MTPOHOIrpaduA

J

He




[lononHnTenbHOCTb DMOPU3NYECKUX
METOOOB UCCleaoBaHuUS




«Mpobnema Bogopoaa» B
DEHTIEHOCTPYKTYPHOM aHaNMn3e

« ATOMBbI Boopoaa onpeaenstoTca TONbKO Npu yneTpa-
BbICOKOM paspewieHun ~1 A ( <1% cTtpyktyp PDB)

* Okono 50 % aTtomoB B CTPYKTYpE TUMNUYHOro bernka —
9TO aTOMbI BOAopoaa

 bonblWKHCTBO MOTI'yT ObITb onpenerieHbl N3
MONMOXEHUNA TAXESIbIX aTOMOB — HO AaJ1IEKO HE BCeE.



Bo3MOXXHOCTb onpeaeneHmnsa noaoKeHns aToMOB
BOJOpPOAa B CTPYKTYpe NO3BO/ISAET NCCNeaoBaTh:

e 1) cocToaHMe PYHKLMOHANbHbIX FPYMM
e 2)B3ammoaencreue pactsoputena c benkom (JHK)
e 3) B3ammogenctesme cybctpaTta c pepmeHToOM

* 4) 0cObEHHOCTN AMHAMUKKN pacTBOpUTENa BOAN3NK
MAKPOMONEKY/Ibl

* MexaHn3mbl ePMEHTATUBHbIX PeaKkLmnm



OCHOBHbIe CBOMUCTBA PacceAHUn
HEUTPOHOB AAPaAMN

* Ban3Koe 3HaYeHUe ANIMHbI pacceaHna ansa
Pa3INYHbIX Aaep (TO ecTb OTAMYUA He Ha NOPAAOK
— KaK B C/ly4ae C paccesiHUem peHTreHOBCKOro
N3Iy4eHusn)

* CeyeHue B3aMMOAENCTBUA MOMXKET 3HAUYNTE/IbHO

U3IMEHUTBLCA ANA N30TOMNA AAHHOIO XMMHNYECKOTIO
9/1IEMEHTA

* HelTpoOHbI HAMHOrO cnabee NoroWAOTCS

BELLLEeCTBOM, YemM X-Iy4n -> Bpemsa 0b61yyeHuns
MOHO 3Ha4YUTE/IbHO YBENINYUTD



Neutron coherent scattering lengths and incoherent scattering
cross-sections of interest in biological materials.

Element Isotope Atomic Neutron incoherent Neutron coherent

number cross-section scattering length
(barns) (10712 cm)
H H 1 80.27 —0.374
2(D) 2.05 0.667
@ 20 6 0.00 0.665
N 14N 7 0.49 0.937
O 0 8 0.00 0.580
Mg Mg 12 0.00 0.549
S g 16 0.00 0.280
K VK 19 0.25 0.379
Mn “Mn 25 0.40 —0.375
Fe *°Fe 26 0.00 1.012



[lpenmyliectsa D Hag H

* B 40 pa3 MmeHblLee CeYEHNE HEKOTEPEHTHOIO
paccesiHUA

* B 2 pa3a 6o/blladA ANMHA KOTePEHTHOrO
paccesiHuA

* OTcytcTBUE 3P PEKTOB Pa30BOro ralleHus

J[laHHble PeHTreHOCTPYKTYPHOro aHaAn3a
CBUAETENbCTBYIOT 06 OTCYTCTBUM 3HAYUMOTO
BAUAHUA H->D 3ameH Ha CTPYKTYpPY KpUCTaNN0B



YcoBepLlueHCTBOBaHMA 3a NocaegHume
rogbl

* ACTOYHWKM TENNOBbIX HEMTPOHOB CTAaNN Ha 2-3
nopsaaKa bonee MHTEHCUBHbIMMU

* 3pPeKTUBHbIE FIKCMEPUMEHTAIbHbIE NPOTOKObI
3ameH H Ha D (pentepupoBaHuna)

* Perncrpaumna curHana

Kak cnegcrteme — BO3MOXKHOCTb HabatogeHus
AndpaKkUMM Ha KpUcTannax o6 bemom OKoNo

0.1 mm3 (BCe ke 6onbLUX, YEM HYKHO ANA PEHTT.)

* KpuoreHHana HeitTpoHorpadua ( 15 K)
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A cat with no phase information A tailless cat with phases

Use tailless phases as a guess Combine twice the observed
for phases — tail weak. Works magnitude of the “cat” minus the
since good approximation. tailless cat magnitude: 2F -F_ map.






CpaBHeHMe AaHHbIX
PEHTreHOCTPYKTYPHOro aHa/n3a u
HenTpoHorpadpun

This work complements an exceptional ultrahigh-
resolution 0.66A ° X-ray structure of this enzyme, in

which a remarkable 54% of the expected hydrogen atoms
were located — the remainder were obscured by the
degree of thermal motion when atomic B-factors are
greater than 10A ° :[4]. Although both studies enable

the determination of protonation states of the protein,
comparison of the neutron (2.2A ° at room temperature)
and X-ray (0.66A ° at 100 K) crystallographic studies showed
a clear advantage for neutrons in the case of less-ordered
atoms (B-factors > 5 A° »)



e Side chain charge at physiological pH 7.4

Negative
{ £ A 2
Aspartic Acid Glutamic Acid
(Asp) @ (Glu) G
&O pKa 1.95 /90 pKa 2.16
@) O
NH, NH,
pKa 9.66 pKa 9.58
O
pKa 3.71
o © ®

pKa 4.15




«MpobnemHbIn» rMcTMAnH

Fig. 1.
The three possible protonation states for the His residue, HID (left), HIE (middle), and HIP (right).
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ing 1.5 mg/mL of HIV-1 protease. A large crystal was subsequently obtained
with the dimension of 3.6 X 2.0 X 0.5 mm. For neutron diffraction data
collection, the crystal was soaked for 2 weeks at 293 K in the crystallization
solution (pD 5.0), containing D,O. This pD 5.0 is near the optimum in enzymatic
activity of HIV-1 protease (11). A crystal obtained at the same crystallization
condition was used for X-ray diffraction data collection at room temperature.
Before data collection, the crystal was also soaked into D,0 based crystalliza-
tion solution (pD 5.0) at 293 K.

Data Collection. Neutron diffraction data were collected to 1.9-A resolution by
using a crystal (3.6 X 2.0 X 0.5 mm) at room temperature on the BIX-4
diffractometer (41) installed at the 1G-A site of the JRR-3 reactor in the Japan
Atomic Research Agency. Data collection was carried out by using the step-
scan method with an interval angle of 0.3° and exposure times of 360 min per
frame. The total time required to collect the total of 181 frames was 46 days.
The diffraction data were integrated, scaled, and merged by using the pro-
grams DENZO and SCALEPACK (42). The detailed statistics of data collection
are listed in Table S3. Additional X-ray diffraction data were collected to 1.4-A
resolution at room temperature for the use of joint refinement. The data
collection was performed by using the oscillation method with rotation angle
of 1° and exposure times of 5 s per frame at BL6A at the Photon Factory
(Ibaraki, Japan). The diffraction data were integrated, scaled, and merged by
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