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Neutron D/H contrast crystallography for hydrogen and hydration analysis of
macromolecules
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i o Neutron protein_crystallography has an advantage on detecting hydrogens in
protein, hence it is a powerful tool to investigate hydrogen and hydration structures of proteins.

The difference of neutron scattering lengths of deuterium and hydrogen provides the high contrast in
neutron Fourier map, and this contrast (D/H contrast) is expected to imporve the accuracy of
neutron protein crystallography.

In the present study, we developed programs and conducted neutron diffraction experiment using the
latest neutron TOF diffractometer, in order to put our new D/H contrast algorithm to practical use.
The program with graphical user interface has been completed and successfully passed in test runs.
In the neutron experiment, good diffraction images have been given using large protein crystals.

D/H



X
DNA
(Chatake et al. 2003)
al. 2007)
/ (
(D] (D0) (H20)
) (D20
©)
D.O H.O
1
1(a) 1(b)
(a-(b) 1(c)
D/H

(Kossiakoff et al. 1985) Kossiakoff

( D/H )

A(RNaseA)
BIX-3
Fujiwaraet al., 2016)

DO

D/H

(1) bH

(2) DIH

(3) b/H

(4) D/H

1) D/H

A.D20

D/H
H0
k
|Fhzo|
Aphzo

B. kIFp2o|

C. Appzo

RNaseA
(DH )

( ) 10

(Tanaka, Chatake et al. 2002)
(Chatake et al. 2005)

(Chatake et
D/H )
H.O )
( )
(a) - g
D—0—0 H e O H D-H D-H
1. D/H
D0 H.O
International Table for Crystallography
D/H
¢ )
H.O JAEA JRR-3M
(Chatake,
4
pKa D/H
/
JPARC
TOF D/H
2( )
PD20  PH20 [Fozo| [Frzol
(App2o  Apr20)
D/H App2olH20
2( ) D,O D H.0 H

D/H



(@) |Fozol & |Fipo| DREID R 4 — ILABKDEHH
REmM w;ot\F”mHiHZOfwb |
A G o our REE | ET-UTEANLRAS |

D,0%E&:  [Fozol Poz0 ‘ Poz2o H/DZE AL VRIS D
=k
H,O8E @ |Fuol Do ™D 0,0 Po20/Przo

) EZ—UZTIAFHFTINOME
1548 e oy wEEE

v =
0,058 KFoaol-IF ool 9noo e BPozo
H OB [FugollFe ool Qoo ™8P Apyyo

(c) DHAY RS RFDEHH

DPpyo—BPyzo =1BPpyopiap 14 EZEMOD/MHIAVETRE
D/H

)
(1)-(3) D/H
Perl Python3( GFortran)
@ (b)
(© (GUI) tkinter (d)
0s
D/H

CNS NCNS(Adams et al., 2009)
Phenix Phenix

(4 JPARC iBIX D,0
H.0 D/H

(D0 HO0 )
( MK-7)

)
» DH
. eo0n dh_gui12.py
PhenIX |F0bs| RN CET_OENSITY  SCAUNG  MAP_SCALE  SUBTRACTION

D/H contrast calculation

Neutron D20 map file : [ /Users/chatake/Desktop/dh_gui/model_d2o_3fo2fc_3.map | Browse

DZO HZO Neutron D20 model file : |/Users/chatake/Desktop/dh_gui/rib1504 _refine_3.pdb Browse

Neutron H20 map file :  |/Users/chatake/Desktop/dh_gui/model_d2o_3fo2fc_3.map Browse

Neutron H20 model file : |/Users/chatake/Desktop/dh_gui/rib1504_refine_3.pdb Browse

D20 H20 k Mask file /Users/chatake/Desktop/dh_gui/R0S0.msk Browse
p p

Scaling option

kaZO Execute

GRIGZ  0.000000, 38363000,  0.000000
“PH20 D/H GRIGN  0.000000,  0.000000. 51191063

Colculoting fractional coordinates
/Users/chatake/Desktop/dh_gui/rib1504_refine.3.pdd is opened for M20 pdb file.
GeT1 poramoters of D20 and K20 models are some. OK.Calculoting fractional coordi
FiEting: Y - 1.00000C.00 * X + 0.00000€.00 with RZ- 1.00000C.00
Scaled D20 map is output (scoled.D20.map)
O/W contrast aap 15 Sutput (OAContrast.mcp)
Densitics (020 nap) are output (D20, densitiy.ode)
Densities (K20 nop) are output (KZO_densitiy.odb)
Densities (Cntrast map) ore sutput (OH.densitiy.pde)
Pairs used for scaling are output (D20_H20_pair.csv)
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