SUPPLEMENTARY INFORMATION

Multiorgan structural analysis by Cryo-EM reveals LEGO-like AA amyloid assemblies
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Supplementary Table 1: Polymorphs helical parameters. 
	Organ
	Polymorph
	Relative abundance
	Crossover (Å)
	Width (Å)
	Twist (°) 
	Rise (Å)

	Heart
	IIa-H
	70%
	1300
	160
	-0,68
	4,85

	
	IIb-H
	29%
	800
	160
	-1,08
	4,85

	
	III-H
	1%
	1900
	220
	-
	-

	Liver
	I-L
	3%
	1500
	100
	-0,60
	4,81

	
	IIa-L
	61%
	1300
	160
	-0,68
	4,78

	
	IIc-L
	0,5%
	2000
	160
	-0,43
	4,79

	
	IIIac-L
	16%
	1900
	220
	-0,47
	4,78

	
	IVcac-L
	14%
	1900
	260
	-0,45
	4,78

	
	IVaca-L
	3%
	2400
	260
	-0,36
	4,76

	
	Vacac-L
	2,4%
	2100
	360
	-0,41
	4,78

	
	VI-L
	0,1%
	 2500
	420
	-
	-

	Kidney
	I-K
	29%
	1500
	100
	-0,59
	4,82

	
	IIa-K
	53%
	1300
	160
	-0,62
	4,81

	
	IIb-K
	1%
	800
	160
	-0,98
	4,79

	
	IIIad-K
	15%
	1700
	230
	-0,51
	4,81


Relative distribution of each polymorph observed across datasets are shown, together with the respective helical parameters. Polymorphs are grouped based on the organ of origin. 


Supplementary Table 2: Statistics of cryo-EM data collection for each organ. 
	Data collection (statistics)
	Heart
	Liver
	Kidney

	Microscope
	TALOS Arctica (Thermo Fischer Scientific)
	Titan Krios (Thermo Fischer Scientific)
	Titan Krios (Thermo Fischer Scientific)

	Voltage (kV)
	200
	300
	300

	Camera
	Falcon 3EC
	Gatan K3
	Falcon 4i

	Magnification
	120,000
	105,000
	130,000

	Total electron dose (e-/Å²)
	40
	40
	40.87

	Defocus range (μm)
	-0.8 and -2.2 (0.2 um step)
	-0.8 and -2.2 (0.2 um step)
	-0.8 and -2.0 (0.2 um step)

	Pixel size (Å)
	0.889
	0.839
	0.94

	Micrographs
	3,528
	28,657
	16,757 

	
	
	
	



Supplementary Table 3: Cryo-EM data and statistics. 
[image: ]
Helical reconstruction statistics are shown for both high-resolution and low-resolution maps. Model validation statistics are reported for models built from the corresponding high-resolution maps. 

Supplementary Table 4: RMSD of superimposed models and model-map correlation coefficients. 
	RMSD (Å)
	CC
	I-K
	I-L
	IIa-H
	IIa-L
	IIa-K
	IIb-H
	IIb-K
	IIc-L
	IIIac-L
	IIIad-K
	IVcac-L
	IVaca-L
	Vacac-L

	I-K
	-
	0.65
	0.47
	0.52
	0.44
	0.13
	0.11
	0.16
	0.17
	0.55
	0.12
	0.21
	0.14

	I-L
	
	-
	0.26
	0.25
	0.24
	0.15
	0.10
	0.16
	0.10
	0.25
	0.14
	0.11
	0.12

	IIa-H
	0.97
	
	-
	0.68
	0.65
	0.11
	0.16
	0.14
	0.17
	0.43
	0.21
	0.12
	0.10

	IIa-L
	0.61
	
	0.92
	-
	0.72
	0.13
	0.14
	0.17
	0.20
	0.52
	0.18
	0.15
	0.12

	IIa-K
	0.63
	
	0.89
	0.69
	-
	0.13
	0.14
	0.16
	0.21
	0.56
	0.22
	0.13
	0.11

	IIb-H
	4.48
	
	4.26
	4.30
	3.97
	-
	0.67
	0.50
	0.43
	0.16
	0.41
	0.35
	0.45

	IIb-K
	
	
	
	
	
