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22  Abstract

23 Transcription Termination Factor 1 (TTF1) is an essential mammalian protein that regulates
24 cellular transcription, replication fork arrest, DNA damage repair, chromatin remodelling etc.
25  TTF1 interacts with numerous cellular proteins to regulate various cellular phenomena, and
26  plays a crucial role in maintaining normal cellular physiology, dysregulation of which has
27  been reported towards cancerous transformation of the cells. However, despite its key role in
28  cellular physiology, the complete structure of human TTF1 has not been elucidated to date,
29 either experimentally or computationally. Hence, understanding the structure of human TTF1
30 becomes highly important for studying its functions and interactions with other cellular
31  factors. Therefore, the aim of this study was to construct the complete structure of human
32 TTF1 protein, using molecular modelling approaches. Owing to the lack of suitable
33  homologues in the PDB, the complete structure of human TTF1 was constructed using ab
34  initio modelling. The structural stability was determined using molecular dynamics (MD)
35  simulations in explicit solvent, and trajectory analyses. The representative structure of human
36 TTF1 was obtained by trajectory clustering, and the central residues were determined by
37  centrality analyses of the residue interaction network of TTF1. Two residue clusters, in the
38  oligomerisation domain and C-terminal domain, were determined to be central to the
39  structural stability of human TTF1. To the best of our knowledge, this study is the first to
40  report the complete structure of human TTF1, and the results obtained herein will provide

41  structural insights for future research in cancer biology and related studies.

42  Keywords: Transcription termination, DNA binding, ab initio modelling, molecular

43  dynamics simulation, network analysis, residue interaction network
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44  Author Summary

45  The transcription termination factor 1 (TTF1) is an essential multifunctional mammalian
46  protein which plays important role in regulating important cellular process like transcription,
47  replication, DNA damage repair, chromatin remodelling etc. and its dysregulation leads to
48  various cancers. Despite its being such an important factor, the complete structure of human
49 TTF1 has not been determined to date, either using experimental techniques or
50 computationally. Therefore, the aim of this study was to construct the complete structure of
51  human TTF1 using computational modelling. In this study the complete structure of human
52 TTF1 was constructed by ab initio modelling using iTasser. The stability of this model was
53  determined by 200 ns molecular dynamics (MD) simulations. The representative
54  conformation of human TTF1 was further determined by clustering the simulation trajectory
55 and the residues that are central to the stability of this structure were identified. The results
56  demonstrate the presence of two residue clusters in human TTF1, one in the oligomerisation
57 domain and other in the C-terminal domain, which were found to be crucial for the structural
58  stability of this protein. Hence, the results of this study will aid future studies in this field

59  towards engineering this important protein for further biochemistry and cell biology research.

60 1. Introduction

61 Ribosomes are essential cellular organelles that partake in protein synthesis in both
62  prokaryotes and eukaryotes. Ribosomes are comprised of ribosomal proteins and ribosomal
63  RNA (rRNA), which is encoded by ribosomal DNA (rDNA), and serves as the catalytic
64  subunit of the protein translation machinery. Eukaryotic rDNA is distributed in clusters of

65  ~300-400 copies at both ends of the respective chromosomes (acrocentric chromosomes: 13,
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66 14, 15,21, and 22). These tandem repeats of rDNA copies create dense chromosomal regions
67 called Nucleolar Organizer Regions (NORs) which consists of a non-transcribed spacer
68  region flanked by pre-RNA coding regions. Of the total RNA that is transcribed, 80%
69  consists of rRNAs [1,2]. Both the initiation and termination of rDNA transcription is
70  mediated by a transcriptional regulator called Transcription Termination Factor 1 (TTF1),
71 which is an essential protein in mammalian cells. The gene encoding TTF1 is located on
72 9q34.13, in the long arm of chromosome 9. Transcription Termination Factor 1 protein
73 (TTF1p) binds to DNA elements known as Sal box, located upstream and downstream of the
74 rDNA gene repeats. In mammalian cells, the Sal box element consists of a Sal/l restriction
75  site within the 11 bp sequence, GGGTCGACCAG [3]. Following its discovery as a
76  transcription regulator, subsequent studies demonstrated that TTF1 is involved in polar
77  replication fork arrest and also acts as a chromatin remodelling factor [4,5]. Current findings
78  demonstrate that TTF1p interacts with various DNA damage sensing proteins, including
79  Cockayne Syndrome B (CSB) [6], Mouse Double Minute 2 (MDM2) [7] and tumor
80  suppressor Alternative Reading Frame (ARF) [8] protein, but the mechanism and exact roles
81  of TTF1p remains to be identified to date. The overexpression of TTF1 has been corelated in
82  various tumours, which indicates that owing to tumor hyperproliferation, TTF1 is required
83  in higher quantities to meet the higher rate of ribosome biogenesis in tumor cells [9-11]. The
84  TTF1 protein has several other unidentified roles, as it appears to interact with various other
85  factors necessary for regulating a wide variety of physiological phenomena in cells. TTF1 is
86 truly a multifunctional protein, and hence, it becomes important to characterise the numerous

87  unidentified roles of this protein in cellular physiology both in healthy and cancerous cells.
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88 TTF1p has distinct functional domains, including an N-terminal regulatory domain
89  (NRD), which also is responsible for the oligomerisation of TTF1 [12]. It has been shown
90 that due to its oligomerisation property, TTF1p can loop the ends of rDNA together, thereby
91 placing the promoter and terminator regions in proximity to efficiently recycle the
92  transcription machinery, and this model is known as the “ribomotor” model [13].
93  Furthermore, TTF1 has a functional central domain and a C-terminal domain, which is
94  essential for the activation and termination of Pol I-mediated transcription on a nucleosomal
95  rDNA template [14]. The central domain has the highly conserved DNA binding myb/SANT-
96 like domain which has strong homology with the DNA binding domain of Rebl protein of

97  Schizosaccharomyces pombe, and proto-oncoprotein c-Myb [15,16].

98 The only crystal structure of its yeast homolog protein, RNA Polymerase I enhancer

99  binding protein (Reblp) [17], bound to DNA, was solved to atomic resolution by our group
100  [15]. The structure clearly shows an N-terminal regulatory domain which is also known as
101  the dimerization domain, a central DNA-binding domain, and the C-terminal transcriptional
102  terminator domain. Using various mutants, it was demonstrated that the mere binding of
103  DNA to Reblp is not sufficient for terminating transcription. Further it was shown that the
104  interaction of Reblp with Replication Protein A (RPA), via the C-terminal domain of Reblp,
105  is an essential requirement for effective transcriptional termination. The interaction with RPA
106  induces an allosteric change which is necessary for stopping the movement of RNA
107  polymerase 1. Also, the domain of Reblp which binds to DNA was identified to atomic
108  resolution and the residues involved in protein-DNA contacts were identified. This region

109  consists of two myb-associated domains (mybAD1 and mybAD?2) and two Myb repeats
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110  (mybR1 and mybR2). The helices involved in this region make contact with DNA at various

111 residues [17].

