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Deamidation increases oxidation of lens crystallins



(BB K )

9. 11:0511:35 OE—F

REBRFRF B2 HT5eRY

AZT 77— b ERREER OIS

10. 11:35-12:05 OFMEIT. HPFEL B TIEBLZ. ARETL BRIE!

'RESRFERIRF IRIEWIGN, IR FEE T AII50R,

7 8YT 4 TISHRFRFEMR L >V 2 — ‘EFREFRHR RS

MEENEET B E X 2 v K IESHRDOEEREE

<HzODHWEOERHOHER 12:06- SHE>



KEICLD a X7 LA VRADKEZERGRR & ZLDFEE
Induction of spatiotemporal formation and aging of a single liquid-like condensate of a -synuclein by optical
trapping
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Amyloid formation by shear stress of peristaltic pump
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Site-specific relaxation of peptide bonds by hydrogen observed in neutron crystallography promotes “normal”
B -sheet formation
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Analysis of the abnormal aggregates of p53 and SARS-CoV2
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The 35th amino acid residue of SOD1, “I35”, contributes to aggregate formation
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B8 : SiEERIHAIZREUIE (ALS) 25 | = #2 2 9 Cu/Zn-superoxide dismutase (SOD1) DZE £33 £ Tl 200 B IR E
NTWBH, ZOFREEREILRIFIAIN TR, ITFE, SOD1 OEHDR7F FDT7 I A4 MEERCI V1 —%—

TS T 204 RIS 2EDIDREIED SN TWB[L], LA L, ZhsOESIH IR CREdE AT

LDOMNIFETH -7, F4ld BiolD2 % SODI-EGFP d N FinlICRte L 7=z BW b &, BFAERIL Y ALS 22
SOD1 CTHRERSEN BRI IBRT D 2B LT, 22T ZOFBREBWTT I A4 NMLBSAMHEEAN TRl
ZIpicd B D %atREE L. SOD1 OBERERICEIS 27 2 /BB 7 2 / BEREZRET 5 Z L 2 A RO BERE
L7=

FiE 7104 MEESRICAWL oM 7ESH £ O SOD1 7 2/ BEELS & BRIl Rk S B 7-Fc) (BiolD2-SOD1 &S]
-EGFP) % 525355 (BiolD2-SOD1-EGFP)IZ#EA L € HEK293A MiRICRIR & &, 48 IStk | C B BEEE ORI
BEZER LT, BEAUAERIL. BN EE Y 2HEVEGFP ZH#3R L T 2 llfe 0BG TEH L7,
BR:7InA MERLTT IAA MeL7:Ecd)] [1-55]) [80-153) &7 204 MMbLan -7:EF! [24-79] 56-118]
DS5b, [155] & [56-118] (LEEEARETFER LAY [24-79] & [80-163] |35EEEatE 9. F LE—L AN >
7z F7-. SOD1 @ C KA ZNER RIS 1B Ed 2RIV /=& 2 A, [1-34] (L5EAEEFRR L b - 7=h [1-
3Bl LHHEWT I/ BEE TILOEERER L T2, 7=, ALSZEE SOD1 (AdV, G3A)D 135 Z#5/KIET = /B TH D1
U (36S) L DZEARICT B &, EEARORAE L <HIlI iz, RIC, 30 7 /B DI 7= SODL B Ecs %=
KX E7zL 2 A, [90-120] DAHBRER TREEREZR L 7=,

fi&am ¢ [1-35) HVBREATERICE R NARIRRIDRR/ N T 2 / BEESSITH Y| 135 5 ALS ZF SOD1 DA EE 44
BZERI-LTWBZ ExBLM LT[R, B]BAE [90-120) 7 & CRIHRIDET NI DWTIRETH TH B,

[1] Furukawa Y, etal, / Biol Chern, 29 22221-31. (2010).

