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Abstract

The method described in the preceding papers has
been applied to the single isomorphous replacement
(SIR) case with the replacing atoms in a centrosym-
metric arrangement. Two kinds of phase ambiguities
simultaneously occurred in this example. One is
inherent in the SIR method and was resolved by
calculating the probabilities P,(A¢y). The other
comes from the special arrangement of the replacing
atoms and was treated by a multi-solution procedure
with random starting sign sets. A new figure of merit
was used to predict the quality of the solutions. The
method has been verified using a set of error-free data
from the model structures of a protein and its heavy-
atom derivative.

Introduction

Many attempts have been made since Blow & Ross-
mann (1961) to resolve the phase ambiguity of the
SIR method in the determination of protein struc-
tures. The ambiguity can in principle be resolved in
either the real or the reciprocal space. Up to now the
real-space methods have been more successful in
practice. With the so-called ISIR method, a dozen
unknown protein structures have been solved (Wang
Bi-Cheng, 1981, 1984). However, in spite of its high
phasing power, this method is subject to the limitation
that it will not be applicable if the replacing atoms
are in a centrosymmetric arrangement. This paper
describes the application of a reciprocal-space
method to treat this problem.

0108-7673/85/030284-02801.50

Method
In the SIR case, each reflection not belonging to a
centric zone has two equally possible phases, i.e.

eu=eur*|deul,

where ¢y denotes the phase of the structure factor
Fu, ¢u.r is the phase contribution from the replacing
atoms and Ay is the difference between ¢y and ¢y g.
According to our preceding papers (Fan Hai-fu, Han
Fu-son, Qian Jin-zi & Yao Jia-xing, 1984; Fan Hai-fu,
Han Fu-son & Qian Jin-zi, 1984; Fan Hai-fu & Gu
Yuan-xin, 1985; hereafter referred to as papers I, 11
and III respectively), this phase ambiguity can be
resolved by calculating the probability for A¢y to
have a positive sign:

P,(Apy) =3+3tanh {sin |d¢y|
X [Z My My _y Ky sin (@3 + A@ypeq
5

+A¢H—H’best)]}, (1)
where
my = exp (—of/2D{[2(P. —3)*+3]
X (1 —cos 24¢y) +cos 24¢y}""? )
and
tan (A@ppes) = 2(P. —3) sin |Apyl/cos Apy. (3)

© 1985 International Union of Crystallography
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Table 1. Results from ten random starting sets after three cycles of iteration

The reflections were arranged in descending order of |P, —%| and then cumulated into four groups. The groups numbered 1, 2, 3 and

4 contain the top 200, 400, 600 and 800 reflections respectively.
%
ER Average error of phases (in degrees).

Percentage of reflections with the signs of Ay correctly determined.

FOM 0-4136 0-4091 0-3995 0-3918 0-3848 0-3690 0-3575 0-3518 0-3446 0-3362
Set 1 8 9 2 3 10 5 4 7 6
Group % ER % ER % ER % ER % ER % ER % ER % ER % ER % ER
1 92-0 7 905 9 950 6 85 10 870 16 800 21 685 37 595 49 690 39 665 42
2 83 15 833 18 85 1l 81-8 18 823 19 753 26 633 42 570 49 635 40 603 44
3 785 20 780 20 798 18 748 22 748 23 687 30 625 39 560 46 62:7 38 602 42
4 7244 22 728 21 743 20 706 23 706 25 641 30 60-8 37 536 43 589 37 569 39

However, if the replacing atoms are in a centrosym-
metric arrangement, the three-phase invariants @3( =
—@urt e r+ eu-w.r) contributed by the replacing
atoms will all equal 0 or 7. Also, all the Apypes
calculated from (3) at the beginning of iteration will
equal 0 or 7, since all reflections have P, =3 at that
moment. Hence the value of P,(A4¢y) calculated from
(1) will always be equal to 3, leaving the phase
ambiguity unresolved. This is an additional ambiguity
due to the arrangement of the replacing atoms. In
order to overcome this difficulty, a multi-solution
procedure with random starting sign sets is used.
Assign randomly to the |A@y|’s a positive or negative
sign associated with probability P, =06 or P, =0-4,
respectively. Then the signs are refined by the iterative
calculation using (2), (3) and (1). The figure of merit
shown in (4) is used to predict the quality of the
solutions (see paper III).

FOM = [Z mHEH/Z €Xp ("0'3-1/2)

x|cos A¢H|EH] -1. (4)

Data

A set of error-free SIR data was calculated from the
model structures of APP (avian pancreatic polypep-
tide) and its Hg derivative. APP belongs to space
group C2 with unit-cell dimensions a =34-18, b=
32-92, ¢ =28-44 A and B =105-30°. The asymmetric

unit of the derivative contains only one replacing
atom. There are about 2100 independent reflections
within 2 A resolution. 1000 largest E’s were used for
the test. They yield ~130000 Y, relationships, of
which only 60 000 were included in the calculation.

Results

A test calculation was performed using ten random
starting sets. The results are listed in Table 1 from
left to right in descending order of the figures of merit.
As can be seen, the three most left sets showing very
good results correspond to the best three sets among
the ten. Good results can be found even with the fifth
set from the left. This shows that the procedure is
very efficient and may be a useful complement to
Wang’s method.

The authors are indebted to Professor T. L. Blundell
for making available the APP data.
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