE stained with Coomassie blue. The running position of the 
molecular weight markers is indicated on the gel. This gel shows the purity of one biological replicate; 
however, all biological replicates are of a highly similar purity level. 
 
 
 
 
 
 
 
 

 H3K9me0 H3K9me3 Lig1K126me3 
dTP N.B. 55.5 +/- 2.7 332 +/- 20.3 

dTTD N.B. 7.38 +/- 0.9 0.9 +/- 0.1 
dPHD > 120 N.B. N.B. 

KD values are denoted in μM 
N.B. = Not bound 

 

Table 2.7: KD values of dUHRF1 domains binding to histone H3 and ligase 1  peptides: 
 

B
 

C 
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2.8     dUHRF1 apo state functionality for peptide binding is salt-dependent  
 
Given that the same buffering conditions for MST sample preparation were applied 

over all measurements—in which high salt concentration, 150 mM, kept constant 

except when hemi-methylated DNA was involved to account for the electrostatic 

forces between DNA negatively charged backbone and SRA basic residues—dUHRF1 

binding to histone H3 and ligase 1 peptides could not be detected. Further, as the 

intermolecular forces between TTD charged surface residues and 

H3T6R8/Lig1T123R125, as well as the association between H3K4/Lig1R121 and the     

R-pocket residues of TTD, are predominately maintained by electrostatic interactions, 

which are positively enhanced by salt reduction,30 I reasoned that dTTD binding to 

histone H3K9me3 and Lig1K126me3 might be stabilized and detectable by lowering 

the salt concentration. Hence, MST binding measurements of full-length dUHRF1, as 

well as the isolated dTTD, to histone H3 and ligase 1 peptides, were done at 50 mM 

NaCl. It is worth noting that the change in buffering conditions was applied only to the 

titration series without changing the conditions of protein preparation of two 

biological replicates. As shown in Figure 2.8, H3K9me3 bound to dUHRF1 at 50 mM 

NaCl as opposed to 150 mM. Moreover, the binding data shown in Figure 2.7 were all 

measured at low salt concentration, however, dPHD affinity to histone H3 peptides 

still could not be detected. Hence, the data collectively implies that the required 

stability of dTTD to bind histone H3 and ligase 1 methylated peptides is largely 

maintained by the charged surface residues. 

Further, it should be emphasized that all UHRF1 orthologs were also subjected to low 

salt concentration for peptide MST measurements; however, dUHRF1 is the only 

ortholog to show contrasting outcomes with different buffering conditions. 



 

 

42 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.8: Stability and functionality of dUHRF1 is salt-dependent. Initially, recombinant full-length 
dUHRF1 was tested for H3K9me3 binding in a buffering system that was sustained across all UHRF1 
orthologs, which contained 150 mM NaCl. As indicated by the grey curve, binding to H3K9me3 was abolished 
at 150 mM NaCl, while it was recovered at 50 mM NaCl (dark red curve). The error bars reflect the standard 
deviation over three technical replicates. 
 
 
 
2.9      Histone H3 ubiquitylation activity of UHRF1 orthologs is conserved  

 
After determining the binding affinity of each UHRF1 ortholog to hemi-methylated 

DNA and histone H3 peptides, the next aim was to assess UHRF1 enzymatic activity. 

To stimulate UHRF1 ubiquitylation activity towards histone H3 substrates, I set up an 

in-vitro assay in which ubiquitylation machinery components were provided. It should 

be recalled that for an accurate assessment and comparison of the enzymatic activity 

level across UHRF1 orthologs, the proteins need to be expressed and purified at 

relatively the same time. I noticed that when I test the enzymatic activity of UHRF1 

orthologs that I expressed and stored at sparse times, the histone H3 ubiquitylation 

level of a one particular ortholog—that of a 6-months old protein prep—was not 

consistent to the level of its corresponding newly prepped protein.  

As shown in (Figure 2.9), all UHRF1 orthologs, except pUHRF1 V2 and gUHRF1 V2, 

exerted their enzymatic ubiquitylation activity on histone H3 substrates. However, 

 dUHRF1 in 50 mM NaCl dUHRF1 in 150 mM NaCl 
H3K9me3 6.4 +/- 0.9 N.B. 
H3K9me0 N.B. N.B. 

Table 2.8: KD values of dUHRF1 binding to histone H3 peptides in different salt concentration: 

KD values are denoted in μM 
N.B. = Not bound 
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some disparities need to be addressed. UHRF1 auto-ubiquitylation was most 

prominent in the mammalian orthologs. Given that UHRF1 switches to an auto-

ubiquitylation mode once it exhausts ubiquitylating the free lysine residues on histone 

H3 substrates,18  this might indicate that either (I) UHRF1 is most active in these 

species and/or (II) due to some differences in their primary structures, mammalian 

orthologs have more exposed lysine residues subjected for auto-ubiquitylation. 

Furthermore, as binding affinities do not linearly correlate with enzymatic activity, the 

level of gUHRF1 V1 mono-ubiquitylation on both histone H3 substrates is highly 

comparable to that of hUHRF1, pUHRF1 V1 and mUHRF1, qualitatively. Contrarily, 

dUHRF1 reproducibly exhibited the lowest ubiquitylation activity on both methylated 

and unmethylated histone H3 substrates. This goes in agreement with dPHD weak 

binding to histone H3 peptides (Figure 2.7), which is required for ubiquitylation.  

Further, to recapitulate dUHRF1–H3K9me3 binding condition, its ubiquitylation 

reaction was assessed at two salt concentrations, 50 mM and 150 mM (Figure 2.9.B). 

At 50 mM NaCl, dUHRF1 ubiquitylation of H3K9me3 was slightly enhanced unlike the 

striking effect observed with the MST measurements (Figure 2.7).  

Overall, this data demonstrates the conserved functionality of UHRF1 as an E3 ligase 

over its substrate, histone H3 tail. Further, the impaired enzymatic activity of pUHRF1 

V2 and gUHRF1 V2, where the N-terminus of SRA is deleted, goes in agreement with 

the observation that UHRF1 requires hemi-methylated DNA binding as a prerequisite 

to ubiquitylate histone H3 substrates.18 
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Figure 2.9: In-vitro ubiquitylation activity of UHRF1 orthologs. The ubiquitylation reaction of UHRF1 
orthologs in the presence of hemi-methylated DNA was tested with two forms of histone H3 tail; (A) 
H3K9me0, the reaction was prepared in 150 mM NaCl; (B) H3K9me3 in 150 mM NaCl except for the last lane 
in which dUHRF1 was in 50 mM NaCl. The reaction samples were run on SDS-PAGE, transferred to a PVDF 
membrane and blotted against anti-FLAG antibody for detection of FLAG-ubiquitin. The running position of 
the molecular weight markers is indicated on the gel.  
 
 
  2.10     All UHRF1 orthologs interact with 16:0 PI5P but exhibit distinct 16:0 PI5P  

  effect on peptide binding 
 

As 16:0 PI5P was previously shown to enhance hUHRF1 binding to H3K9me3 through 

disrupting the intramolecular association between TTD and PBR region of linker 4,24 

which was also reproduced with pUHRF1 V1 (Figure 2.2), its binding with avian and 

A 

B 
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lower vertebrate orthologs was initially determined. For that, I titrated 16:0 PI5P up 

to maximally 80 μM—as additional titration points resulted in lipid aggregations—

against a constant 50 nM UHRF1. As shown in Figure 2.10 and Table 2.10, all tested 

UHRF1 orthologs bound to 16:PI5P. However, while mammalian orthologs, hUHRF1, 

pUHRF1 V1, mUHRF1 V1 and mUHRF1 V2 bound with comparable affinities, gUHRF1 

V1 bound with 2-fold lower KD, and xUHRF1 along with dUHRF1 bound 16:0 PI5P with 

the lowest KD, > 5-fold less binding when compared to hUHRF1.  

