Supplementary Note 1.

Our abundant structural data on rods (in vivo) and crystals (in vitro) show that rods
and crystals share such strong resemblance to each other that their small differ-
ences may not be meaningful. Our diffraction patterns reveal they have the same ar-
chitecture and molecular interfaces (Fig. 3 c,d,e,f). The only distinction between
crystals and rods appears to be the degree of molecular order. GFP fusion molecules
are more regularly ordered in the crystal than they are in rods. Hence, the rods are
capable of bending, whereas crystals usually do not bend. Even this distinction be-
tween crystals and rods becomes blurred when the crystals are small. For example,
our previous work with amyloid-like microcrystals shows that peptide molecules
transition from crystal to fibrils without interruption. See Fig 1b,c in Sawaya et al.,
2007.1

Our data indicate that it is unlikely that an endogenous protein in E. coli is required
for GFP fusion protein rod formation. We have shown it is possible to produce crys-
tals from purified GFP fusion protein in vitro without additional bacterial proteins or
cofactors. Because these crystals are architecturally similar to rods (just more or-
dered), there is no reason to hypothesize that other bacterial proteins are necessary
for rod assembly, although they may certainly participate. We imagine that a bacte-
rial protein might conceivably play a role in lending the rod its limited flexibility, by

randomly incorporating and interrupting the crystal-like lattice of the rods.



Supplementary Note 2.

We offer evidence that most of the required structural ingredients are already pre-
sent in a majority of globular proteins: surfaces capable of forming a quasi-stable,
screw-generated intermolecular interface (such as the patch of direct contact be-
tween GFP barrels observed in our GFP fusion protein protofilament), and a nearby
terminus that, if appended with an appropriate structural element, could donate this
element to bridge the interface. Screw symmetry is inherent to most natural fila-
ments. It is also abundant in protein crystals. Over 95% of the 12,933 monomeric
protein crystal structures in the Protein Data Bank (PDB) contain screw-generated
intermolecular interfaces. Of these, 74% meet the criterion of a quasi-stable inter-
face as defined by equaling or surpassing the 901 A2 of buried surface area (450 A2
per surface) observed between barrel domains of our GFP fusion protein protofila-
ment. This area is only slightly larger than the average crystal lattice contact for
monomeric proteins (400 A2 per surface). Including a constraint that one of the
termini be located within 12 A of the intermolecular interface (a threshold defined
by our GFP fusion protein) leaves 53% of monomeric PDB entries meeting these
combined criteria. That is, over half the monomer entries in the PDB (6816 entries)
are poised for filament formation, waiting only for the genetic event that would ap-
pend an appropriately shaped donor element, such as an a-helix, to stably bridge

the protomer-protomer interface.



Table S1.

Filament assemblies and their properties

System Organism Function Symmetry Po- Persistence length Area Solvation Runaway Do- Runaway Do- Stacking Bridging Refer- PDBID
larity Buried Energy main Swapping main Coupling ence code
(A% gcal/mol)’

GFP-RNase(1- Synthetic Fluorescent marker Two-fold screw Yes >1lum. 2054 14040 No. Yes, donor Yes, barrel-to- Yes, helix i bridges This SHBD,

8) fusion fusion symmetry along domain is the C- barrel. protomers i+1 and work. 5HGE,
filament axis. terminal helix. i+2. SHW9,

6AS9

Nucleocapsid Phlebo- Encapsidate RNA Asymmetric. Yes <100 nm. 3147 28262 No. Yes, donor No, protomers No, each protomer 3 4V9E,

protein viruses Extremely flexible. domain is the N- are linked only contacts only its 4H5Q,

terminal helix. through a flexible two closest neigh- 4H5P,
loop. bors. 4H50,
4H5M,

4H5L

Actin, Cre- Eukaryotes, Cyto-skeleton Screw symmetry Yes ~9 um with 4819 27053 No. No. Yes, Multiple Yes, each protomer 5,6’7 3JBJ,

nactin, MreB, Archaea, along filament MgADPA‘ small patches of bridges two pro- 358,

ParM Prokaryotes axis. Non-integral contact spread tomers on the 5MW1,
number of pro- over four subdo- opposite strand. SAEY
tomers per turn. mains.

Actin and Eukaryotes Cyto-skeleton Screw symmetry Yes ~20 um, approxi- 32097 20882 No. No. Yes, Multiple Yes, tropomyosin is 9110 3J8A,

