
Supporting Information

Pyroglutamation of amyloid-βx-42 (Aβx-42) followed by Aβ1-40 deposition underlies plaque 
polymorphism in progressing Alzheimer’s disease pathology

Wojciech Michno1, Sofie Nyström2, Patrick Wehrli1, Tammaryn Lashley3, Gunnar Brinkmalm1, 
Laurent Guerard1, Stina Syvänen4, Dag Sehlin4, Ibrahim Kaya1, Dimitri Brinet1, K. Peter R. 
Nilsson2, Per Hammarström2, Kaj Blennow1,5, Henrik Zetterberg1,3,5,6, and Jörg Hanrieder1,3,6*

From the 1Department of Psychiatry and Neurochemistry, Sahlgrenska Academy at the 
University of Gothenburg, Mölndal, Sweden; 2Department of Physics, Chemistry and Biology, 
Linköping University, Linköping, Sweden; 3Department of Neurodegenerative Disease, UCL 
Queen Square Institute of Neurology, University College London, London, United Kingdom; 
4Department of Public Health and Caring Sciences, Uppsala University, Uppsala, Sweden; 
5Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Mölndal, Sweden; 6UK 
Dementia Research Institute at UCL, London, United Kingdom

Content:

Table S1

Figures S1-S7



Table S1.  Patient characteristics of subjects included in the study. 

