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Structural analysis strategies of biomacromolecular complexes
The University of Tokyo, Institute for Quantitative Biosciences
Nozawa Kayo
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F—J—FBATFEGH. TTAIRNEKEN FUNVEHER. X REREEENT.
HRE. 7ORU Y VEEDT

BEE

XIRICK BT VN EDIREERTHAAREE 78> T 70 £, BLFIFE - YV /N7
BTZOEEFULWLWREICED, 914 BHESDY VN VBEOEENRESI N, EmikeE
DEEPAFIENEOHREICFEINTWS, ULHhh L. ERAEYOETELREEZIE> TL
DB TFESEDENTIE. REFFREORMNGRHEL S HNSHENEML TWD, KTFTIE
DFEHK 500 KDa, 16 721y hHSRBEEXT A T —5 —DFR%EHFIE LT,
BOFEESERDOIMEEERTANZ Y I —ICDWTBN LW,

AvsO¥ova>y

SUNRVBOBEBRIEERBEMRL T A EE, BR. IRILF—RHRED
BABELZOREBICEST 2EELMRESA TS, LU, EXRROENTHS L
hEECBEREYDT VINVEDEZ N, FEELOBIHVRHERERGREGHE U TH
BELTWB o, BEICKR LU TEFAFAINDEWVW, BERESINTLWSHDIE. RNA R
AS—E I PYRY—L, FOFFPY—LA, YhIOLC AFVT—ERE, RRABE
TORBENZWY VIV BREERER>TWS,

FESMNIPBERTZIT>LBEXAT«IT—5— (T MED) &, HEFBATE
25 471y hASHEREINZH 1.4 MDa ORBAFEAKRTSH D, MlETORREEH
DRV EDEERITEREICL TWee TNETHREDH > ofElETlk. BRI /¢
VBT / LCEE TAP ¥ V28 AU, BHFBRZHEY v MLEWS R —)LTHE
BEL. RERIVIVBEZREL T Bedhlic. TOTT7—EPLEDORMYEID FR<
ZELREETH - 1o,

FEESEIOMEZRRIT B/HIC. MED ZH#HT 2K T 712y MHOEEIINE W
DREBEHXOY VINVEZRRL T AREBOIT - XTI —%— (cMED) .
16 ERICDOVWTKRBETOY AV EF Y MERERRE/ILLE R 1) o R TEN
5% 1) 7RI NORFFEEEGHRT VNV EDREE, 2) 7Y/ EDFERL & BHRE
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BR. 3) JOXVU YV IEEANICAWSD T Y TILORELENED DBD FESERDILAEE
EFMTICHIGATES ZEZHFTLTWS,

KE - B4 - BF
AV FaR—F—
-5 L77X1O
-0 (Beckman)
- Y =% —%— (Branson)
- AKTA purifier (GE Healthcare)
- HisTrap HP (GE Healthcare)
- HiTrap Q HP (GE Healthcare)
- Superose 6 10/300 GL (GE Healthcare)
- EasyXtal 15-Well Tool #&&@&{t 7L — & (Qiagen)
- Tantalum Cluster Derivatization Kit (Jena Bioscience)
- BS3-H12/D12 (Thermo Fisher Scientific)
- Sequencing Grade Modified Trypsin (Promega)
- Ammonium bicarbonate BioUltra (Sigma)
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1) 752 A ROBREFEEERIV/INVEDORE