Next, I determined 16:0 PI5P impact on histone H3 peptide binding by saturating 

UHRF1 orthologs with 16:0 PI5P at multiple saturation levels, 50%, 65% and 80%, and 

titrating histone H3 peptides over the complex UHRF1-16:0 PI5P. Quite the contrary 

to 16:PI5P effect on primate orthologs, hUHRF1 and pUHRF1, 16:0 PI5P blocked the 

interaction between gUHRF1 V1, xUHRF1, dUHRF1 and H3 peptides (Table 2.10). To 

rule out the possibility that 16:0 PI5P and histone H3 tail compete for the same binding 

sites in these UHRF1 orthologs, I titrated 16:0 PI5P against a complex of gUHRF1 V1 

and H3K9me3. As expected, 16:0 PI5P binding to gUHRF1 V1 was not affected by 

saturating gUHRF1 with H3K9me3, KD =  13.4 +/- 1.2 μM, indicating that 16:0 PI5P and 

histone H3 peptides have independent binding sites. This could imply that 16:0 PI5P 

block peptide binding by indirect means, most probably by inducing a state where 

peptide-binding domains are not best situated for ligand recognition. 

Taken together, the presented data indicates that (I) 16:0 PI5P enhancement effect 

on UHRF1-H3K9me3 binding is specific to the primates orthologs, hUHRF1 and 

pUHRF1; (II) blocking of H3K9me3 binding by 16:0 PI5P in the case of gUHRF1, xUHRF1 

and dUHRF1 is not due to 16:0 PI5P occupying the same binding sites as that of histone 
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H3 peptides; which could suggest that 16:0 PI5P most likely binds to the same region 

among all orthologs, that is, linker 4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 2.10: UHRF1 orthologs affinity to 16:0 PI5P and its effect on peptide binding. Superimposed 
microscale thermophoresis plot for 16:0 PI5P affinity to full-length UHRF1 orthologs. The error bars represent 
the standard deviation over the total of two technical and two biological replicates. The KD values are listed 
in Table 2.10. 
 
 
2.11     Composition of phosphatidylinositol acyl chain dictates its specific binding to  
             UHRF1 orthologs 

 
To gain further insight into the binding specificity of phosphatidylinositol phosphates 

(PIPs) to UHRF1 orthologs, I titrated a variety of PIPs with different inositol head group 

and acyl chain composition over a fixed concentration of UHRF1 orthologs, and 

subjected them to MST measurement. Unlike hUHRF1 and pUHRF1, which bound 

specifically to 16:0 PI5P and discriminated against other PIP head groups and acyl 

chains, gUHRF1 V1 and xUHRF1 showed moderate binding to 16:0 PI4P, 16:0 PI4,5P2 

and 16:0 PI3P with KD values that fall within 2-to- 3-fold range of their binding to 16:0 

PI5P (Table 2.11). However, their binding to PI5P with different acyl chains, namely 

 16:0 PI5P H3K9me3 in presence of 16:0 PI5P 
hUHRF1 4.7 +/- 0.5 0.08 +/- 0.01 
pUHRF1 6.8 +/- 0.6 0.2 +/- 0.04 

mUHRF1 V1 4.3 +/- 0.5 2.6 +/- 0.3 
mUHRF1 V2 7.8 +/- 0.7 8.1 +/- 1 
gUHRF1 V1 12.3 +/- 1 N.B. 

xUHRF1 27.4 +/- 2.6 N.B. 
dUHRF1 35.2 +/- 6.2 N.B. 

Table 2.10: KD values of UHRF1 orthologs binding to 16:0 PI5P and its effect on peptide binding: 

KD values are denoted in μM 
N.B. = Not bound 
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8:0 PI5P and 17:0-20:4 PI5P, could not be detected, implying that acyl chain structure 

modulates the specificity of PIPs binding while the inositol head groups are less 

discriminatory. Next, I tested whether PI3P and PI4,5P2 exert an effect over UHRF1-

H3K9me3 binding. Unlike the histone H3 peptide blocking effect observed with 16:0 

PI5P, 16:0 PI3P and 16:0 PI4,5P2 had no effect on the binding even with increasing PIPs 

saturation levels (50%, 60% and 75%). Overall, this data suggests that (I) gUHRF1, 

xUHRF1 and dUHRF1 have different binding modes for PIPs as compared to hUHRF1, 

pUHRF1 and mUHRF1; and (II) their interaction with PIPs is less specific, than that of 

their mammalian counterparts, with no detectable effect on H3K9me3 binding. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.11: UHRF1 orthologs affinity to different PIPs. (A) MST plot of constant 50 nM gUHRF1 V1 and 
xUHRF1 against a titration series of 16:0 PI4P; and (B) 16:0 PI4,5P2. The error bars correspond to the standard 
deviation of two technical replicates. The respective KD values along with other types of PIPs are listed in 
Table 2.11. 

 16:0 PI3P 16:0 PI4P 16: PI4,5P2 17:0-20:4 PI5P 
gURHF1 V1 45.7 +/- 3.0 49 +/- 2.4 92.8 +/- 6.3 N.B. 

xUHRF1 15.4+/- 2.4 60.2 +/- 3.4 14.1 +/- 1.4 N.B. 
dUHRF1 21.8 +/- 5.3 N.M. N.M. N.M. 

Table 2.11: KD values of UHRF1 orthologs binding to PIPs: 

KD values are denoted in μM 
N.B. = Not bound. N.M. = Not measured 
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CHAPTER 3: DISCUSSION 
 
 
3.1     Molecular implications of UHRF1 conservation  

 
Collectively, the experimental data presented in this thesis highlights the differential 

binding behavior and the distinctive regulatory conditions observed across six 

orthologs of UHRF1. Given that these orthologs represent a broad-range evolutionary 

view, divergence in molecular attributes is anticipated. Although stringent 

evolutionary selection pressure is most inflicted upon protein domains, unstructured 

regions bordering on these domains, and escaping such a subjection, are often 

accountable for directing a variety of conformational states.43,44 This was firmly 

exhibited by UHRF1 orthologs throughout this study. 

The data of mUHRF1 V1/V2 and hUHRF1 presented here reproducibly confirmed our 

recent study on the distinct binding modes of these orthologs. While hUHRF1 and 

mUHRF1 V1 employ a bivalent and synergistic mode of binding towards H3K9me3 as 

opposed to H3K9me0, mUHRF1 V2 lacks synergism and follows a monovalent TTD-

PHD binding system, with no discrimination against any of histone H3 peptides. 

Further, on the surface and based only on full-length UHRF1 measurements and 

ubiquitylation data, UHRF1 orthologs seem to behave and utilize their domains in a 

similar manner. However, more in-depth data highlights the distinct underlying 

mechanisms held by each ortholog.  

As UHRF1 is thought to engage with DNA methyl mark as the initial step to direct 

DNMT1 recruitment, a great selective pressure has been enforced on the N-terminus 

of SRA domain, where DNA interaction occurs (Figure 2.3.B). The deletion of this 

region, as is the case in pUHRF1 and gUHRF1 V2, disrupts the entire functionality of 
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UHRF1. Although these variants share identical amino acid sequences as their primary 

expressed protein except where the deleted region is designated (Figure 2.3.B)—and  

provided that TTD and PHD peptide recognition does not require SRA-DNA interaction 

as a precondition—TTD and PHD still do not recover the functionality of the protein 

as both pUHRF1 V2 and gUHRF1 V2 do not bind to histone H3 peptides. Hence, such 

a deletion quite possibly impedes UHRF1 from reaching an accurate folded state that 

could interfere with TTD-PHD peptide binding sites. However, the presence of a 

completely dysfunctional variant in multiple species might indicate a structural, rather 

than a functional, role of UHRF1 that has not been discovered yet. 

