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1. 2VFF ALICE BB Y V87 G ORMERL EL DR

ZEEF TV (86kDa) X, V) vEEH (97 Da) 7t F I (43 Da) % EOMOFRBBHIR IR, T2
WHOTRKEV, o T FF AMUIIIEE Y ¥ 7 B O FIIRR 55 F ) 72 EOWBALF I IS B2 5.2 51
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FEy X7 F L LT, FK506-binding protein (FKBP12) & fatty acid binding protein 4 (FABP4) %#UY, + VY
T 77 VEGIEIC L ) BRI EE RN A A FF LI K WVEEARRENLT D Z ED0 Do 7
(Fig. D)o BBRIEWZ &2, KY ZEFF AMLIC X ) AL bidm s /e (Fig la). 72, BEAREEOR
BElZ, ZEFF ALY A PO KBS DD 2L b h oz, B REEEIEEL TWAEMLO Y FF Lk
HBHKECHESEAZELEZTIERI L, a N v 7 AZBEL TV LEMEOLE X F LIRS eIk &
D - 72 (Fig. 1b)o
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Fig. 1. Fold destabilization of FKBP12 and FABP4 induced by (poly-)ubiquitylation

a) Comparative analysis of the thermal denaturation transition for N-terminal
(poly-)ubiquitylated FKBP12 (left) and FABP4 (right). b) Comparative analysis of
thermal denaturation transitions for chemically ubiquitylated FKBP12 (upper) and
FABP4 (lower). ss indicates the disulfide bridge. All values represent the average of
three independent experiments. Error bars indicate the standard error of the mean.
P < 0001, *P < 001, and *P < 0.05 (Student's ¢ test). NS indicates no statistical

significance: P > 0.1. ¢) Ubiquitylation sites of FKBP12 (upper) and FABP4 (lower)
examined in this study.
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Relaxation dispersion analysis for ubiquitylated proteins

I5N relaxation dispersion profiles for unmodified (black) and chemically ubiquitylated

(red) FKBP12 (a) and FABP4 (b).
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Fig. 3. Scheme for production of soluble fibril-derived molecules
It is difficult to observe reaction intermediates of polyubiquitin fibrils because the
fibrils are formed by heat denaturation. Since "monomeric" ubiquitin forms no fibril,
the fibrils of disulfide-conjugated diubiquitin (Ubzss) can be broken by cleaving
disulfide bonds. Soluble fibril-derived molecules have been detected in solution
containing broken fibrils at low temperature.

IH-5N ZWRIENMR A7 bV 2 RIET 5 & USH KRN 2R E— 288 =Y 2R LTE ) SR A ORiE
HHEHT L2 LRIz (Fig 4).
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Fig. 4. NMR signals of metastable states of polyubiquitin fibrils

IH-15N HSQC spectra of monomeric (black) and fibril-derived metastable ubiquitin
(blue).
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Fig. 5. Estimation of activation energy by real-time NMR spectroscopy
Left) Intensity increase of the monomer-derived peak of L67 at several temperatures.
Data were fitted to the exponential equation 7= Ian — b exp (-kex t), in which 7is signal
intensity, and 4ex is a reaction rate constant. Right) Arrhenius plot of the reaction rate

constants.

BUE, ZWI8 NMR JI5E % & NI A — /3= o =R O BEINC X 0 BOG H AR O 37 ARG 1 IR 20D HLA

TBDH.

EN T Ein

LStk BONLBIFNFEE LD OR) 2 FF ViR BEENGERT 2 TETH S,
HEMAEE
OILARFFEH & BHERR AR BE LA TER O B & B Bd%. FilEa Az % & ORISR A FE R Erik

Walinda I TH b0 Afaa 2 212720, TEEEZTHE £ L LEERSAGRAR IR CE#HEL 7

1)

2)

3)

X ®

Mori H, Kondo J, Thara Y. Ubiquitin is a component of paired helical filaments in Alzheimer's disease.
Science. 1987;235(4796):1641-4. PubMed PMID: 3029875.

Morimoto D, Walinda E, Fukada H, Sou YS, Kageyama S, Hoshino M, et al. The unexpected role of
polyubiquitin chains in the formation of fibrillar aggregates. Nat Commun. 2015:6:6116. doi: 10.1038/
ncomms7116. PubMed PMID: 25600778; PubMed Central PMCID: PMCPMC4309437.

Hagai T, Levy Y. Ubiquitin not only serves as a tag but also assists degradation by inducing protein
unfolding. Proc Natl Acad Sci U S A. 2010;107(5):2001-6. doi: 10.1073/pnas.0912335107. PubMed PMID:
20080694; PubMed Central PMCID: PMCPMC2836630.

Morimoto D, Walinda E, Fukada H, Sugase K, Shirakawa M. Ubiquitylation Directly Induces Fold
Destabilization of Proteins. Sci Rep. 2016;6:39453. doi: 10.1038/srep39453. PubMed PMID: 27991582; PubMed
Central PMCID: PMCPMC5172356.