	
	-
	0.48
	0.36
	0.14
	0.39
	0.36
	0.43

	IIc-L
	
	
	
	
	
	
	
	-
	0.23
	0.16
	0.42
	0.32
	0.42

	IIIac-L
	3.99
	
	3.91
	3.81
	3.79
	1.20
	
	
	-
	0.13
	0.62
	0.41
	0.31

	IIIad-K
	0.52
	
	0.89
	0.55
	0.62
	4.28
	
	
	3.94
	-
	0.23
	0.11
	0.12

	IVcac-L
	4.00
	
	3.64
	3.79
	3.90
	1.40
	
	
	1.20
	3.95
	-
	0.38
	0.38

	IVaca-L
	
	
	
	
	
	
	
	
	
	
	
	-
	0.47

	Vacac-L
	
	
	
	
	
	
	
	
	
	
	
	
	-



Model-map correlation coefficients (light blue) are listed in the table. RMSD of superimposed Cα from protein backbones are shown below the corresponding high-resolution maps (orange). 





Supplementary Table 5: Validation statistics for right-handed models     

Model validation statistics are reported for right-handed models built from the corresponding maps. Fibril handedness was investigated on 3D maps with nominal resolution better than 3.5 Å, and at least ten rounds of real-space refinement were performed for each model. 







AR149’s detailed clinical history
AR149 was brought in for evaluation at the AniCura Istituto Veterinario Novara due to anorexia episodes that had been occurring for several weeks. The clinical examination revealed tachycardia and abdominal distension. A complete blood count revealed severe non-regenerative anaemia (hematocrit 11.6%, lower normal limit 28%) and thrombocytopenia (platelets 73 K/μL, lower normal limit 155 K/μL); the biochemical profile was unremarkable and urinalysis revealed proteinuria (urine protein-to-creatinine ratio (UPC) 0.7). An abdominal ultrasound was performed, revealing the presence of a particulate effusion and hepatomegaly. Analysis of the effusion was consistent with hemoperitoneum. Chest radiographs showed cardiomegaly, and echocardiography identified ACVIM stage B2 hypertrophic cardiomyopathy phenotype1. The patient was discharged on prednisolone at 1 mg/kg. One week later, the patient was brought in for a follow-up visit and was in good general condition, with a hematocrit of 25%. Following another week, an abdominal ultrasound was performed, revealing minimal hypoechoic, particulate peritoneal effusion. Amorphous material with blurred margins and a heterogeneous echotexture consistent with a fluid-filled cavity within the left hepatic lobes was observed (size, 3 × 2.5 cm).
Ten days later, the echocardiogram suggested hemodynamic deterioration of the cardiomyopathy, associated with a high risk of developing congestive heart failure, and treatment with furosemide 1 mg/kg and benazepril 0.25 mg/kg twice daily was initiated, with gradual discontinuation of steroid therapy. Given the presence of moderate abdominal effusion on echocardiography, tranexamic acid was added to the treatment regimen.
Three weeks later, the patient was brought in for an evaluation following clinical deterioration. Profuse abdominal effusion and severe anaemia (hematocrit 11%) were noted. A red blood cell transfusion was administered, and following stabilization, a CT scan was performed, revealing an expansive tissue lesion with an irregular oval shape, partially defined margins, and dimensions of 4 × 3.4 × 3 cm, deforming the contour of the left lateral hepatic lobe prior to enhancement, with a suspected perilesional clot and minimal peritoneal effusion (Supplementary Fig. 1a).
Subsequently, the clinical condition of the cat remained stable. Episodes of loss of appetite secondary to worsening periodontal disease were reported. Clinical follow-up revealed stable heart disease, and blood count and renal function values remained stable. Laboratory tests reveal circulating hyperglobulinemia. Two months later, the patient was hospitalized for pyelonephritis, and based on the antibiotic susceptibility test, treatment with pradofloxacin was initiated.
Four weeks later, a cardiological examination was performed, revealing an increase in the size of the left atrium along with progression of left ventricle hypertrophy (interventricular septum in diastole: 6,1 mm; left ventricle free wall in diastole: 7.1 mm; upper normal limit ≤ 6 mm) (Supplementary Fig. 1b). The left atrial diameter was 19.8 mm, with a left atrium/aorta ratio of 2.1 (upper normal limit <1.5). The pulmonary vein/pulmonary artery ratio was at the upper limits of normal suggesting pulmonary vein congestion. In conclusion, progression of hypertrophic cardiomyopathy was observed. Furosemide therapy was increased to 1.5 mg/kg, twice daily. One month later, another episode of hepatic rupture occurred. Due to progressive deterioration and severe dyspnea, the owners elected for euthanasia.
[image: ]

