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Overview of Structure
Determination of Macromolecules
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Structure determination of macromolecu-

lar crystals can be divided into seven steps.

Step 1. Crystallization. Single crys-
tals are required for the analysis of three-di-
mensional structures by X-ray diffraction.
Vapor diffusion and dialysis are two major
methods to obtain single crystals of biomac-
romolecules. A crystal diffracting to 3A® or
better resolution is required for determination
of a structure with resolved positions of indi-
vidual atoms (Fig, 1.1) .

Step 2. Preliminary characterization
of crystals. The preliminary diffraction of
crystals (Fig. 1.2) has two purposes; (D
determination of the crystal system, unit
cell parameters, and the space group,
and (@ examination of quality and diffrac-
tion capability of crystals.

Step 3. Data collection. Collection of
diffraction data is an automatic procedure
(Fig. 1.3). The most commonly used X-
ray area detectors for data collection are
phosphate image plate and charge coupled
device (CCD). Multiwire and TV detec-
tors are out of date. The film method be-
comes a history.
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BATAFE : 20mmol/L 4-J2 7, SR 5 2 B 16 pH7. 0, 50mmol/L — W MEL: . 0. 2mol/L BERR .
3%ATEE. 5.5% PEG 3350, p21 BRI RIS LT B sh B AT 645 . 20mmol/LTris. 54,
pHS8. 5. 0. 5mmol/L NaN,. 0. Smmol/L HFEZFE. 0. 5mmol/L EDTA. 6%PEG 3350
Fig. 1.1 Crystals of phosphodiesterase (left) and p21
an inhibitor of cyclin-dependent kinase 2 (right)
The hexagonal crystals of the catalytic domain of PDE 4 B (residues 152-505) were grown by
dialyzing 16mg/mL PDE protein against a buffer of 20mmol/L HEPES, 50mmol/L cocadylate,
0. 2mol/L sodium acetate, 3% -butanol, 5. 5% PEG3350 at pH7. 0 and 4°C. The monoclinic
crystals of p21 were grown by dialysis against 20mmol/1. Tris. base, 0. Smmol/L NaNj,
0. 5mmol/L g-mercaptoethanol, 0. Smmol/L EDTA, 6% polyethylene glycol 3350 at pH 8.5
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Fig. 1.2 (a) Schematic diagram of crystal diffraction;
(b) A precession photo of protein crystal diffraction

The 2-fold symmetry along the vertical and horizontal axes is visible.

The spacing and angles between the diffraction spots determine

the unit cell parameters a, b, ¢, g, B and ¥
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Fig. 1.3 A typical pattern of diffraction, as recorded in the

Rigaku image plate detector

The darkness of each spot represents its diffraction intensity
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Step 4. Preparation of heévy atom deriva-
tives, Heavy atom derivatives are essential for
structure determination of macromolecules.
Protein crystals with binding of heavy metal
compounds are called heavy atom derivatives,
An example is the covalent binding of mercury
to cysteine [ equation (1.1)7, They can be
prepared by soaking native crystals in a buffer
containing a heavy metal compound or by co-
crystallizing a protein with a heavy metal com-
pound. Another category of heavy atom deriva-

tives is the selenomethionyl mutants of proteins.
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Selenium in the selenomethionyl form can re-
place methionine to be incorporated into a pro-
tein during protein expression and is a key scat-

terer for the experiment of multiwavelength
anomalous diffraction.
—N—C*~Cf—SH + HgCl; —
(lfz()
—N—C*~(Cf—S—Hg + HCI

|

—0
(1. D

Step 5. Phase determination and im-
provement. A structure factor[ F(hkl)]is
mathematically expressed as two compo-
nents; magnitude and phase [ equation
(1. 2)]. The magnitude of a structure fac-
tor can be obtained by measuring intensity
of the reflection, but its phase needs to be
calculated. Phase is the central problem in
structure determination. There are mainly
five methods for phasing macromolecular
crystals; @ Patterson function, @) multiple
isomorphous replacement (MIR) , @ multi-
wavelength anomalous diffraction(MAD) ,

- @ molecular replacement (MR), ® direct

method and maximum entropy.
F(hkl) =20, fiexpl2niChx, +ky, +iz,)]
= | F(hkD | expQia) (1.2

After preliminary phases have been
obtained, phase improvement is often the
next step for structure determination.
The commonly used methods of phase im-
provement include solvent flattening, his-
togram  matching, non-crystallographic
averaging, phase combination, direct

methods and maximum entropy.
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Step 6. Interpretation of electron density
map and model building. An electron density
map can be calculated by reverse Fourier trans-
formation of structure factors that comprise the
experimentally measured magnitudes and calcu-
lated phases [ equation(1.3)]. The map qual-
ity is dependent on the resolution that a crystal
1. 4).

some programs available for automatic process-

can diffract to (Fig. Although there are
ing, interpretation of electron density map and
model building still heavily depend on personal
experience. A wrong model may be occasional-
ly obtained from a marginally good electron

density map.
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Fig. 1.4 (a) A two-dimensional plot of electron density map of fructose-1,6 -
bisphosphatase at 3A resolution; (b) A portion of electron density of phosphodiesterase
10A that was calculated from the structure at 1. §A resolution and
contoured at 1s, as displayed in a graphic terminal
The helix on the left of the map and ¢cAMP on the lower right are shaped very well
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Step 7. Structure refinement. A raw
structure model built from an electron densi-
ty map is refined by a protocol of least-
square or molecular dynamics, such as that
implemented in program CNS. A correct
structure of a macromolecule has an R-factor
typically about 20% and also good molecular
geometry (Fig. 1.5).
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Fig. 1.5 Ribbon diagram of endonuclease Nae |

It has dual activities of endonuclease and topoisomerase. The structure shows that Nae [ contains

two domains respectively responding for binding of the DNA
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In this introductory book, we will con-
centrate on understanding the principles and
the basic concepts of X-ray crystallography.
For the practical determination of macromo-
lecular structures, you are encouraged to

learn in a crystallographic laboratory.



