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Fig. 3. ESEM images of the (a) push and (b) pull of a MWCNT probe from the surface of a pure water droplet.
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Fig. 4. PF-QNM images (5%5 pm) of Teflon AF thin film—water interface (a) without hydrophilic carbon domain, (b)
with hydrophilic carbon domain.
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Abstract

We have investigated filament structures of MgB, superconducting wire by using X-ray macro-tomography. By im-
provement of signal to noise ratio for X-ray tomography, the boundary between MgB, filament and inner air has been
successfully observed. From the three dimensional analysis, we have confirmed that the MgB, filament has elliptic
cross-section and the cross-section area is very uniform along 10mm-length. These results means X-ray micro-tomogra-
phy is one of the most useful diagnostics for three dimensional microstructure analysis for MgB, wire with high spatial

resolution and non-destructive manner.
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Fig. 1 Internal Mg Diffusion (IMD) process for mono-core MgB, wire.
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Fig. 2 Transverse cross-section images of X-ray tomography for IMD processed MgB, wire. Left image is obtained by
3 times averaging and 180° measurement. Right image is obtained by 25 times averaging and 360° measurement.
The boundary between MgB, filament and inner air can be clarified by improvement of signal to noise ratio.
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Fig. 3 Cross-section images of X-ray tomography for IMD processed MgB, wire. Spatial resolution is 1.2um/pixel.

Fig. 4 Transverse cross-section images of X-ray tomography at various position of IMD processed MgB, wire.
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(b)

Fig. 5 Three dimensional surface model for 10mm-long IMD processed MgB, wire. (a) Transparency image of Fe
sheath and MgB, filament, (b) enlarged view of MgB, filament.
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Fig. 6 Longitudinal distribution of transverse cross-section area for each materials for IMD processed MgB, wire.



JUNREERIL T~ & —Hids 4533 5 (2015)

300 Py T
MgB2 fimament
250 el .
%W::41J00unf
200 - o=1300pm’
- [ o/S . =31%
Q
= L ]
150 R ) .
= [ ]
o
3=
100 e R .
50 e R .
Gaussian distributio
0
25,000 50,000

area [ ;,Lm2 1

Fig. 7 Statistical distribution of transverse cross-section area for MgB, filament.
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Crystal structure of human tyrosylprotein sulfotransferase

Yoshimitsu Kakuta

Faculty of Agriculture, Kyushu University

Abstract

Post-translational protein modification by tyrosine sulfation plays an important role in extracellular protein-protein
interactions. The modificaton is involved in implications for immune response, inflammation, hemostasis, and viral
infection including that of the human immunodeficiency virus (HIV). The sulfation reaction is catalyzed by the Golgi
enzyme tyrosylprotein sulfotransferase (TPST). We reported the first crystal structure of the human TPST isoform 2
complexed with a substrate peptide derived from a tyrosine-sulfated protein, complement C4, and 3’-phosphoadenosine-
5’-phosphate (PAP), a degradation product of the sulfate donor, 3’-phosphoadenosine-5’-phosphosulfate (PAPS).
The structural information with the mutational analysis data, provides a molecular basis for catalitic mechanism with

substrate specificity, and explains how TPST can accommodate a variety of substrate proteins.

<FX>

¥ R HOMARBREEE L CoFa Yy VIRRILRUG L. b R EOKA LREREY TILAThTnb
CEHFHL LR o TVD B, DY Vs EOFu Y SEHELIE, Be R EGBRICHEE L Tnh, Bz
X, EAHEOAEBEEOZL, EEESARTF Yo Taty v, BEEEOFRMOZL, EEEBAHEE
HOBE 2 & T bo BAEBIE LTI, #ARIZHD 2 Mtk C4 OEMEIL, BEROGW 2 RHES 5 RV E >~
ThHhAHL7aHTARN) YOHA M) ~NOEPL, HIMEKRO#EE, {ZHE 2B % P-selectin glycoprotein ligand-
1(PSGL1) @ P-selectin ~Difi &7 EN2F 1Y YIRRILARKE G L TWA I e EITH6NE 7, FENA
YL Ty =BV Th, MR a Yy VERESER SN, FO Y VERERLIEERERISICH LT IR
FHERLCLTOAZEPRRENTZS2 ZOHTH, FEAA Y L TH— CCRSIZBWTIE, N KUiH
WMOBHOF O Y VEEDPHBILE NS ZEH, A AT A IVA (HIV 7 A VAR) OBRGEIHEDS 2 L0k
HEINTW2,

