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AWFFECBNTIE, BIEEE Y FRH2E (Superconducting Single Photon Detector; SSPD) % FCS
BAMEEICF2HE U, AN TS 2T 5 72 0 ORI & U TREEDFHEI L AT A2 BI%
1To7, SSPD I b &b & &I EHE DT OIZHTE S/ H O T 1550 nm OFRIMNEIZ @b L Tuiz
2, FCS BAMEHICHIA T 2 72 DI AL DM B CHMI TE D2 LENH Y | AR TIE. £
W Rdg (400-700 nm) T 7 SSPD OB 41T o7, £72. 4% SSPD OH JJHEICH N TE D
FHBEZR N M o 72D C, w2 U L—& — (%) O AT o7c, T b OEFREIT2 & LT,
HOCTAMEBE A~ DI AA I E 1TV, SSPD & AHREZR O AN e MEREF i 21T~ 72, 9, &taFETHHu
— & U OKEEF TOZEFEEZRE L, SSPD DX/ A AN EOREERERERITKBE S D0, 5EkD
APD RO EE A58 (PMT) & ELle U 7223 &3l - M5t L7z, I, BA%S L7z il Il SSPD 45
K ORI & L — I — I O BRI SEEE U IR TSR B R O s AR BIIE 21TV,
Fo3 e EREN B D Z L BMERE L2 T, & HICAEMI T ORI EARBEREIE AT o 72,

AT Rk RS SSPD o fUfEIx, SEELE (ESIHFZERRS I N SLE S A Feriss - Bspfses) o
DI N—THPT, EEMEERRB KO Y 7 b Y =7 OfEIT, MBEAKRS (BRESHENREE s A
T LBRFEE) DT o Tz, B S AT R R EGE SSPD & EdiH R 0 FCS BIEE A~ I3 1%, b
A (AEHRE R PR PR AR B AIFIERT - BIB) O 7 N—T 0T o0z, RN TOFHIZ § &1Z,
VR ZE (KBRKF KRB MPEREI LR} - #d%) DO N —7 NAMRIZE T 5 EE i 27 A
DFEFEFBRAIT O & L biT, RSB EHIE L. MR R E 2D,

A% 28 AEEE 1L, SSPD OBARICHB VT, v E TR L C& - alaEk SSPD % & &2, J&E
CEMEREDOMNLZ B LT, 4 €27 B/ SSPD 7 LA DR EITo72, 4 7 BT LA O E L
TAVH—V—TRIZHA L, £724 2%/ SSPD 7 L A 6 DIE 5 24 5 Hk & L SFQ [H]
AT L Z &Ik, BRI EEERE DML 2 FEHL Lo, rHeET Mmitizh¥E 70% 0 SSPD
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ZEIT DL L BT, BfFRE LS LT 100MHz 2 FEE8 L7z, HHEZRE 70T Y X LAORFEITIBW T,
SSPD 23 b L7z 2 Lokt LT, H/MHBREE 5 - / LT omdfifss 2 A Lz, misek &
T % Ao 2 72 AT R = RS SSPD 35 LY SSPD O i dMEREIC i T & 2 mEnd i BAZR OB I &
ST, EETO FCS FHUMMNAIRRIZ /2 o 7c, Wk I K OVEMBIF COEFEREBRDOT A R r—2 & LT,
FEIRDI 373> TV D IEAERME TH S Qrod (4nm x 20nm) % > TEHAI L7265 R, MRV Q-rod DA
A2 BV E TR 2 2 SICkE Lz, &6, 8y v B<Thsd GFP #X7F KU 7
—IZRV@EEL1, 3, SEKL LY T ALENR GFP 2 W T, BilkH I L UM To FCS FHH
ATV, FEHEYEB OGN K0 # 7 AL EBEROFRINFRETH D Z L2 EFELTZ, ZAUT XD [BHEHL
BEHETIUE 2 8BRS 8 BIADO L) ICHIEWEZ Lo UV EERINTE D alEEN i C& iz, £
ZC, MREMEBOBEBERK EE X DNDEEN Y V0B EAWT, EiE FCS HIE Y AT ADHEFE
FREATO Z LI LTe, 2D, TAINAY—IRORERE L THLNTNDT I e A FBXTF R
DUFERSC, FHZEMEEMIZREEAE (ALS)DEIK &5 2 51T\ % SOD1 ¥ 2 /37 B> TDP4A3 ¥ /R 'E
DEFERIFIR 2306 & U CaEHBE ORE AT o 7o, ORGSR, EMIN T I GEEME X 7 BOIR
JE S BARO B ATRENE A2 31 L. JREEDBAIHIRZ NG T& A TREME AR LT,