16 2& cMED ORIERBEICHD. TNEFNDELTFIIERSEH (FrEDY
V. WFNXA>Y>y, ANLTRNYAYY) MEERFZHED 3 DORBE7Z7AXAINR
(PET-21b. pET-28b. pETDuet-1) (C. MU ZAMAOZ vV ICEHAARE (K1) ©
cMED %##RI 271V hE 2 DOEYa2—I)L (NYREZRN)L) BAITHEEET S
ZeHsnTWeried, ABUCEY2—IVICET 2 Y712y MEIRUARIT—ICAB K
SICERET L. HERDBICENRI Y —DS5DY VNV EDHRBZHER U, BF. HHEIR
ICAAWA 72X RELIE. AOE—HOBBENSERDZEHLERZ/F DI ENEE UL,
SED 2 DDTFZRAIRN (pET-21b & pET-28b) R UEEILLS (pBR322) ZF L
TWEHBIBER S FEKIFE U, pET-28b Db D ICERLRDEMRS pRSFDuet-1 [cD
WTHREDRFTZT o, INER->TRENESNT, ERHEADOHEELD HEXRY
Y—DHEHMEDANKRERT—RAEHDEEZI SN, EY 712y NOEGRTFDLERN
10 bp ICl&E. URY —LEEES (RBS) ZEEUL. mRNA ORIREZBhTZHIic T7
promoter BE5! (3% 1500 bp K=XITHEALTWS, 11 Kbp 28X 27T X RTIEK
BEFOIE—HMNREALUTUERS EVWSHE (X 2) HH2H. R THWE 7-9
Kop D7 XX RTREBEICEEBNRWL S5, EEFFPOZYTIZY hDE
hEE&bEZTRELT, BX EXFI VI TZROBFEFEED DRV Med14 O N Kimic
L. BAICHEBLEYTIZ Y ME, BRAPICAND K SICERET U
HEBICRLUTIE. s 320XV 5 —TKEBE BL2T1(DE3) RIL#%kD = A)LaY
EryhtellafEsmialliz, FIEEULTIE, £I7VEV U VS AT Y12 Vit
D7ZRXZRK (300 ng 92) CTHNEEEGRIT->%Z (1 HE) . 2 HBIKEShiO
O=—% 10 EREE s T Transformation buffer (100 mM CaCl,, 10% glycerol) 2
mL ICBEL. 30 XK ETHRHATZETrIALaAVYETY ML, BFEIE
H=ODBTEINL. 50 ulL F2E® Transformation buffer cB&EH L%, 3 DEHDX
NLZRIAYUTIED TS AZ RN 300 ng T 2 EEHOFE&GRE L —T 07 %1T
27,

KIBEDAEEEIE LB B TTU, ODgoht 0.7 ICHZF T 37°CTEB L. 30 9E
KETEGEZSHAUE, KEE 05 mM @ IPTG TY VXN VBOHRBEEFEL T,
18 °'CT 16 BKfAIEE U c, B ULCEAIEBE RERZ TV, BE 008 (15000
rom. 1 KfE) T©8onkt®E%=Z Ni 7714 =Z7««—270OY KNI 57 1 —HisTrap HP,
oA AV AN MY S 7 «—HiTrap Q HP. L2820~ ~k%'5 7 « —Superose

T7 promoter

6xHis tag

B 1:cMED&ER7SAZIRFROERXK, ERIIAYR - E®Ya1—)b, BRIZZIRIL - ®Y21-)IC
BT3H571=vy NOBEFERT,
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6 10/300 GLICMF BT EICL>TH VIV BZBE LT,

RHEYOREF v 7 IF SDS-PAGE ICEBUE/NY REEEDMTICMNT S Z &I
LoTITW. £2TOYT1Zy hZ2EBUEERTHD e ZER L. REMICIFE 3 L
DFBRNSH 1 mg DY/ VBHAREBZ I ENTET,

2) 7 IV BRI & EHTRER
HEDY ZA ABTFEMBEBRITORMETICLD ., BOFESHEDOBEITNARICHESD
SNTVW3BH, 4 A%ZTEZ&LSBIEEDNREDSEE. NTORVILFHITI=Zy K
FUINVEDIIEEZRET DDIEHETH D, EE. MED DIFEHE < DETFEM
BEANHASNTED, BIEBTBEBEUINRETET TVWEAN>TfcH, EESIE X
RIS REBERITE R A D I EIC U, BRICDWHR VY —Z v 0%\ TR U —F
&ﬁ#}f/ﬁ %b$17 T{X/za/&#b%ménTMé%E$/FTﬁot
R, EonicEEs)s5iE 8 A i’(@lﬁl?ﬁ%bb\%%h?&b\vtb\ RAEEI DFE&& DN
It@ﬁ%%%@wﬁm%ﬁ5: . DMREEERET DI ENTE T