[2] Asai Y, Yano K, Fujiwara N, etal, Mol Neurobiol 2024 in press
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Can molecular dynamics simulations explain why ALS mutant SOD1 forms aggregates?
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B : FilEtEEEZE D 1 DT3B Cu/Zn-superoxide dismutase (SOD1) DZER I ISR D iFEiatH AR E ALS) #5|Ei
T ZENHALMTAE > TS, SODL IFH 7=y b7V 13EDT I/ BA ORI NDREXR A ¥ —CRELNE
BEBHLTWD, RERICLY 1207 I/ BEENZE(T 5 & SOD1 OEEIFRNLEICR VAR LT 4D I MR
EINTWEA, ALS FIEICE ZHERBILR/ B INT UL, B4 1L 135 HYALS 222 SOD1 DRI c BT A%
BERI-LTWB I EZBALMCLE[LL, 22T BEAERE SODL #EEDIESL EHERET 20 E ) W EIREET 5720
2. BAER (WT) &BEFRAERT 5 ALS ZE(R [GI3A| B L NEEMFRAETZEL L 7Ly [GI3A/I135S] (CDWTHFEIHF
v Zalb—aviEn (MDA %ZiT-7
BB OV —RICE BEEICIE X EHERIEEET TS AT L7z SOD1 £/ ~ —DFEFEE (PDB3TEW) [2]% L,
A A EHEINA A ABAIS B/REETD WT B LT GIBA & GI3A/I35S (DU T, 7 10bar, 3&E 310K T, 300ns
DY Ial—yavE5ETDITH7,
R L WT & GI3A 0 WS FAREZ (RMSD : root-mean-square deviation of atomic positions) PEERHEEICAE nE
RO ONS MR /XTBE HIERIRBEZR-> TWA I E AR LT, &7 2/ BEEOI R S ERMSF :root-
mean-square fluctuation) DERATH & UIL—7ER530D RMSD His, WT TldEEfEa/L— 7 (LooplV) DA HE#E/L— 7 (Loop
VID SUIRELESEN DY, GIBA TIEHITERBNL—T LY FBEL—TOANEL S RELL>TW, 758
=T DAL B AT F 8D RMSDEAWT ELERTELCRKELCHR>TW, LA L, GI3A/I3BS TlieE
EEN—TORLVFHEL—T LY BIEOENKREL A >THEY, WT ERTERICH Tz B ATV R 8 DIELED
GBA & V) HiIHIE N7 BB — 7O &L Y /NS WD TH o7=, FElARENTH 5. GI3A Tl A3 & s 2R



KFEFORESEHZIE L, V119-CO & L144-NH & D7KFEEHHE T W IZ< <> TWz, —7. WT Tld V119-CO & L144-
NH & DKEEEIREI RENRCAY . KEEEOFERIH > TEREAN— T DESENFHEL—T L) HREL
BB ENHD 2T

&5m - MD f2HTh 5. GI3A ICER 872 SOD1 Tld A3 & BiiEd 2 BKMEI OSSR bAREZ U WT & V) HE#EL—T
& B ATV RBAIHECT K AD I EN DN 7=, GIBA/I3BS TIE WT [Ek. BHEL—7L)HEBIL—TDESE
DREL IR 5Tz ULDERN O, BB —TDIROENKE (RS ZE T, HFRITOBEEERANKE V) N
FRAET V) O {2 B AIREMED T RR E M s,

[1] Asai Y, Yano K, Fujiwara N et al, Mol. Neurobiol 2024 in press

[2] Ihara K. Fujiwara N, etal, Biosci Rep.32,539-548 (2012)



Go beyond the characterization of 8 B2 oxidation models

Jiayue Sun’, Ken Morishima?, Rintaro Inoue?, Masaaki Sugiyama?, Takumi Takata?
'Chemistry Department, Graduate School of Science, Kyoto University
Anstitute for Integrated Radiation and Nuclear Science, Kyoto University

E-mail: takumi@ikyoto-u.ac.jp

In lenses of vertebrates, three types of proteins named a-, 8-, y -crystallin consist of 90% of lens
proteins. o -crystallins are known for their chaperone activity to maintain the solubility of other lens proteins
and they majorly exist in large-sized multimers. B8/ y -crystallins are known as structural lens proteins.
Although [/ y -crystallins share similar primary sequences and tertiary structures, their dispersity is
completely different in that y -crystallins exist only in monomer whereas [ -crystallins display a wide range
of oligomer size (dimer to decamer) in solution.

Tryptophan residues are conserved in 8/ y -crystallins, and they have shown their vitality towards the
structure and stability of y -crystallins. As UV filter, tryptophan can quench high energy by electron
transferring mechanism. The consequences of tryptophan residues being oxidized in S -crystallins are still
elusive. In our study, we used phenylalanine to replace tryptophan respectively in 8 B2-crystallin to mimic
kynurenine which is the oxidized product in the early stage of 8 B2-crystallin tryptophan oxidation.

