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HBICHT 5, 7FL K BAEEETORNFELESEICL
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FEREFLIRICERm S BT H L OIS, AX—FETIVE
LiC (abinitio), ¥ — A% HBIDERT 5H, ZOmEIT3E

Table 1 Frequently used programs of AT SAS program package in
SAS analyses?

VARV A NN [ S =

PRIMUS T 5 L O£ S

PRIMUS/QT |£=T78v |, Kratky 70y FO%ERE, PO)
AUTORG DFHE

GNOM M7 — 1) TAREIC LS P(r) OFE

AUTOPOROD | Porod {485} U P(r) O HEhEHE

DAMMIF Ab initio 57V VT

DAMMIN (B—=ZXEF)I) OtH

DAMAVER |3 RICHEEET IVOIRICE D Pk, ERE
SUBCOMB D, Bat R

DAMCLUST

CRYSOL JRFEERE D B I(q) DFFE

SASREF Rigid body €5 U v~ (single fit)

EOM Rigid body -£5 U v/~ (ensemble fit)

WICHER T, —DOFBRBELFR IS L TEROET IV
NEHIND, @F, 10700 LIZ12EEEa4 0K L,
BONIET VRO T = v 7 LRI & 1T
VW, =D VRS ARSS, FOHK, 18 HNIFEHES &
B REET TV & Ol AT WA 7 R A T O
(Fig. 1), —Jj, Fig.2 T/r&MN % Rigid body €5 1 v/ 7
LiE, EBEEO A B OGS ERER S (8574 PDB)
RREOV—EF I B, TS ORI 2 I IH
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Fig. 1

030

(Color online) Analysis flow of bead modeling method. Densely packed spheres in the search space with diameter

of D, is modified so as to fit the experimental data (y =2.58). The process of simulation is so stochastic that the
models of each run deviate with each other. After statistical inspection, the ten models are averaged into an
averaged structure (grey beads). Yellow beads represent the spatial spread of ten molecules. Interpretation of the
averaged map is usually done by manual matching of high resolution model (red). Here, the high resolution
model is highly consistent with the averaged structure, however, its fit to the data is rather poor (y=12.06).
Experimental data were taken from Arai et al., 20045 . Ab initio modeling was done by DAMMIN and averaged
by DAMAVER?. The models are drawn by VMD. No distortion corrections has been made for the detector

images.
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TIVOREE, B, SRR O Y M7s &) ICERC R
BINADT, kP OOHMEKAETHEHE CERV, %
7o, KEINAEELT — 2 Z B4 5/ 4 Z)V—"TF o
DE—LTA VBB L, BTOHEUMHE DS ETH
BE, fEHTICBI 9 3@ O EE RN L r > T
L0, Balah b, EEESTET U VI T %M
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INERRELO IR OFI IS, #5020 R X D
YT IVIRRBICE S 2880080 S L iCh D, X, A
BELZ VAR ABO T — 2 ISk LT Figs. 1, 20D k5 7%
FENT A BN T D S 2D TE, EICEDEH T —4H
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(Color online) Analysis flow of rigid body modeling method. A rigid body model consists of pieces of high reso-

lution structures (PDB templates) and linkers or loops that connect between them. First, based on the amino acid
sequence together with PDB templates, an initial structure is created. Then, the structure of the model is modified
to fit the data with some constraints. In single fit (blue), a single molecule tries to fit the data, which usually does
not give sufficient fit to the data (y =5.74). In ensemble fit (red), multiple structures (three conformations in this
case) with different fractions, i.e., an ensemble of structures, are used to represent the data (y =4.46). Single fit
and multiple fit calculations are done by BUNCH and EOM?), repspectively. Experimental data were taken from
Arai et al., 20045 . No distortion corrections has been made for the detector images, which seems one of the