Supplementary Fig 1: Pre-contrast and post-contrast CT scans, and echocardiography. a The pre-contrast scan (left) shows a liver lesion (left lateral lobe) with a ventral hyperattenuating component consistent with a haematoma (median HU 58). In the post-contrast scan (right), the lesion shows no enhancement. b. Right parasternal 4-chamber view (left end-diastole, right end-systole) shows hypertrophy of the interventricular septum and of the left ventricular free wall at end diastole and enlargement of the left atrial diameter at end-systole. 


[image: ]
Supplementary Fig 2: Representative MS/MS spectra obtained from independent tissue extracts supporting sequence refinement of feline serum amyloid A (SAA). a. Peptide EANYIGADKYFHAR supporting isoleucine at residue 29 (kidney extract). b. Spectrum of peptide RGPGGAWAAKVISDAR providing orthogonal support for arginine at residue 45 through N-terminal tryptic cleavage specificity (heart extract). 
[image: ]
Supplementary Fig. 3: Polymorphs IIa are characterized by C2 symmetry and tilted protofilaments. a Projections of polymorphs IIa 3D maps are displayed. In order: heart (IIa-H), liver (IIa-L), and kidney (IIa-K). Below, three panels show a closer view of the map projections. b Planar deviation of Cα from the AA peptide of IIa-H (blue), IIa-L (turquoise), and IIa-K (cyan) is shown on a graph. The X-axis displays the residue position along the protein sequence, from residue 1 to residue 94. The Y-axis shows the normalized position of each Ca relative to a plane perpendicular to the fibril axis. Below, polymorphs IIa from different organs are shown in side view. The angle between planes passing through the midpoints of each amyloid core is shown for each polymorph. 



[image: ]
Supplementary Fig. 4: Polymorph IIa intra-protofilament contacts. On the left, intra-protofilament polar clusters are shown. Β-strands are displayed as cartoons. Residues involved in polar contacts are shown as pink sticks, colored by heteroatoms. In the middle, polymorph IIa model is displayed as cartoon. Side chains involved in polar and non-polar contacts are colored in pink and yellow, respectively. On the right, residues involved in non-polar contacts are shown as yellow sticks, colored by heteroatoms.  







[image: ]
Supplementary Fig. 5: Polymorph IIa and IIb amyloid cores have different conformations. a Polymorph IIb from the renal sample is shown in a representative micrograph (on the left), with its relative abundance shown in a pie-chart. The cross-sectional view of representative models for renal polymorph IIb in their loose (on the left) and compact (on the right) conformations are superimposed on renal polymorph IIb low-resolution map. Below, the model-map correlation coefficients are shown for both loose and compact conformations. b Planar deviation of Cα from AA peptide in IIa (light blue) and IIb-H (green). On the right, the side view of IIa and IIb amyloid cores displays differences in planarity between polymorphs IIa and IIb. c IIa (on top) and IIb (below) amyloid core backbones are shown as sticks. Asp15-Asp42 hydrophobic surface is shown in the middle. On the right, contact variations between residues in IIa and IIb are shown. 


[image: ]
Supplementary Fig. 6: Polymorph IIc is characterized by a loose conformation and a new interface. a On top, the abundance of polymorph IIc in the hepatic sample is shown in a pie chart. Below, polymorph IIc is shown in a micrograph, with its crossover distance. On the right, the cross-sectional views of representative models of the loose and compact conformations are rigid-body fitted in the pol IIc map (pink). The loose representative model is shown on the left, while the compact representative model is shown on the right. Correlation coefficients (CC) for the two fittings are given below the images. b The backbones of representative models for polymorphs IIa, IIb, and IIc are displayed from left to right. The interfaces “a”, “b”, and “c” are highlighted with dotted circles between protofilaments.  