112 TTF1 is an essential cellular protein owing to its numerous roles in several vital
113 cellular functions, which are necessary for maintaining healthy cellular physiology.
114  Understanding the structure of TTF1 would provide insights into the mechanistic aspect of
115 its function. To date, there are no experimentally-determined structures or in silico models
116  of TTF1. Our lab is involved in purifying and physically solving the structure of this protein.
117  So far, crystallization trials have proved to be unsuccessful, and we are therefore attempting
118  cryo-EM studies as well. Alternatively, computational modelling studies on this essential
119  protein will provide a better understanding so that we can engineer the protein for future

120  studies.

121 In the absence of experimentally-derived structures, homology modelling serves as a
122 reliable method for the construction of protein structures. However, the reliability of the
123 protein model depends on various factors, including the sequence identity between the
124  template and target proteins. When the template-target identity falls below 30%, known as
125  the twilight zone, the protein structure needs to be constructed by threading or ab initio
126  methods [18]. This is due to the fact that below the twilight zone, the evolutionary relatedness
127  between the template and target is doubtful, and the confidence of the prediction is low [19].
128  The worldwide experiment for protein structure prediction, Critical Assessment of protein
129  Structure Prediction (CASP), ranked the iTasser (iterative threading assembly refinement)
130  server as the best tool for ab initio protein modelling. In the latest CASP14 experiment

131 conducted in 2020, the iTasser server (Zhang server) ranked the best among 47 groups
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132 [20,21]. The iTasser server also ranked best in the previous CASP7, CASPS, CASPY,
133 CASP10, CASP11, CASP12, and CASP13 experiments [22]. In the CASP9 experiments in
134 2010, the iTasser server was predicted to the best tool for protein function prediction [21]. In
135  this study, the structure of the TTF1 protein was constructed by molecular modelling, using
136  the iTasser server. The predicted models were validated and the structure was subjected to
137  molecular dynamics (MD) simulations for 200 ns for studying the structural stability of
138  TTF1, and determining the most stable conformation of the protein. Our study aimed to
139  predict the structure of TTF1, which is an essential protein, using computational modelling.
140  The results of our study will prove to be important for understanding the structural,

141  functional, and therapeutic role of this essential protein.

142 2. Results

143 2.1 Sequence-based analyses

144  The results of sequence-based analysis with ProtParam showed that TTF1 is an unstable
145  hydrophilic protein, as revealed by an instability index of 51.13 and grand average of
146 hydrophobicity (GRAVY) of -0.939. This was corroborated by the results of disorder
147  prediction, which showed that more than 50% of the residues of TTF1 are disordered (Fig
148  1). The results of disorder prediction further revealed that residues 1-3, 689-696, 700-701,
149 709, and 903-905 were disordered and had protein binding properties (S1 Fig). The
150  physicochemical properties predicted by ProtParam and anticipation of disulphide bond (S-

151  S) pattern by CY'S REC tool are enlisted in Table 1.

152  Table 1: Physicochemical properties of TTF1, as determined with ProtParam.
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Physicochemical Properties Values

Number of residues 905

Molecular formula Cs512H7282N130201399S28
Molecular weight 103 kDa

Theoretical pl 9.41

Instability index 51.13

Aliphatic index 65.09

Total number of negatively charged residues (D+E) | 135

Total number of positively charged residues (R+K) 171

Extinction coefficient 96760

Grand average of hydrophobicity (GRAVY) -0.939

Estimated half-life (mammalian reticulocyte, in vitro) | 30 hours

S-S Bond (predicted) 22-737, 73-887, 445-892

153

154  Fig 1: Graphical representation of the disordered regions of the human TTFI1 protein.
155  Residues with disorder score > 0.5 (represented by the horizontal red line) were considered

156  to be disordered.

157 2.2 Ab inito modelling and structural validation of TTF1

158  The results of template search using BLASTp against the PDB revealed that the highest
159  target-template coverage was 4%, which was well below the twilight zone for homology

160  modelling [23]. Therefore, the structure of human TTF1 could not be modelled using the
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161  template-based methods in comparative modelling. The complete structure of human TTF1p
162  was therefore modelled using ab initio methods, using the iTasser server. The confidence of
163  the models predicted by iTasser are indicated by the C-score, which is a confidence score
164  that provides a measure of the quality of the models generated by iTasser. The C-scores range
165  between -5 and 2, with higher values indicating predictions of higher confidence, while lower
166  values of C-score indicate predictions of lower confidence [20]. In this study, the model with
167  the highest C-score of -0.60 was selected for subsequent analyses. This model was further
168  minimised using Yasara, and the energy minimised structure was validated using ProSA
169  [24,25]. The results of ProSA validation revealed that the structure of TTF1 was comparable
170  to structures of similar size in the PDB, which had been determined using X-ray
171  crystallography (Fig 2A). Analysis of the Ramachandran plot with Procheck revealed that
172 only 1.0% of the residues were in the disallowed regions of the plot, while 82.9% and 14.1%
173 of the residues were in the most favoured and additional allowed regions, respectively (Fig

174  2B).

175  Fig 2: Structural validation of the energy minimised model of TTF1 using A) ProSA and B)

176 ~ Ramachandran plot analysis with Procheck.

177 2.3. Functional validation of TTF1

178  The results of analysis with TM-align revealed that the model of TTF1 generated by iTasser
179  (Fig 3) was structurally most similar to cas13b (PDB ID: 6AAY), which is an RNA-binding
180  protein from Bergeyella zoohelcum with RNase activity [26]. The human TTF1 protein is a
181  DNA-binding protein that plays an important role in transcriptional termination. The TM-

182  score of the alignment was 0.960, indicating correct topology, and the RMSD between the
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183  generated model of TTF1 and cas13b was 2.29 A, indicating high structural similarity
184  between the two proteins. The structural similarity between TTF1 and cas13b indicated that
185  the model of TTF1 obtained herein, possesses potential nucleic acid binding properties,

186  similar to cas13b.

187  Fig 3: The structure of TTF1 constructed by ab initio modelling 1s depicted in light blue
188  ribbon representation, and the structure obtained after minimisation with Yasara is depicted

189  in dark blue ribbon representation.

