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Abstract

ARWFETIE, FHL 7 F 8 Z 27378 Thrombocorticin (ThC) D & HEREZ AT UTzo KEFEFEERZ AV TRl
U7z ThC h SEBI U 7= i 2 i it L35 CRARIChn L U, s oS EEBELRI R Z ] Uz SAD A X 0 s = e
UTzo HASINIC 1.4 A D3 fFRET ThC DREEZIVE LT, YV —F 2 JEIC K OB OB UMEZIUS L, ZOR5EH
KOFZHSMC Uiz, Kz, @REOGEZ AW TIT 5 MSREGMRT TR O NI, £ LEIELWAFREZR
TRNTEDHB LD TENDND, KB & REEIYIEM AN 20017 L THRIET % C & OERBUENRD TRE N,

1. IFL&HIC 2. KIBERBRRICKVITAR LT ThC (rThC)
CTNXTICREYZFIH, JSH L 723ANE A, Fleming FATHRICEBENT, TWCIE T I— ARGV /) — R L fE

@ Penicillin ZZ Y] DICBHZ <R ENTED [1], BHET BT BT ENRBINT W0, ITCICED, KIFEF
& KR & DR LAY OBRR P Z DR ENEAIC HRICK OB LU ThC (ThC) L ZN5 DL D#ES
ToNTWV3 2], £z, EH, HikzidCoHE Liz4dH HEZFIi Lz T A, Ja—RAER Y/ —ADWVTNICH
TS ST EDREN R F & L THAZED TS WTBHAREETE a5 (Fig. 1A, Table 1),

WH (dbk-7KE) iz r7nm 3y Fﬁ%% RIC, fThC ikl Z > v 7 ¢ > 7 K B ZKILEGEIC &
(Corticium sp.) 7 5 Hli i X N 724 14 kDa D 5’ MOAYA - DiEEmt U7c, b N7chbiid, BRI X2z A %
Thrombocorticin (ThC) IZ Thrombopoietin (TPO) & [EIERIC i, REN L —P—ICX2RmINTERICKD, M
JEIMEAEZ RIS b E B 2l E D 5 2 L2 RA FEIRICHI T U72%% (Fig. 1B), 2.7 A DED XFRZHNT
L72[3,4] £72, TWC D7 I /BB T K< v oofit & S-SAD 7— X EHEF L1z, 35N IT—2EH, S-SAD
HEDHCXORES N, 7a—AEHL7F>07 2 IS K D WIS R E LTz, 1.1 A DETIE Lk
/%Mﬂ&ﬁ&@# WT ENIRE NIz, KIS S X T—R2EHWT, HiEEE bz,

D TREZ I S ST % 7281 ThC OREE fRAT IC BY SHELX IC TrThCICZFENB 8 DDIRAEJE T D H b 4
Dﬁ&,@ﬁ#%%m F&#I U7z ThC (nThC) DiS&IE, DONMNBEEIEL, ThEHOTHEERIET ST ENT
X KR 7 — 2 DUERIC I Uz, UL, ESELIEED Eie, BONTREMER, REXAY—2ERKL TV
BWR NI —FETI)IVE Ul P ik cid i (Fig. 10), THUE, YA RXPBR7 Y T 5T ¢ —OFER
e TERM >z, IMAT, nThCE I 7 ax ¥ 7 FEl PoTFHlENEnFERE—HRLTED (Fig. 1D), ThC i
s LSS, ZTOUES LM 20 gh 5 ERNICBOWT ZRBIKTIFEIET 2 2 LAV R E Nz,
bIhimgeno2eEhb, EXIChizMHIuEN

TEY, TORTREEZRAITH > T, 3. BEHLSHH - R LT ThC (nThQ)
INHOHEMND, RIIFETIE, ThC DRFEAEHR DRI EE X N C W 72 nThC DT F— X ZH N T,
ZREFE L THT2IC XARIET 7 — 2 2 HfS L, Eﬁﬁ@ﬁ%‘*ﬁz (ThC Y —FET )V & Ul FiEEic &, 7ok
BLATSRZ A U 7 B B S /7862 (S-SAD i) [5 , 14 A DNREETIRE LTz, LA L, 25F/HDY VU5
ZORERDEL, H‘%%&H’J&:iﬂjﬂCW%LT:X%%IEHE—?‘— BT, TTFINER Y TH—EET, ZOx v TDE