Relatively less conserved when compared to SRA, TTD and PHD represent a domain 

model for peptide binding flexibility as they have been previously shown to interact 

with a variety of peptides, each linked to a particular regulatory process.20,30 Further, 

an interesting example of the distinct behavior of UHRF1 peptide binding domains 

across its orthologs is gTTD. When compared to hTTD, where Y140 forms hydrogen 

bonding with histone H3T6, I rationalize that the inability of gTTD to bind  H3K9me3 is 

due to the replacement of this critical surface residue by a leucine, gTTD L143. L143 

possibly imposes a structurally instable form resulting in gTTD unable to recognize 

H3K9me3. That is, the probable repulsion between polar, H3T6, and nonpolar, L143, 

residues may hint at an alternative possible ligand by which gUHRF1 tightly associates. 

Another possibility is that gUHRF1 might require a post-translational modification to 

regulate and enable gTTD recognition towards histone H3 peptide. Intriguingly, an 

alignment of avian UHRF1 orthologs shows the conservation of gTTD L143 across all 

avian UHRF1 sequences found in NCBI (Figure 3.1). This indicates a divergence point 

in the molecular evolution of these species; however, the underlying functionality of 
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such a phylum-specific alteration in the context of chromatin-related processes still 

need to be addressed. 

 

 

 

 

 

 

 

 

 

Figure 3.1: TTD N-terminus alignment among avian species. The arrow points at the conserved L143 which 
is implicated in decreased binding of gUHRF1 to H3K9me3. L143 is replaced by tyrosine in UHRF1 
mammalian orthologs which exhibit a high affinity to H3K9me3.  
 
 
 
The fair variations in interacting with histone H3 peptides among UHRF1 orthologs 

might reflect (I) the distinct chromatin profile of these species, which could in turn 

affect H3K9me3 co-localization, (II) the utilization of UHRF1 in different nuclear 

processes across species, hence, UHRF1 could be recruited by ligands other than 

histone H3 tail, and/or (III) the different post-translational modifications imposed on 

UHRF1 orthologs, possibly leading to differential modes of binding towards a 

particular ligand. 

On another note, and as expected, the linker regions exhibit the highest percentage 

of sequence variations among UHRF1 orthologs. These linkers are regarded as having 

critical intramolecular associations with UHRF1 domains; hence, establishing multiple 
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conformational states with various implications in different species. In contrast to 

UHRF1 primate orthologs which restrict TTD peptide recognition through a firm 

interaction with linker 4, mUHRF1 V1 utilizes linker 2 to further enhance its binding to 

H3K9me3.27 As a conserved arginine, R298, positioned in linker 2 of mUHRF1 is 

suggested to occupy the R-pocket of mTTD,16,27 this could explain dTTD-PHD reduced 

binding to histone H3, where linker 2 could possibly interact with dTTD surface groove 

impeding H3K4 interaction, all along with dPHD inability to recognize the N-terminus 

of histone H3 peptides. However, such an interaction, dTTD-linker 2, would not be 

firmly fixed as is the case in mUHRF1 V1, where there exists a P-patch forming 

additional contact points with mTTD surface groove. Hence, I propose that dUHRF1 

could potentially take up two conformational states in a population sample where 

linker 2 transiently associates with the surface groove of dTTD such that dTTD could 

be either impeded or exposed for peptide binding.  

 
A commonality that is observed among these proteins is the multilayered negative 

regulation imposed on their peptide binding capability. In their full-length structure, 

TTD and/or PHD are targeted for limited access such that peptide recognition may not 

be achieved until after a prerequisite is met in the form of an allosteric regulator, 

namely 16:0 PI5P or hemi-methylated DNA, by inducing a more expanded form of 

UHRF1. These tightly regulated dynamics might be necessary for UHRF1 to 

incrementally execute different tasks following a step-wise approach, (I) its 

recruitment to the replication fork, (II) travelling along recently replicated DNA and 

engaging with methylated histone H3 tail, and lastly (III) ubiquitylating histone H3 tail 

to function as a signal for DNMT1 recruitment. 
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3.2      Hypothetical modes of dTTD peptide binding   
 
Assuming that dUHRF1 adopts two conformational states guided by the transient 

association between linker 2 and dTTD, a confounding observation regarding its 

binding to H3K9me3 and Lig1L126me3 hints at different starting modes by which 

these peptides interact with dTTD. H3K9me3 bound both full-length dUHRF1 and 

isolated dTTD with high affinity; however, this binding was reduced with dTTD-PHD, 

where it is assumed that the fixation of TTD with regard to PHD is tighter than it is in 

the context of full length; that is, there possibly exists a higher probability for linker 2 

to interact with dTTD, hence, H3K9me3 binding is hindered.  

Taking all of this into consideration, I hypothesize that H3K9me3 approaches dTTD in  

a way that first necessitates scanning the surface of dTTD until the interactions with 

the charged residues are made, after which comes the recognition of the trimethyl 

mark on K9, and lastly K4 occupies the R-pocket. However, this might be quite 

different in the case of Lig1K126me3. dTTD-Lig1K126me3 tight binding seems to be 

facilitated initially by R121, equivalent to H3K4, occupying the R-pocket, after which 

K126me3 settles into the aromatic cage of TTD. As R121 fits tightly in the R-pocket as 

opposed to H3K4, I presume that it accounts for initiating the binding with dTTD. 

However, in the context of tandem dTTD-PHD and full-length dUHRF1, linker 2 

dynamics seem to obstruct Lig1K126me3 binding. Specifically, I expect that R293, in  

linker 2, accommodates the R-pocket of dTTD, which would interfere with Lig1R121 in 

initiating the contact with dTTD (Figure 3.2). Further, by looking at their bound 

structure with hTTD,46 both peptides are highly similar in their interaction mode; 

however, I postulate that their initial contact points are most probably different. 
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Figure 3.2: Proposed model for dTTD distinct binding modes to histone H3 and ligase 1 peptides. The effect 
of dTTD-linker 2 interaction is more pronounced in the case of Lig1K126me3 binding, both at the level of full-
length dUHRF1 and dTTD-PHD. Lig1R121 initiates the first contact point with dTTD which might be affected 
by the transient association of linker 2 at the R-pocket, whereas H3K9me3 initiates its binding with dTTD by 
K9me3 residing first at the aromatic cage. Both peptides bind to extra sites over the surface of dTTD; 
however, the difference in their binding modes is reasoned to be affected by their first contact points.  
 

 

This hypothesis is based on this study’s quantitative measurements and goes in 

agreement with two mutational analyses that were reported recently. In the first 

study, it was shown that mutating one R-pocket residue eliminates Lig1K126me3 

binding to TTD while mutating two of the three aromatic cage residues slightly reduces 

the binding. 46 However, the second study shows that mutating one aromatic cage 

residue is sufficient to abolish H3K9me3 binding.47 Together, this could imply that 

dTTD binding to its interactors, H3K9me3 and Lig1K126me3, follows distinct modes 

and to assess whether these bindings are mutually exclusive and biologically relevant, 

further experimentation are needed. 
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3.3     Mode of TTD-Linker 4 association  
 

In our current state of knowledge, the autoinhibited conformational state assumed by 

hUHRF1 is primarily mediated by the interaction between PBR region in linker 4 and 

TTD.24 For that, there exists compelling biochemical and structural evidence in which 

particular non-conserved residues of PBR reside firmly into different regions of TTD. 

hUHRF1 proline 656, P656, and arginine 649, R649, are jointly required for PBR to 

associate with TTD such that P656 grasps into the aromatic cage while R649 occupies 

the R-pocket.30 However, in the referenced study,30 a heterologous system was used 

to determine the structural complex of PBR-TTD, in which dTTD and hPBR were 

utilized. Provided that dTTD behaves similarly to hTTD as shown in Figure 2.6, 

presuming that dPBR would interact with dTTD, in the same way of that in hUHRF1, is 

implausible for two reasons, (I) hUHRF1 P656 is not conserved across species  (Figure 

3.3) and, (II) from our mUHRF1 V1/V2 previous studies, presence of P656 but the 

absence of R649 in these orthologs is not sufficient for PBR to associate with TTD. 