reasons for the high y values.
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ques HIZ kD FEEINY, wWXDOFHT, [AHAFS
A VREOHMIL, B & THREETIE 2L, EIE
FHOTROBIFEHMTE L XD TR ERDH T & ThH
50 (FHER)] LLTWAR, XFEH, HRAECHE
fEd 5 LIEREEWZNTHA D,
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Fig. 3 (Color online) Sample quality and data collection. The inci-
dent x-ray is irradiated on the sample (protein solution and
blank buffer, 10-30 L) under identical condition. The
isotropically scattered images (Zsymple and Ipjank pusrer) are col-
lected by two-dimensional detector and Ig,py. is subtracted
by Igjank busrer- The subtracted image is azimuthally averaged
into one-dimensional data, I(g). In the figure, i; wave
length, L; camera length, and 260; scattering angle. Sample
should be highly purified and mono-dispersed; aggregation
state should be single. Blank buffer is also very important for
data quality. In synchrotron experiment, radiation damage
often occurs, which results in aggregation.
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®

(Color online) Example of representation of data and model (Figure modified from Jacques et al., 20127)).

Representation of experimental data (a—f) and the final model (g). The vertical axis of (f) in the original paper

was g2, which was an erratum.
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I8,

In (I(g) =In (10)) ~*&-¢

S Ap(F)7# dv
J N — (2)

Svr Ap(7)dv

DAL Do T—HICKHLF_ 7By I, In Q) %
@ uErz2E, QREVTF—X EPERTAUNTE, y-
k25 100) 25, fHE2»0EEEE Rg 351 % (Fig.
4(e)), CCTHELZE R, BTHEED2KE— AV
FTHY, EEOECETEEICHNTE SR LEEL/S
A=RTodbh, F_IT /0y T, BHEHELT—2D
EARME & LTS, KRR EER S 6O F &R
BIL RV BEOMEE T AR — ACEB N2 VO TF
ZITBy FPAREFEL TWAMIBE N, ET UV EL
TW5 ENRRO B D L 57— 7 R T\ O TR 5

218 © mgtk July 2013 Vol.26 No.4



FEY T X

WEBET IO DETY L ICEBTIHRTA R T4 > aFiaiE<

(a) (c) g

—— rartially unfolded g
rfolded

G
1 Folded
o Rg=39 A, Dmax=120 A
<
T
00 0.1 02 03 04 ‘;&g
q(A™) 7;_«’ I
JL}
T
(b)
——folded Partially folded

—— partially unfolded
~—urfolded

Rg=64A, Dmax=160 A

kg

00 0.1 02 03 04

g(A™)

Unfolded
Rg=57 A, Dmax=155 A

Fig. 5 (Color online) Detection of conformational flexibility
shown in different plots. Theoretical calculations of a two-
domain molecule with different degree of structural order are
shown in ¢2I(g) vs. q plot, Kratky plot (a) and gI(g) vs. q
plot (b). Unfolded structures are generated by RANCH?
and their 7(q)’s are calculated by CRYSOL?). The q region
in the boxed area (a) reflects the structural order: more dis-
ordered in the structure, more flattened boxed area in the
plot. The color of plots corresponds to each molecule shape
in (c): folded (black), partially folded (red), and complete-
ly unfolded (green), respectively. Both Rg and Dmax of
each molecule are provided as a reference. Dotted lines are
functions of ¢=2 (a) and g~? (b) according to Porod’s
law!®), which are used for extrapolation to g= .
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Tl Tdabhv, EHEREZ 2 TH Rg, 1(0)
DED LT NEZOEE LT 5, BEOIOEAER
ECT— 2 % PIEd 5 LA F B % PR+ 4 72
T, T—2DOEREMIEICL DD %,

WIS, DNENT A—=R75EOFERT— 2 £ GHl
AHIZHED W) T —N—"RRTLELERD 5,
GNOM? 75 & @ P(r) 358> 7 Fid Dmax OFEZEE FKIR L
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Table 2 Recommended representation for data-collection and scattering-derived parameters (Table was modified from Jacques et al., 20127))

Data-collection parameters

Instrument

Beam geometry

Wave length (A)

q range (A1)

Exposure time (sec)

Concentration range (mg ml~!)