% %2 T nThC DYAAKEEZ 1.4 A DR RRETIRET % KOS, TORENTINVEZIVERIGTINVEIVETHD
I LTz e, SRR ER A1 Y A U — (ITC) AJREED I RE NIz (Fig. 2)o £2 T, VIV EITIVEIY
ZHOIYE NIRRT 210, B & OFSSREZFRNIC ICE L 722K (ThC K25Q, Lif% mThC) NRU IV &
A U 7z R VBBICERLL A YA (ThC K25E) Z1F3 LTz,
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g A: Result of isothermal calorimetry. rThC did
§ ! not bind to fucose. B: Prosessing of crystal by
g* deep ultraviolet laser. Crystal is processed into
: cylinder to reduce the solvent. C: Crystal structure
0 of rThC homodimer D: Result of size exclusion
10 1 12 13 14 15
Volume [mL) chromatography.
Table 1 Affinities and thermodynamic parameters of binding
AH AS
protein ligand 5 mM CaCl, £y
(UM) (cal mol'! K1) (cal mol! K1)
mThC fucose + 472 £0.25 -8.14 -2.94
- NB NB NB
mannose + 66.2 £ 153 -0.76 16.6
- NB NB NB
r'ThC (Q25K) fucose + NB NB NB
ThC+G fucose + NB NB NB

Not bound is indicated by "NB".

Figure 2 Electron density of the 25th residue (streo view)
Atomic models of Lsy (top) and Gln (bottom) in the electron
density of nThC. Gln fits well (bottom) whereas Lys does not
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with the electron density (top).

12

4. ThCK25Q (mThC)

CTT, nThCIZBW KK Z T~ 757« —E&oy
i (LC-MSMS) 12K 27 2/ IBECHIfRIT &2 F2hE LTz &
Th, 25 HBHORENTINE IV THBDEMRTE,
iz, BEHT LEHOVERERT, mThC 137 I—ARUY
V=R DA R E Nz (Fig. 3A). MMA T, ITC
K&, 7aA—REeR V) —RLDEEREER K, BE
HLE T A, ZNFN, 4.7 uM, 66 WM EHE X N7z (Fig.
3B, Table Do TN HDFERNS, TRIVIREEED
WriC ko THd S NIEHNE 25 FBHOREDMEZ T
D, JIWEIVNELWERETHZ EEZ T, ThLBED
FZERICIE mThC 26 L7z,

XIT, mThC ZiEEEL, FoNzkME ca™ &7 a
—RAERIEI Y —RERMUT Ny T 77—y —F 27
L, E7—2ZH5 Uiz, 7y@ffukicky, 7a—2
Fhid~y /) — AL OEGHEROREZE Uiz (Fig. 3C).
BEAE A EBALIE ThRC REXRA X — 1 D FICDE 2 H TR
Nz, TaA—REx /=R LOFEERERIE, FEHEICHE
TILTHED, 297D Ca™ Z/r L, mThC D § DDA L,

FOEDWIED 5
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Figure 3 A: Binding assay with sugar columns. The bands of elution fractions of fucose and mannose appear, while the others do not. B: Results of
ITC of ThC vs fucose or mannose. ThC is bound to both fucose and mannose, but the K/, values are different (fucose: 4.7 uM, mannose:
66 pM). C: Crystal structure of ThC and fucose complex. ThC is shown as white and pink ribbon models. Ca® ions and fucose are shown
as green balls and yellow and red balls. D: Results of ITC of ThC added glycine to C-terminal (ThC+G). E: Close-up views of the fucose
(left) and mannose (right) binding site of ThC. The bound Ca”" ions and fucose or mannose are shown as green balls and yellow stick models.
Residues of a chain are colored white and another chain are colored pink. Fo-Fc maps of the fucose, mannose and Ca®" is shown.