Thereby, this closed conformational state mediated by PBR-TTD interaction is in all 

likelihood specific to primates UHRF1. 

 

 

 

 

 

Figure 3.3: Alignment of the PBR residues interacting with hTTD. The presence of R649, the designated 
sequence number corresponds to hUHRF1, in gUHRF1, xUHRF1 and dUHRF1 is not sufficient for the 
interaction with TTD as P656 is not conserved among them. Both residues are required for the establishment 
of TTD-linker 4 association. The arrows are pointed towards P656 and R649. The alignment was done using 
MPI bioinformatics Toolkit.  
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3.4     Regulation of UHRF1 proteins by 16:0 PI5P 

Among other PIPs, hUHRF1 and pUHRF1 V1 bind specifically to 16:0 PI5P with an 

explicit role of relieving the TTD blockage caused by PBR. Whether 16:0 PI5P 

concomitantly binds PBR along with other hUHRF1 regions for it to release hTTD is yet 

not fully resolved. Further and as was previously discussed, TTD in other UHRF1 

orthologs is either dysfunctional or unblocked; thus, one interpretation for the 

absence of regulation by 16:0 PI5P in these orthologs is that 16:0 PI5P does not have 

a base to work on in these proteins as is the case in UHRF1 primate orthologs, where 

TTD is both functional and blocked. Also, peptide binding disruption by 16:0 PI5P seen 

in gUHRF1, xUHRF1 and dUHRF1 possibly indicate that 16:0 PI5P does not bind these 

UHRF1 orthologs in a similar manner to its binding to hUHRF1 and pUHRF1 V1. This is 

supported by the loose binding of different PIPs to these orthologs, where the 

phosphorylated site at the inositol head group is not a determinant of specificity—as 

opposed to the case with hUHRF1 and pUHRF1 V1—which could interfere with 

peptide binding.  

Further studies aiming at resolving the physiological relevance of UHRF1 allosteric 

regulation by 16:0 PI5P would highly advance our understanding on its specific 

regulatory effect on UHRF1 primate orthologs.  

 

3.5     Branching of UHRF1 orthologs   
 
If I were to classify UHRF1 orthologs based on their compactness and responsivity to 

conformational changes upon interacting with multiple factors, mUHRF1 V2 would 

represent a baseline where all the domains are exposed and functional with limited, 

if not inexistent, composite intramolecular associations. The other orthologs would 
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take two routes out from there; one route for mUHRF1 V1 and primate orthologs as 

they have evolved an autoinhibited state, minimizing domain peptide binding, which 

serves in imposing extra control over the recruitment and co-localization of UHRF1. 

The other route would be taken by the avian and lower vertebrates orthologs in which 

a closed conformation is not very pronounced as either TTD or PHD is functional in 

terms with histone H3 binding. Thereby, the regulatory mechanisms affecting UHRF1, 

particularly the ones discussed in this thesis, are not sustained among its orthologs. 

This might suggest that (I) non-mammalian orthologs might be subjected to 

biologically distinct regulatory modules, and/or (II) they were diverged to handle 

different UHRF1 downstream processes that are not characterized yet.  

 

Figure 3.5.1 shows UHRF1 models based on the data presented in this thesis and 

Figure 3.5.2 summarizes the differences and commonalities between UHRF1 orthologs 

in terms of peptide binding and its regulatory modes.  
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Figure 3.5.1: Proposed models for UHRF1 orthologs. The models depicted here represent UHRF1 avian and 
lower vertebrate orthologs in their apo state and they are obtained indirectly through MST binding analysis. 
gUHRF1 V1 assumes a conformation in which all peptide-binding domains are exposed; however, only gPHD 
participate in peptide recognition as gTTD lacks the structural stability due to a residual variation in its critical 
surface residues, L143. xUHRF1 adopts a closed conformation where xPHD is only minimally exposed for 
peptide binding. Hemi-methylated DNA, however, lifts up xSRA blockage by outcompeting xPHD for xSRA 
binding resulting in an enhanced affinity towards histone H3 peptides. It is reasoned that xTTD does not 
engage in peptide binding owing to the presence of L143 and its inability to bind to H3R2me2symK9me3. 
dUHRF1 takes up two conformational states in which linker 2 transiently occupies dTTD surface groove and 
blocks peptide binding in one conformation, while dTTD is available for binding in the second state as such a  
blockage by linker 2 is not firmly fixed.  
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Figure 3.5.2: Simplified scheme for the specificity and peptide binding regulation of UHRF1 orthologs.  
The differences and similarities between UHRF1 orthologs behaviors rely upon their peptide binding mode. 
As mammalian UHRF1 orthologs utilize both TTD and PHD to interact with histone H3 peptides, avian and 
lower vertebrate UHRF1 orthologs employ either TTD or PHD. Autoinhibited conformations are assumed by 
primate orthologs where linker 4 blocks TTD accessibility for peptide binding while dUHRF1 undergoes a 
transient state where linker 2 folds back on TTD compromising peptide recognition. mUHRF1 V2 represents 
the “default” state of UHRF1, where both TTD and PHD are accessible for peptide binding with no detected 
intramolecular association.  
 
 
 
3.6    Future perspectives  
 
This study can be extended in multiple directions to expand our knowledge on UHRF1. 

As of the date of this thesis, there is no structure for full length UHRF1 either in its apo 

or bound state. By identifying the biochemical properties of UHRF1 orthologs and their 

regulatory factors, one can select a potentially amenable UHRF1 protein ortholog for 

structural analysis. Additionally, the presented data shows that UHRF1 represents a 

model of a protein evolving novel functionalities across species while still preserving 

its global task, ubiquitylation of the histone H3 tail, thereby, conserving DNA 

maintenance methylation. However, given that UHRF1 accommodates differentially 

regulated states per specie due to molecular evolutionary divergence and their 

inherent physiological differences, it should be recalled that applying one observation, 

corresponding to one ortholog, over the other species might decelerate our progress 

on understanding UHRF1.   
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CHAPTER 4: MATERIALS AND METHODS 
 

4.1 Materials  

4.1.1 Laboratory equipment  

All laboratory equipment used throughout the duration of this study are listed in Table 4.1.1 

Table 4.1.1: General laboratory equipment: 

Equipment  Manufacturer  
 Analytical Balance  Sartorius, Göttingen  
Balance Quintix  Sartorius, Göttingen  
Centrifuge 5417 R, 424 R and 
5810 R 

