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HiPIP 5 L U b5R OfEfhIT b & b EEW S REET 2L
TW/e1012) | 22T, TE A2 EAE TR % e
T 572010, MLrVF— (EHER) OXBEFALL
ElPrSEER S AT RE e S A ¥ Y — L5 4/ (SPring-8 &
BL41XU) ICBWTHIEEZB k-7, EBBD XN
JBEICEWTh, 1EOKBOREH? D, ROV T F—
ZYy FHRBL 7, HIPIP 0843 E5 R, o
HE, (K fRAED 3 D, bSR OBEITIT S IRHE, (K5 f#
BED 2 DIZ5EIL CTHIE L7, EaMEET — X OHIEIC
BT, NUDIVT— X PEEPIC LD Edha WA S
HaN0 XHaRH L, BHEAEYS-D O X FRRIEE &
%105 Gy BEICM 2 72, THITEE OREMIT TR &
SN LB R (~107 Gy) & NS EIEFITEWA,
COEDHEMELMTLEAT TOEPTIKE E MRS ST
EMTER, BT TTF—F v b e~v—Y L ofE,
HiPIP icBJ 1 Ci30.48 A, b5RICBIL Ti30.78 A 4 fighe
DF—RYy FuEHT LN TE/ (Table 1),

Table 1 Crystallographic and refinement statistics.

HiPIP bSR
Data collection
Beam line BL41XU BL41XU
(SPring-8) (SPring-8)
X-ray wavelength (A)  0.45 0.65
X-ray energy (keV) 27.6 19.1
Detector MX-225HE MX-225HE
(Rayonix) (Rayonix)
Resolution (A) 20.0-0.48 31.9-0.78
(0.50-0.48)2 (0.79-0.78)
Space group P2,22, P2.2:2,
a, b, c (A) 46.48, 58.91, 23.44 48.48,72.11, 84.91
Ruerse (%) 5.6(33.9)a 7.1(118.6)*
I/o (I) 61.1(2.7)a 28.8(1.1)a
Completeness (%) 96.3(89.0)2 99.1(89.5)2
Redundancy 5.4(3.0)2 6.7(4.7)a
Refinement
Resolution (A) 20.0-0.48 31.9-0.78
No. reflections 301,119 332,946
Ryorc/Rivee (%) (ISAM) 8.24/8.63 12.6/14.4
Ryork/Riree (%) (MAM) 7.16/7.80 12.2/14.0
No. non-H atoms 1,105 3,088
No. H atoms 862 2,083
PDB-ID 5D8V 5GV8

2 Highest resolution shell is shown in parentheses.
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T, WE O LHERNT THH SN AL RRIE T
7 )l (Independent spherical atomic model: ISAM) T &
BEFHELRF AR L TR Z 5 ik - /oo BITHIRE
HF O KFEIR T OBAR, FopsFeae ¥ v THOKREF O
FLEFIC ISAM TR O D7 WER AR T HIE SR C
&7z (Fig. Do CNOHDERKETHEL, TOMESLES
PORBEETRPFLEFET N TH AL ERABR B IM
7o £CT, ThHLOBRETFEZMET - L TEHEIL
IO AN S EPERER BT R FE 50 (Multipolar
atomic model: MAM)16iC L AR EEMT 4 35 2 7% - 72,

MAM f#HT i, Bl 4 DERFOET EE patom 13 PR E
FILEHBDOLMEFICE L DDICHE SN, iETO
FEBRIR 7 A0 1 FEEERE S RBIEL yim = 1Z RBACREL Py % 8
JTRLEDESLZ ETREINS,

Patom (r) = Pcore () +Pva1K3pval<K7')
+ 23R (K'7) 2 P+ (6, 9) (1)