[image: ]
Supplementary Fig. 7: Characterization of hepatic polymorph I. On the left, the relative abundance of polymorph I-L is shown on a pie chart, and a representative micrograph shows polymorph I spanning a crossover. Representative models of the compact and loose conformations are rigid-body fitted in renal polymorph I map. The compact representative model is shown on the left, while the loose representative model is shown on the right. Correlation coefficients (CC) for both fitting are given below the images.





[image: ]
Supplementary Fig. 8: Characterization of polymorphs IIIac, IIIad and IVcac interfaces. a Polymorph IIIac is shown as sticks. Each protofilament is colored differently: yellow (PF1), orange (PF2), and red (PF3). The right panels show the interfaces between PF1 and 2 (interface “a”, blue panel), as well as the interface between PF 2 and 3 (interface “c”, pink panel). b Polymorph IIIad is shown as sticks, with PF1 colored in light blue, PF2 colored in violet, and PF3 colored in lavender. The interfaces between protofilaments are better shown in the right panels: interface “a” is shown in the blue panel, and interface “d” is shown in the light pink panel. c On the left, polymorph IVcac is shown as sticks. Protofilaments vary from dark purple (PF1) to magenta (PF4). The right panels show the residues involved at the interfaces between each protofilament: interface “a”, in the middle, is shown inside a blue panel, while interface “c” is shown inside pink panels. 



[image: ]
Supplementary Fig. 9: Polymorphs IVaca and Vacac are characterized by a loose conformation. a On the top, the relative abundance of polymorph IVaca in the hepatic sample is shown in a pie chart. Below, a representative micrograph of polymorph IVaca is displayed. In the middle, cross-sections of representative models for loose and compact conformations are rigid-body fitted into polymorph IVaca map. The interfaces between protofilaments are shown on the right on a representative model for polymorph IVaca. b Polymorph Vacac relative abundance in the hepatic sample is shown in the pie chart, and a representative micrograph is shown at the bottom of polymorph Vacac spanning a crossover is shown at the bottom. Representative models for the loose and compact conformations (on the left and right sides, respectively) are shown rigid-body fitted inside polymorph Vacac map. On the right, the polymorph Vacac representative model better shows the interfaces between each protofilament.


[image: ]
Supplementary Fig. 10: Comparison with 7ZH7 amino acid sequence and structure. a. Sequence alignment of 7ZH7 and of the SAA sequence presented in this study, as supported by mass spectrometry data. Amino acid residues included in 7ZH7 amyloid core and in the core of the AR149 structures are highlighted in purple and cyan, respectively. b. Top view of 7ZH7 amyloid structure. Protofilaments are shown in purple and grey; amino acid residues are shown as sticks. The inset zooms into the position of Gln45, colored light green. Gln45 side chain does not establish any specific non-covalent interaction with adjacent residues. c. Top view of interface “a” from polymorph IIa structure. Amino acid residues are shown as sticks in one of the two protofilaments, colored in cyan. In the inset, Arg45 is shown as sticks and colored light green. Arg45 side chain does not establish any specific non-covalent interaction with adjacent residues. d. Top view of interface “c” from polymorph IIIac structure. Amino acid residues are displayed as sticks in a single protofilament, colored in orange. In the inset, the interface “c” involving the ionic interaction between Arg45 and Asp32 is shown. Arg45 is colored light green and displayed as sticks.


[image: ]
Supplementary Fig. 11: FSC curves and local resolution estimates of high-resolution maps. All high-resolution maps obtained from each dataset are shown. From left to right: cardiac, renal, and hepatic polymorphs are listed. Polymorphs belonging to the same dataset are aligned in columns. For each polymorph, the Fourier Shell Correlation (FSC) curve is shown on the left. On the right side, the electron density map is colored according to the local B-factor values.






[image: ]
Supplementary Fig. 12: FSC curves of low-resolution maps. Fourier-Shell Correlations of low-resolution polymorphs IIb-K, I-L, IIc, IVaca, and Vacac maps are shown. Polymorphs are grouped based on the dataset of origin (kidney and liver). 


[image: ]
Supplementary Fig. 13: Comparison of 2D class averages, map projections and polymorph structures. 2D class averages, 2D projections of the maps, and models are shown, from left to right, for each high-resolution polymorph. Amyloid fibrils are grouped based on the organ from which they were extracted. 
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