Eppendorf, Hamburg  

Centrifuge SORVALL LYNX 600  Thermo Fischer, Rockford  
ChemiDoc MP Imaging System  Bio-Rad, Berkley  
Freezer (-20 °C)  Thermo Fischer, Rockford  
Freezer (-80 °C)  Thermo Fischer, Rockford  
Fridge (4 °C)  Thermo Fischer, Rockford & Liebherr  
Homogenizer EmulsiFlex- 05 Avestin, Ottawa  
Imaging System Odyssey CLx  Li-Cor, Lincoln  
Incubation Shaker Multitron Pro  INFORS HT, Bottmingen  
Incubator HERATHERM  Thermo Fischer, Rockford  
Liophylizer CentriVap  LABCONCO, Kanzas  
Magnetic Stirrer RCT basic  IKA, Breisgau  
Mastercycler pro S  Eppendorf, Hamburg  
Milli-Q Water Purification System  Millipore, Darmstadt  
Minichiller  Diagenode, Liége  
Monolith NT.115  Nanotemper, Munich  
Nanodrop 2000c  Thermo Fischer, Rockford  
Nanophotometer NP80  IMPLEN, Munich  
pH meter ProLab 1000  SI Analytics, Weilheim  
Photometer FoodALYT, Bremen  
Power Supply Bio-Rad, Berkley  
See-saw rocker SSL4  Stuart, Standforeshire  
Sonicator Bioruptor Pico  Diagenode, Liége  
ThermoMixer C  Eppendorf, Hamburg  
Trans-Blot Semi-Dry Transfer Cell  Bio-Rad, Berkley  
Vacuum Pump  KNF Lab, New York  
Vortex 4 digital  IKA, Breisgau  
Waterbath TW12  Julabo, Seelbach  
Milli-Q Water Purification System  Millipore, Darmstadt  

 
4.1.2 Chemicals  
 
All chemicals used in this study are summarized in Table 4.1.2.  

Table 4.1.2: General used chemicals:  

Chemical   Manufacturer  
 2 -Propanol  Sigma Aldrich, Missouri  
2-Mercaptoethanol  Sigma Aldrich, Missouri  
2X YT broth  VWR International, Poole  
Activated charcoal  Sigma Aldrich, Missouri  
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Agar, Luria-Bertani  Sigma Aldrich, Missouri  
Agarose Sigma Aldrich, Missouri  
Ammonium persulfate  Sigma Aldrich, Missouri  
Ampicillin  Corning, New York  
Bisacrylamide solution  Sigma Aldrich, Missouri  
Bromophenol blue  Sigma Aldrich, Misouri  
Chloramphenicol  Sigma Aldrich, Missouri  
Coomasie Brilliant Blue  Sigma Aldrich, Missouri  
Dithiothreitol  AppliChem, (Germany)  
Dymethyl Sulfoside  Sigma Aldrich, Missouri  
Ethanol Absolute  VWR International, Poole  
Ethidiumbromide  Sigma Aldrich, Missouri  
Glucose   Sigma Aldrich, Missouri  
Glycerol  Sigma Aldrich, Missouri  
HEPES  Sigma Aldrich, Missouri  
Hydrochloric acid  Sigma Aldrich, Missouri  
Imidazole  Sigma Aldrich, Missouri  
Isopropanol  Sigma Aldrich, Missouri  
Kanamycin Sulphate  Sigma Aldrich, Missouri  
Luria-Bertani Broth  Sigma Aldrich, Missouri  
Methanol Fisher, (US) 
Milk powder  Regilait, (France)  
Phenylmethylsulfonyl 
fluoride  

Sigma Aldrich, Missouri  

Ponceau S Sigma Aldrich, Missouri  
Sodium Chloride  Sigma Aldrich, Missouri  
Sodium Dodecyl Sulfate  Sigma Aldrich, Missouri  
Sodium Hydroxyde  Fischer Bioreagents, (US)  
Tetramethylethylendiamine  Sigma Aldrich, Missouri  
Trizma Base  Sigma Aldrich, Missouri  
Tween 20  Sigma Aldrich, Missouri  

 

4.1.3 Buffers and general solutions composition   

The components of all buffers, media and general solutions used in this study are listed in 
Table 4.1.3 

Table 4.1.3: List of buffers, solutions and media and their compositions:  

Solution  Composition  
10X PBS 1.36 M NaCl, 26 mM KCL, 17.63 mM KH2PO4  
1X LP buffer  10 mM HEPES pH=7.9, 300 mM NaCl  
1X TBE 89 Mm Tris-NaOH pH=8, 45 mM boric acid, 2 mM EDTA)  
2X YT medium  1.6% tryptone (w/v), 1% yeast extract (w/v), 0.5% NaCl (w/v)  
5X protein loading dye  10% SDS, 100 mM DTT, 40% glycerol (v/v), 0.2 M Tris-HCl pH=6.8, 0.1 % 

bromophenol blue  
2X Laemmli Buffer 125 mM Tris pH 6.8, 4.1% (w/v) SDS, 8.6% (v/v) glycerol, 200 μg/ml  

bromophenol blue, 20 mM TCEP 
Blocking solution  5% (w/v) milk in PBST  
Coomassie staining solution  1 % Coomassie blue, 50 % methanol, 10% acetic acid (v/v)  
Dialysis buffer 50 mM Tris-HCl pH=8, 150 mM NaCl, 10% glycerol, 1 mM DTT 
Distaining solution 20 % methanol, 40% acetic acid 
Elution Buffer  50 mM Tris-HCl pH=8, 150 mM NaCl, 500 mM imidazole  
5X HEPES buffer for MST  100 mM HEPES, 750 mM NaCl, 0.25% Tween-20 
LB agar 1% tryptone, 0.5% yeast extract & 0.5% NaCl  
LB medium 1 % tryptone, 0.5 % yeast extract, 0.5 % NaCl, 0.06 % EZMix inert binder  
Lysis buffer 50 mM Tris-HCl pH=8, 300 mM NaCl, 20 mM imidazole  
PBST buffer 1 X PBS, 0.1 % Tween 20  
PD300 buffer 20 mM HEPES-NaOH [pH=7.9], 300 mM NaCl, 0.05 % tween 20  
SOC medium 0.02% tryptone/peptone, yeast extract 0.005 % (w/v), 10 mM NaCl, 2.5 

mM KCl, 0.01 mM MgSO4, 0.01 mM MgCl2, 20 mM glucose pH=7 
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Transfer buffer  25 mM Tris, 192 mM glycine, 0.1% SDS, 20% methanol 
Wash buffer  50 mM Tris-HCl pH=8, 500 mM NaCl, 20 mM imidazole  

 

4.1.4 Consumables and reagents  

General consumables and reagents are summarized in Table 4.1.4 

 Table 4.1.4: Used consumables and reagents: 

Reagent or consumables  Manufacturer  
Amersham Protan Premium 0.45 NC nitrocellulose 
membrane  

GE Healthcare Life Sciences  

Gel Loading dye purple 6X no SDS New England BioLabs 
Monolith His-Tag Labeling Kit RED-tris-NTA  Nano Temper technologies  
Monolith Premium Capillaries Nano Temper technologies  
Phusion High-Fidelity DNA Polymerase New England BioLabs  
Quick-Load Purple 100 bp DNA Ladder New England BioLabs  
Quick-Load Purple 2-Log DNA Ladder New England BioLabs  
Spectra/Por 7 dyalisis membrane pre-treated TC-tubing 
MWCO of 3.5 kDa  

Spectrum  

Streptavidin magnesphere  Promega  

 

4.1.5 Kits  

Kits used during this study are summarized in Table 4.1.5  

 Table 4.1.5: Common kits used for general molecular techniques: 

Kit   Manufacturer 
PCR clean-up Gel Extraction  Macherey-Nagel  
Plasmid DNA purification  Macherey-Nagel  
Monolith His-Tag Labeling 
Kit RED-tris-NTA  

NanoTemper, Munich 

 

4.1.6 Endonucleases 
 
Endonucleases used for plasmid and insert digestion are listed in Table 4.1.6 
 
Table 4.1.6: Endonucleases used for cloning:  
 

Endonuclease  Manufacturer  
XhoI New England Biolabs, England  
BspHI New England Biolabs, England  
NcoI New England Biolabs, England  
NotI-HF New England Biolabs, England  
DpnI New England Biolabs, England 
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4.1.7 Histone H3 and DNA Ligase 1 peptides: 
 