Temperature (K)
Structural parameters

1(0) (em~!) [from P(r)]

Rg (A) [from P(r)]

1(0) (cm~!) (from Guinier)

Rg (A) (from Guinier)

Dmax (A)

Porod volume estimate (A3)

Dry volume calculated from sequence (A?)
Molecular-mass determination

Partial specific volume (cm3 g—1)

Contrast (4pxeA~3)

Moloecular mass Mr from sequence
Software employed

Primary data reduction

Data processing

Ab initio analysis

Validation and averaging

Rigid-body modeling

Computation of model intensities

Three-dimensional graphics representation

BL45-SAXS (SPring-8, Harima)

KB mirrors + guard slits (0.45 mm X 0.25 mm)
1.5418

0.009-0.30

7x 18 frame or 10 X 18 frame

2-10

283

0.114+0.001
14.27+0.03
0.112+0.001
14.5+0.1
45+3
16500+ 1000
17570

0.724
0.098
14300 (calculated from CRYSOL)

PILATUS2INT
PRIMUSQT
DAMMIN
DAMAVER
N/A

CRYSOL
PyMOL

The table was modified from the original paper so as to meet synchrotron experiments.
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Fig. 6 (Color online) Schematic representaion of normalized spa-
tial discrepancy (NSD)!7. Suppose that two data point sets,
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T EMTELW,

VP = 27'[2 —1<0)
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TRAE P(r) 51 & I IC Porod A1 Ve st & %17 - T X
N5OTHEFITH S, Porod hif Ve (A3) 3kt k72
0% BEDOBREL & A, ZOMIZ0.625( F Ny T &
MW (Da) 1Z7x 5%,

0.625 Vp
M =
W {05 Vexclud <5)

Porod fAf% Vp L /& T, U —AETINOFH M5t
B 72 BEOPERAEFE Vegawa (Excluded Volume, Filtered
Volume Tl 7\ & LICHER) (A%) 13, ZOHIZ0.565
XS FEMW (Da) 127656 C ERHMBNTWAY,
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T, FERMmH TEHEROBEEICKE SEET L5,

3. A FSAVICRBRENTWEWRED
NEYET—YEETYTICETS
A L

20134F, Nature FEIC/NAEEGELT — % L5 U V7 ICB
F 5 P 7= 7 B /51 25 Rambo & Tainer I k ) AF I
720, ZOFUT BT

BRI O 720 DR L \WREE & 7 2 MBI AR Ve

o BEELHIER 20 © 0 X 0 IEHE 72 5 T BiRe i i
cETINET =X EDO—FE x DFTL\VERE Xiree

o BT IVOER I FRIED E R 70 I8 Roas

DA BICOWTHIGEREDR SN TS, BELERG)

EPDBTF — A XR—=Zp6HDY I ab—v g /IZHEDW

T, ThHoiEEL, MMRELICEST 2&AEET Y VT

IZE>TNATADENIEE 72D D5 B L FRShTw

bo ETHIEWICHEELMATHY, SHBOHTAFIA4

ICRKELSHEBSTHTHA D, it L BEEwLEBEICL

TH 659 & LT, URICBICHailA D,

3.1 BEFEDHDFH L WNEE LR SEEEE V.
AR, % < OBEAE TAALFINTIEEIL S 5 3R % - /-
WS Z i WEAE, Wb, RAEHEAEICE T
LROREED, PABEA LA IBHAIN TV S,
Wk, FEOLWIZEGRED X DICED L), HEIRREDE
WA S A IS iR AR Rg O/ M X0 EEfbL T
7o L22L, Rgid, FoZ 78y kWS /ATROEEL
TR A FH L TGRS N7z, RU < /DMETBICKBE S n
LRNTFREMEEERICHEI NI, £/, @)ool
HPHIC K> CTHEAENEL TV, 61, Fig. 5 O
Y RgwHELCTAhL L, 9L bREEIREEE 1+ 5 /%
SA—Z L LTI TR\ L H %5, Rambo & Tainer
kD EEEOEWHEEREOREE - LT, DTOXTE
TSN HHBIRE V. RS L 721,

