TRF2 Binding Affinity to 

Single Stranded DNA
Ken Seldeen

Department of Biochemistry and Molecular Biology

University of Miami School of Medicine

A rotation student’s project in Dr. Fletcher’s laboratory

October 7th, 2005
Approved by ____________________________________________________

Mentor

Terace Fletcher, Ph.D.
ABSTRACT

    Telomeric repeat binding factor 2 (TRF2), like TRF1 is associated with the protection of telomeric DNA.  Both proteins contain two known domains, a myb-like DNA binding domain and a dimerization domain, in which they share strong homology to one another. Despite such similarity, knockout experiments have shown TRF1 and TRF2 have unique functions. In the case of TRF2, these experiments result in the loss of single strand overhangs. Additionally, in vitro experiments have demonstrated that TRF2 alone can facilitate the formation of protective telomeric structures.  One such structure, a T-loop, protects the single strand overhang by integrating it within double stranded regions of the telomere.  It is hypothesized that these functions of TRF2 are made possible by special domains within TRF2 that associate with the single stranded overhang of the telomere. Sequence analysis comparing TRF1 against TRF2 indicate 50 residues within TRF2 that gap-out of TRF1 and are unique to TRF2.   A secondary structure prediction, using SAM_T02, suggested significant structure (alpha helices) would be found in this region. Evidence supporting the hypothesis was provided by DNA footprinting experiments. This studies complement bioinformatics evidence suggesting TRF2 may possess the capability to interact with single strand DNA.

INTRODUCTION


Proper regulation of the telomeres is important for the prevention of chromosome aberration.  Two proteins that are essential to this task are Telomere Repeat Factor Binding protein 1 and 2 (TRF1 & TRF2). Crystal structures show that they share two very similar domains, a Myb-like DNA binding domain and a dimerization domain1,2.  Despite such large similarity in their only characterized domains the two proteins have significantly different functions. The most important difference is that TRF2 is shown to bind to the 

single strand – double strand junction of the telomere and facilitate the formation of a T-loop3, a structure in which the single strand overhang of a telomere invades double strand regions to form a protective loop. 

    This affinity of TRF2 for ssDNA is not clear from its characterized domains. Although it was reported that the DNA binding domain of TRF1 binds stronger then TRF24, crystal structures of bound TRF2 show no evidence that would facilitate the creation of a T-Loop1. This evidence along with the ability of TRF2 to recognize a single strand – double strand junction, as shown by De Lange, 20013, may indicate that TRF2 has an ability to interact with ssDNA.  

   To investigate whether TRF2 interacts with ssDNA, DNA constructs were creating containing telomeric repeats with a single strand overhang were used in a DNA footprinting experiment. Additionally, amino acid sequence comparisons and secondary structure prediction between TRF1 and TRF2 were performed to investigate unique areas of TRF2 that might be involved in interacting with ssDNA. 

MATERIALS AND Methods

Sequence Alignment

Sequence information for TRF1 and TRF2 was acquired from Expasy.org under accession numbers P54274 and Q15554, respectively. Sequences were entered into NPS’s ClustalW (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_clustalw.html for determination of alignment. All settings for the search were done at website default values.

Secondary Structure Prediction


Secondary Structure prediction was performed using SAM-T02 (http://www.cse.ucsc.edu/research/compbio/HMM-apps/T02-query.html) (references 5, 6, & 7). Sequences used for the study were amino acids found between the TRF2 dimerization domain and DNA binding domain. These sequences correspond to amino acids 241-445. 
Creation of DNA Constructs

3.4ul of constructs T5T1, T5T4 were incubated in a mixture containing 5ul 10X T4 PNK buffer, 1ul T4 Protein Kinase, 3ul P32 gamma labeled ATP, and brought to a final volume of 50ul with dH2O. Reactions were incubated at 1 hour at 37 degrees Celsius. 30ul of each labeled oligo was then added to a reaction mixture containing 2ul of complementary T5T0 B-strand, 9ul 10x TE buffer, 9ul 10mM MgCl2 and brought to a final volume of 90ul with dH2O. Reactions were heated for 5 minutes at 95 degrees Celsius. Sequence information can be found in supplementary figure C.  

DNA footprinting with Dimethyl Sulfate (DMS)
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5ul of labeled T5T1 oligo was mixed with 5ul Calf Thymus and 75ul EMSA buffer. 10ul was then put into separate tubes and either 2ul, 4ul, or 0ul of 100ng/ul TRF2 was added to the tube and incubated for 30 minutes at 20 degrees Celsius. 1.2ul 10% DMS was added to all tubes and incubated for 10 minutes at room temperature. Samples were then ethanol precipitated with 0.7ul 5% linear poly acrylamide, 1.2ul 3M NaOAc, and 30ul 100% EtOH. Samples were frozen overnight, centrifuged and then washed with 300ul 70% EtOH. 5ul Piperdine was then added and the samples were incubated for 15 minutes at 95 degrees Celsius. 5ul of Formamide loading buffer was then added and samples were run on a 7% Polyacrylamide 7M Urea sequencing gel.