All peptides used for MST binding assays are listed in Table 4.1.7 
 
Table 4.1.7: List of histone H3 and Lig1 peptides: 
 

Peptide  Sequence  Manufacturer  
H3K9me0-biotin ARTKQTARKSTGGKAPRKQ-biotin Synpeptide 
H3K9me3-biotin ARTKQTARKme3STGGKAPRKQ-biotin Synpeptide 
H3K9me0-FAM ARTKQTARKSTGGKA-FAM Synpeptide 
H3K9me3-FAM ARTKQTARKme3STGGKA-FAM Synpeptide 
H3R2me2symK9me3 ARme2symTKQTARKme3STGGKAPRKQL-biotin Synpeptide 
Lig1K126me3 IPKRRTARKme3QLPK-biotin Synpeptide 

 
4.1.8 Lipids  
 
All lipids used for MST binding assays are listed in Table 4.1.8 
 
Table 4.1.8: Lipids used for MST analyses: 
 

Lipid  Manufacturer  
16:0 Phosphatidylinositol 5-phosphate (16:0 PI5P)  Stuart Conway Laboratory, University of Oxford   
8:0 Phosphatidylinositol 5-phosphate (8:0 PI5P)  Stuart Conway Laboratory, University of Oxford   
17:24 Phosphatidylinositol 5-phosphate (17:24 PI5P) Stuart Conway Laboratory, University of Oxford   
16:0 Phosphatidylinositol 4-phosphate (16:0 PI4P)  Stuart Conway Laboratory, University of Oxford   
16:0 Phosphatidylinositol 3-phosphate (16:0 PI3P)  Stuart Conway Laboratory, University of Oxford   
16:0 Phosphatidylinositol 4,5-biphosphate (16:0 PI4,5P2)  Stuart Conway Laboratory, University of Oxford   

 

4.1.9 Primers 

All primers used for PCR amplification are listed in Table 4.1.9 

Table 4.1.9: Primers used for PCR amplification:  

Target  Sequence 5’-3’ Manufacturer  
Full length gUHRF1 V1-F acggcgacgtcatgattggcgggcgcccg IDT  
Full length gUHRF1 V1/V2-R atcttcctcgagccgtccgttgccatatc IDT 
Full length gUHRF1 V2-F acggcgacgtcatgatttggatccaggtgc IDT 
Full length xUHRF1-F acggcgacgtcatgatttggatacaggtgcgtacaatggat IDT  
Full length xUHRF1-R gaagatctcgagccggccgctctcataacctggaaa IDT 
Full length dUHRF1-F acggcgacgtcatgatttggattcaggtgcgcactatg IDT  
Full length dUHRF1-R gaagatgcggccgcacaccggccactgctgtatccggg IDT 
Full length hUHRF1(T83A)-F  cccgctccttggcgctgtgggggag IDT  
Full length hUHRF1(T83A)-R  ctcccccacagcgccaaggagcggg IDT  
Full length hUHRF1 T83A (E628 deletion)-F ctgctgctcctcctccctcttgctgttctc IDT 
Full length hUHRF1T83 A (E628 deletion)-R  gagaacagcaagagggaggaggagcagcag IDT 
pUHRF1 V2 (first fragment)-F acggcgacgtcatgattatgtggatccaggttcggac IDT  
pUHRF1 V2 (first fragment)-R ggacacccgactcgctgaccttgccccagtcccgctgt IDT  
pUHRF1 V2 (second fragment)-F cagcgggactggggcaaggtcagcgagtcgggtgtcc IDT  
pUHRF1 V2 (second fragment)-R gaagatctcgagtcaccggccattgccgtagc IDT  
gTTD-F  acggcgacgtcatgattgactgggctgacccaggatt IDT  
gTTD-R gaagatctcgagcactgcctggttcttcaattttataaat IDT  
gPHD-F acggcgacgtcatgattcctgtgtgtaaagcttgtaaggacaa IDT  
gPHD-R gaagatctcgagatcatttcgacattcagggcaataccag IDT  
gTTD-PHD-F acggcgacgtcatgattgactgggctgacccaggatt IDT  
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gTTD-PHD-R gaagatctcgagatcatttcgacattcagggcaataccag IDT  
dTTD-F acggcgacgtcatgattttttacaagataaatgagt IDT  
dTTD-R gaagatgcggccgcctcggcacttcccggctcct IDT  
dPHD-F acggcgacgtcatgattcctgtgtgtaaagcttgtaaggacaa IDT  
dPHD-R gaagatctcgagatcatttcgacattcagggcaataccag IDT  
dTTD-PHD-F acggcgacgtcatgattgactgggctgacccaggatt IDT  
dTTD-PHD-R gaagatctcgagatcatttcgacattcagggcaataccag IDT  
gTTD (L143Y)-F tattcatatcacgagcatcaacatagtcatggatcttatagaggcc IDT  
gTTD (L143Y)-F ggcctctataagatccatgactatgttgatgctcgtgatatgaata IDT  

 

4.1.10 Bacterial strains  

Bacterial strains used for cloning and protein expression are found in Table 4.1.10  

4.1.10: Bacterial strains used for cloning and protein expression: 

Strain  Supplier  
E. coli BL21-Codon Plus-(DE3)-RIL Agilent 
NovaBlue Competent cells  Novagen  

 
 
4.1.11 Plasmid 
 
One plasmid was used for UHRF1 orthologs cloning: 
 
Table 4.1.11: Plasmid used for cloning purposes: 
 

Plasmid Type Promoter Selection Tag 
pETM-13 Bacterial expression system T7 Kanamycin His tag 

 
 
 
4.1.12 Antibody 
 
One antibody was used for ubiquitylation assay: 
 
Table 4.1.12: Antibody used for ubiquitylation detection: 
 

Antibody  Manufacturer  
ANTI-FLAG® M2-Peroxidase (HRP) antibody Sigma-Aldrich 
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4.2     Methods   
 
4.2.1  UHRF1 orthologs cloning procedure  
 
 xUHRF1 and dUHRF1 fully sequenced cDNA clones were ordered from Source 

BioScience, while gUHRF1 V1 and V2 cDNA clones were designed in-silico and 

synthesized as a G-block from Integrated DNA Technology (IDT). Specific primers, 

with different restriction sites per ortholog, as well as isolated domains, as listed in 

Table 4.1.9, were designed to clone them into pETM-13 plasmid by utilizing traditional 

cloning techniques:  

4.2.1.1 Polymerase Chain Reaction (PCR) amplification of the target sequence 

(UHRF1 insert): 

PCR samples were prepared following the manufacturer recipe: 0.5 μl of 

Phusion HF polymerase, 1 X Phusion HF buffer, 200 μM dNTPs, 0.5 μM forward 

primer, 0.5 μM reverse primer, 1 ng of plasmid DNA. PCR amplification settings 

were set up as the following: 

Step Temperature Time 

Initial denaturation 98 °C 30 sec 

 

30 cycles 

Denaturation, annealing 
and extension 

 

98 °C 10 sec 

Gradient (62-68 °C) 30 sec 

72 °C 30 sec per Kb 

Final elongation 72 °C 10 sec 

Hold               4 °C ∞ 

  

To ensure the purity of the desired target, PCR products were purified using a 

PCR clean-up kit.  
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4.2.1.2 Agarose gel separation of UHRF1 insert  
 
Gels with a final concentration of 1% agarose (w/v) in 1X TBE buffer and 0.1%  

ethidium bromide were prepared to separate the PCR product of amplified  

UHRF1 insert. The PCR product samples were mixed with a 6X gel loading dye 

to a final concentration of 1X before loading them into the wells of the 

prepared gel. Electrophoresis champers were filled with 1X TBE buffer and the 

gels were run at a constant voltage of 120V. Ultraviolet (UV) light box was then 

used to identify and extract the target ethidium-bromide stained amplified 

UHRF1 insert according to the size (~2400 bp). The desired band was isolated 

using a razor blade cleaned with 70% ethanol prior using. To remove salts and 

agarose gel stain, the isolated band was purified following instructions listed 

in the PCR clean-up kit manual. DNA concentration was measured using 

Nanodrop. 

