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key paper

An X-ray study of horse methaemoglobin. I

hemoglobin saga®

. By Joy Boyes-Warsox, Epya DavipsoN ano M. F. Perurz
—%E Cavendish Laboratory and Molteno Institute, University of Cambridge

(Communicated by Sir Lawrence Bragg, F.R.S.—Received 3 February 1947)
Proc. Roy. Soc. London (1947) A191,83-132

A THREE-DIMENSIONAL MODEL OF THE MYOGLOBIN MOLECULE

myoglobin @ OBTAINED BY X-RAY ANALYSIS
3:ﬂﬁ¢%f§%§& By Drs. J. C. KENDREW, G. BODO, H. M. DINTZIS, R. G. PARRISH and H. WYCKOFF

Medical Research Council Unic for Molecular Biofogy, Cavendish Laboratory, Cambridge
AND
D. C. PHILLIPS
Davy Faraday Laboratary, The Royal Institution, London

Nature (1958) 181, 662-666

The crystal structure of myoglobin
myoglobin @ V. A low-resolution three-dimensional Fourier synthesis
[ of sperm-whale myoglobin crystals
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By G. Bopo, H. M. Dixruss, J. C. Kexorew axp H. W. Wyckory

Medical Research Council Unit for Molecular Biology, Cavendish Laboratory,
University of Cambridge

{Communicated by Sir Lawrence Bragy, F.R.S.— Received 22 April 1959)
Proc. Roy. Soc. London (1959) A253,70-102
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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

crystal & diffraction pattern

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

unit cell: a, b and c M}
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diffraction pattern: 1/a, 1/b and 1/c
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diffraction spots & waves in the diffraction spots & waves in the
Fourier synthesis Fourier synthesis
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Fourier synthesis &
resolution
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diffraction pattern & Fourier component diffraction pattern & Fourier component
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diffraction pattern & Fourier component

T ®
- i em D BAIET

25

Fourier synthesis
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Fourier synthesis

p(x,y,2) = Z Z Z Fhkle—2wi(hw+ky+lz)
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Fourier synthesis
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resolution & electron density map
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phase problem

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

.73 Y, 2 2 :E ,E Fhkle 2mi(hz+ky+l1z)
h k

l

Z Z Z(Fhkle_ )e~2milhathy+iz)
h k 1

phase angle
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phase problem

Frr = Fhpe™
— Z fje27ri(ha?j+kyj+l2j)
J

[ : the scattering power of atom j

depends on the positions of atoms (Zj,¥j, 25)

phase problem

2
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¢ = Fhkl

38

39

how to solve...

for smaller molecules

(2) Guess & trial-and-error

(b) heavy atom phasing
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example: C3Br molecule

3
Fhkl _ E :fCeQWi(hxj+kyj+ZZj)
7j=1

_i_fBrezWi(thr"rkyBr"rlzBr)

3
Ci~3

example: C3Br molecule

3
]Fhk:l — E fc€27ri(hxj+kyj+lzj) IFC3
7j=1

+fBT627Ti(thr+kyBr+lzBr)

CsBr

IFBr
IFCgBI‘

Fpy =~ Fo.Br

example: C3Br molecule

3
Fhkl _ E :foe27ri(h:rj+kyj+lzj)
=1

+fBT627Ti(hmBr+kyBr+lzBr)

Ci~3 3

but... our target is
a protein molecule




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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key paper

STRUCTURE OF MYOGLOBIN
A THREE-DIMENSIONAL FOURIER SYNTHESIS AT 2 A. RESOLUTION

By Drs. J. C. KENDREW, R. E. DICKERSON, B. E. STRANDBERG, R. G. HART
and D. R, DAVIES*
Medical Rasearch Council Unic for Molecular Blology, Cavendish Laboratory, Cambridge
AND
O. C. PHILLIPS and V. C. SHORE
Davy Faraday Laboratory, The Royal Institution, London

Nature (1960) 185, 422-427

Structure of Bushy Stunt Virus

D. L. D. Caspar*
Medical Research Council Unit for the
Study of the Molecular Structure of
Biological Systems,
Caveondish Laboratory,
Cambridge.
Jan. 23.

Nature (1956) 177,476-477
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