DNA footprinting with Exonuclease I
Reaction buffer consisted of 1M Tris-HCL (7.5 pH), 1M MgCL2, 1M DTT.  30ul of labeled oligo was added to 30ul Calf Thymus, 30ul Chaps and 60ul of Reaction buffer. Master mix of oligo was then added to make final concentrations of TRF2 of 200, 400 and 800ng per sample. They were then incubated at 20 degrees Celsius for 30 minutes. 3ul of 0.5U/ul Exonuclease I was added to each reaction tube and incubated at 37 degrees Celsius for 2, 10 or 20 minutes. Reactions were stopped by ethanol precipitation as described above.
Results
DNA Footprinting with Dimethyl Sulfate (DMS)

Dimethyl sulfate (DMS) methylates 7’ Nitrogen in DNA. This feature provides an excellent tool for exploring TRF2’s interaction with DNA as TRF2 looks to bind to the 7’ Nitrogen of Guanine in the telomeric repeat. If DMS is used in the presence of TRF2 then a fingerprint might be found where TRF2 prevents the action of DMS. Figure 1 shows the results of TRF2 binding to a T5T1 construct in the presence of DMS. Outlined sections A, B, and C show banding patterns for the single strand region as well as the first two double strand telomeric repeats. Section A indicates the single strand portion of the construct where this region is lighter in the TRF2 bound column then the non-TRF2 bound, implying TRF2 is interacting with the DNA.  Section E and F shows further upstream telomeric repeats, but the darkness of these bands imply no protection from TRF2 as compared to unbound. These findings show TRF2 may be interacting with the single strand region and the downstream double strand repeats, preventing methylation of bases in those regions and therefore causing less digestion products to appear on the gel. 
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DNA Footprinting with Exonuclease I




Another DNA footprinting approach, using Exonuclease I, was exercised on a T5T4 construct that has 4 telomeric repeats of single strand DNA. By having a larger overhang and cutting from the 3’ end with an exonuclease it was possible to explore base by base where TRF2 interacts with ssDNA. Figure 2 shows the results of this experiment showing significant difference between digestion results when TRF2 is bound against when it is not.  Arrows indicate stops around the TT base of the TTAGGG telomeric repeat. This may be indicative of TRF2’s interaction with the Guanines or of TRF2’s modification to ssDNA altering Exo I processivity in this region.  Similar bands are not found when TRF2 is not bound as it appears the location where activity stops is near the double strand – single strand junction.


Sequence Alignment and Structure Prediction of TRF2
       

      In an attempt to understand how TRF2 might be interacting with ssDNA two bioinformatics techniques were employed. Given TRF2’s strong similarity to TRF1 in the dimerization and DNA binding domains, it was hypothesized that the area that provides TRF2’s specificity to ssDNA would be found in the linker region between 
the two domains. A sequence alignment comparing TRF1 and TRF2 was performed and the most significant finding from that procedure is shown in figure 3. A large gap was found starting at amino acid 257 through 306 of TRF2. This is juxtaposed against secondary structure analysis of the region between the two known domains (amino acids 242-309 of TRF2) that is also shown in figure 3. Surprisingly, the prediction shows a potential helix – turn - helix in the region unique to TRF2. It was also predicted in another gap (amino acids 321-326, shown in Supplemental Figure B) a potential 3/10 helix structure unique to TRF2.  
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DISCUSSION

The results show that the digestion of telomeric overhang constructs is affected by the addition of TRF2. This is either a result of TRF2 interacting with ssDNA or TRF2 interacting with the activity of the nucleases. To explore this question further, experiments using Exonuclease T are planned. Exo T is expected to be more processive then Exo I as it is expected to leave blunt double strand ends and may therefore allow a more pronounced effect from TRF2. The bioinformatic techniques, employed by this paper, have also opened additional avenues of research. The helix regions around amino acids 283-306 may be needed for interaction with ssDNA or other proteins. If Exo T results show consistent evidence of TRF2 involvement, then mutations to the helix regions may be possible and could then be explored for its importance. In summation, the information presented in this report may indicate a potentially larger role for TRF2 in telomere protection.
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Fig. 3: Sequence Alignment and Structure Prediction of TRF2.  Full alignment can be seen in supplemental Figure A. Above is sequence alignment of amino acids 242-309 of TRF2 against corresponding sequences of TRF1. Below is a secondary structure prediction of the same sequences of TRF2. Key: H – Alpha Helix, E – Beta Strand, C – Unknown Structure
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Figure 1: DNA Footprint with DMS.  Cutting of the T5T1 construct bound and unbound by TRF2 - Methylated with DMS and cut with Piperidine. Position A indicates areas where TRF2 may have hindered methylation of DMS as compared to position F.
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Figure 2: DNA Footprint with Exo I.  Cutting of a T5T4 construct bound and unbound by TRF2 – incubated with Exonuclease I. Arrows indicate locations where TRF2 may be inhibiting ability of Exo I to digest through single strand regions of the construct.
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