 

4.2.1.3 Digestion of UHRF1 insert with suitable endonucleases  
 

Next, at least 1 μg of UHRF1 purified insert was mixed with a restriction  

digestion reaction to a final volume of 50 μl: 1X CutSmart buffer, 0.5 μl of  XhoI 

and BspHI (20,000 units/ml, 10,000 units/ml). The mixture was then incubated 

for three hours at 37 °C and 900 r.p.m. The insert/cut product of the digestion 

was then purified following the same procedure of PCR product purification.  

 

4.2.1.4 UHRF1 insert/cut ligation with pETM-13 vector  
 
100 ng of a pETM-13 vector cut with XhoI and NcoI (BspHI isoschizomer) was 

used for the ligation reaction, along with 1 μl T4 DNA Ligase (2,000,000 
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units/ml) and 1X T4 DNA Ligase buffer to a final volume of 20 μl. To determine 

the amount needed of UHRF1 insert/cut, the following formula was used, 

given that a vector to insert ratio of 1:6 was used for all ligation reactions 

performed in this study: 

Insert needed (ng) = plasmid (ng)*(insert volume ratio/vector volume ratio)*(insert length 

bp/vector length bp) 

The ligation reaction was incubated for 45 min at room temperature.  

 

4.2.1.5 Transformation of plasmid into competent bacteria  
 

50 μl of NovaBlue competent bacteria solution was first thawed on ice for 10 

min. Next, 100 ng of plasmid DNA (vector-insert ligated product) was added 

into the bacteria solution and kept on ice for 30 min. The bacteria solution was 

then subjected to a heat-shock in a 42 °C water bath for 1 min and placed back 

on ice for 10 min. Next, 500 μl of SOC media was incubated with the bacterial 

solution for 45 min at 37 °C. The solution was then centrifuged, 400 μl of the 

solution was discarded while the remaining used to resuspend the pellet. The 

resuspended solution was streaked on pre-warmed LB agar dishes containing 

a concentration of 1:1000 of kanamycin antibiotic. The plate was kept 

overnight in the 37 °C incubator.  

 

4.2.1.6 Plasmid purification  

Single colonies of transformed bacteria were picked and inoculated in a 5 ml 

solution of LB media with the addition of 5 μl kanamycin (1:1000 ). The mixture 

was then kept overnight at 37 °C and 180 r.p.m. After 16 hours of incubation, 
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the plasmids were purified following the “isolation of low-copy plasmid” 

protocol of the Plasmid DNA purification kit. 100 ng of purified plasmids were 

then sent for sanger sequencing. Only the positive constructs were used for 

protein expression.  

 

4.2.1.7 Site-directed mutagenesis  

Site-directed mutagenesis of hUHRF1-pETM-13 plasmid DNA was performed 

using specific overlapping primers carrying the appropriate mutation that is 

flanked both upstream and downstream by 10 to 18 nucleotides of the native 

vector sequence to produce pUHRF1. The PCR reaction was performed 

with Phusion-HF DNA polymerase and the reaction was composed in a final 

volume of 50 µl as follows: 1X Phusion-HF buffer, 0.2 mM dNTP mix, 0.2 μM 

forward primer, 0.2 μM reverse primer, 100 ng hUHRF1 DNA template, 2.5 

U/μl polymerase. The final reaction mix was incubated in a PCR thermocycler 

(epgradientS) using the following conditions: 

 
Step Temperature Time 

Initial denaturation 98 °C 3 min 

 

25 cycles 

Denaturation, annealing 
and extension 

 

98 °C 30 sec 

Gradient (62-68 °C) 45 sec 

72 °C 30 sec per Kb 

Final elongation 72 °C 20 min 

Hold 4 °C ∞ 

 
 

The PCR-amplified DNA fragments were then digested with DpnI methylation 

sensitive nuclease for 2 hours at 37 °C to remove the template plasmid DNA. 
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The final reaction mix was subsequently transformed into NovaBlue chemically 

competent bacteria following the same transformation procedure mentioned 

above.  

 
4.2.2   UHRF1 protein expression and purification  

 
All full length UHRF1 protein orthologs as well as their isolated domains were 

subjected to same expression and purification conditions, except where it is 

mentioned otherwise.  

 
4.2.2.1  UHRF1 protein expression  

100 ng of UHRF1 sequence-confirmed plasmids were added to 50 μl of the  

competent bacterial solution (E. coli BL21-Codon Plus-(DE3)-RIL). The solution 

was kept on ice for 30 min and then subjected to a heat-shock at 42 °C for 1 

min. After resting the solution on ice for 10 min, 500 μl of SOC media was 

added to it and kept on the shaker for 45 min at 37 °C. Next, 400 μl of the 

solution was transferred to a 250 ml flask containing 50 ml of 2X YT medium 

and 0.05 mM of kanamycin and chloramphenicol (1:1000 concentration). The 

solution was incubated overnight at 37 °C and 180 r.p.m.  

After 16-18 hours of incubation, the solution was inoculated in a 5000 ml flask 

containing 2000 ml of 2X YT medium, 0.2 mM kanamycin and chloramphenicol 

and 0.4% glucose. The flask was put in the shaker for 2-3 hours at 30 °C and 

180 r.p.m. The optical density of the bacterial growth was measured constantly 

at a wavelength of 600 nm. When the optical density reached 0.5, protein 

expression was induced with 0.75 mM IPTG after which the culture was kept 
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for 3 hours at 25 °C and 180 r.p.m. The 2000 ml medium containing the culture 

was then centrifuged for 15 min at 4 °C  and 7,000 xg. The supernatant was 

discarded and the pellet was recovered in  a 15 ml falcon tube and kept at – 20 

°C  for later use.  

4.2.2.2 UHRF1 protein purification  

The frozen bacterial pellet was kept for 20 min on ice to thaw. After thawing, 

the pellet  was resuspended in a 40 ml of lysis buffer (50 mM Tris pH 8, 300 

mM NaCl, 20 mM Imidazole, 0.5 mM PMSF and 1 ULTRA tablet EDTA-free). The 

solution was vortexed at maximum speed and pipetted extensively until a 

homogenous cell suspension was reached. The solution was then subjected to 

a homogenizer with a pressure that kept oscillating between 500 and 1000 bar. 

The cell homogenization was repeated four times under the same pressure 

limits. The lysate was then centrifuged at 4 °C  for 30 min at 20,000 r.p.m. The 

supernatant was recovered and transferred to a 50 ml chromatography 

column containing 3 ml of HisPur Ni-NTA resin solution that was already 

washed with 20 ml deionized water and equilibrated with 15 ml lysis buffer. 

The solution was incubated for 30 min at 4 °C  and 70 r.p.m for binding. Next, 

the flow-through solution was collected in a 50 ml falcon tube for downstream 

analysis and the beads were washed with 300 ml wash buffer (50 mM Tris pH 

8, 500 mM NaCl and 30 mM Imidazole). The bound protein was eluted with a 

15 ml elution buffer (50 mM Tris pH 8, 150 mM NaCl and 500 mM Imidazole). 