ZoFu Y UERBALISIZEHE T O Y YRR (tyrosylprotein sulfotransferase); (TPST) (2 & > C
il S, EERNOM L 2 EAES. SO TPSTIZ X 2L E 2175 2 &M 5N Twb, TPST 1.
3'-phosphoadenosine 5'-phosphosulfate (PAPS) Dt H %, EEHETF O Y VM O Fa ¥ 2OV IEIZiRE S+
LW EEFEOBETHL (1)1 AL RIS L o TUTPSTIE IV IEEICHEHE LZBEEHETH D .
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Figure 1 Tyrosine sulfation reaction as catalysed by TPST

Z OEERALL TV DRI T WS 2 EDH L T o 72 1415, AIZBVTid, hTPSTI & hTPST2 ®
2ODBRRDLT AV T 4 — LDAFFEL T 5 1619, TPSTI & hTPST2 2NN N BEEEEHE TH ) |
N KDL X A >, —ERE@E XA 20 K 405REDO AT L5, MBEN XA 265, 2
NH2O0DFRITIZNLEN3T0. 377 DT X/ RIKIEDP S . 67% OEFIFE—ME2 o> Tnwb,

I E TIZ, hTPST 3Kk~ 2 A E OWRERALIEHi 2179 2 L ARG SN TE 720 ME SN TV L IRRIL S
N5FUy YERERBOT I BRSO E LCid, BET I VBEENSEEINLZE0BTFoN5
AT ARFNIH SN TV, EHICIBILEI NG T 0y YERENMEBHFEL TV 25605 5,
ZFD728, hTPSTAED L HIZ LT, INED7 I/ FREHIA R 7 2l LI % 30k L, ko4 2 BEY
I L LUTHBIL 4T ) O IIRZAHE 2> T b,

FA DOWZEE TIE I E TS, hTPST2 & SULERY) Td % 3'- phosphoadenosine 5'-phosphate (PAP). 7 7
Y7y —HETHDLHRCA 0O THA VLR TF N DZ W EERTH D hTPST2-PAP- flifk C4 R
F FEAROEREEZRE L2, ZOHEN» S, hTPSTICL 55 37 BT u v U RIEORGEELK
JBA N Z XL —U S S 222 7% o 72,

<Hreh & B %>

* hTPST2D 3Bl & k58

MEIEMAT I V72 hTPST2 13, N KInIOMEA F A 4 > [RE@BF A4 ¥, A7 48O~ ETx
RILS . FHEAEE N A 1 2 (Lys43-Glu370) O A Z FHFEZ & L7zo & OSBLHHIE O hTPST2 # a1
E B MEREMIEAS 70— =0 7 L72d @A 5 PCR TIERL L 72, B4R L 72 DNA Wi % KRB i A Z6 8
7 % — pET15b (Novagen) (ZH 770 —=2 7 L7z, L7727 F A I FOEETFECHIIL. Research Support
Center, Graduate School of Medical Sciences, Kyushu University |2 CHERE L 720 pET15b & I\ CTRIGHIZTE
HL72%46. NEmHENIZ 6 x His tag L ONA T v € VYIMIEBA AR E N7 VT EIMELNDL Z &1
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% %o hTPST2 OB, BL21 (DE3) RIL cells (Novagen) % i\ C 37C T—MifT - 720w ORIEIC X DM
. lysis buffer (50mM Tris, pH 8.0 and 500mM NaCl) |2 CHFAE L. BEIIC L DMt -72, Hoh
TSR LT 12,000 g x 20 73 [ O OIRIE X ATV, R IM 7V O — AW CHEE L. FE 12,000
g x 20 D LIIER 1T o 720 155 N7 % 1% (v/v) Triton X-100 . 10mM EDTA % & & AW CH &
L. FFE 12,000 g x 20 7 O LEIER AT o 720 13O N 7270 % . Sl AR (8M JRFE . 50mM Tris-HCI, pH
8.0, 500mM NaCl) TFE L. 10 T T 1 BEMEFEE. 12,000 g x 30 73 O3 O FR(E TN B R £ 1572, €
DV % Ni-NTA agarose gel (Qiagen) 77 7 A 24T, 200mM imidazole % & AW T L 720 Slow dialysis
protocol 2! I2H & D&, TPST2 DB ER L 21T o 720 O N2 W % PD-10 /1 7 A (GE Healthcare) 12 T
column binding buffer (50mM Tris-HCI, pH7.0, 100mM NaCl) |2V 7 7 — &% 7> 72, & 512 Resource S (GE
Healthcare) F5 4 4 > XA 7 Z1220F . 0.1 ~ IM @ NaCl OJEFEARIZ X Y EH L7z, #5617 TPST2 &
W2 ™) 7 (Sigma) ZMZ T 10C T—HEB WL 2 A, MOMIZUR Sz TPST2 3> F Vg s
Too Ty — 7 20— (BEEIERT) RSO THITL7zL A, TPST2 @ 43 725 359 123t
FTEY TNV THALI LDV bRoTe COWHEDHH/2D T, pETISb X7 ¥ —12H T 70— = 7 HIT\W,
L ERBRICH B CTLE R TPST2 DU EEMEE K 2 4 O v TV a2, ZOH Yy TV EZOKk, TPST2
EIF5, TPST2 121 5mM PAP,. Im MnCl,. ImM C4P5Y3 peptide (GEE X7 F F) ZMMz T, &b W72,