190  The results of ligand binding analyses with COFACTOR and COACH revealed that residues
191  620-626 of the TTF1 model have potential binding property to the ligand
192  phosphoaminophosphonic acid-adenylate ester (ANP). ANP is a non-hydrolysable analogue
193  of ATP, and comprises triphosphate, adenine, and ribose sugar moieties, similar to the
194  composition of DNA. This indicated that the model of TTF1 predicted using iTasser has
195  potential nucleic acid binding properties, and logically relates to the DNA-binding properties
196  of TTF1 reported in literature and also been validated in our lab using the purified TTF1
197  protein [3]. The ligand binding properties of the model of TTF1 were predicted to be most
198  similar to those of the recombinase A protein of Escherichia coli (PDB ID: 3CMV), which
199  possesses single-stranded DNA binding properties. These results indicated that the model of
200 TTF1 possesses potential DNA binding properties, in agreement with the reports in existing
201 literature and our experimental data (not shown here). The results of CD analyses revealed
202  thatresidues 621-677 of TTF1 comprises the Myb-like DNA binding domain of TTF1 (pfam
203  accession number: 13921) (S 2 Fig). The results of sequence-based CD analysis of TTF1

204  corroborated with the results of structure-based ligand binding site prediction by
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205 COFACTOR and COACH, further validating the DNA-binding potential, and thus the
206  functional potential of the model of TTFI constructed using iTasser. Furthermore, the
207  residues with ANP-binding properties mapped to the DNA-binding domain of TTFI,
208  implying the potential nucleotide binding properties of the structure of TTF1 generated by

209 iTasser.

210  The results of consensus-based GO prediction revealed that the molecular function of the
211 TTF1 protein model was associated with GO terms GO:0035639 (purine ribonucleoside
212 triphosphate binding), GO:0032559 (adenyl ribonucleotide binding), and GO:0043167 (ion
213 binding), with GO scores of 0.40, 0.40, and 0.39, respectively. These results further
214  confirmed the nucleotide binding properties of the structure of TTF1 obtained with iTasser.
215  The results of functional validation thus implied that the TTF1 model obtained using ab initio
216  modelling has potential nucleic acid-binding properties, and agrees with the data reported in

217  literature and observed in our lab.
218  2.4. Trajectory analyses

219  The structural model of TTF1 thus obtained by ab initio modelling was subjected to 200 ns
220 MD simulations for investigating the structural stability and determining any possible
221 conformational changes in TTF1. Trajectory visualisation revealed that the protein stabilised
222 after 20 ns and remained stable thereafter. This was further observed in the values of root
223 mean square deviation RMSD, which became steady after 20 ns (Fig 4). As depicted in the
224 Fig 4A, the values of RMSD became increasingly steady after 100 ns, and remained steady
225 thereafter, with fluctuations in the RMSD values being in the range of 1-1.5 A. This indicated

226  that the system had reached equilibrium after 100 ns and remained stable thereafter. This was
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227  further corroborated by the values of RoG (Fig 4B), which remained steady after 100 ns. The
228  RoG is an indicator of structural compactness, and fluctuations in the values of RoG indicate
229  protein unfolding. The fact that the values of RoG became steady after 100 ns indicated that
230  the structure of TTF1 was stable and compact during the production run. Analysis of the
231 values of RMSF revealed that some residues had higher flexibility, as indicated by the RMSF
232 values, which were higher than 1.5 A. The higher flexibility of these residues could be
233 attributed to the fact that these residues mapped to the disordered regions predicted using

234  DisoPred (Fig 4C).

235  Fig 4: Graphical representation of the values of A) RMSD and B) RoG of the protein
236 backbone throughout the trajectory. C) Comparison of the average RMSF values and disorder
237  scores of TTF1. The oligomerisation domain (residues 1-320), Myb domain 1 (residues 612-
238 660), Myb domain 2 (residues 661-745), and chromatin remodelling region (residues 323-

239 445) are indicated by blue, yellow, red, and green rectangles, respectively.
240  2.5. Representative structure of TTF1

241 The trajectory was clustered using Chimera v1.14, and the representative frame of the most
242 populated cluster was selected as the representative conformation of TTF1 (Fig SA, refer to
243 the supplementary for coordinate file). The oligomerisation domain (residues 1-320), Myb
244 domain 1 (residues 612-660), Myb domain 2 (residues 661-745), and chromatin remodelling
245  region (residues 323-445,) [5,12,16] were mapped to the complete structure of TTF1 obtained

246  herein (Fig 5B).
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247  Fig 5: A) Ribbon and B) Surface representation of the representative structure of TTF1
248  obtained by trajectory clustering. The oligomerisation domain, Myb domain 1, Myb domain
249 2, and chromatin remodelling region are represented in blue, yellow, red, and green,

250  respectively.

251  2.6. Centrality analyses

252 The RINs of the representative structure of TTF1 was determined using Cytoscape v3.8.2
253  (Fig 6), and the central residues were identified using the RINspector plugin, based on the
254  RCA Z-scores. In the RIN, the nodes indicate the residues, while the edges represent the
255  intra-residue interactions. Residues with RCA Z-scores > 2 were considered to be central to
256 the structural stability of the protein. As depicted in Fig 6, the residues with Z-scores > 2 are
257  coloured in yellow, and those with Z-scores > 2 are represented in red. The bigger nodes
258 indicate residues with higher values of Z-scores. The RIN revealed two interaction clusters,
259  with one cluster being located in the oligomerisation domain of TTF1, and the other being
260  located towards the C-terminal region of the protein (Fig 6A and 6B). The Z-scores of the
261 residues in the interaction cluster in the oligomerisation domain were higher than those of
262  the residues in the C-terminal domain, indicating that the interaction cluster in the
263  oligomerisation domain plays a more crucial role in the stability of the human TTF1 protein
264  than that of the interaction cluster in the C-terminal domain. The Z-scores of the central

265  residues determined by centrality analysis are enlisted in Table 2.

266
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Fig 6: The central residues of TTF1 identified by RIN and centrality analyses in the A) 3-

dimensional structure of TTF1. B) The central residues in the RIN of TTF1 in 2D

representation. The nodes and edges represent the residues and inter-residue interactions,

respectively. The size of the nodes corresponds to the value of the RCA Z-score, with bigger

nodes corresponding to residues with higher values of Z-scores. The residues with RCA Z-

score > 2 and > 4 are indicated in yellow and red, respectively.

