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Elucidation of the true picture of the hemoglobin allosteric equilibrium
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The molecular mechanisms of protein allostery have been attributed to the two-stat
e transition between T (tense) and R (relaxed) states, based largely on the knowledge about hemoglobin (Hb
). However, an equilibrium ensemble for solution Hb cannot be adequately described by just these two state
s. Here we report an unprecedented crystal form in which Hb is free to adopt any allosteric structure, dep
ending on the conditions, and at the same time allows oxygen binding to be monitored directly in the cryst
al. We identify nine conformations including a new intermediate between T and R. Our findings give a compr
ehensive picture of the equilibrium conformers and transition pathway for Hb.



Monod-Wyman-Changeux (MWC)
(1965) J. Mal. Bial. 12, 88
T tense R relaxed

T
Ky pH CI
40
Imai K. (1982) Allosteric Effects in
Haemoglobin. Cambridge Univ. Press

T
1970
30
Kr
Mozzarelli (1991) Nature

351, 416

PEG

T
T
T

pH CI

Mol. Biol. 251, 203

MwWC
T
T T R
TR
T
R T R
TR
Cr
T TR
T cr
pH cr
T
T
T
R

(1995) J.



TR

30

R R2

SilvaM. M. et al. (1992) J.

Biol. Chem. 267, 17248
R

Zeiss UMSP 80
Kofloc GB-4C

lijimaMC-7G-L galvanic O, sensor
R R2
C B6Glu—Lys

C
A

TR TR
TR

TR

Biswal
Vijayan  (2001) Curr. Sci. 81, 1100 PEG
R R2
CO
T
R R2
TR
R R2

Shibayama, N. et al.
(2011) J. Biol. Chem. 286, 33661

R R2
C
B6Glu—Lys R R2
R R2
R
C R R2 X
1.4 1.8
[PDB ID: 3S66 (R) 3S65 (R2)]
A
C2
Shibayama, N. et al. (2014) J. Am. Chem.
Soc. 136, 5097 al
B2 Cco

Ni(II)-Fe(II)



Shibayama, N. et
al. (2014) J. Am. Chem. Soc. 136, 5097 X

TR

1
alPl 02p32
2
9
alpl 02p2
4
9 al p2
JACS136:5097-5105, 2014
al B2

Co
Ni(II)-Fe(II)

alPl a2p2

Br B2 93 Cys-SH
SH
Shibayama, N. (2012) FEBS Letters 586, 74
Cys-SH

Naoya Shibayama, Kanako Sugiyama,
Jeremy R. H. Tame, and Sam-Yong Park,
“Capturing the Hemoglobin Allosteric
Transition in a Single Crystal Form” J. Am.
Chem. Soc. Vol. 136 (13), 2014,
5097-5105, DOI: 10.1021/ja500380e
Naoya Shibayama, “Symmetry Distortion in
the Human Hemoglobin Tetramer Induced
by Asymmetric Ligation” FEBS Letters

) Vol. 586 (1), 2012, 74-78, DOI:
10.1016/j.febslet.2011.11.027
Naoya Shibayama, Kanako Sugiyama, and
Sam-Yong Park, “Structures and Oxygen
Affinities of Crystalline Human Hemoglobin
C (B6 Glu—Lys) in the R and R2 Quaternary
Structures” J. Biol. Chem. Vol. 286
(38), 2011, 33661-33668, DOI:
10.1074/jbc.M111.266056

51
2013 10 29

50 2012 9
24

49
2011 9 16



http://www.jichi.ac.jp/news/research/2013/20140
327.html

M
SHIBAYAMA, Naoya
20196439

2

3)

PARK, Sam-Yong

20291932