. FEmADOKDES ﬁ%%]/#lﬂ—)b?éT/\’r KL—a3 VB THERED/Cy
#/’7%3&2. LT, 9Bz 4 A £ AL, T/INARL—Y 3 VICAVWSRXE
EFER. XER 3 & 4 BBEC U, L. £ DBRFERED 4CTONETH
BEOHENESNTWVWEZENS, AEERET /NI RL—Y a3 VB ERKRDORERE
ACTITolco FIBZUTICHNRS (K 2) o D20CTHER U IR EAE., KLUERE
EEFOHRIELS 4CILEPLTHEL, QFFLWERIELIL—hD VST —=N—=Dz)LicT
N RL—Y 3 VEE (30% PEG400 ZzE20#ER{IEA®K 500 ul) =iz, AoYa—
FrvAKF7 uL DN—RZANBER (1.2 ZEEOEREAR Oy AR
RF vEZ—FlgERY AV ZFE->THEREZRAI7Va—Fvy7EoROy 7
Ufco T\ RL—Y 3 VHhODOERIIERICESINDIEIAXA—IEZITTULESCH,
= TOR/ROBENIBOITOEN > Tce OFERZESIHWVWLSICEEICROY BR
EREEL., FORIa—Fvyv U —NN—D)LICEEZLT 15 A YFa1XR—
NzfTofco ®ROY 7HS 7 ul OBFRERWVED ., AED 5% PEG400 #&5T/\—
RARNBRZEMAZA 2o ® @D~BDEEZE 10, 15, 20. 25. 30% PEG400 =& /\—
NZARNBRZAWT (FBE 2 @9 D) [EZEB>TEDERELU, ODREMICH 30%
PEG400 £TCEBHEINI/\—XIANBRFTIHERZ 15 PEAVFaXR—NUIEE #
%m%w 7T > TRIEBR COHRERTF U

TR KBS SR DESY OE— LS5 1 VFHFE TH 5 Thomas R. Schneider

Add 7 uL (+5%) Add 7 uL
=
Remove 7uk 0 ~30% precipitant&
Crystal 5% up -2 5% up u 0P
=)
x10 steps
15 min 14UL 15 min
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B OirEERE&EEI{L L. cMED 82D X EOY X —I %R U, PETRA Il
yyoakOyo P14 E—LZA VY OEEEE—LAZZERERL VA TEXIESR L
T, WEEDFW X & (colimated E—L4) ZFESIHE, #FRY 1 X cEbtElkE—LA
ERFETZET, DEENSSIC 06 A BELL, COFETIR. S5—2ANTE
— LA X ZINSLKD, R LEZBESELGNASAET DIRROAEELRNT 100 &
U EDOEITBEEOKREZRET DI ENTE T,

#lc. CMED ICEHEENR<KRAD 6 20 .
H72=v k (Medl/ 9/ 4/ 14/ 10/ 19) NAT :

LEFN TV, BAOHMEEERNE  « N/ Tantalum Bromide Cluster
PFBEEDH TIEMNBZRET B ENTE M‘N/‘w

Bhotc, D, EHESIIERIC TaBr, =« & =
PEL/XFAZVZEAL, BEEREETA
HBEREUK. TaBr,, DE AL Native f&&
%# TaBr, a8/’ (2 mM D Ta,Br,, B2flKER
2 ULZE 6 UL DI\—RIXAKNBRERE) T2
BRI 2E&TiToe (K 3) o cMED D5
A, TaBr &R&IC 1 BERUERIC X RE
BET 22K EBRELOE—IDEESNT,
SKERLUCHDIIHERDOREILBIEIED 570
H00, <afTarEsnhiah >, Dz
. ¥Em%Z TaBr, BRICR T RKEIFENY >
INVBICE > TR ITDDRENHDEEZI SN
%, RIRMIC TaBr, ZBALERNSIE. o
e AZXTTOBYWREESHILYSFILAES K 3: BEAD TaBr, DEA, LBE
N CEL/ XFAZVBREDKEEHNSE SN Tabr. DWER. TR TaBr . BRIC 2
749 4 A OREHEYVFILEBMOEAE BERLEZ cMED O#ESR.
EZBAWT MR-SAD JEZ{T5 2 & T, AR
MHEBRIE SN, EL / AFAZVERGKDOERICEAL TIF. EHERFESRT7 —HA
T I XFAZVERKEFEDLLRWEL / AFAZVIZEBREHEDED A, E D) =5
BLUTWEEU,
NMEEBERENESNEERD., IRTOY Iy N2 RESE. 73X /B ZERET
Z1=HITiE. Native FERICEEFNZIXFAZUPIYRATA VY OMEBEDONEERE BEE
IIC K> TRIET D S-SAD JEOT 9P L/ AFAZVZEBIMUCEZEFEISOREE
BELY T FILDRETH - T,