Table 2: Central residues of TTF1, determined by centrality analysis

Central residue | Corresponding domain RCA Z-score | Secondary structure
K68 Oligomerisation 7.246 Loop
E196 Oligomerisation 7.2 Helix
R71 Oligomerisation 7.161 Loop
E195 Oligomerisation 7.111 Loop
Q30 Oligomerisation 7.097 Helix
HIE34 Oligomerisation 6.991 Helix
W198 Oligomerisation 6.813 Helix
R38 Oligomerisation 6.682 Helix
G202 Oligomerisation 6.555 Loop
E35 Oligomerisation 6.453 Helix
K17 Oligomerisation 6.366 Helix
E206 Oligomerisation 5.788 Helix
K31 Oligomerisation 4.573 Helix
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S226 Oligomerisation 4.417 Loop
E27 Oligomerisation 4.309 Helix
T186 Oligomerisation 4.204 Loop
N228 Oligomerisation 3.947 Loop
R229 Oligomerisation 3.614 Loop
S23 Oligomerisation 3.159 Helix
1660 myb/SANT-like 1 2.83 Helix
R664 myb/SANT-like 2 2.825 Loop
K434 Chromatin remodelling 2.782 Helix
F657 myb/SANT-like 1 2.778 Helix
R164 Oligomerisation 2.769 Loop
E165 Oligomerisation 2.693 Loop
S&95 - 2.693 Helix
N&93 - 2.661 Loop
E882 - 2.608 Loop
T896 - 2.596 Helix
S161 Oligomerisation 2.594 Loop
Q172 Oligomerisation 2.548 Helix
E191 Oligomerisation 2.535 Loop
E431 Chromatin remodelling 2.527 Helix
G899 - 2.499 Loop
Al176 Oligomerisation 2.469 Helix
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S435 Chromatin remodelling 2.388 Helix
R902 - 2.326 Loop
R182 Oligomerisation 2.302 Helix
D471 - 2.069 Helix

274

275  2.7.Intra-residue hydrogen bonds

276  Hydrogen bonds with occupancy > 75% and > 85% throughout the 200 ns trajectory and in
277  the last 50 ns, respectively, were considered to be important for the structural stability of the
278  protein. The frequency of the hydrogen bonds throughout the trajectory and in the last 50 ns
279  was determined using VMD. The occupancy of the intra-residue hydrogen bonds formed by
280 the central residues is provided in S 1 Table, and the occupancy of all the intra-residue
281  hydrogen bonds with occupancy > 75% and > 85% throughout the 200 ns trajectory and in
282  the last 50 ns, respectively, are provided in the S 1 Table. The results of interaction analyses
283  revealed that residues K17, E27, Q30, E35, R164, W198, and N228 of the oligomerisation
284  domain, K434 of the chromatin remodelling region, and F657 of the myb/SANT-like-1
285  domain were most crucial to the structural stability of the protein, as indicated by the number
286  of intra-residue hydrogen bonds and the occupancy of the hydrogen bonds throughout the

287  trajectory.

288 3. Discussion

289  TTF1 is a crucial multifunctional nucleolar protein that regulates both transcription initiation

290 as well as transcriptional termination of ribosomal genes by binding to specific motif
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291  sequence and-also arrests of the replication fork in polar fashion [2]. In addition, TTF1
292 regulates the transcription of genes transcribed by RNA polymerase I. Using truncated human
293  and murine TTF1 proteins, Evers and Grummt first reported species-specific sequence
294  differences in the DNA-binding region of mammalian TTF1 [3]. Despite its major regulatory
295 role in mammalian transcription, replication and chromatin remodelling, the complete
296  structure of human TTF1 remains to be elucidated to date. A partial structure of human TTF1
297  has been predicted by AlphaFold v2.0, which uses artificial intelligence for predicting the 3-
298  dimensional structure of proteins. However, the structure predicted by AlphaFold is partial
299  (residues 491-866), and the remaining residues are largely unfolded, and the confidence of
300 prediction of these unfolded regions is very low [27]. As all the residues of a protein are
301 important for its complete regulation and function, it is necessary to consider that protein in
302 its entirety in structural analyses. In this study, we therefore attempted to construct the
303  complete structure of the human TTF1 protein using ab initio modelling and MD simulations,
304 and also identified the residues that are central to the structural stability of human TTF1 by
305 network analyses. To the best of our knowledge, this study is the first to report the complete

306  structure of the human TTF1 protein (refer supplementary for coordinate file).

307 Owing to the lack of suitable structural homologues in the PDB with sequence coverage
308 above the twilight zone, the structure of TTF1 was modelled using ab initio methods. The
309 model of TTF1 thus obtained was subjected to functional validation and GO analysis for
310 establishing the functional relevance. MD simulations are frequently used for obtaining
311  atom-level insights into the structural dynamics and behaviour of biomolecular system. The

312 stability of the model was subsequently evaluated by MD simulation for 200 ns, using an
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313  explicit TIP4P solvent, and the trajectory was analysed for investigating structural stability
314  and hydrogen bond frequency. The representative conformation of the human TTF1 protein
315  was obtained by trajectory clustering, and the residues that play a central role in the structural
316  stability of TTF1 were identified by network analysis and determination of residue centrality.
317  The results of RIN analysis and computation of centrality measures revealed two interaction
318  clusters in the structure of human TTF1, with one in the oligomerisation domain of TTF1
319  and the other in the C-terminal domain. The data further indicated that the residue cluster in
320  the oligomerisation domain plays a more significant role in the stability of TTF1, compared
321  to that in the C-terminal domain. The N-terminal oligomerization domain has been shown to
322 play important regulatory function [2] while the C-terminal domain is involved in
323 transcription termination [5]. In the absence of experimentally-derived structural data
324  pertaining to the human TTF1 protein, we believe that the results of our study provide
325  valuable structural information, including domain architecture, and their characteristics,
326  among others. Hence, our study could facilitate future studies aimed towards understanding
327  the mechanism underlying the function of the human TTF1, including its interaction with
328  other protein, and for engineering this protein with the purpose of solving its physical

329  structure, drug design and therapeutic applications etc.

330 4. Conclusion

331  Conclusively, this is very first study to report complete structure of the essential human TTF1
332  protein, using computational modelling, and identify the residues and its characteristics that

333  are central to the structural stability of the protein.

334 5. Materials and Methods
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335 5.1 Sequence retrieval and sequence-based analyses

336  The sequence of TTF1 was retrieved from UniProtKB (UniProtKB accession number:
337  Q15361). The physicochemical properties of TTF1 were analyzed using ProtParam [28], and

338 the disorder profile was analyzed using DisoPred version 3.1 [29,30].