- fimn & XR T 7 — & WlsE

TPST2 Offdhid. sitting-drop vapour-diffusion method T 20C TiT o720 VU H— N—{EHIZ I

0.1M sodium malonate (pH 5.0). 10-12% polyethylene glycol 3350 % 37z (X2 ). Cryo buffer (0.1M sodium
malonate. pH 5.0, 10-12% polyethylene glycol 3350, 50mM Tris-HCI. pH 7.0, 200mM NaCl. 5mM PAP. ImM
MnClI2. 5mM C4P5Y3 peptide . 10% glycerol) |Z#&idh % #% L cryo system (V) 7727 ) % H\W"C 100K DEF
AEHZALTHS 720 1.9 A5REeD 47— # 1Z. beamline BLSA, Photon Factory, Tsukuba, JAPAN |2 CT4T -
720 F 7. 1M potassium iodide % & s 7 T A F VAW 30 FRIE L 72465 D 2.0 AS3HEED 5\ redundancy %
Feol4fr 7 — % 1X. beamline BL38B1, SPring-8, Hyogo, Japan (2 CT1T - 72

Figure 2 Crystal of hTPST2-PAP-C4P5Y 3 peptide complex
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- VAR RGP E
WAL 1L, native 77— & & 3 77 3 derivative data % i \» 72 SIRAS {#: % HKL2MAP 22 % ffi 5 TH%E L 72,
Density modification % Resolve 22 T{T o 720 Z D%, #47E 7 )V % Resolve & ARP/WARP 24 % I \» TAT V>,
COOT» # VT~ =2 7 IV CTET IS Z 1T 5720 Refmac 20 12 X 2SR L L COT 12 X % €7 VA
e EBRIOY A 7 V7072 (M3)e AMEEDE L, PROCHECK ¥ TaFifi L 720

Tyr acceptor

| ;
L
] t"'l

Figure 3 Electron density of catalytic area of hTPST2

<HEREELH>
- h"TPST 20D fhvhi

hTPST2 @ PAP & C4P5Y3 peptide & DA TR DR w1, 3 RHE 1.9 A THE SN 72, C4PSY3 peptide 13
v MRk Ca4 ¥ v B OWERIL % 52T D Tyr74l FEEDEF 226 T A SN 9RIEDORTF FTH 5,
CORTF RIS ST v M TPST O Km il 5.4uM &G SN TV 5, hTPST2 1. SRKDA NT ¥ Rh b
%%/87 LV By — bOWENCHEID a ) v 7 ARFE072—DD a/fp EF— T HTE TV (M4), Z
ORE7E DO HLHEIIZ X3 & al 205 7 A 5'-phosphosulfate-binding (5'-PSB) motif motif (75-GVPRSGTTL-83)
rFEo Twiog 2OV — 7%, hlk#: N9 — 28 PAPS @ 5'-phosphosulfate & FHHAEH T X 22K % L T 7z,
E 512, p6 & o7 1Z. PAPS O 3'-phosphate binding (3'-PB) motif # 2% L T\ 7z (X14), T4 50D 5-PSB &
3-PB motif 3. T RTOMBEEER 7 2 3 —IRFESNTVLZEDPHIEN TS, 2O 2 KIEEDT
Ly Ay Mid, PIATIZ SULTIEL B OV AR L & D ICHE SN2 LH 12, wW{o2nFF—HIZRh N
% P-loop & & TH IR & 5T b 2,

-y NOY ]

I FETIT, TPST IR E@HEEZ W T e 2T 4 2 EDRIBEI N T W A 30, BERZRWZ &2,
A0l hTPST2 D& SN 24T o 72038213, REBEFEBIEE I N TR EbL LT, ' &K
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Dimer contact area

Figure 4 One protomer ribbon diagram of the hTPST2 with PAP (yellow) and C4P5Y3 peptide (green) a-helices and

f-strands are coloured orange and cyan, respectively.

