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Supplementary Figure S1. Neighbor-joining tree analysis based on the alignment of the amino acid 
sequences of the tail tube proteins. The phylogenetic analysis was conducted using MEGA version 7. 
The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test 
is shown next to the branches. The identity in amino acid level (%) between gp39 of NBD2 and tail 
tube proteins of phages is indicated in brackets. * ‒ tail tube proteins with known structures [1–5]. 

 

Supplementary Figure S2. Electron micrograph of an extremely long self-assembled polytube. The 
purified polytubes were suspended in phosphate buffer (pH 7.4) and analyzed with a Morgagni-
268(D) microscope (FEI, Eindhoven, Netherlands). The arrows indicate two ends of the flexible 
polytube (3.95 µm in length). The scale bar = 0.5 µm. 
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Supplementary Figure S3. Electron micrograph of polytubes formed from a tail tube protein rings 
stacked onto each other. The protein sample was suspended in phosphate buffer (pH 7.4) and 
analyzed with a Morgagni-268(D) microscope (FEI, Eindhoven, Netherlands). The arrow indicates a 
single ring of associated recombinant tail tube proteins. The scale bar = 0.2 µm. 

 

Supplementary Figure S4. Thermal stability of tubular structures. (A) The SDS-PAGE of E. coli- and 
S. cerevisiae-derived tubular structures. M – Page Ruler Unstained Protein Ladder (Thermo Fisher 
Scientific, Vilnius, Lithuania); the boiling time is indicated above each lane. Electron micrographs of 
(B) bacteria- and (C) yeast-derived tubular structures were taken after boiling them for 0.5 h. The 
protein samples were suspended in phosphate buffer (pH 7.4). The magnification 56,000×, scale bars 
= 0.5 µm. 
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Supplementary Figure S5. The stability analysis of (A) E. coli- and (B) S. cerevisiae-derived polytubes 
in buffer containing 6 M urea. M – Page Ruler Unstained Protein Ladder (Thermo Fisher Scientific, 
Vilnius, Lithuania); the time points of incubation in 6 M urea buffer are indicated above each lane. 
The cracks along the polytubes started to appear after one day of incubation (marked by the arrows), 
while the recombinant protein remained intact. The magnification 140,000×, scale bars = 0.2 µm. 
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Supplementary Figure S6. The stability of (A) E. coli- and (B) S. cerevisiae-derived polytubes in pH 
3.2–9.6. M – Page Ruler Unstained Protein Ladder (Thermo Fisher Scientific, Vilnius, Lithuania); the 
different pH buffers are indicated above each lane as follows: citrate, acetate, phosphate, Tris and 
carbonate. Incubation in pH 3.2 and 4.7 buffers resulted in the appearance of weak intensity protein 
bands of <28 kDa with no effect on polytube morphology. The magnification 56,000x, scale bars = 0.2 
µm. 

 

Supplementary Figure S7. The effect of trypsin protease on polytube stability. (A) SDS-PAGE 
analysis of hamster polyomavirus VP1 protein, E. coli- and S. cerevisiae-derived polytubes. M – Page 
Ruler Unstained Protein Ladder (Thermo Fisher Scientific, Vilnius, Lithuania); lanes “-“ indicate 
native recombinant proteins, while “+” represent trypsin proteolysis products. Trypsin protease has 
cleaved hamster polyomavirus VP1 into several fragments of molecular masses <48 kDa (indicated 
by the brackets). Incubation of recombinant gp39 protein with trypsin protease in phosphate buffer 
(pH 7.4) resulted in the appearance of smaller molecular mass fragments of approximately 24 kDa in 
size (indicated by the arrows). The stability of (B) bacteria- and (C) yeast-derived polytubes is 
evidenced by the TEM analysis. The magnification 56,000×, scale bars = 0.5 µm. 
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