339 5.2 Ab initio modelling of TTF1

340  The structural homologues of human TTF1 in the PDB was searched using BLASTp and
341  threading-based approaches, for identifying suitable templates for homology modelling.
342  Owing to the lack of suitable structural templates, the structure of human TTF1 was modelled
343  using ab initio modelling, using the iTasser server [20]. In the iTasser algorithm, the final
344  models are selected using the SPICKER program for clustering the generated structures. The
345  structure of TTF1 generated by iTasser was initially minimised using the Yasara energy
346  minimization server, with the Yasara force field [24]. The energy minimised structure was

347  then validated using Ramachandran plot analysis and ProSA [31,32].

348 5.3 Functional validation of TTF1 constructed by ab initio modelling

349  The models generated by iTasser were functionally validated using the TM-align program
350 for determining the structures in the PDB that are structurally, and thus functionally, similar
351 to the models of TTF1p constructed by ab initio modelling. The TM-align program was used
352  to identify structures in the PDB that are structurally similar to the model generated by
353  iTasser. This program determines the similarity between proteins on the basis of the TM-
354  score, a scoring function that provides a quantitative measure of topological similarity

355  between proteins [33]. It provides a measure of structural similarity, with values > 0.5
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356 indicating models of correct topology [34]. The models were further validated using the
357 COACH and COFACTOR programs for predicting the ligand binding sites, based on the
358  similarity of the protein folds with functional templates [35,36]. The result of ligand binding
359  site prediction was mapped to the results of sequence-based conserved domain (CD) analyses
360 using the CD search tool of NCBI [37]. The molecular function of the modelled protein was

361 further validated by consensus-based gene ontology (GO) search.
362 5.4 MD simulations

363  The model of TTF1 obtained by ab initio modelling was subjected to MD simulations for
364 200 ns using Flare v4, which is based on the OpenMM Toolkit, for studying the structural
365  stability and determining any possible conformational changes of TTF1p. The protein was
366  then prepared in Flare v4 at pH 7.4, and solvated in TIP4P solvent using a buffer of 10 A
367 thickness. The system was subsequently neutralised by the addition of 28 CI- ions. The
368 system was then minimized until the energy tolerance reached 0.25 Kcal/mol, and
369  subsequently equilibrated for 200 ps. It was then finally subjected to 200 ns MD simulations
370  at a temperature of 298 K and a pressure of 1 bar, using the XED force field and the NPT

371  ensemble. The timestep was set to 2 fs.

372 The values of root mean square deviation (RMSD), root mean square fluctuations
373  (RMSF), and radius of gyration (RoG) of the protein backbone throughout the trajectory was
374  analyzed using the vmdICE plugin in VMD v1.9.3 [38,39]. The occupancy of the inter-
375  residue hydrogen bonds throughout the 200 ns trajectory and in the last 50 ns was determined

376 using VMD v1.9.3. The portion of the trajectory following equilibration was clustered using
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Chimera v1.14, and the representative frame of the most populated cluster was selected as

the representative conformation of TTF1p [40].

5.5 Determination of residue interaction networks (RINs) and centrality analysis

The RINs of TTFIp were determined using the RINalyzer plugin in Cytoscape v3.8.2
[41,42]. The network centrality measures were computed using the RINspector plugin in

Cytoscape v3.8.2, based on the residue centrality analysis (RCA) Z-score.
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S 1 Fig. Sequence-based representation of the disordered and protein binding regions of

TTF1, as predicted using PsiPred.

S 2 Fig. Results of CD search indicating the presence of a SANT/Myb-like DNA-binding

domain in TTF1.

S 1 Table. Occupancy of the hydrogen bonds formed by the central residues throughout the

trajectory and in the last 50 ns.

Donor Acceptor Occupancy (200 ns) Occupancy (last 50 ns)
K68*-Main L67-Side 75.34% 85.41%
A175-Main A176*-Main 76.84% 78.12%
R71*-Main K68*-Main 77.29% 83.02%
S197-Side E195*-Side 77.46% 99.50%
E27*-Main 124-Main 77.51% 81.02%
D471*-Main A469-Main 77.66% 97.60%
T896*-Main N893*-Main 78.04% 97.60%
E882*-Main E880-Side 78.41% 94.21%
D185-Side N228*-Side 78.66% 82.72%
S227-Side R229*-Side 79.01% 119.18%
K17*-Main D16-Side 79.29% 91.01%
R182*-Side N228*-Side 79.36% 80.92%
E431*-Main A427-Main 79.41% 91.31%
E209-Main E206*-Main 79.41% 93.61%
P437-Side K434*-Main 79.76% 88.81%
W198*-Side G202*-Main 79.94% 81.72%
1474-Main D471*-Main 79.99% 90.11%
S197-Main W198*-Main 80.58% 83.12%
A183-Main R182*-Side 81.46% 75.82%
F657*-Main K656-Side 82.58% 87.91%
E431*-Side A427-Main 82.83% 117.98%
K18-Main K17*-Side 83.03% 99.00%
P203-Side W198*-Main 83.56% 125.27%
E35*-Main H34*-Side 84.43% 82.82%
K31*-Side E27*-Side 84.46% 125.47%
F657*-Main V653-Main 84.53% 82.52%
R164*-Main V163-Side 85.01% 94.91%
K31*-Main H32-Main 85.61% 86.21%
E430-Main E431*-Main 85.63% 90.91%
A176*-Main S177-Main 86.01% 82.12%
S23*-Main K19-Main 86.01% 100.00%
Q30*-Side E27*-Main 86.23% 87.21%
S895*-Main N893*-Side 86.26% 95.40%
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K656-Main F657*-Main 86.38% 86.81%
D471*-Main S472-Main 86.66% 92.11%
V433-Main K434*-Main 87.06% 82.32%
F657*-Side V653-Main 87.33% 95.70%
K434*-Main S435*-Main 87.43% 94.61%
S661-Side F657*-Main 87.91% 78.82%
S33-Main Q30*-Main 88.28% 90.11%
E27*-Main R28-Main 88.51% 88.31%
A176*-Main Q172*-Main 88.93% 95.00%
K31*-Side E27*-Main 89.63% 85.31%
R438-Main S435*-Main 89.68% 94.11%
D471*-Main E467-Main 89.81% 90.51%
1660*-Main F657*-Main 89.93% 93.61%
Q30*-Main E27*-Main 90.08% 92.71%
P188-Side N228*-Main 90.83% 115.78%
E431*-Main G432-Main 91.03% 97.20%
S435*-Main E431*-Main 91.05% 94.61%
R664*-Main 1660*-Main 91.45% 126.17%
E882*-Main S881-Side 91.93% 94.71%
E35*-Main 136-Main 92.25% 88.01%
Q181-Side R182*-Main 92.65% 87.61%
T896*-Main S895*-Side 92.85% 81.02%
K68*-Main S65-Main 93.45% 84.82%
S435*-Main K434*-Side 93.58% 96.20%
R229*-Main N228*-Side 93.73% 97.80%
S661-Main F657*-Main 93.83% 89.11%
1660*-Main S661-Main 93.85% 98.60%
Q439-Main S435*-Main 93.88% 92.51%
G901-Main G899*-Main 94.28% 99.50%
E27*-Main S23*-Main 94.65% 94.31%
A176*-Main A175-Side 94.73% 97.70%
R71*-Main S70-Side 95.15% 114.89%
S472-Main D471*-Side 95.33% 93.91%
Q30*-Main K31*-Main 95.33% 96.20%
[36-Main E35*-Side 95.38% 92.11%
L62-Side H34*-Main 95.68% 112.79%
E35*-Main H32-Main 96.10% 91.71%
R436-Main K434*-Main 96.93% 93.11%
S190-Main E191*-Main 97.15% 97.20%
E470-Main D471*-Main 97.18% 95.40%
E27*-Main K26-Side 97.50% 96.80%
K26-Main S23*-Main 97.68% 98.20%
H34*-Main E35*-Main 97.73% 95.90%
136-Main H34*-Main 98.10% 123.08%
G432-Main E431*-Side 98.18% 98.50%
K166-Main E165*-Side 98.18% 99.30%
S435*-Main R436-Main 98.25% 96.60%
D471*-Main E470-Side 98.43% 97.00%
R173-Main Q172*-Side 98.45% 104.40%
L67-Main K68*-Main 98.55% 96.60%
S200-Main E196*-Main 98.70% 96.50%
N228*-Main T186*-Main 99.08% 99.90%
L199-Main E195*-Main 99.18% 99.40%
T896*-Main L897-Main 99.30% 96.60%
W198*-Main E195*-Main 99.30% 99.50%
E195*-Main Q194-Side 99.50% 99.40%
V201-Main W198*-Main 99.55% 99.10%



