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Crystallography enables us to obtain accurate atomic positions within proteins. High resolution X-ray crystal-
lography provides information for most of the atoms comprising a protein, with the exception of hydrogens. Neutron
diffraction data can provide information of the location of hydrogen atoms, and is complementary to the structural in-
formation determined by X-ray crystallography. Here, we show the recent result of the structural determination of drug-
target proteins, porcine pancreatic elastase and human immuno-deficiency virus type-1 protease by both X-ray and neu-
tron diffraction. The structure of porcine pancreatic elastase with its potent inhibitor was determined to 0.94 A resolu-
tion by X-ray diffraction and 1.65 A resolution by neutron diffraction. The structure of HIV-PR with its potent inhibitor
was also determined to 0.93 A resolution by X-ray diffraction and 1.9 A resolution by neutron diffraction. The ioniza-
tion state and the location of hydrogen atoms of the catalytic residue in these enzymes were determined by neutron
diffraction. Furthermore, collaborative use of both X-ray and neutron to identify the location of ambiguous hydrogen a-

toms will be shown.
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Fig. 1. Neutron Scattering Lengths and X-ray Scattering Factors for the Atoms Comprising Protein Molecules
The size of the circle represents how the density for each atom can be observed.
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Fig. 2. Protein Structures Determined Using Neutron Diffractometer for Biomolecules (BIX-3 and 4) Installed at Research Reactor

(JRR-3) in Japan Atomic Energy Agency
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Fig. 3. Example of Neutron Diffraction Image Obtained Using BIX-4

U7z RIR A E RS G T 2 & (BIX) NVEkiE
INE.Y COEBIEXENHOZODICERI N
DT, ~BOTATFIv I I—YNRFHTES
E—LF A LRZDTNTHS. HIE (2009 4 )
D& A, J-PARCIZ20kW OH S TiEiRINT
Wb, FHTE—LDY )N EREERITAD
AEFHICE > TWinng, &K 85 ER) 12

IMW TOEENEES E, BIEXD S 50 FOHE
EIZEET 5. J-PARC THESN 2 DIV A H#E:
FTH2DT, HHFOESEBEIZRETFHRMETX
DBV, KRLIREEZGD (AR BT
L5EHTF—% ZRHEB L TRETZ2 2 LIk >T
SHERANCINET B 2 ENTE, TONENRITEM
fex =T o 50-100 fEEidHE SN TWS, L



660

Vol. 130 (2010)

a)-Research Reactor &

Accelerator Research Complex ;

(J-PARC)

Fig. 4. Two Representative Facilities for Neutron Sciences Established by the Japan Atomic Energy Agency (JAEA) in Tokai, Japan
a) Research reactor (JRR-3) and b) Japan proton accelerator research complex (J-PARC).
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X-ray

Neutron

Fig. 5. Shape of Water Molecules Bound to Proteins Observed Using Neutron Diffraction
Light gray circle represents oxygen position determined by x-ray diffraction. Since the neutron diffraction experiments are usually performed using D,O instead
of H,0, we can observe D,0O (colored in dark gray) by neutron diffraction. Right side figure represents the nuclear densities for water molecules bound to myo-

globin.
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Fig. 6. Active Site Structures of Drug Target Proteins with Bound Inhibitors Observed Using Neutron Diffraction
a) Oxyanion (Oy2) derived from a bound inhibitor FR130180 to the oxyanion hole of porcine pancreatic elastase. b) Ionization state of the catalytic residues
(Asp25 and Aspl25) of HIV-1 protease and the structure of bound inhibitor KNI272.
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