In this research project, we implemented superconducting single-photon detector (SSPD) in a FCS
microscope and developed ultra high-speed optical measurement system for detecting chemical reaction in
living cells. SSPD was originally developed for communication and was optimized for infrared light at 1550
nm. In order to use it for FCS microscope, it is necessary to detect light in visible wavelengths. Thus, we first
developed a highly sensitive SSPD in the visible wavelength region (400-700 nm). Also, initially there was no
correlator that can correspond to the output speed of SSPD, so we developed a high-speed correlator. Based on
these element technologies, we incorporated them into a fluorescence microscope and carried out evaluation
of SSPD and correlators. First, we measured the behavior of rhodamine as a fluorescent dye in an aqueous
solution and evaluate the low-noise property of SSPD in measurements, compared with conventional APD and
photomultiplier tube (PMT). Next, we implemented the developed visible-wavelength high-sensitivity SSPD
and high-speed correlator on a laser confocal fluorescence microscope and measured the fluorescence
correlation of the fluorescent dye in solution and confirmed that it had sufficient performance. Then, FCS
measurements were carried out also in the cells.

Production of the visible-wavelength high-sensitivity SSPD was carried out by a group of Hiroaki
Terai in National Institute of Information and Communications Technology. Production of the high-speed
correlator and correlation software was carried out by a group of Kohtaro Okada in Chinou Jouhou Shisutemu
Inc. Implementation of the developed visible-wavelength SSPD and high-speed correlator into FCS
microscope was carried out by a group of Akira Kitamura in Hokkaido University. Based on measurements in
solution, Yasushi Hiraoka (Graduate School of Biological Sciences, Osaka University) carried out experiments
FCS measurements in living cells, and supervised the overall research for publications and patent applications.

In the fiscal year 2016, in the development of SSPD, based on the visible-wavelength SSPD
developed, we developed 4 pixel SSPD array aiming at compatibility of sensitivity and operation speed. We
adopted the interleaved configuration as a 4 pixel array configuration and improved compatibility between

detection efficiency and operation speed by developing SFQ circuit as a technique for processing signals from
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4 pixel SSPD array. We realized SSPD with detection efficiency of 70% in the visible wevelength and 100
MHz operating speed. In the development of correlators and algorithms, a high-speed correlator with a
minimum correlation time of 5 nanoseconds was put into practical use in response to the high speed of SSPD.
Development of high-speed correlator that can cope with high-speed outputs of SSPD in combination with
high-speed visual-wavelength SSPD have enabled FCS measurements at high speed. As a test case of
experiments in solution and in living cells, we measured Q-rod with a known shape (4 nm x 20 nm), and
successfully detected the rotational diffusion of Q-rod. Furthermore, we carried out FCS measurements of
tandem multimeric GFP in solution and in the cells, and demonstrated that multimeric GFP can be identified
by measuring the rotational diffusion. Thus, we decided to carry out experiments of high-speed FCS
measurements using proteins that are considered to be a direct cause of neurodegenerative diseases. Therefore,
aggregates of amyloid P peptide known as a cause of Alzheimer's disease and aggregates of SOD 1 protein
and TDP 43 protein which are considered to be a cause of amyotrophic lateral sclerosis (ALS) were tested for
FCS measurements. Results showed the possibility of detecting the low multimer of these aggregating

proteins in living cells, raising the possibility of application to the diagnosis of diseases.
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