https://doi.org/10.1101/2021.11.11.468186
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.11.468186; this version posted November 13, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

31

W903-Main R902*-Side 99.75% 100.30%
W198*-Main L199-Main 99.80% 100.00%
K31*-Main E27*-Main 99.85% 99.60%

T186*-Main D185-Side 99.90% 99.90%

E195*-Main K700-Main 99.98% 99.70%

D185-Main T186*-Main 100.00% 100.00%
E165*-Main K166-Main 100.02% 100.00%
T186*-Main L187-Main 100.02% 100.10%
E195*-Main E196*-Main 100.05% 100.10%
E230-Main R229*-Side 100.07% 96.80%

Q194-Main E195*-Main 100.07% 100.00%
H160-Main S161*-Main 100.07% 100.10%
C892-Main N893*-Main 100.22% 100.20%
R164*-Main E165*-Main 100.27% 100.20%
R71*-Main 172-Main 100.55% 101.20%
K26-Main E27*-Main 100.57% 100.40%
S161*-Main K162-Main 101.10% 100.10%
K31*-Main Q30*-Side 101.15% 101.80%
C22-Main S23*-Main 101.20% 105.19%
R229*-Main E230-Main 101.22% 101.90%
E95-Main L94-Side 101.35% 104.10%
D39-Main R38*-Side 101.55% 102.80%
Q30*-Side K31*-Main 101.65% 102.90%
F37-Main R38*-Main 101.97% 114.59%
S227-Side N228*-Main 102.00% 97.30%

N228*-Main R229*-Main 102.32% 100.20%
S23*-Main C22-Side 102.35% 94.41%

R436-Main S435*-Side 102.40% 94.01%

V163-Side R164*-Main 102.45% 96.60%

V201-Main G202*-Main 102.62% 103.70%
K17*-Main K18-Main 102.80% 96.40%

E430-Side E431*-Main 102.85% 93.61%

R182*-Side A176*-Main 102.90% 130.57%
K166-Main E165*-Main 103.42% 102.20%
S192-Main E191*-Side 103.70% 96.40%

N893*-Main S894-Main 104.27% 104.10%
S33-Side Q30*-Main 104.37% 95.00%

K68*-Main K69-Main 104.37% 98.50%

F657*-Main S658-Main 104.40% 100.70%
L67-Side K68*-Main 104.57% 144.26%
S70-Main R71*-Main 104.70% 95.10%

E191*-Main S190-Side 105.00% 102.60%
G899*-Main L897-Main 105.77% 158.34%
H32-Main K31*-Side 105.95% 100.10%
H171-Main Q172*-Main 106.65% 101.40%
L897-Main S895*-Main 106.80% 133.17%
S895*-Side E165*-Side 106.85% 204.70%
Q663-Main R664*-Main 107.02% 117.68%
S881-Side E882*-Main 107.50% 138.56%
E35*-Main S33-Main 107.55% 100.40%
E431*-Main E430-Side 107.60% 113.99%
R902*-Main W903-Main 107.62% 104.10%
K225-Main $226*-Main 107.67% 107.29%
S161*-Main H160-Side 109.75% 95.40%

R28-Main E27*-Side 110.17% 107.49%
S881-Main E882*-Main 111.24% 105.79%
E882*-Main G883-Main 111.49% 115.68%
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K434*-Main V433-Side 111.57% 127.37%
K434*-Side Q663-Main 111.84% 118.18%
S227-Main N228*-Main 113.14% 115.48%
Q30*-Main P29-Side 113.47% 113.29%
S435*-Main V433-Main 114.04% 104.90%
S226*-Main K224-Main 114.97% 136.76%
K174-Main Q172*-Main 115.02% 127.67%
K879-Side R902*-Side 115.34% 217.68%
S895*-Side T896*-Main 115.49% 80.92%

S661-Main 1660*-Side 115.52% 124.58%
R902*-Main Q900-Main 116.44% 129.77%
1660*-Main Q659-Side 116.72% 140.86%
E165*-Main R164*-Side 117.87% 159.94%
S40-Main R38*-Main 117.89% 130.77%
K434*-Main G432-Main 118.02% 156.04%
V433-Main E431*-Main 118.04% 109.99%
R38*-Side E35*-Main 118.32% 105.09%
N893*-Side R164*-Side 118.77% 215.38%
F37-Main E35*-Main 118.79% 126.77%
W198*-Side L199-Main 119.27% 118.88%
A176*-Side Q172*-Main 119.49% 89.71%