Phenylalanine and kynurenine share the same aromatic side chains with 77 bonds which are critical to UV



irradiation. For this reason, we generated five 8 B2 oxidation models, \WW59/82/85/151/196F and used for
analysis.

Our oxidation models showed different biochemical properties from the wild type. Among all mutants,
W59F and W151F displayed distinct traits. WW59F dramatically decreased heat stability, altered the secondary
structure compared to WT, and exposed the hydrophobic region in the Greek Key Motif. W59F promoted
tetramerization whereas W151F blocked 8 B2 oligomerization. Our results support that W59 and W151 are
two susceptible positions affecting 3 B2 stability and oligomerization. These results are consistent with
cases in which two tryptophan mutations (W59 and W151) cause congenital cataracts.

Special polymerization traits of our oxidation models let us question the structures of these different-
sized oligomers. We extracted the tetramer from W59F, and dimer from W151F and compared them with
WT using SAXS. W59F/WT tetramer, W151F/WT dimer possessed identical structures (hereafter named
B B2 dimer and B B2 tetramer). Surprisingly, in-solution B B2 dimer fit 5 B1 dimer crystal structure (face-
en-face) whereas B B2 tetramer fit 3 B2 tetramer crystal structure (two domain-swapped dimers). Our
results turned over many hypotheses of the origin of the domain-swapped feature in 5 B2 dimer, and
enlightened on the novel folding pathway of 8 B2 higher order oligomers. Here we propose that during the
folding process, 8 B2 first forms a face-en-face compact dimer, and then this compact dimer opens and
reassociates into domain-swapped dimer as an intermediate in 8 B2 oligomerization, stacking of domain-

swapped dimers forms 8 B2 tetramer and other higher-order oligomers.



Deamidation increases oxidation of lens crystallins.

Kirsten Lampi, David Thom, Kate Halverson-Kolkind, Constance Kraay, Samuel Wheeler, Martin Tovar-
Ramirez, Eugene Shakhnovich and Larry David
Oregon Health & Science University, Portland, OR.

E-mail: lampik@ohsu.edu

Purpose: To determine whether deamidation of g5-crystallin increases the susceptibility of its 7 cysteines

to glutathionylation and disulfide bond formation.

Methods: Recombinantly expressed wild type (WT) human gS-crystallin and a triple mutant (TIM)
containing D14, D76, and D143 (sites undergoing extensive deamidation in cataractous lenses) were
incubated in oxidized glutathione (GSSG). Following incubation, samples were fully alkylated with
iodoacetamide, the overall amount of glutathionylation and disulfide bond formation determined by whole
mass measurement. Trypsin digestions were then performed to support parallel reaction monitoring (PRIV)

and Skyline software analysis to detect specific sites of glutathionylation and disulfide bond formation.

Results: Following incubation, WT and TM gS underwent glutathionylation and formed disulfide bonds.

PRM analysis of tryptic digests of WT and TM gS indicated that a disulfide bond in the peptide 19-34 (the



peptide containing C22, C24, and C26) with and was a site of glutathionylation. Furthermore, this peptide
contained increased disulfide bonding with the two peptides containing C36 and C129. Additional increased
disulfide formation in TM gS between C36-C114, C82-C114, and C114-C129 also occurred compared to
WT. PRM analysis further indicated that the major oxidized form of WT gS containing a single disulfide was

due to a mixture of one disulfide between C22 and C26, and another between C24 and C36.

Conclusions: Deamidation increased the susceptibility of gS to oxidation through disulfide exchange
reaction with GSSG. This presumably was due to increased conformational dynamics allowing increased
exposure and proximity of normally buried cysteines. The locking of TM gS into non-native confirmations
due to the resultant disulfide bonds may contribute to increased light scatter. The results support that
deamidation and elevation of GSSG in aged lenses may act synergistically to cause cataract.
Acknowledgements: NIH grants RO1EY027768 (LD and KL), R0O1EY027012 (KL), P30EY010572, and

S100D012246.
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Transformative researches of meta-aggregates and pathological proteins
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TI0A FVEREOREL, B—5H2 \NIHEROMEEREEORAICES LT 5, SBRENTIL, EFHTFoRS%E
37T 7L — MK A HZ X LTINS — AT, ERATIIOEESF (BET I 04 K, &K, 2>/ <08
CIFET BV INIRELR (A 2T VT— b)) XFORETRE (K Ov—) %#1ENE LA, e
DHIRIC & > THE L 22 d 2 EEFEMEDORRDO TN B AHEMA ® 52 AR T, KA LToRER
EHXCBIY 2EE O DFADEY) AT IENT 5.