Br
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EREN7 7O—FEFTR 16 Y712y hIRTERET 2DIIEEETH > /b,
FLWFO—FEULTIZAORY Y IEERTE XL-MS) B AW, XL-MS Tld. ¥
YINVBHRDOHEEERZEEREI CEE LR, 7077 —CETEEL. BSNEEBRT
FREBENMTECAET D ET. YV/INVBOHBEBERNY Y 72 EKT 5 ENTE
%, cMED OEETIE. U I VAIEYLY VICOBD N RKigD—k7 I vE (-NH,) Bt
ERVIVAIREEZNULTEET S BS3 7O Y v h—%FAW, BS3 @ Spacer
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Arm iz 114 ATHBT NS, 20~30 A
D7 I/BRALTHIEEBEINZ I L EKBB,
cMED OFEPHEARIE. FRE (K 4) Z8&
UCTTRDAETIT Do @%’35&%}% 0.8
mg/mL ©% > /XU & 500 ug ICxd L THE
BE 1.5 mM ®D BS3 Zinx T, 30°C. 30
PEEBRIGZTV. KEE 50 mM OE
RE7Z7VEZUVLZMZASZETRILZE
IEUTze %2&. Tris ¥ Glycine /\wv 7 7—
IRBHRIERIGLTULES 26, EBRICIE
HEPES U Y /\y 77 —%ﬁﬁb\%%\%tﬁ
Hd., ORIDRICITBEICEBEINLY Y
INVBHEELTWSEESD, TIL2@EAT
LTHERL, Native 7V /\VBERUME
ICAEHINZPEZEN Lz, QFRY >V
INOBIFEN) Ty 7O77—
¥ 100 ug OXRFF RzZzERKOICHIFTT
LC-MS/MS T UTco RTIF RO BEIC
FHHENZ L C18 ZHWe, BEDMTD
$ic. ZRiEHFID BS3 (& Spacer Arm 0)7J<
REZBEKZRTESHRA(LEYELESE

ns BS3-H12/D12 ZHWTW3, BSS—
H12/D12 TEEINRTF RIFEENT
hizc 2 DOE—=27 & ULTHEN. 2 FEDH
WREEBEBRTFRERBIC

( http://pfind.ict.ac.cn/software/pLink/ )
(http://prospector.ucsf.edu/prospector/mshome.htm) ZB W/, @&

€T L.

XAlFT2ENTED, RTFROEAE
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0.25 mM BS3
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0.50 mM BS3

12345678910
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1.00 mM BS3
1.50 mM BS3
2.00 mM BS3
3.00 mM BS3 80
400 MM BS3 _
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0. 6.00 mM BS3

140 (KDa)
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- 15

BS3 conc.

X 4: 5% BS3 OREIRER. LERIE. KERIC
RW/cE1EHA BS3 OER. TRIZ. REEE
T/ SN SDS-PAGE £ T. RIDFEHIE
30 C. 30 7MEICEZEL T, BS3 DRERA %
fTofee 7 L—YBURRE, BEICER/IIE
SYNNVERFPITIVTS—yavaERZLTW
60

ICi&Z A2 2 I plink
ProteinProspector
sl 70

o

272 In xVis (https://xvis.genzentrum.Imu.de/CrossVisNolLogin.php) ¥% > /\J&

O B E E 2 — 7 Chimera
( https://www.cgl.ucsf.edu/chimera/)
DFZ0 4> TH 3 Xlink Analyzer
( http://www.beck.embl.de/XlinkAnalyz
erhtml) ZFWT, HEERZKRELLUE