C4pP5Y3®

Figure 5 Dimer structure of hTPST2

LTz (K5), ZEEROREIE, a2, a3, a4 DEFE L7723 KON v 7 AFEBTH Y . T OHEfik
HfEIE hTPST2 O 71 b Y =53 T OEKRED 25% 120 555D TH -7z, S5, ZEEFOZOo0 70
P~ —®D N K OAED, ZBEGTOR—FEIHFELTWDE I Eid, ZEROF F typell IO S >3
7HELTNRMFEHBHEEEZ o TINVRICHET LI L %) FCHHATE S, 612, Z2fTho
ZliE. SVIEBIZ X BT TR ENT,
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- VEARHERE D H B 5 S NIZhTPST2D MBI IS X A = X A

hTPST2-PAP-C4P5Y3 O = &K O I ARRE# 1L, TPST2 OFERIUS A N = AL L NI L7ze 2D
SARKEIE D PAP #4512, PAPS R EHAQG DY E. BRENTF FHOWMERILE 2T A MEICH LT v
W DKL, PAPS OHiMEE L 2.6 ADHEEIC 4 5o ZOEAEDEOMIEIL, hTPST2 HiEEMR KIS
W3 MOEFRISFERES & [FARIZ SN2 £k in-line displacement mechanism TH 5 Z & EFF LRV (M6),
72, hTPST2 DIHFVELRALIZH 5 Arg78. Glu99. Lys158. Ser285 Aifk#infs St & #H > T 2 MR IETH %
TR EIN, INSHOKEE EN TN Ala [TER S 72 hTPST2 (X, 3 THEE Y BImICIKT L, &
DZEETFF LTz & 512, hTPST2 OIEMEENL % ¢ TR S HE ST A IS TLEm DR
b2~ Ak S SULTID] M O R ETHLH/87=+a 7/ — )b, PAPSHGRLEREGDES
&L Arg78. Glu99. Lys158 IZxFIEd A & |2 SULTID1 DiGHERIENSFIEL TWDH 2 Edbhrorz (M6),
F72. E MIBWTANRT VIfROAEG B TE X, 3 LOKRIEIZHREREEFE 2 17 ) HS30ST 2 DY
ThbHAMEOREG, PAP L bERQEGDLE LT o7z, DGR, HS30ST DG EKEE L. hTPST2 @ Arg78.
Glu99.Lys158 & LB B xS A HHTICHIE L TWize MLED Z &5 5 Arg78 13 TEER  Glu99 131G T E 2
Lys158 & Ser285 (3 MMRIEAS UG DB IREE DL EALDORE 2 TN - T b EHE 2 Sz 334,

Catalytic acid ¥

R78 |
K162 " "

K215  £oq
K106 E184

Catalytic base

Figure 6 Superposion of catalytic center of hTPST2 HS30ST and SULT1D1

« FWERTF FOREE RN
TERICBWT, MHOTO N =R WESSIC. ENENLFEROa Y T A=Y a vk o
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C4PSY3 X7 F FEFEE L Tz, FEARMICH FOEEMNIIFEEETH V. C4P5Y3 HOIERL = < 1T %
Yeaceeptor (I 3'PB motif D " C REIDFE & H W g o — MEEZIEER L Tz,

S VAT & AP Y

hTPST2 (2 X 23 5 X B DR DT a Y YRIEZ BT 2 7R, [ =Ty M e by P07 g
DFBMEDEN | & [BHICLIMHEER] 022012550 EE2 0N TOPWEEL LY -4
MY URTEIE, F T EF Oy VIR OREVEORIZA ) AH, S 51290 EHnlliAs &
TIHMEEAL OB 2R B ICHE A LT MERILIBHiZ ) A2 ENTELLEEZONL, LA L, BuiEEz
L7y O3 B3, COBICADLIENTET, WMRILBHIZ ) TA2ZENTELRVWEEZ LML, T2,
5 Xy BF U Y BB ERSEORVIERRIZIZ,. 7T ADBBMALEER SN TWT, =7 v b
By YN EORA T AOEM EFEo 1My RIS 2 bbb, ZokHiz, F U E
F O URBREBEERIE, Ay X HOFHEOE N L B X A HEIEHOW S % v, Bkt
ROTDY =7y by URTEERL T D 2 EATRIBE NI,

AEFZE R, & 7 BEOELRTREBHIO—>TH b F 0y VEEOHERILIZOWTO., AR ER
A 52200 THY) . SHROISGHEROEELZEFo7-b0EEZ LN,
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