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RIKEN structural blology beamline I (BL45XU) is an undulator beamline with two branches. One is for
protein crystallography (PX) and the other is for small-angle x-ray scattering (SAXS). The beam is split-.
ted into the two branches by diamond monochromator so that PX and SAXS experiments can be done

simultaneously [Yamamoto et al. (1995) Rev. Sci. AInstrum. 66, 1833-1835]. The SAXS branch was
designed for studymg the weak interaction of protems or subumts of fibers or protem solutlon especxallyf :
~ using hydrostatle pressure The clean and stable optlcs were reahzed by an undulator source with diamond = ,
;monochromator and a K-B type focusmg mirror system The OptICS was optlmlzed at the wavelength of :
10 A rather than 1'5,,A whlle the lower limit of recordmg angle is small (d 1400 A 1y, Colhmated beam .
 hasasizeofO. (T 0:3?mm (horlzontaI X vertlcal) with a. ﬂux of 1x1012 photons at 100 mA. In order to cope
- ,Wlth hlgh ﬂux of the beam an X-rayi image 1nten51ﬁer w1th a cooled CcCD camera (Hamamatsu Photomcs) -

. - is used. The use of thls detector to solution X—ray scattering. has been systematlcally studled
- Key word synchrotron radla’uon, small—angle X-ray scatterlng protems m solutxon :
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Figure 1. Principle of small-angle x-ray scattering.

This figure indicates the flow of small-angle x-ray scattering, especially solution system. In solution particle can take ran-
dom orientation, its scattering becomes isotropic and a function of scattering angle 26. Pair distribution function is the
distribution of the distances between two atoms inside the particle.
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Figure 2. Layout of the BL45XU-SAXS and schematic of parasitic scattering (a) the layout of the SAXS branch of
BL~45XU; (b) schematic of the origin of parasitic scattering.

Table 1 theoretical beam size at various position

S
- ,:,’,kkzy.‘3’5q" F

. Vertical  Horizontal (Exp.)  Vertical (Exp.)
. 2350 oo 2356 2350

‘ Miljrof ... 1.90mm ",‘:0,84r‘nm S - 101mm L 077 mm
foous  03mm  0.02mm L 035mm . 015mm
. ~ 0.55mm 0imm . 06mm . 05mm
1.74mm 070mm  1.09mm  09lmm
; 07lmm °  020mm | 07mm . 0.59mm
 Parasiticregionl  026mm  Ollmm o . Nodata
Parasitic'rcgionz G 2'.‘37',{n'm o }lv‘~1.‘9,4mm' : g ns e R S
Dmaxl (1.8m)  6927A~'  16422A'  1400A~' (2.2m), 1200A-! (1.8m),
Dmax2 (1.8m) . 756A-1 93A- 580A1 (1.0m), 340A-1 (0.6m)
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Figure 3. Layout of experimental hutch

(a) the camera set at 1.8 m camera; (b) the camera set at 0.6 m. The vacuum tube and chamber are made of plastic in
order to reduce weight. A sliding arm is installed inside the vacuum chamber. The head of the arm holds Kapton film. By

inserting the Kapton film absorption will be measured.
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Figure 4. SAXS pattern from polystyrene latex.

The weight concentration of polystyrene latex was 5.1% dispersed
in 52.1wt% glycerol. (a) Collection time of PSPC and XR-
11+ CCD were 600 sec and 350 msec, respectively. (b) Center area
was masked so as to cut incident x-ray. Collection time of 15 mm¢
mask and 30 mm¢ mask were 10 sec and 12 sec, respectively.
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Figure 5. Size distribution obtained from a reconstituted SAXS

profile with XR-II+CCD. (a) Size distributions calculated from
SAXS profiles without correction for detector distortion (solid line)
and with correction (broken line). Within this region, it is very
difficult to see the difference between these two. The peaks of the
size distributions are at 1250 A with a half width of 43 A and at
1250 A with a half width of 48 A, with and without detector correc-
tion. (b) The fitting of (a) in scattering intensity. Solid circles and
open circles are data points with and without detector correction,
respectively. The solid line and broken lines are fitted scattering in-
tensity with and without detector correction, respectively.
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Figure 6. Box refinement procedure.

1. The phases are calculated by Fourier transformation of initial arbitrary electron density. 2,Signs of each peak of scat-
tering intensity are assigned based on the phases. 3. Electron density is calculated. 4. Electron density over given radius is
set to zero. 5. The phases are calculated from electron density given by procedure 4, then go back to the procedure 2.
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Figure 7. Calculation of radial density distribution from apoferri-
tin. Fitting result of radial density distribution (a) and its cor-
responding result (b). Solid circles are SOXS from X-II+CCD,
open squares are those from PSPC. The broken and solid lines are
the fitting of XR-1I+CCD and PSPC data in the range of 9<0.20
A-1, respectively. (b) Corresponding result of fitting is shown. Sym-
bols are the same as in (a).
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Table2 A Gulde for the usage of XR-II+CCD detector in SAXS
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