—MS, ANLY R Ry S GEERARNVAIEER) 3O TFRISKETHNARIGEEE L TWD I END, B
GBI EIRENT I/ BEE CRATA RV TY) CHEREET DI EICE 5T, RaERICR /N0 B A R
BT D, PATAVEEEL DT I0A FIEEMIE DRV Ehn, UV ERIZT I 04 PEEOHEEZN L L TE
WINTWD, BRSO R /0B E DIFRRNERIS F78—7 v MR [FENERORREICG 57286, 2/ 5Ly

b RZy TRERICET HEREIREOHIEILEE CTH S, BELDVIL—TIF, EYVICEENS 23-dhydoxy-4'6-
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MS & A FEEY 74 —BEMH D, DDC DREM)E ABA2 H'> v 7IEEA TR L, A2 D 2 S E DN BEE
INTWBZ &, MS/MS & 'HSN SOFAST-HMQC SBIFE A 5 % DfEETRENS Lys1628 TH 5 Z EHHIBAL 7= Lys1628 IC
BlF 5>y 7IEEFRIL, DDC &AROKRE LTIV A<—FF (AD) BT/~ ARICENTEHRERE N7, Flavonoid
search (M9 DNAHD) A5 DDC 1T 27KIC & 23RBS, U< A3 > OBRKIC K - T3 DOBLAEAD
AL TWS EHESN, INOETRTARNT S Z & TDDC DIEMAEERES M LY &5(2, DDC # RS
L7=BpER~ 7 2RI EHE LT DDC D& IC UPLC-MS/MS (2L > THIDTRINL, ZDE L IHaaiEs LThBT
ShTuwz, BatanTh DDC ORERSEEITHEFS T2 &hn, DDC 2L % AD FHORIEEED—if% B
SAMZLT?
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Three-dimensional structure of water-soluble vitamin K, produced by Bacillus subtilis natto.
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KRR THIMNI THD I EPHONTWND, MEITIZER I KD—D2THEAFF /-7 (VMK-T) AEFIZEEN
THEY, MEEBRIZEBVCHRALEDGZA, 4 I KDEIRD bI%HMETH 5 Z LhHREINTWND, X2
v KIZBEAMTH D Z LIS LT, EEIE X FF / -7 & K-bindingfactor (KBF) &I 2 T F KA SR SN E K
BIDACERMEEIE (natto-MK-T) #4EFET 2, ZONKAMIZER I K DOSBICEFICENIC, SR F4 T nattoMK-T D
SRS & AL ORI A BRSNS LT,

Bk NS R HEHBEE LRSS BE L T ZORERN © FPLC %% YIR L T nattoMK-7 Dl & FER % 1T
720 nattoMK-T OREEDE—E & SFEABINEEL TR, & HICRTF R THh 5 KBF % HPLC THi L 7=, KBF
DT I/ BEREDFETTNTNT I/ Bt & TOF-MS T~

FER KB 72 nattoMK-T DFENZHHE (R) 13271 £ 03A TH Y ART CHERET 5 2 EHELHE A5
7zo KBF ORERT I/ BRIZEKT 2 /B Val, Leu, Met &#/Kk7 2 /B Asx (Asnor Asp), Glx (GInorGlu) TH Y. Zhld
BEDFNTRER CFBLIL TW 5, — A THFEIDEEICEIUAEN 5K 3000 & BIED 5T LA TOF-MS 7547 1,050
THDHIENPELhER ST,

R UUEOfRER, O, KBF X5 BT 2/ Bh bR 50 FENN 1060 DRTF RThHY, Ihh3F-EE->T
HTER 3000 D=BHEETML T, IHEE > THTER 100000 (R, =27.1 A) ERIC MK-7 & T/EN S 1L %TE
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