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Figure 1. (a) Poisson distribution for number of radiation tracks
traversed individual cell in various doses (L represents an average
number of tracks). (b) Schematic illustration of the cells irradiated
with high dose (L=5) and low dose (L=0.2).

ALERZAHZ EFITRAETHAZ bbb, TDED
BEND, o OIS INC B A BE L, [EFIC
R E S DM REFEOLERSRFHEIN, Thi ke
95~ A4 71— AMTERSEEESFHRE SN S L D10k
- 72, 3E0 Gray Cancer Institute??, »*[E® Columbia
University? Tid, TN ZNRNTFEEH /o< 7o —
LB AEEE S BRI N, ERWETIES T
N5,

oo~ A 7 —AfaBHEEDL, Brieny
DAhEVS T TERTF | #HWCEBTH S, BCKTIR
HABSHROFTOS FU/OFREPKEL, T F VIEHFR
W&o TIHICAD, AR Tafz kL, iy ORK
Wb EEbNTW5D, TDKDEHEE CRHCKTIHEHERE
DERNFROEYHEOWEPEELINTNSH, BAR
T T FVIC L2 BRI IR FHOF 5 U T T
0, ZNLADOBGH, 2F0D, XLy 70k
FHEHROTERA P NICEEIC /- T %, TDO XD
BT, FAlcbid, TREFEAEFL DTN TV WE
MEBONT BB OEW R E AT 572010, BaEx
AWz X~ A 7o — AMMaRHEEES C & 45t
L 725,

KFBEHRRO~ A 7 v — AR EEE T, fhdL -

214 © July 2004 Vol.17 No.4

Gray Cancer Institute IZ#BEK X H 2 FIH T 5 L DB B 5
N0, XMEROLD & L TR LOEENMEREYTH
%o WA AE R W/-REOSE & L Tidfihic Advanced
Light Source (ALS) @ X-ray Microprobe Beamline
(10.3.1) (T3 W TR E F IR O L BICBE 4 5 %
BN TEh, A4 78 —L0FHLHEEICAND
NTWBEH, HEDO LT AIF100 um IEDO YV — A% H -
TR EHROBRE TH 57,

WA XM~ A 7 0o — AMMIa B 27T LT O fEf
HIEL TERETL 7o
UL A AT LI/ VERETHS I &,

Mz EANC RS TE 5720 Trl, MlhaEoL X
WTEMZFIRTE LI b HNE T 5, 72, O
ICE-> TERTAXBOIRIVF -l arxzits, X
MOTTIVF =@ s, BEPICT7 5 FVBRIE N
EEICAL B HEFORELELS, oM7Y —
LfEo THZDOFEIMC TNV F—FE/RI > TLZF
Do KFTD5EkeV DIEFDOMRET0.78 um, 10 keV
Ti325um THLHDT, bkeVEENREHE L\,

s U—AIRARDO T LEESMICEHINS C &,

FRBICH W AR EEEME T, BEEEEROT
4 vV A lCE e AN THERES NS, EReEOREZL
IEHEOAEBP &M #1872 5> OT, HHER S »24WF
HHNCER O B 5 FEER w17 5 1T Mg OB S D2 I
FETI 0y L7 T, T v v 2 T EM - L/cE s
ORETHIEZBETES X DIT, B EXHE -4
SIBGIDHEAWTERBEICKHASE, Tvv2DF2b
WBH I 2 HREHAL 7o SIGIDHEORHEHVTWS
DT, XBOTXI)VF—(35.35keVICREINS Z LI
AWM, T, iRl TXREFORERL Iz OV
BELT | O&MFziizL T\\W25,

* MR ORI MBS G TIT D C &,

& b —Mry i iaRZ & 0 - 7o IR T, MR A Ot
FTHMAL, ZOMNCEBGR IG5 LI k> TH
DM E T 5 LI bh, HEEFE T DMl
ISR A O & IRST 3 5 L MIlRICIBG 7 5 2 A REM:
BB BHDOT, MEEFEORE L LUK OMEE L5
SELS M2 B LEDR DB, £ DI-DICEEED CCD 7 A
F AT,

c VIR TEH S OMilaA B TE 5T & ON AV—TF

v o

MBI A B DI\ DITIE, 725N < EkF
BICHEH 2T\, ZD7-, MilaOiRa#ks LURS %
HEMLT A5 LD %HIHAEY 7 Y o 72T 5,

3. B XA U0 —LMARRHESE

BHHX B~ A 7o —LrfilaBHEREDO Y AT AN
% Fig. 212, A0 EE% Fig. 31IRr¥, COEET
)~ A 7BV —A"ELIDONSFR, QR ZRET S



SEEREAMT

EREBSHROEMZERROICODOHPFA XY A4 70— LERRIEE

Image analyzer &
system controller
1
— |ComedCCDcmmem|
Fluorescence
microscope
(- 1
. ! Shutter for
Sample dish excitaion light
» | Motorized stage
—_— Slit
I Shutter for X-ray | _
Monochromatic
X-rays
* K-B mirror
system
y Reflector /}
using Si(311)

Figure 2. Microbeam irradiation system for radiobiology at the Photon Factory.

Figure 3. Photograph of the microbeam irradiation system for
radiobiology at the Photon Factory, BL-27B.
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Figure 4. Size of microbeam focused by the K-B mirror system.

FWHM is about 2 micrometer.
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Control software for the microbeam irradiation system. The software can control all of the processes includ-

ing image-capturing, image analysis, stage movement and X-ray irradiation.
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Figure 7. (a) Human fibroblast cells irradiated with X-ray
microbeam. Irradiated area in the cell nucleus could be successfully
visualized with y-H2AX immunostaining (green). Nuclei were
stained with propydium iodide (red). Difference in size of the
stained area can be easily recognized when compared between cells
irradiated 5 um beam and those irradiated with 10 um beam. (b)
Size of the microbeam visualized with the scintillator dish. The scale
is same as (a).
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Figure 8. Dose dependence of DNA double strand breaks visual-
ized with y-H2AX.
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Development of photon microbeam irradiation system for

low-dose radiobiology
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Abstract

Risk evaluation of low dose irradiation has been great concern for human societies utilizing modern technologies.
We have succeeded in developing an X-ray microbeam irradiation system using synchrotron radiation, by which
we can recognize cells individually and irradiate one by one with desired dose of monochromatic X-rays. For the
performance test of the system, especially accuracy and repeatability of the positioning, the cell irradiation experi-
ments were performed. Irradiated area in the nucleus of human fibroblast cell could be successfully visualized with

gamma—-H2AX immunostaining.
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