Tropomyosin along filament mately twice more small patches of a pair of long SILF

copolymer axis. Non-integral rigid than isolated contact spread helices which
number of pro- actin filaments". over four subdo- bridges 6 to 7 actin
tomers per turn. Isolated tropomyo- mains. protomers longitu-

sin filaments have dinally.
persistence length
~100 nm °.
Septin Eukaryotes | Cyto-skeleton, cell Two-fold rotation | No 12 pm on mem- 2175 19106 No. Yes, donor Yes, stacking No. 11[ 12 2QAS5,
septation. perpendicular to brane bilayers. domain is the N- between GTP- 2QAG
filament axis. Hinge motion (25°- terminal helices binding domains
30°) evident in in the NC dimer in the G-dimer
electron micro- interface. Fur- interface.
graphs, likely ther stabilized
enabled by the by C-terminal
swapped NC-dimer coiled-coils.
interface.
RecA, Rad51, Prokary- DNA recomb- Six-fold, screw Yes ~1 um with ssDNA | 3901 26544 No. Yes, donor Yes, contacts Yes, DNA substrate | *# 5 | 2RE8,
RadA. otes, Eu- ination symmetry along and ATP®. domain is the N- between globular bridges multiple 16 17 3CMW,
karyotes, filament axis. terminal helix; it domains account protomers. ’ 5NP7
Archaea accounts for for 40% of pro-
60% of pro- tomer interface.
tomer interface.
T7 gp4 helicase Synthetic helicase Six-fold, screw Yes ~1 um, estimated 1869 10850 No. Yes, donor Yes, contacts No. 8 1CR1
domain fragment of symmetry along by homology with domain is N- between globular
viral gene filament axis. RecA terminal helix. It domains account
accounts for for 40% of pro-
60% of pro- tomer interface.
tomer interface.
Tubulin, FtszZ Eukaryotes, Cyto-skeleton Thirteen-fold Yes ~5200 pm in vitro, 5423 28011 No. No. Yes, all contacts No, not within a 20 3JAK
Prokaryotes screw symmetry 20 pmiin vivo™. between pro- protofilament.
along filament Extremely rigid. tomers occur However, bridging
axis. through rigid occurs through
domains. contacts between
protofilaments.

Fibrin Eukaryotes Blood clotting Two-fold rotation No ~500 nm** 7120 A 55566 A No. No. Yes, a D-D inter- Yes, through knob- 22,2312 3GHG,
perpendicular to 8772B 67805 B face and an E-E hole interactions. 4 1M1,
filament axis. 6879 C 57013 C interface, in 1FZF

addition to disul-
fide bonds.




Intermediate Eukaryotes, Cyto-skeleton Two-fold rotation No ~400 nm, high 3874 39460 No. No*. Yes, coiled coils Yes, each coiled coil % 27 3SWK,

Filaments: (Prokary- symmetry per- flexibilityzs. stack, or bundle* contacts more than ’ 3S4R,

Vimentin otes) pendicular to two neighbor 3UF1

Keratin filament axis. protomers.

Lamin

Desmin

(Crescentin)

Spectrins Eukaryotes Cyto-skeleton Two-fold rota- No Rigid, short cross- 4249 26878 No. Yes, neck helix Yes, lateral stack- No. 28’ 2 4D1E

actinin, tional symmetry linkers for actin. of one protomer | ing between

plakins, plec- between protofil- Protofilaments are docks in EF34 helical domains.

tin, dystrophin aments. single polypeptide domain of

chains composed of another pro-
multiple helical tomer.
repeats.

Shank3 SAM Eukaryotes Post synaptic Six-fold screw Yes. 826 2827 No. No. Yes. No. 30 2F3N

domain fila- density scaffold symmetry along

ment filament axis.

Myosin tail Eukaryotes Colocalize myosin Long coiled coils Yes 642-1742 um ! 11344 A 91584 A No. No*. Yes, coiled coils Yes, bridging be- 32’ 33’ 1184,
motors to a thick that bundle stack, or bundle*. tween coiled-coils 34 3JBH,
filament. together. Myosin heads do in thick filament. EMD-

not stack togeth- 3301
er.

Pilus ( S. py- Prokaryotes | Adhesion to host Three-fold screw Yes 220-280 nm> 829 6079 No. No. Yes, immuno- No. 3% 3B2M

ogenes gene (Gram surfaces symmetry along globulin-like

0128) positive) filament axis. domains stack

end-to-end.
Additionally,
isopeptide bonds
cross-link pro-
tomers.

Pilus Type IV Prokaryotes | Twitching motility Screw symmetry Yes ~5um’’ 4329 33083 No. Yes, donor Yes, a small Yes, among helical 3_8’ 39 5VXX,
along filament domain is the N- interface be- regions. 5VXY,
axis. Rise of 10.3 terminal helix. tween C-terminal SKUA
A and rotation of domains, and a
100.8° large interface

between N-
terminal domains.

Pilus Type IV, Prokaryotes | Transfer of genetic Five-fold screw Yes ~5 um37 2866 34987 No. No. Yes, short anti- Yes, each protomer 40 5LEG,

sex F material, symmetry along parallel helical contacts 7 neigh- SLFB,
filament axis. protomers stack bors. SLER

laterally and
longitudinally in a
tube.

Pilus Type Prokaryotes | Adhesion to host 5978 21892 No. Yes, N-terminal Yes, immuno- Yes, each protomer 1 50H0

chaperone- surfaces strand docks globulin domains contacts 8 to 10

usher, fimA into incomplete stack along fibril neighbors.

immunoglobulin axis.
fold of neigh-

boring pro-

tomer.