F657*-Side A454-Main 119.77% 171.13%
S435*-Side R436-Main 120.59% 144.56%
R902*-Side K879-Side 120.66% 247.15%
V433-Side K434*-Main 120.76% 134.97%
R184-Main R182*-Main 120.99% 114.99%
H34*-Main S33-Side 122.36% 111.69%
E431*-Main M429-Main 122.46% 117.48%
S70-Side R71*-Main 122.59% 123.88%
T896*-Side N893*-Main 123.06% 208.99%
K68*-Main P66-Main 126.81% 99.40%

P29-Side Q30*-Main 127.76% 125.87%
1660*-Side S661-Main 127.76% 135.36%
R164*-Side N893*-Side 128.19% 248.15%
1660*-Main S658-Main 128.79% 173.53%
Q172*-Side K803-Main 129.04% 122.78%
R38*-Main 136-Main 129.06% 104.90%
K68*-Side K69-Main 129.29% 105.89%
S33-Main K31*-Main 131.36% 139.16%
S662-Main 1660*-Main 131.58% 86.01%

G202*-Main W198*-Side 134.06% 118.28%
E206*-Main G204-Main 134.06% 186.01%
N893*-Main C892-Side 134.31% 126.77%
G205-Main E206*-Main 134.93% 118.18%
E35*-Side 136-Main 135.38% 125.47%
E191*-Side S192-Main 135.86% 145.65%
K17*-Side K18-Main 136.01% 134.17%
V163-Main R164*-Main 136.38% 148.45%
R38*-Side D39-Main 136.88% 107.79%
E196*-Side S197-Main 137.48% 136.06%
H160-Side S161*-Main 137.56% 185.51%
R182*-Side A183-Main 137.63% 136.76%
C22-Side S23*-Main 137.98% 153.55%
S197-Main E196*-Side 138.01% 107.19%
R71*-Side 172-Main 138.53% 132.07%
R664*-Main N665-Main 138.96% 156.54%
S197-Side W198*-Main 139.06% 130.97%
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G202*-Main W198*-Main 139.33% 141.26%
A176*-Side S177-Main 139.86% 141.46%
W198*-Side S699-Side 141.23% 190.21%
E431*-Side G432-Main 141.73% 172.33%
S895*-Side N893*-Side 141.73% 173.23%
S894-Side S895*-Main 143.00% 136.36%
D16-Side K17*-Main 143.30% 147.75%
K656-Side F657*-Main 143.50% 157.84%
E473-Main D471*-Main 143.68% 156.84%
S895*-Main S894-Side 145.23% 128.37%
F657*-Main L655-Main 145.63% 145.45%
R229*-Side S227-Side 145.80% 215.18%
S161*-Side K162-Main 146.63% 154.05%
Q663-Side R664*-Main 146.88% 101.10%
124-Main S23*-Side 146.90% 160.14%
S435*-Side E431*-Main 146.98% 139.66%
S23*-Side 124-Main 148.58% 131.57%
T896*-Side L897-Main 148.63% 178.42%
H32-Main Q30*-Main 148.75% 144.16%
K434*-Side S435*-Main 149.48% 165.43%
S894-Main N893*-Side 150.75% 151.95%
W198*-Main S197-Side 151.25% 157.04%
L897-Main T896*-Side 152.00% 182.52%
Q194-Side E195*-Main 152.55% 155.44%
R902*-Side T896*-Main 152.85% 236.46%
A176*-Main K174-Main 153.85% 155.94%
D471*-Side S472-Main 154.42% 129.07%
E470-Side D471*-Main 154.82% 117.38%
K167-Main E165*-Main 154.90% 170.13%
Q659-Side 1660*-Main 156.85% 186.51%
G202*-Main V201-Side 157.22% 152.05%
K31*-Side H32-Main 157.72% 183.82%
G898-Main G899*-Main 158.45% 136.66%
Q30*-Main R28-Main 159.10% 163.44%
L199-Main W198*-Side 159.12% 164.04%
S33-Side H34*-Main 159.62% 156.54%
E206*-Side 1207-Main 159.67% 127.57%
V201-Side G202*-Main 159.82% 169.03%
H193-Main E191*-Main 160.04% 161.24%
T208-Main E206*-Main 160.74% 192.31%
S70-Main K68*-Main 161.44% 179.72%
H34*-Main H32-Main 163.47% 161.64%
Q30*-Side R71*-Main 165.09% 194.81%
R164*-Side V163-Main 166.04% 191.01%
W198*-Main E196*-Main 167.82% 178.82%
K162-Main S161*-Side 168.42% 177.02%
K17*-Main S15-Main 168.49% 147.05%
C892-Side N893*-Main 168.52% 151.65%
H34*-Side E35*-Main 168.84% 165.63%
D185-Side T186*-Main 169.34% 169.83%
Q659-Main F657*-Main 171.14% 183.42%
S190-Side E191*-Main 171.89% 188.21%
S226*-Main S227-Main 171.91% 160.04%
K391-Side E431*-Side 173.11% 525.57%
Q172*-Main H171-Side 174.26% 173.13%
K26-Side E27*-Main 174.71% 170.13%
W178-Main A176*-Main 174.79% 172.33%
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S200-Side E196*-Main 175.24% 167.83%
T896*-Main S894-Main 175.56% 184.32%
G901-Main R902*-Main 175.79% 185.51%
E27*-Side R28-Main 176.59% 143.36%
R664*-Side E453-Side 177.26% 163.94%
R229*-Side E230-Main 178.89% 193.61%
E195*-Side E196*-Main 181.06% 179.82%
N228*-Main S227-Side 181.73% 188.41%
R164*-Side E882*-Side 182.91% 338.56%
K434*-Side E430-Main 183.93% 255.14%
S895*-Main N893*-Main 184.93% 197.50%
N228*-Side R229*-Main 185.01% 193.71%
L187-Main T186*-Side 185.56% 190.91%
R902*-Side W903-Main 186.46% 191.41%
Q172*-Side R173-Main 186.56% 181.12%
R164*-Side E165*-Main 187.01% 173.33%
A175-Side A176*-Main 188.11% 193.61%
H25-Main S23*-Main 189.38% 194.61%
W198*-Side Q194-Side 190.18% 201.00%
G202*-Main P203-Main 190.80% 196.10%
K17*-Side E206*-Side 192.30% 445.15%
S197-Main E195*-Main 193.05% 194.41%
G899*-Main Q900-Main 194.33% 200.00%
E165*-Side K166-Main 194.58% 198.40%
R182*-Main S180-Main 194.80% 195.40%
N228*-Side T186*-Main 197.88% 215.28%
S200-Main W198*-Main 199.08% 198.20%
G202*-Main P203-Side 199.68% 200.00%
P203-Main G202*-Main 200.00% 200.00%
S226*-Main K225-Main 200.12% 200.20%
R902*-Side G901-Main 204.92% 249.75%
S649-Side D471*-Side 208.30% 151.15%
K166-Side E165*-Main 214.44% 215.08%
S699-Side W198*-Side 215.84% 262.04%
R664*-Main Q663-Main 217.54% 200.20%
K434*-Side E431*-Side 222.09% 399.30%
K17*-Side P13-Main 224.49% 154.05%
S226*-Side K225-Main 227.46% 213.69%
K69-Side E35*-Side 229.14% 129.47%
E196*-Main E195*-Side 237.91% 280.82%
K17*-Side P203-Main 239.81% 142.26%
N228*-Side D185-Main 240.05% 254.15%
R664*-Side Q663-Main 248.33% 260.14%
N615-Side D471*-Side 252.77% 228.37%
K17*-Side G204-Main 275.61% 254.55%
S227-Side E191*-Side 276.89% 290.61%
K17*-Side V201-Main 277.41% 122.28%
S227-Side S226*-Main 278.39% 270.13%
R71*-Side E9-Side 284.26% 79.12%