WED 2, 3, 4 MDIKBBIDEE L TW e, iz, MaEcH
59°% ThC DFEFED 1 DIF—HD 7B b —D C KD
7V (Glyldl) OHIIVRFTHETH -7 (Fig. 3D)s
ZT T, CARIRICTV =ML 25k (ThC+G) 7%
TESIL, AV RFIHOMNBEZT L L, MAICHEEG TRk
Lk s, @D, 7a—2AWel{HEaLkx<%k%
T EMREN (Fig 3B), CAREGDHIVRF DM E N
P AICIERICER TH B T LRI Nz, £z, Ca™
IEFE T T L OENHASNT, Ca® & ThC EHED
REEICRETH BT EHRENTZ (Table D,

5. £8

5-1. ThC DFEFRDEE

A alBH 5 M7 o 7z ThC DRSS, REWET O
—ZFEBMEL 7 F D1 DTH S PA-IIL OREEF X Ok
ORI EEELIL Tz [6]0 F Tz, PA-IIL & FHLIU 72 M53E,
WEMREETZLZ7F ENETICWVLDOPHIEE
NTWV3 [6-10], TN 5D ThC kR > /37 EHDE
HIHEDZ IR ETH Y, 15 EHITEAD LD Al
MR T UTHEEL TV A T EARBENTVS
[11]o WA T, ThC XEHOMEMASHERAI NN, C
DUFHD T/ LTI ThC OFSNE DO B> Tz DL
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LOREREY, ThC EifEHicHAET 2 MY ORELEY TH
ZAREMEAVRE E N, ThC ICHBW T HMAEY A E T
RS BEROMEP, Ml OMRE & LTRENT
WA EWEEZS5NS,

5-2.% 7/ —RET7A—REDESHEMEDEN

X Rt RS E T clE 7 a— A v v/ — A AREORE
A TS L TWOED, ITC I X BTl Ky A 10 511
E¥IE > TWiz (Table 1), TOHEEHSMNMCT %78
RS SERICTERR T B &, 28 /BEHD 7 VF = DhifE
W7 A= AFEE ThC &~ /) — AfEE ThC Th I h I
BB ENDNMD (Fig. 4), THUX, 7I—AD 1 fiidDIK
FEIEDS Arg28 LUK TN LI KEFESRIE T 5 T &I
KBEDTHY, THCKOFEEIHLEIMLTVE EEZ
5N%, Flz, #EEDAH & AS EHEET 2T T—AD
JIMAH D EUCKRENT &S (Table 1), 7 a—XidKk
FEEENUBEREOS WS Z L TED, LTIV
J =& AH BAFIT, ASHVHEFIH % T & HIKEMES
Mg, BUKMHEMEH X250 RKENT EHRBEN
oo TNHOT END, —H, HERERITCTH SN, T0D
FEOREE RG> TV A HREEDE Z 5N, HHOAEZ
Mg BIcld, HARTEERC AN ZT 5T

HOEDWIREN 5



Fucose

Figure 4 The close-up views of binding site between Arg28 of ThC
and monosaccharide. A: Stick models of ThC (green), water
(sky blue), fucose and Ca" (yellow). B: Stick models of ThC
(cyan), mannose and Ca’" (yellow). C: Stick models of ThC
(orange) and water (sky blue). D: The superposed models of
A,BandC.
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Figure 5 A: Monomeric structure of ThC (top, green) and search
model (BC2L-C C-terminal domain; PDBID: 2XR4, bottom,
red). B: Superposition of ThC and search model. Colors are
according to A. C: The dimer of search model (red) created by
superposing on ThC dimer in crystal (green). b-seats sterically
clashed with another protomer. D: Steric clash between search
model located by superposing on ThC dimer (red). Interface
between protomers of ThC is also shown as a reference, in
which protomers do not sterically clash (green, bottom right).

ENEETHB LWV TEARENT,

5-3. P FEHRETIIBERE T ED - EH
BORICHE 5 N7z nThC OIS &, LIRTD TiE ikt
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—FETIE U THWMHGE (BC2L-C C-terminal domain;
PDBID: 2XR4) & & Ligd % &, EAMEEHELL T
7z (Fig. 5A), LA L, Thb 2 7EEQAGDES L p-
V=D DOMENREE DB EHDH S (Fig. 5B), T
NTEKD, TWC R A—FHALERIC, TOp¥—h
MES—HO7Ta b —ICEMLTLES T ehbhoi
(Fig. 5C) F7z, IEFEAIICHENTE, —i8, Biosny
F ML TVWE T EWHERETE (Fig SD), T L7kir
AREENEENTUE S I, 75 FEBETIIRSEN TR
ETEhholbEZ BN,

