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Direct observation of the ligand-dissociation dynamics of the hemoglobin

Sato, Ayana
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To trace structural changes of carbonmonoxy hemoglobin associated with
ligand photolysis, the X-ray crystallography under laser irradiation conditions were carried out.
Using a set of coordinates of those intermediate states of hemoglobin, the quantitative conformation

change in inner subunit and intra subunits of hemoglobin were appraised. The sequential structural
change in each subunit propagated across the overall tetrameric molecule and produced the quaternary
conformational motion.



[1-3]
NMR

[1] F. Schotte et al., Science 300
1944-1947 (2003).

[2] J.E.Knapp et al., Proc. Nat. Acad. Sci.

USA 103, 7649-7654 (2006).
[3] Z. Ren et al, Biochemistry 40,
13788-13801 (2001).

- Laue

3
3 4
4
X
[4] 100 K 140 K
X
Laue

Photon Factory
Advanced Ring (PF-AR)

NW14A[5]
80 [6]
10Hz -
X NW14A 2
X
S/N 2
CCD
NW14A 2
X
X
Laue
PF-AR
X
150
150

[4] A. Tomita et al., PNAS 106, 2612-2616
(2009).

[5] S. Nozawa et al., J. Synchrotron Rad. 14,
313-319 (2007)

[6] L. J. Noe et al., Proc. Nat. Acad. Sci.
USA 75, 573-577 (1978)



H1. AR OECOUEREE

£

H3. AESAE L OR—SEDEE

DP, Xel, Xe2, Xe3, Xe4,
Xeb,Ex1, Ex2, Ex3

DP -> Xe2 -> Ex3
DP -> Xe4 -> Xeb

14

71

Difference Distance Matrix Plot = DDMP

H4. VA FEEEREATETCRATND

Difference Distance Matrix Plot

DDMP

840

K5. ¥EERIE TODDMPE



al
SRR S e i TN B _A. 8 L E_f.6 .M oA 8L CE F 8 W
4 4 xns T
“| o by L
ull ol £ |
3+ 4 g
wf u «
: d i
i rr
=i T = ;
off vs 20 min 20vs 200 min 200 vs 380 min
L. E .8 W
680 vs 860 min
B6. 777 AN EEEL
pt
w20 S 40 Sl el AL BF FE 6 N A BC D E_F G _H
y ) b | T
.| -l =lfFE T S
o ol < i
N - :
a . R e b
“| ol (TP
. | offisg H
= r‘ { x‘ it
off vs 20 min 20 vs 200 min 200 vs 380 min
T A g
680 vs 860 min
E7. A—2HAORENTEEEL
p1
poiiix i Pl S St E NoBE-DE P 6. Mo
o = =0
- I o
ol| ol wlf =
s dataf
5 : 41
“ E t o
q q | o
:| ,‘: g s
off vs 20 min 20vs 200 min

S e T IR T £ |

680 vs 860 min

E8. P77 —_R—22EHRANERMNTEETE

a2
T i e AL N B 2R Bl B Rl o TS e S A
) e |
o o o of i
ul ol T i wllf ——417 -
3 et g
« w N
o o o {
4 d .
off vs 20 min 20 vs 200 min 200 vs 380 min
A B C B F 6 M
At | T
380 vs 680 min 680 vs 860 min

Ho. FILIJ7HEEOEBAYTEEE

DDMP

Laue

20

, vol.56, 2014, pp.253-258,
http://doi.org/10.5940/jcrsj .56.253



11

Ayana Sato-Tomita, Naohisa Happo,
Sam-Yong Park, Kouichi Hayashi, Yuji C.
Sasaki, Naoya Shibayama, X-ray
fluorescence holography for proteins:
Application to hemoglobin and myoglobin” ,
The Biophysical Society 61th Annual
Meeting, February 10-15, 2017, New
Orleans, United States.

10
2016 12

Ayana Sato-Tomita, Naoya Shibayama,
Naohisa Happo, Koji Kimura, Takahiro
Okabe, Tomohiro Matsushita, Sam-Yong
Park, Yuji C. Sasaki, Kouichi Hayashi,
“ Visualization of iron environments in
hemoglobin using X-ray fluorescence
holography ” , VUVX-2016 satellite
workshop: Local 3D atomic and electronic
structure imaging of functionally active
sites, July 1, 2016, University of Zurich.

Visualization by X-ray
fluorescence holography of  metal
environments in hemoglobin 53

2016 11 26

Ayana Sato-Tomita, Shin-ichi Adachi,
Sam-Yomg Park, Yuji C. Sasaki, Koichi
Hayashi and Naoya Shibayama, “ New

structural analysis methods for
hemoglobin crystals. Time-resolved
cryogenic X-ray crystallography with

extended pulsed-laser pumping and 3D
imaging by X-ray fluorescence holography”,
The Biophysical Society 60th Annual
Meeting, February 27- March 2, 2016, Los
Angeles, United States.

29

2016 1 911

2015 11

Ayana Sato, Structural dynamics
measurements of the intermediate states
in the ligand-photolysis of hemoglobin” ,

53 2015 9
13-15

Kyung Hwan Kim Hyotcherl IThee

3 2015 3

26
2014 11 1 3

X-ray crystal structures of
carbonmonoxy  hemoglobin  photolysis
intermediates 52

2014 9
0
o 0
o 0

@
SATO, Ayana