K434*-Side E430-Side 288.83% 660.24%
K17*-Side G202*-Main 295.48% 306.79%
T186*-Main D185-Main 300.47% 300.50%
E195*-Main Q194-Main 301.10% 301.20%
E165*-Main R164*-Main 301.17% 300.40%
E196*-Main E195*-Main 301.75% 300.40%
N893*-Main C892-Main 304.20% 309.79%
L187-Main T186*-Main 304.65% 302.40%
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R229*-Main N228*-Main 305.92% 302.10%
S161*-Main H160-Main 306.82% 306.69%
W903-Main R902*-Main 308.55% 304.20%
K162-Main S161*-Main 312.37% 312.69%
Q900-Main G899*-Main 312.69% 300.00%
N228*-Main S227-Main 313.14% 315.48%
R164*-Side E880-Side 313.72% 552.85%
Q172*-Main H171-Main 336.23% 334.97%
172-Main R71*-Main 338.01% 341.26%
E206*-Main G205-Main 340.43% 400.00%
S894-Main N893*-Main 349.65% 346.95%
T186*-Side L187-Main 359.20% 397.00%
R164*-Main V163-Main 366.74% 361.24%
R902*-Side E869-Side 380.26% 562.74%
R902*-Main G901-Main 384.53% 400.00%
R229*-Side E191*-Side 388.03% 500.00%
R182*-Side E232-Main 389.63% 413.49%
N665-Main R664*-Main 392.23% 400.00%
G432-Main E431*-Main 399.93% 399.90%
R38*-Main F37-Main 399.95% 400.00%
L897-Main T896*-Main 400.00% 400.00%
T896*-Main S895*-Main 400.00% 400.00%
S895*-Main S5894-Main 400.00% 400.00%
E882*-Main S881-Main 400.00% 400.00%
R173-Main Q172*-Main 400.00% 400.00%
E27*-Main K26-Main 400.00% 400.00%
Q30*-Main P29-Main 400.00% 400.00%
R28-Main E27*-Main 400.00% 400.00%
S23*-Main C22-Main 400.00% 400.00%
124-Main S23*-Main 400.00% 400.00%
H34*-Main S33-Main 400.00% 400.00%
E35*-Main H34*-Main 400.00% 400.00%
K31*-Main Q30*-Main 400.00% 400.00%
H32-Main K31*-Main 400.00% 400.00%
[36-Main E35*-Main 400.00% 400.00%
A176*-Main A175-Main 400.00% 400.00%
S177-Main A176*-Main 400.00% 400.00%
K69-Main K68*-Main 400.00% 400.00%
R71*-Main S70-Main 400.00% 400.00%
S227-Main S226*-Main 400.00% 400.00%
1207-Main E206*-Main 400.00% 400.00%
K17*-Main D16-Main 400.00% 400.00%
K18-Main K17*-Main 400.00% 400.00%
K68*-Main L67-Main 400.00% 400.00%
D39-Main R38*-Main 400.00% 400.00%
E230-Main R229*-Main 400.00% 400.00%
R182*-Main Q181-Main 400.00% 400.00%
A183-Main R182*-Main 400.00% 400.00%
L199-Main W198*-Main 400.00% 400.00%
S192-Main E191*-Main 400.00% 400.00%
E191*-Main S190-Main 400.00% 400.00%
W198*-Main S197-Main 400.00% 400.00%
S197-Main E196*-Main 400.00% 400.00%
E431*-Main E430-Main 400.00% 400.00%
R436-Main S435*-Main 400.00% 400.00%
S435*-Main K434*-Main 400.00% 400.00%
K434*-Main V433-Main 400.00% 400.00%
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S658-Main F657*-Main 400.00% 400.00%
1660*-Main Q659-Main 400.00% 400.00%
F657*-Main K656-Main 400.00% 400.00%
S661-Main 1660*-Main 400.00% 400.00%
D471*-Main E470-Main 400.00% 400.00%
S472-Main D471*-Main 400.00% 400.00%
G899*-Main G898-Main 400.10% 401.00%
G202*-Main V201-Main 400.82% 403.30%
R38*-Side E35*-Side 406.17% 385.11%
R229*-Side N228*-Main 421.29% 512.19%
R164*-Side E165*-Side 457.75% 489.11%
G883-Main E882*-Main 472.74% 561.44%
K20-Side E27*-Side 530.31% 389.51%
P203-Side G202*-Main 601.07% 602.20%
K765-Side E206*-Side 655.37% 665.53%

551 The central residues are marked by *. Side and Main indicate whether the hydrogen bond was formed with an atom of the

552 side chain or the main chain, respectively. Occupancies >100% indicate the formation of more than one inter-residue

553 hydrogen bond.
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Protein Classification *
SANT /S Myb-like DMNA-binding domain-containing protein (Coman archmecture [0 1062 165E)
SAMTMyb-like DNA-bindng domain-contaning protein binds DA and may functon as a transoniption factor
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List of domain hits "
1 Hame Accession Description Interval E-value

t+ Myb_DHA-bind_G plam 1351 Myb-like: DNA-Binding dormain; Thes family ¢ontans the DNA binding demains from Myb proteins, . B21-G7T 2.95¢-08
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