6. ¥¢8

AWFUC KD, HEK O S NS 29 28
L F kR NI E L ZFD) 7Y R TH B0 L O AR
WEASMCL, T LNV TORBERNZIH LM Lz,

XA S E R ORE /1 5 LE AR E W o Tt U H Y R
EEEETHENT 2ERCBNTE7a—A<Y /—X

&S B B BT 5 0 RIEIE R URE R 2R g 70,
ITC D& 57 X OEEZY P ANRIT Cld, B 24558
Uz, TNHORRIE, 75 FREZFNT 2 BRI,
WEIGMRAT & R BRI L 2T Z2 O 9 2 & & DRI D
BHEEZF SCOICEBETHZ T LML TN,

F 7z, BEMRNTOTIER Y T4 4 BT HEMEE [12] &
HAFM[13] DK S GHiT R FLEORA TS T, HhmhG g
MOXSWKERDH 5 FiEE AAMEL LT TV, A
WIRICIB W TS, W5 DS EMERIT 27 T A1
& S-SAD LR K ZRRAMENTE ST, HHTSZIENT
Elxah o Tz, IRICHITE, nThC OFERBAEENTZE S,
S-SAD {£IC X B RSN IE BRI & & D, ZOkhE
WBARBCHETEDREA D, &5 —5i, EEZOMNIER
BOHME LGP0 7S LOMHTH %, B,
AlphaFold2 [14, 15] Zff > TIER E Nz EE T )L 2 Y —
FEFIVHN T FEfEERA LTIz T3, §6<ﬁ%
T&EEh > 7z nThC DFEMGEZ MR IRET DT EMNT

&, REBEVT, TNSORRZIEZ, BAWMAHES,
WICH TR TEEID ANGENRS, WiZtEED T & HbD
THERZ XD TELC TS,

7. HiEE

AW, JLHRER PO —BE N SRS AL
DOHFEMBICKZEDTH B, £z, XFRMEFTEEBRIE PF
BL-1A, BL-5A Tf1o>7c GRERES 2020G114), 1L A%
TV RV IZEGRE OBV L ED,

51 FxCiEk
[1] A. K.-T. C. Joan. W. Bennett, Advances in Applied
Microbiology 49, 163 (2001).

[2] J. Drews, Science 287, 1960 (2000).
[3] H. Watari, H. Nakajima, W. Atsuumi, T. Nakamura, T.
Nanya, Y. Ise, R. Sakai, Toxicology & Pharmacology 221,
82 (2019).
LD 5



[4] H. Watari, H. Kageyama, N. Masubuchi, H. Nakajima,
K. Onodera, P. J. Focia, T. Oshiro, T. Matsui, Y. Kodera,
T. Ogawa, T. Yokoyama, M. Hirayama, K. Hori, D. M.
Freymann, N. Komatsu, M. Araki, Y. Tanaka, R. Sakai,
bioRxiv (2021).

[S] Z. Dauter, M. Dauter, E. Fortelle, G. Bricogne, G. M.
Sheldrick, Journal of Molecular Biology 289, 1, 83
(1999).

[6] J. Adam, M. Pokorna, C. Sabin, E. P. Mitchell, A. Imberty,
M. Wimmerova, BMC Structural Biology 7: 36 (2007).

[7T D. Sudakevitz, N. Kostlanova, Gitit Blatman-Jan, E. P.
Mitchell, B. Lerrer, M. Wimmerova, D. J. Katcoff, A.
Imberty, N. Gilboa-Garber, Molecular Microbiology 52,
691 (2004).

[8] M. Pokorna, G. Cioci, S. Perret, E. Rebuffet, N.
Kostlanova, J. Adam, N. Gilboa-Garber, E. P. Mitchell,
A. Imberty, M. Wimmerova, Biochemistry 45, 24, 7501
(2006).

[9] E. Lameignere, T. C. Shiao, R. Roy, M. Wimmerova,
F. Dubreuil, A. Varrot, A. Imberty, Glycobiology 20, 87
(2010).

[10] O. Suldk, G. Cioci, E. Lameigne re, V. Balloy, A. Round,
1. Gutsche, L. Malinovska, M. Chignard, P. Kosma, D. F.
Aubert, C. L. Marolda, M. A. Valvano, M. Wimmerova, A.
Imberty, PLoS Pathogens 7,9, ¢1002238 (2011).