EOETI VI DEEE LR (K5) .
BERITOER. Medl R FHAERT
TNy FVITITBRICREBLTLE
EDRPh > feh, BROEFEICHELRAR
BRYJ1IZy hEINRTED 156 HJ71=
w N, ¥ 450 KDa @ cMED DO#&EEE%=
34 A DHDBEETRET B ENTE I,

30 A> Xlink =——
30 A< Xlink =——

K 5: XL-MS @b 58 5hfc cMED % VX
JBOHREERAR. Xlink Analyzer ZHWTK
~MELTWS,
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cMH)@ﬂ%@%iﬁ%é@yv&uy-ﬁymﬁgﬂéinétﬁ\zn%%wr
BODBRS HENLH > =, %%Eﬁat\ COBBEZRRITZIEHDIC NI P74 ZF74—hF A
IC cMED ZIRES B /e, BEHSYVIINVE KRE 2 mg/mL) é: ATP ((EE 2 mM)
EINZ 25%/\y 7 77— (20 mM Tris-HCI_pH 8.0. 500 mM &{tAHY 7 A, 10%7
UtO—J)L. 5mM DTT) TiB#&k%ZE 10 CVEELTWS, COBBTYyROY - FV
INVE ztATP [CKDEME{EEN. cMED OO D ICEMESY VINVBEEHREEL TBaES N
%, BRE. BUESY VNV BEORBIIFEELRZIT> TWEWBL21 (DE3)RIL #RDIEHEE
N5ITWL, BROUELEEZ 20 2. 60°C TaERS. BEBRODEL TESNnkLE
ERWz, COAETCKBEOEBR 1 LHASKW 1 g DERIVINVEEBDZZENT
=5,

Ehihnifc cMED DM FEEZ RS &, ThFhod )iy MNIBETIEIESEEX X
SNBVWESBBEL > BERE UL THALEND I EICK>TIELUH T, BEZR
T3E5BAVTAAXA=q v EES>TWe, TDESICTA—=IT o IHE#UWVEE
DifeHIT. cMED Icig+ROY - YV /IN\VENMEELTWEEZ 51D,

2) I\ EDfE&EL & OHTRER

CTL/XFAZVERZAND cMED O7 I /BEEIE. 2 XiEEFNTOT T A
PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/) TigiE% &2 & FRINZBEEHDOF T,
EYEBEEOREENESWVWOA I VEREBAIVAOCY Y ZEEL. B8 29 »vAiZEB]RL
3DDEEAEZIER U oo

3) 7AORVYYVIVEESITICAWS Y Y IV DORRE

XL-MS Z1T5Icdhreh. 7— 7/hta%9zA7 5lCHo1E ﬁﬂtTD?J —t
DEENDEER D, BITLEWSY VNV EBEEIC U//ham &l é%&#b
BS3 TiEEBEE AW, £, B UIEZEW 7/A7 u//%7w$ DAY Y NS
=R hU?sz@%én%ﬁ%#f<&aTbim\EE%MTEb<@&énamT
BEMEHH D, Wic, VIVPTFILFZUMNERLTHEELTWSERICIE. NV TFIVHE
EDBRICRTF RHAENK BDBETCLEVN, RIFRERETCERWABENES H 5,
XL-MS Z{TSHllcid. BT V/INJBDRIZHHTF oy 7 L TWEE L,

XHR

1) Nozawa, K., Schneider, TR. & Cramer, P., Nature, 545, 248-251 (2017)

2) Smith, MA. & Bidochka, MJ., Can. J. Microbiol., 44, 351-355 (1998)

3) Deng, X., Davidson, WS. & Thompson, TB., Acta. Crystallogr. Sect. F Struct.
Biol. Cryst. Commun., 68, 105-110 (2012)

4) Heras, B. & Martin, JL., Acta. Crystallogr. D Biol. Crystallogr., 61, 1173-1180
(2005)

5) FtEs & Alll—E, EHAERZFR7—17 2, 1, e045 (2008)





