Supplementary Material for

Revealing biophysical properties of KfrA-type proteins as a novel class of cytoskeletal, coiled-coil plasmid encoded proteins

Adamczyk M1*, Lewicka E2, Szatkowska R1, Nieznanska H3, Ludwiczak J4,5, Jasiński M4, Dunin-Horkawicz S4, Sitkiewicz E2, Świderska B2, Goch G2, Jagura-Burdzy G2

1 Warsaw University of Technology, Faculty of Chemistry, Chair of Drug and Cosmetics Biotechnology, Noakowskiego 3, 00-664 Warsaw, Poland

2Institute of Biochemistry and Biophysics PAS, Department of Microbial Biochemistry, Pawinskiego 5a, 02-106 Warsaw, Poland

 3 Nencki Institute of Experimental Biology PAS, Laboratory of Electron Microscopy, Pasteura 3, 02-093, Warsaw, Poland

4 University of Warsaw, Centre of New Technologies, Laboratory of Structural Bioinformatics, , 02-097 Warsaw, Poland 

5 Nencki Institute of Experimental Biology, Laboratory of Bioinformatics, Pasteura 3, 02-093 Warsaw, Poland.

*Corresponding author’s e-mail address: madamczyk@ch.pw.edu.pl
Molecular dynamics simulations
The structures were immersed in the rectangular water boxes, with the longest helical axis centered along the Z-axis of the box. The size of the boxes ensured at least 15 Å layer of TIP3P (1) water molecules in the XY plane around the systems. In the Z-axis, the solvent layer was enlarged to 40 Å in each direction, to allow for the changes of box size during the NPT equilibration. The systems were neutralized via the addition of Na+ counterions, that were placed by replacing water molecules, in the local minima of Coulombic potential. 

The initial solvated systems were subjected to energy minimization, 200 steps with the use of the L-BFGS (2,3) algorithm. The systems were then gradually heated from 30 to 300 K in 10 K steps, each step lasting 20 ps. During heating, positional restraints were applied to solute heavy atoms with a force constant of 50 kcal/mol/Å^2. The restraints were then removed over eight 500 ps long rounds, with a force constant reduced in half compared to the previous round. After that, a 5 ns equilibration in the NPT ensemble was performed to adjust the box size with a target pressure set to 1 bar. Following the heating and equilibration, all systems were subjected to the production phase in the NVT ensemble for 100 ns in 300K. Trajectories prior to the production phase were not considered in further analysis.

All simulations were performed with the use of the Amber ff14SB (4) force field. A cutoff of 10 Å to the Lennard−Jones and short-range electrostatic interactions with a switching function becoming effective at 9 Å was applied. Long-range electrostatic interactions were calculated using the particle mesh Ewald (PME) summation method  (5) under periodic boundary conditions. SHAKE (6) was applied to allow for a 2 fs time step. The temperature was maintained via a Langevin thermostat with a friction constant set to 5 ps^-1. For the preparation of initial coordinates and topology files, the AmberTools18 (7) was used. The simulations were performed using the OpenMM (8) (version 7.4.1). 

During simulations the solute molecules were enclosed in the cylindrical container. The additional harmonic potential was added to the system, with the force constant set to 25 kcal/mol/Å^2 outside the cylinder and to 0 kcal/mol/Å^2 inside. The radius of the cylinder, centered along the Z-axis, was set to 25 Å. The additional force in the system allowed to avoid global changes of the solute structure (such as bending or rotations) that could lead to the interaction of the solute with itself through the periodic boundary conditions. 

Table S.1 List of plasmids used in this work

	Designation
	Description 
	Source

	pAKB2.60
	pGBT30 tacp-kfrARA3; PCR amplified kfrARA3 with primers #3 and #4 and cloned as an EcoRI-SalI fragment into pGBT30
	ZBD IBB collection

	pESB2.61
	annealed oligonucleotides #5 and #6 cloned between EcoRI and SalI sites in pUC18
	This work

	pESB2.68
	RA3OK, annealed oligonucleotides #7 and #8 were cloned between PsiI and HindIII sites in pESB2.61  
	This work

	pESB6.59
	T7p-his6-kfrARA3, EcoRI-SalI fragment from pAKB2.60 was cloned into pET28M 
	This work

	pET28M
	pET28a modified
	(9)

	pMAB18.7/8
	pUC18 with R751OK
	(10)

	pMAB28.1
	pET28M-T7p-his6-kfrAR751
	(10)

	pMAB30.1
	pGBT30 tacp-kfrAR751  
	(10)

	pSRA28.1
	pET28M-his6-cys3-kfrARA3 with insertion of three cysteine residues codons (5’TGTTGCTGC3’) after START codon, PCR fragment amplified on RA3 template with the use of primers #19 and #20 was cloned between EcoRI and SalI sites in pET28M 
	This work

	pSRA28.2
	pET28M-his6-kfrARA3-cys3 with insertion of three cysteine residues codons (5’TGTTGCTGC 3’) six codons before STOP codon, PCR fragment amplified on RA3 template with the use of primers #21 and #22 was cloned between EcoRI and SalI sites in pET28M 
	This work

	pSRA28.3
	pET28M-his6- cys3-kfrAR751-Δα with insertion of three cysteine residues codons (5’ TGTTGCTGC 3’) after START codon, PCR fragment amplified on pMAB30.1 template with the use of primers #23 and #24 was digested by EcoRI and NotI, subcloned in pMAB30.1, and transferred as EcoRI-SalI fragment into pET28M
	This work

	pUC18
	oriMB1, ApR
	(11)