[11] G. A. Ingram, Journal of Fish Biology 16, 23 (1980).

[12] W. Kiihlbrandt, Science 343, 1443 (2014).

[13] D. Rugar, P. Hansma, Physics today 23 (1990).

[14] M. Alquraishi, Bioinformatics 35, 22, 4862 (2019).

[15] J. Jumper, R. Evans, A. Pritzel, T. Green, M. Figurnov, O.

Ronneberger, K. Tunyasuvunakool, R. Bates, A. Zidek,

A. Potapenko, A. Bridgland, C. Meyer, S. A. A. Kohl,

A. J. Ballard, A. Cowie, B. Romera-Paredes, S. Nikolov,

R. Jain, J. Adler, T. Back, S. Petersen, D. Reiman, E.

Clancy, M. Zielinski, M. Steinegger, M. Pacholska, T.

Berghammer, S. Bodenstein, D. Silver, O. Vinyals, A. W.

Senior, K. Kavukcuoglu, P. Kohli, D. Hassabis, Nature

596, 583 (2021).

UERIZZATH 2021 4F 12 A 17 H)

EEEN

LK% Hiromu KAGEYAMA

RALRZERBE Rl ARseR o
FALAEY B AR 2 4
T 980-8577

EIRAIAE TR B 2-1-1

e-mail : hiromu.kageyama.s3@dc.tohoku.
ac.jp

IR < 2020 H 3 4EALRZZ R A0S AV E 2R AR 2
2020 4F 4 HHRAERZER ARG A R AR 0 FE 2B )
FREBA,

PF NEWS Vol. 39 No. 4 FEB, 2022

BILDWISE © 22T EEERD T 5 A A EBEEEGHT
BRI © KD

1§ UECH]  Takeshi YOKOYAMA

FALR ARG Ef R EseRl B
T 980-8577

- EIRALE T A SR 2-1-1

e-mail : takeshi.yokoyama.d1@tohoku.
ac.jp

W& JEE 2008 4 EURY: K2ERE LAt
ZERHE LA RR L 1, 2008 4E~ 2012 4F SKE NY M {R{E
P9 Wadsworth Center Creative Biomedical Research Institute
MLt A, 2012 4~ 2013 4 HESERARHR S WIZEAT /31
A AT 4 PG v 2 — W itgEE, 2013 4~ 2018
I BEERIZET A 79 A T2 AFRRIE Y > 2 —
(CLST) WiZEE, 2018 - K b PR ZWIZEHT 2L dnkkhERl %
Wzt > % — (BDR) W%EE, 2019 49 H &k b Bk (B
{L2£I5%HT BDR & FHT)

RILDWTE - VR — LD T A A BHHGEAT
B - 7 )L— bz

A EFT  Yoshikazu TANAKA

AR R R 2okt 8%
T 980-8577

ERRIL AT ELER T 2-1-1

e-mail : yoshikazu.tanaka@tohoku.ac.jp
WIEE @ 2004 4F 3 HRALKY: R2EBE T2
LR R IAME T, 2004 44 H
~ 2006 F 3 A JLHEERE KREGRAR e,
2006 4F 4 H~ 2008 4F 1 H HETRE RABE# e sA ik
MR LR R, 2008 4F 1 H~ 2012 43 H JtifmiE
K22 BIRRIIZERENS 7 =27 Ty JRHTBIE, 2012 4F 4
H~ 2017 4F 3 H dtigE R K2R sein 4k Rk A 7R
HEBEZ, 2017 47 4 A X 0 Bl

FIADMFE b L EEEYI 7 ORGTEIEOFth

Wk« BOSEEE, MNSRE, PTARE

HAHS:  Takashi MATSUIL
JEER2EHIEER Gh
T 252-0373 A BRAHAE T R XA 1-15-1

e-mail : matsui@kitasato-u.ac.jp

/NI Tomohisa OGAWA
WAL RARZEBE AR 2%
T 980-8572 EHRIRAIGTH B EEX BT HIE 468-1

e-mail : tomohisa.ogawa.c3@tohoku.ac.jp

FILOWEN 5