R-type Pyocin Prokaryotes | Open pores in the Hexameric rings Yes Rigid 6068 36658 No. Yes, C-terminal Yes, rigid domains Yes, each protomer 2 S5W5E
cytoplasmic mem- stacked with helix inserts into stack side-by-side shares interfaces
brane. screw symmetry adjacent pro- in hexameric with six surround-

along tube axis. tomer of the rings, and longi- ing protomers,
hexameric ring. tudinally. some of these are
in mutual contact.

T4 Tail tube Enterobac- Transfer DNA Hexameric rings Yes Rigid 6967 41501 No. Yes, an N- Yes, rigid domains | Yes, each protomer 2 S5W5F

teria phage stacked with terminal helix stack side-by-side shares interfaces
T4 screw symmetry and a B-hairpin in hexameric with six surround-
along tube axis. inserts into rings, and longi- ing protomers,
adjacent subu- tudinally. some of these are

nits.

in mutual contact.




“cab”-type Archaea Carbonic anhydrase | Two-fold screw Yes Filaments not 3631 30540 Yes, an N- No. No. No, bridging is not 3 1G5C
carbonic anhy- symmetry along reported outside of terminal helix likely to exist out-
drase filament axis. crystal. swaps into side of the crystal
adjacent subu- lattice.
nits.
oy-antitrypsin Eukaryotes Protease inhibitor. None. Yes Highly flexible 4874 41956 Yes, a strand No. No. No. a5
“beads-on-a- inserts into and 1QMB
string.”“4 adjacent pro-
tomer.
Amyloid B, a Eukaryotes Hallmark of Alz- None or two-fold Yes ~50 nm”™® 4071 21319 No. No, the pro- Yes. No. 47’ A‘g’ 5KK3,
disease-related heimer’s disease. symmetry along tomer is a 49 2NAO,
amyloid filament depend- single, rigid 42- 50'51 SAEF,
ing on the poly- residue B- ’ 50Qv
morph. meander.
PSM-a3, a Prokaryotes | Cell adhesion, Two-fold screw Yes ~500 nmi:,52 1178 14824 No. No, the pro- Yes, helices stack Yes, adjacent a- 52’ 53 5155
functional biofilm formation. symmetry along tomer is a to form a sheet. helices in one sheet
amyloid filament axis. single, rigid 21- are bridged by an
residue a-helix. a-helix in opposing
sheet.
HET-s, a func- Prokaryotes | Self/nonself recog- None. Yes 7.5+/-2.8 ;,lms4 3789 14901 No. No, the pro- Yes, strands stack No. 55 2RNM,
tional prion. nition. tomer core is a to form a sheet. 2KJ3
single, rigid 79-
residue B-helix.
Collagen Eukaryotes Connective tissue Three-fold screw Yes 12-165 nm depend- 1223 5658 No. No*. Yes, through main Yes, each pair of 57 1BKV
axis ing on mineraliza- chain hydrogen strands is bridged
tion®®. bonding and van by a third strand.
der Waals con-
tact*.
Flagellar fila- Archaea, Cell motility, cell Screw symmetry Yes ~30 +/- 10 um, 6620 58855 No. No. Yes, between N- Yes, each protomer 59 60 5TFY,
ment Prokaryotes | adhesion along filament rigidsg. terminal helical bridges multiple 61 504U,
axis. Ten subunits tails and between neighboring pro- 1UCcuU
span three turns C-terminal globu- tomers.
and one transla- lar domains.
tional repeat.
CTP synthase Prokary- Regulation and Screw symmetry No Apparently rigid. 3091 19916 No. Not in prokary- Yes, helical stack- Yes, bridging within 62 5U6R,
otes, Eu- storage of CTP along filament [no length meas- otic enzymes. ing of homo and between 5U3C,
karyotes synthase activity axis. urement?] Yes, in eukaryot- | tetramers in both subunits of tetram- 5005,
ic enzymes, kingdoms. ers in both king- 5U03
involving a doms.
hinge between
GAT and AL
domains.
Hemoglobin Humans Deterrent to malar- Two-fold sym- No 0.24 mm 2381 11427 No. No. Yes, native te- Yes, each longitu- 63,6416 2HBS
ia infection metry in projec- tramer interface dinal pair of pro- 5
tion and additional tomers is bridged
side chain con- by contacts with a
tacts between protomer from the
tetramers. adjacent strand.

*The distinction between swapping and stacking is difficult to discern for coiled coil interactions such as seen in vimentin, the myosin tail, and collagen. To meet
our requirement for runaway domain coupling, the protomer must: (1) contain two or more domains connected by a flexible hinge region and (2) each domain
must interact with a separate protomer. While it is possible that hinges do exist in these long, slender helices, the resolution of these assemblies is too poor to
establish their existence. Hence, we classify these coiled-coil interactions as stacking, until proven otherwise.

$Rough estimate based on micrographs in this reference.



#Energy of solvation calculated from PDB file indicated in bold. Values followed by a letter indicate which chain was used for the calculation.
[ Note, value is underestimated due to side chains missing from model.
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