VA0 T ©®)

©

27l
Sqﬁwm
0

CCTCLIZHBE SIS ET, BEUEN Tr O
FEGEEN T & X OB AR, COMBIKRE Vold, ‘i
B X13E - T Porod (K1 Ve & EWRLEIREEIC PR
N5, HBEKE V. WA ISR, (DRD ¢ (q) O
TR (6)RD ql(q) DS A AT 5 HICH 5, Fig.
5(a) THMIH IR kD1, ¢2l(g) TIHEHBEOSERREIC X
DRESHELD, hilg, BHRIC (4) RO S #E R
WAEFELTLED, —7J7, Fig.5(b) D gl(q) Tidg>0.15
AT oFB THEERBICKEKELRV, £ 2,
B HIIC LT (6) ROES AR PPURTLEL T
Bo Fio, HEAGKE V.IEABREOH &£, KA
BREEOWRTEEXE VD EF 5\, Rambo & Tainer (3,
Bt G EABOMERELYE 2, ZOREIRED BRY
BRg 72Tk G V. L@ WHBERD L &%
R,

3.2 HELHBOHSDOLYIEELEDTFERERE

BRELERAR I(q) 20 O IEREIC 5T & MW % 34 5 C &1
INABELIC B W OIRA N Z & Th S, WBH L, 1(0)
O of 5 FE I e B UE B T L & D T(0) B D Hlig 73 3
Thotoe BHEEY Y TIVIC LA TEMWIL, EHE
B, REBICKETLOTENSLOELH A RS A v THE
KEINTW5H, 2.5.1 T~/ k512, Porod (&% Ve 22 5
Doy F i MW REIL 105 FitkDBAETE AR, (LRDq
OFHEFEPCIRT L, 7 Vs y Vi oEEEIC
I35 &7\, Rambo & Tainer i Vp DV 1Z,
Vi

Q=7

(M

g

222 © mgt July 2013 Vol.26 No.4



FEY T X

WEBET IO DETY L ICEBTIHRTA R T4 > aFiaiE<

RNase P (139 kDa)

| Thermosome (1,000 kDa)

Q, .0.808
600034

Mass = Ca ) Mass =

0.1231
Xylanase (24 kDa)

7 7.5
9 10 11 12 13 14 15 10 105 11 115 12
In(MW) In(MW)

tRNA (24 kDa)

Fig. 7 (Color online) Power-law relationship between Qg and par-
ticle mass (Figure taken from Rambo & Tainer, 2013!0) . a.
Ok calculated from experimental SAXS data for protein-on-
ly samples. b. Qg calculated from experimental data for
RNA-only samples. See more details in the original paper!?.
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Fig. 8 (Color online) Determing reolution limit of model-data
agreement by Rgas. (Figure modified from supplementary
information of Rambo & Tainer, 2013'V). (a) Scattering
data of xylase and its fit to PDB file (1REF). Dotted lines
show Nyquist-Shannon sampling points. (b) Y7 @nd Rsas
as a function of g used for calculation. An arrow suggests the
practical resolution of this modeling.
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How to read publication guidelines for structural
modelling of small-angle scattering data from
biomolecules in solution

Tetsuro FUJISAWA Department of chemistry and biomolecular science, Faculty of Engineering, Gifu
university, 1-1 Yanagido, Gifu City 501-1193, JAPAN

Abstract Small-angle scattering (SAS) technique is now widely used for many structural biological studies.
However, the technical development is so fast and the user community is so expanding that the
community requires to establish the minimum reporting for assessing the quality of data and
models. In 2011, the IUCr Commission on SAS published a paper on the preliminary guidelines for
the representation of biomolecular structures from small-angle scattering data. In 2013, new as-
sessment methods for the data and modeling have been proposed by Rambo & Tainer. This
manuscript overviews these recent important advances for the standardization of SAS modeling,
and introduces them to synchrotron x-ray small-angle scattering users.
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