Finally, the eluted protein was dialyzed overnight in a 2000 ml dialysis buffer 

(50 mM Tris pH 8, 150 mM NaCl, 10% glycerol and 1 mM DTT) using a dialysis 
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membrane with a MWCO of 3.5 kDa. The next morning, the dialyzed protein 

was recovered and centrifuged for 10 min at 4 °C  and 20,000 r.p.m. The 

purified protein solution was then aliquoted, frozen in liquid nitrogen and 

stored in -80 °C for downstream assays.  

4.2.2.3 Assessment of UHRF1 protein purity  

Analysis of the protein purity and its expression conditions were assessed  

using SDS-Polyacrylamide gel electrophoresis. Protein separating gels were 

prepared at a final concentration of 12 % polyacrylamide with a 380 mM Tris-

HCl pH=8.8, 0.1 % SDS (w/v), 0.5 % TEMED (v/v), and 0.05 % APS (w/v). The 

stacking gel was made to a 4 % of polyacrylamide with a 126 mM Tris-HCl pH 

6.8, 0.1 % SDS (w/v), 0.1 % TEMED (v/v), 0.05 %. 20 μg of the collected samples 

during  expressing and purifying UHRF1 (flow-through, eluted protein,  5 μg of 

the lysate pellet and purified protein post-dialysis) were mixed with protein 

loading dye (at a final concentration of 1X) and heated for 5-10 min at 95 °C. 

The denatured samples were then loaded into the gel wells and run at a 

constant voltage of 120 V. The gel was then stained with Coomassie staining 

solution for 15 min and distained overnight at 25 r.p.m. Images of the gel were 

obtained using BioRad Image Lab software. 

4.2.3 Biochemical and biophysical assays  

4.2.3.1 UHRF1 labelling for MST analysis 

400 nM of UHRF1 orthologs were fluorescently labelled using Monolith His-

Tag Labeling Kit Red-tris-NTA with dye:protein ratio constantly kept at 1:1. The 

labelling solution was composed of the following: 20 mM HEPES-NaOH pH=7.9, 
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150 mM NaCl, 0.05% Tween-20 and 100 nM Red-tris-NTA in a final volume of 

100 μl. For efficient labelling, the solution was incubated for 30 min at room 

temperature with the tube covered with foil. After 30 min, the solution was 

centrifuged at 4 °C for 10 min and 16,000 xg and kept back on ice for preparing 

MST samples.  

 

4.2.3.2 MST sample preparation  

For each MST binding measurement, 13 samples were prepared in which the 

final concentration of the labelled UHRF1 was kept at 50 nM while the titration 

series of the peptides and lipids ranged from 9.8 nM up to 320 μM and 80 μM, 

respectively. The samples had a final concentration of the following: 20 mM 

HEPES, 150 mM NaCl, and 0.05% Tween-20. Next, after a 15 min incubation at 

room temperature, each sample was loaded into a Monolith NT.LabelFree 

Premium Capillary and placed on the Monolith NT.115 sample tray. For each 

measurement, four runs were set at LED power of 80% and MST power of 40% 

and the concentration of the fluorophore was specified at 0.05. The timing of 

each sample measurement was set as the following: 5 seconds for florescence 

detection, 30 seconds for thermophoretic movement detection, 5 seconds for 

back-diffusion measurement and 25 seconds for a delay between each sample 

measurement. Analysis of the data along with the generation of binding curves 

were done using NanoTemper NT Analysis software.  

In the cases where UHRF1 orthologs were saturated with 16:0 PI5P and hemi-

methylated DNA to determine their effect on histone H3 peptide binding, the 
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ligand concentration to reach the desired saturation level was calculated 

based on the following derived formula:  

[ligand concentration] = ((desired saturation level) * KD) / (1 - desired saturation level) 

 

e.g. given that gUHRF1 V1 binds 16:0 PI5P with a KD value of 12.3 μM, to 

achieve a complex of 16:PI5P and gUHRF1 V1 in which the desired saturation 

level is 70%: 

[16:0 PI5P] = ((0.7) * 12.3 μM) / (0.3)  

Hence, gUHRF1 V1 was saturated with 28.7 μM of 16:0 PI5P. 

 

4.2.3.3 Generation of MST binding curves 

All binding data presented in this thesis are composed of two forms of 

replicates: a biological and a technical replicate. A biological replicate is the 

measurement of UHRF1-ligand binding using a newly purified and prepped 

protein, while a technical replicate is the measurement of UHRF1 binding using 

a freshly labelled UHRF1. To combine the data of these replicates together, 

they were first normalized and then averaged based on the type of the 

replicate. Normalization was done by subtracting each data point from the 

unbound limit (minimum value determined by the curve fit) and divided by the 

bound limit (maximum value determined from the curve fit). For binding 

experiments that did not reach saturation, the data points were normalized to 

their equivalent experiment where a binding was observed e.g. data points of 

dUHRF1-H3K9m0 that resulted in no binding were normalized to dUHRF1-

H3K9me3 in which a binding event was detected. Now, the technical replicates 
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per biological replicate were averaged among them and the data points were 

plotted in Prism-GraphPad and analyzed using [One site-specific binding] 

formula, where it is assumed that the binding model follows a 1:1 binding, that 

is one ligand binds one receptor site. Further, the error bars represent the 

standard deviation among the biological replicates with their already 

normalized and averaged technical replicates. The KD values generated in 

Prism are almost the same as the KD values generated by NanoTemper NT 

Analysis. 

 

4.2.3.4 Set-up of in-vitro ubiquitylation assay  

0.5 μM of purified recombinant UHRF1 orthologs were mixed with 20 mM 

HEPES pH 7.9, 5 mM Mg-ATP, 20 μg/μl mE1, 0.5 μM E2D3, 5 μM FLAG-Ub and 

1-5 μM of histone H3 peptides along with 0.5 μM hemi-methylated DNA, in a 

final volume of 20 μl. Mixing of reagents was done on ice. The samples were 

incubated for 30 min at room temperature. The reaction was stopped by 

adding 2X Laemmli buffer and the samples were incubated at 95 °C for 5 min.  

The samples were then run on a 15% SDS-PAGE for 90 min at 130 V.  

 
4.2.3.5 Western blot for ubiquitylation detection  

Samples were transferred from 15% gel to Polyvinylidene fluoride (PVDF) 

membrane, that was previously equilibrated in methanol and rinsed with 

transfer buffer, following a semi-dry transfer system for 35 min at 24 V. The 

membrane was then incubated with blocking solution for 1 hour at room 

temperature and 25 r.p.m. Next, ANTI-FLAG® M2-Peroxidase (HRP) antibody 
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was added to the blocking solution (1:2000) and left for incubation for 1 hour 

at room temperature at 25 r.p.m. The mix of the blocking solution with the 

antibody was removed and the membrane was washed with 20 ml of PBST 

buffer. To detect ubiquitylation, a signal was developed using 1:1 mixture of A 

and B solution from PierceTM ECL Western Blotting Substrate. Lastly, imaging 

of the membrane was processed with the ChemiDoc MP imaging system. 

4.2.3.6 Peptide pulldown assay 

Per pulldown experiment, 40 μl of Promega magnetic streptavidin beads were 

used. The beads were pre-washed 3X with PBS (2X volume of beads). 10 μg of 

histone H3 peptides was added to the beads and the mixture was incubated 

for 2 hours at room temperature and rocking at 700 r.p.m. Next, recombinant 

UHRF1 protein (10 μg) was added and the mixture volume was filled up to 500 

μl with PD300 buffer. The samples were then incubated at 4 °C for 3 hours with 

medium speed rotation. The beads were washed 3X-6X with PD300 buffer for 

5 min each at 4 °C. All supernatant was removed and the beads were 

suspended in 25 μl Laemmli buffer and heated at 95 °C for 5 min. The results 

were analyzed on 12% SDS-PAGE stained with Coomassie blue.  
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