Peore FERARICIE NS M7= ARE THE, pra R T O
FEEOHRR S, & kK (FBFEDRN Y BEHET
KT R 1AL =% — BB, P (T2
EIET B EHCH S,

4E0O MAM (2 % A @I C1k, MoPro 7117

Fig. 1 (Color online) Residual (F,u-F.,.) maps after the ISAM
refinement. (a) The side chain of Trp74 in HiPIP. The con-
tour interval is 0.05 e/AS. Positive and negative values are
colored in blue and red, respectively. (b) The isoalloxazine
ring of FAD in bSR.
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F AL 72,
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Fig. 2 (Color online) Topological analysis for b5R. (a) The
gradient vector field map around the isoalloxazine ring of
FAD. (b) The Laplacian V2pgcp map. Positive and negative
values are colored in blue and red, respectively. Bond critical
points (BCPs) and ring critical points (RCPs) are represent-

ed as ““+’’ and ““ X ”’, respectively.
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5. fRIAEER

5.1 XT7FREE
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IS AEFEEPFAEL, 7 I FKRESZOIEEFX
EHEEHL T akkT 2R T &/ (Fig.3), %72, @
WO XN BRI \WTd, E#HOXTF PSS
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BPRICEELGT G2 L TWHEEZ LN L,

(Color online) The static deformation map of a peptide
bond in HiPIP. The gray surfaces represent electron densi-
ties at contour levels of +0.1, +0.2 and +0.4 ¢/A3.

Fig. 3
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(Fig. 4),
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WORED FICE K DFEMmDP IR INTE/, Lo LR
5, ZVX7BRICE VT, WRT EEBORY RTF
P& ORNCEHOMINEH BT 5720, ks EIRE
OfRF L3R ABFBENLELIN TS LT
FILEZ BN,

HiPIP DA A7 7 5 AX —1F, 4 DDV AT A VK
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S 7 T AR =% L T\5 (Fig.5), W& ORF
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Fig. 4 (Color online) The static deformation map of Trp74 in
HiPIP. The gray surfaces represent electron densities at con-
tour levels of +0.1, +0.2 and +0.4e/A3.
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DO EDOMBP L BE SR L T\, E/z, FAD D
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VTS KD RS RIL oo & REE S S C L AARETH
%2, ZOFBEE FAD O A Y 7 0590 /B A
L7k, V7 2@+ 5 C-CHRAEICOVWTE, ¥
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Fig. 5 (Color online) The static deformation map of the Fe,S,
(Cys-S,) 4 cluster in HiPIP. The gray surfaces represent elec-
tron densities at contour levels of +0.1, +0.2 and +0.4 ¢/
As.
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Fig. 6 (Color online) The static deformation map of the isoalloxa-
zine ring of FAD in b5R. The gray surfaces represent elec-
tron densities at contour levels of +0.01, +0.2 and +0.5¢/

A3,

Fig. 7 (Color online) The static deformation map for the interac-
tion between S, of Cys61 in the Fe,S4(Cys-S,), cluster and
the side-chain of Phe64 in HiPIP. The gray surfaces
represent electron densities at contour levels of +0.1 and
+0.3¢/A3.
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B 5 b5 DFEGTALTH 5, N5 25 Hisd9 ORIFEN DL
Hid, HMPRKFEEOAERETALDE, INHD
JEH A KFERE A AR5 2 & TREICEHEL %5
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Fig. 8 (Color online) The static deformation map for the possible
electron pathway. The gray surfaces represent electron densi-
ties at contour levels of +0.01, +0.2 and +0.5 e/A3. Bond
paths for hydrogen bonding are represented as black curves.
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CO(Thr66)

Fig. 9 (Color online) The static deformation map for a water
molecule bound with FAD in b5R. The gray surfaces
represent the electron densities at contour levels of +0.01,
+0.2 and +0.5 ¢/A?. Bond paths for hydrogen bonding are
represented as black curves.
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Charge density analyses of proteins using
synchrotron X-ray data at ultra-high resolution
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Kunio MIKI Graduate School of Science, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan

Abstract The shape of electron density of each atom in the protein molecules is closely related to the chemi-
cal property of the atom. However, hydrogen atoms and valence electrons of proteins, which de-
fine the function of the protein, cannot be observed due to the limitation of resolution in crystal
structures. At ultra-high resolution higher than 0.8 A, on the other hand, the charge-density analy-
sis with the multipolar atom model refinement procedure enables us to determine details of elec-
tronic structures of proteins. In this review, we will show our recent results for high-potential iron-

sulfur protein (HiPIP) and NADH-cytochrome bs reductase (b5R).
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