Case Etiology Age at onset, 
years

Age at death, 
years

Sex Braak
staging

Thal
staging

CERAD 
score

ABC
Score

AD1 sAD 51 62 F 6 5 3:3 A3B3C3

AD2 sAD 69 81 M 6 5 3:3 A3B3C3

AD3 sAD 58 68 M 6 5 3:3 A3B3C3

AD4 sAD 62 72 M 6 5 3:3 A3B3C3

AD5 sAD 70 86 F 6 5 3:3 A3B3C3

AD6 sAD 55 64 M 6 5 3:3 A3B3C3

AD7 sAD 68 80 M 6 5 3:3 A3B3C3

AD8 sAD 50 66 F 6 5 3:3 A3B3C3

CU-AP1 CU-AP 88 M 3 5 2:3 A3B2C2

CU-AP2 CU-AP 95 F 4 4 2:2 A3B2C2

CU-AP3 CU-AP 87 F 4 3 2:3 A2B2C2

CU-AP4 CU-AP 91 F 4 1 3:3 A3B2C2
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Figure S1. Experimental Setup. Multimodal Chemical Imaging paradigm for analysis of tgAPPSWE and s-AD/CU-AP
brain tissue. (A) Cryo-sectioning and collection of 12um brains sections that were thaw-mounted onto LMD membrane slides
for laser microdissection (Section I) and onto conductive, indium tin oxide coated glass slides for MALDI imaging mass
spectrometry (Section 2). (B.I) Section 1 was used for double staining with q- and h-FTAA. (B.II) Fluorescence imaging of
LCO stained plaque pathology followed by (B.III) LCO spectral acquisition and (B.IV,V) line scan analysis across
polymorphic plaques. Here, (B.V) a blue shift indicates q-FTAA binding as observed for the core region of neuritic plaques in
s-AD. (C.I) Plaques morphotypes could be classified based on their hyperspectral profile and gave characteristic emission ratio
values (500nm/540nm) corresponding to the degree of q- and h-FTAA content. (C.II) Hyperspectrally delineated plaques were
excised by laser microdissection. (C.III) Plaques were extracted with formic acid followed by Aβ enrichment with
Immunoprecipitation IP. (C.IV) Individual Aβ species were identified and relatively quantified with MALDI mass
spectrometry (see also Figure 1B-D).
(D) MALDI IMS was performed on consecutive sections (Section 2) to the sections used for LCO imaging and LMPC. Here,
(D.I) the tissue section was coated with crystalline, small organic matrix. (D.II) This was followed by laser irradiation based
desorption and ionization (MALDI) and ion detection with a time of flight mass analyzer generating MALDI TOF MS data
from distinct coordinates of the tissue section. Acquisition of MALDI MS in a pre-defined pattern can generate distinct ion
distribution map (single ion images). This is exemplified for Aβ peptides in human s-AD tissue with Aβ 1-42 localizing to
diffuse plaques (D.III) and Aβ 1-40 localizing to the center of cored plaques (D.IV) as well as to CAA (D.V).
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Figure S2. Double staining of LCO with Congo red (CR) and Electronmicroscopy in human and mouse Aβ
plaque pathology.
(A) Complementary LCO/CR staining in human s-AD brain tissue using hFTAA/qFTAA double staining of plaques
and Congo red in adjacent sections. (A.I) In detail, a cored plaque (left arrow), with a blue-shifted center (red box),
and neurofibrillary tau tangle (NFT) (right arrow) in human s-AD patient, reveal a pattern of qFTAA/hFTAA blue-
shift correspondence to CR birefringence. This is clearly seen in the (A.II) non-polarized, (A.III) semi-polarized, and
polarized light images of CR (A.IV). Here birefringence is present only in the blue-shifted plaque center (red square)
(A.IV) .
(B—C) LCO Double staining with hFTAA and qFTAA and Congo red staining in adjacent sections in 18-month old
tgAPPSWE mice. (B.I) Largely diffuse plaque (left arrow) with a light blue-shift in the center (red box) and the blue-
shifted cored plaque (right arrow) in tgAPPSWE are shown with adjacent sections stained with CR as seen in (B.II)
non-polarized, (B.III) semi-polarized, and (B.IV) polarized light, indicate, similarly to human data, a clear presence
of birefringence in the blue-shifted cored plaque (right arrow), and a minor birefringence in the lightly blue-shifted
portion of the diffuse deposit. (C.I) A mainly blue-shifted cerebral amyloid angiopathy (CAA) in tgAPPSWE, display
a clear birefringence in CR staining as seen in (C.II) non-polarized, (C.III) semi-polarized, and (C.IV) polarized
light.
(D.I) Electromicrogram of cored Aβ plaque, from tgAPPSWE mouse (red square), (D.II) zoom, revealed clear
structural diversity across the Aβ deposit (red squares). This is clearly seen in (D.III) distorted, densely core, as
compared to the (D.IV) organized fibrillary structures in the periphery of the Aβ plaque. Scale bar: (A-C) 50µm;
(D.I) 20µm, (D.II) 10µm, (D.III,D.IV) 2µm.
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Figure S3. LC-MS/MS based verification of Aβ1-40. (A) MS/MS fragment mass spectrum of Aβ1-40, where
cleavage sites are indicated in the peptide sequence. (B) Table of detected and matched fragment ions indicating
sequence coverage for Aβ1-40. The detected and accurately matched MS/MS fragment ions are color indicated
in the spectrum and table (b-ions and amino acid immonium ions blue; y-ions: red)
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Figure S4. LC-MS/MS based verification of Aβ1-42. (A) MS/MS fragment mass spectrum of Aβ1-42, where
cleavage sites are indicated in the peptide sequence. (B) Table of detected and matched fragment ions indicating
sequence coverage for Aβ1-42. The detected and accurately matched MS/MS fragment ions are color indicated
in the spectrum and table (b-ions and amino acid immonium ions blue; y-ions: red)
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Figure S5. LC-MS/MS based verification of Aβ3pE-42. (A) MS/MS fragment mass spectrum of Aβ3pE-42,
where cleavage sites are indicated in the peptide sequence. (B) Table of detected and matched fragment ions
indicating sequence coverage for Aβ3pE-42. The detected and accurately matched MS/MS fragment ions are
color indicated in the spectrum and table (b-ions and amino acid immonium ions blue; y-ions: red)
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Figure S6. Quantification and localization of N-terminally truncated Aβ4-x peptides in diffuse and cored plaques. (A)
Signal ratio in between plaque types in AD and CU-AP. (B) correlation with 500nm/540nm emission ratio for Aβ4-
40/Aβ4-42 (R2=0.3650, p<0.01). Single ion images of the N-terminally truncated (C.I-III) Aβ4-40 and (D.I-III) Aβ4-
42, revealed similar localization patterns as for the non-truncated forms of these peptides (i.e. Aβ1-40 and Aβ1-42,
see figure 1G). This in support of the observation that the Aβ1-40 peptide is characteristic of the core formation. Nr.
of patients n=8 (s-AD), n=4 (CU-AP); A number of 200-250 cored plaques, and 200-250 diffuse plaques for s-AD,
and 200-250 diffuse plaques for CU-AP, were collected from 5 consecutive, temporal cortical sections per patient;
MALDI IMS was performed on consecutive sections to the sections used for LCO imaging and LMPC.
Errorbars (A): S.D; Scale bar: (C-D) 20µm; Significance: *p<0.05; **p<0.005.
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Figure S7. Quantification and localization of N-terminally truncated Aβ11pE-x peptides in diffuse and cored plaques.
(A.I) Signal ratio in between plaque types in AD and CU-AP. (A.II) Correlation with 500nm/540nm emission ratio for
Aβ 11pE-42/Aβ1-42 (R2=0.3189, p<0.01).
IMS analysis revealed a prominent localization of Aβ1-40 to the center of the cored plaques in s-AD (B.I), while the
Aβ1-42 signal localized to the periphery of cored plaques in s-AD tissue. Diffuse plaques in both s-AD (B.II, B.V)
and CU-AP (B.III, B.VI) showed low Aβ1-40 signal, but a strong Aβ1-42 signal, that was homogenous across these
plaques. MALDI IMS analysis did further reveal localization of AβpE11-42 to the periphery of cored plaques in s-AD
(C.I) as well as diffuse plaques in s-AD (C.II), while only a very low signal was present for these peptides in the
diffuse plaques in CU-AP (C.III). Nr. of patients n=8 (s-AD), n=4 (CU-AP); A number of 200-250 cored plaques, and
200-250 diffuse plaques for s-AD, and 200-250 diffuse plaques for CU-AP, were collected from 5 consecutive,
temporal cortical sections per patient; MALDI IMS was performed on consecutive sections to the sections used for
LCO imaging and LMPC. Errorbars (A): S.D.; Scale bar: (C) 20µm; Significance: *p<0.05.
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