
CENP–T

1

– ( )

Ndc80 Centromea Protein T (CENP–T)

(MD )

( 1 )

1
CENP–T

Ndc80

Ndc80

[4]

CENP–T Ndc80 Spc24/25

Spc24/25 CENP–T CENP–T

CENP–T 72 74

Spc24/25 Spc24/25

( 2 T72D R74

)

CENP–T MD

CENP–T (T72D,S88D) Spc24/25 (PDB ID: 3VZA)

(pT72,pS88) Spc24/25 CENP–T

CENP–T 100 ns MD (T72D,S88D)

(pT72,pS88) 72–74 CENP–T

Alchemical Free Energy

2

MD Alchemical Free Energy (AFE)

CENP–T Spc24/25
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2 CENP–T (63–93 ) –Spc24/25 (PDB ID: 3VZA)
CENP–T R74 Spc24/25

72–74

AFE

Bennet Acceptance Ratio (BAR) (FEP) (TI)

– AFE

–

CENP–T (T72D,S88D) Spc24/25 (PDB ID: 3VZA)

(pT72,pS88) TIP3P

AMBER99SB Homeyer

[3] NaCl

CENP–T CENP–T–Spc24/25 ( 1) MD

GROMACS-2018 [1, 5] 300K·1bar ·
Langevin Berendesen CENP–T

30,000 40,000

1 CENP–T (3VZA) (WT)
(phosho) CENP–T CENP–T–Spc24/25

3VZA(T72D,S88S) WT phosho(72pT,88pS)

1 499 1 500 1 507

9655 28965 9636 28908 9758 29274

Na+ 1 1 0 0 2 2

Cl− 0 0 1 1 0 0

3VZA(T72D,S88S) WT phosho(72pT,88pS)

1 3159 1 3160 1 3167

12606 37818 12606 37818 12586 37758

Na+ 3 3 1 1 4 4

Cl− 0 0 0 0 0 0

MD 100 ns
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AFE Alchemical-analysis [2] Alchemical-analysis MD

Bennet Acceptance Ratio

3

3.1

6 ( 1) MD ( 3) 3(a)

CENP–T (60–93) (RMSD) (b) CENP–T (60–93)

(c) / 72 74

CENP-T / Spc24/25

3 (a) 3vza/ / CENP–T (60–93) (RMSD)
(b) 3vza/ / CENP–T (60–93) (c) /

72 74

3.2 /

MD AFE

4(b)

BAR (T72D,S88D)

(pT72,pS88) ( 2)
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Δ

Δ

Δ

Δ

Δ

4 (a) (b)

2 / BAR (kcal/mol)

ΔGbinding
mut. ΔGunbinding

mut. ΔGbinding
mut. −ΔGbinding

wt

WT → T72D -148.1 27.6 -175.7

WT → pT72 -454.9 -277.4 -177.5

4

MD

Ndc80 Spc24/25

CENP–T CENP–T CENP–T

72 74

Spc24/25

CENP–T

(T72D,S88D) (pT72,pS88)

Spc24/25 CENP–T CENP–T 100 ns MD

(T72D,S88D) (pT72,pS88) 72-74 CENP-T

Alchemical

Free Energy

[6]

2019 · ·
Reedbush-U (JCAHPC)

4スーパーコンピューティングニュース� Vol.�24,�No.2　2022-  72  -



[1] B. Hess, C. Kutzner, D. van der Spoel, and E. Lindahl. J. Chem. Theory Comput., Vol. 4, p. 435,

2008.

[2] P. V. Klimovich and D. L. Mobley. J. Comput. Aided Mol. Des., Vol. 29, p. 1007, 2015.

[3] H. Nadine, A. H. C.Horn, L. Harald, and S. Heinrich. J. Mol. Modeling, Vol. 12, p. 281, 2006.

[4] Tatsuya Nishino, Florencia Rago, Tetsuya Hori, Kentaro Tomii, Iain M Cheeseman, and Tatsuo

Fukagawa. The EMBO Journal, Vol. 32, No. 3, pp. 424–436, 2013.
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