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How to solve a protein
structure

history of the MIR phasing method
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Perutz and Kendrew
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the diffraction pattern of a
crystal is its
Fourier transform

three-dimensional image of the crystal has been broken
down into component sinusoidal waves
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crystal & diffraction pattern

unit cell: a, b and ¢
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crystal & diffraction pattern

unit cell: a, b and ¢

diffraction pattern: 1/a, 1/b and 1/c
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diffraction spots & waves in the
Fourier synthesis

b

e

vector to the spot <«——  direction of the wave

distance to the spot <«—— wavelength of the wave
intensity of the spot <«—— amplitude of the wave

no information... «<—> phase shift of the wave
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diffraction spots & waves in the
Fourier synthesis
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Fourier synthesis &
resolution

2.0 3.0

a

Q.0

A

Period
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Fourier synthesis &

resolution
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Fourier synthesis &

resolution
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Fourier synthesis &

resolution
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Fourier synthesis &
resolution
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Fourier synthesis &

resolution
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Fourier synthesis
amplitude & phases
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diffraction pattern & Fourier component
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diffraction pattern & Fourier component
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diffraction pattern & Fourier component

—  EROBLIET
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diffraction pattern & Fourier component
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diffraction pattern & Fourier component
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diffraction pattern & Fourier component
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Fourier synthesis
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Fourier synthesis
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Fourier synthesis
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Fourier synthesis

ZC » Y, Z YYYFhk 6—271'Z(hx—|—ky—|—lz)

2
R CTECEISTY.

DFD, EIRFEBEEDORLOFTENFo>TNWS NROKT )
(F10ENF 1)V ZT7—UIHERT D&, HBDRKY,2)T
DEFEEZRDDIENERKDENWS I ETT,




Fourier synthesis
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Fourier synthesis
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resolution & electron density map

0.77

NH,

4,5-diamino-2-chloropyrimidine
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phase problem

the phase angle of each Fourier wave is lost in the
diffraction pattern
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180°
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phase diagram
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phase diagram
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electron density
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phase problem
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phase problem

Fri = Fhe ™

- § f 27r’i(ha:j+kyj+lzj)
J

f; : the scattering power of atom j

depends on the positions of atoms (T3, Y55 25)
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how to solve...

for smaller molecules

(a) Guess & trial-and-error

(b) heavy atom phasing
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example: C3Br molecule

3
Frp = E :fCeQWi(hxj—Fkyj—l—lzj)

7=1
£ 2mi(hxpr+kypr+lzp,

Ci~3 y
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example: C3Br molecule

3
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7=1
2mi(hxg,-+kyp,-+lzp,
+fB e (hxp YB Br)

CI’\/B 31

42

REDEDOBERFIE, CDOLSICF C3lcHEhET.
HBDIIERTID,




example: C3Br molecule

3
Frp = § LﬁjQQW“h$j+kyf+hﬁ) Fe,
J=1 ’

4

+fB €2Wi<thr+kyBr+lZBr) ’
T

CsBr

IE;‘Br
]FC:),BI‘

IEFBr ~ ]FC3 Br

R
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but... our target is
a protein molecule
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for example

myoglobin Hg

molecular weight: 17,184

1,200 non-hydrogen atoms only 80 electrons

more than 9,000 electrons
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Fy # Fpr
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