	RA3
	IncU CmR SmR SuR
	Hayes F. (lab collection)

	R751
	IncP-1, TetR
	(12)


Table S.2 Oligonucleotides used in this study

	                             Oligonucleotides used for cloning

	# 1
	kfrA R R751
	5’cggtcgacTCAGGTCTTTTTGCGTCCGC3’

	# 2
	kfrA F R751
	5’cggaattcATGGCGATCTCGAAGGAGCA3’  

	# 3
	kfrA F RA3
	5’gcgaattcATGACCATGATTAAGCCTGA3’

	# 4
	kfrA R RA3
	5’gcgtcgacTTTACGTCAATAGATAGGGG3’

	# 5
	OG1
	5’aattcGTTGTATTGTATGTATTGTATGTATTGTATTAtaag3’

	# 6
	OD1
	5’tcgacttaTAATACAATACATACAATACATACAATACAACg3’

	# 7
	OG2
	5’AAATACAATACATACAATACAGGa3

	# 8
	OD2
	5’agcttCCTGTATTGTATGTATTGTATTT’3’

	# 9
	OG5
	5’TATGTATTGTATGTATTGTATTAAAATACAATACATACAATACAGG3’

	# 10
	OD5
	5’CCTGTATTGTATGTATTGTATTTTAATACAATACATACAATACATA3’

	                               Oligonucleotides labeled with Cy3 or Cy5 at 5’ end and used for EMSA

	# 15
	OKR751

-F
	5’Cy5- CTTGCGTAGTGTTGTATGTTGTAGTATGCTACACGCTACAACATACAACC3’

	# 16
	OKR751

-R
	5’Cy5- GGTTGTATGTTGTAGCGTGTAGCATACTACAACATACAACACTACGCAAG3’

	# 17
	OKRA3-F
	5’Cy3-TCCGTTGTATTGTATGTATTGTATGTATTGTATTAAAATACAATACATACAATAC AGGGA3’

	# 18
	OKRA3

-R
	5’Cy3-

TCCCTGTATTGTATGTATTGTATTTTAATACAATACATACAATACATACAATAC AACGGA3’

	Oligonucleotides used for Cys-labelling of N or C-end of KfrA proteins

	# 19
	EcoRI_CysN_RA3_F
	5’ccgcagaattcATGTGTTGCTGCACCATGATTAAGCCTGA3’

	# 20
	SalI_RA3_R
	5’gtatgtcgacTTTACTCTTTGGTGTCGGCTGCGTCTTTTTTC3’

	# 21
	EcoRI_KfrA_RA3_F2
	5’ccgcggaattcATGACCATGATTAAGCCTGAAATGAAAGAAAAGATCGTCC3’

	# 22
	SalI_C_wyzej_RA3_Cterm_R1
	5’gtatgtcgacTTTACTCTTTGGTGTCGGCTGCGCAGCAACAGTCTTTTTT3’

	# 23
	EcoRIKfrAR751-NCCCF
	5’ccgcagaattcATGTGTTGCTGCGCGATCTCGAAGGAGCAG3’

	# 24
	KfrAR751-NotI-NR
	5’TATTATAATATCATTCGCGGCCGCCTCGACGGCCTCCAGGGC3’


Cysteine codons are highlighted in grey in the oligonucleotides sequences.

Fig S.1. Dimerization in vitro of KfrA(136-206 of R751 plasmid

The purified His-tagged KfrA protein (0.1 mg ml-1) was incubated with different concentrations of glutaraldehyde (GA) for 20 min at room temperature and the products were separated on 12% SDS-polyacrylamide gel. Dimers, tetramers and other higher order complexes are indicated by arrows. M- protein markers. 
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Fig. S.2. Modeling of a control coiled-coil domain with “Fold-and-dock”. Each point corresponds to a single model. X and Y axes define RMSD to the native structure and Rosetta energy score, respectively. 
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Fig. S.3. Amino acid composition of KfrAR751 (residues 77-327), KfrARA3 (residues 76-326), and a control coiled-coil domain. For the definition of heptad, positions refer to the legend of Fig. 5 in the main text. Each box depicts a single heptad position in a given protein (columns): X and Y axes define side-chain volume and its abundance relative to the reference set of 800 parallel dimeric coiled-coils, respectively.
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