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Molecule: L-2-haloacid dehalogenase from Sulfolobus tokodaii 

Spacegroup: C2    Unit cell: a = 127.6, b = 58.1, c = 51.2 Å, ! = 97.2˚ 

Resolution = 1.9 Å    R-sym = 9.5% (16%) 

Asymmetric unit: dimer   Method: MR 

Initial refinement:    R = 0.21   R-free = 0.27 

The electron density for protein atoms is defined, but it is poor for solvent structure. 
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Rye et al. (2007). 
Acta Cryst. D63, 926–930. 



There is no NCS by translation 

However: 

C2 crystal is formed by layers with diperiodic 
symmetry C22(2). 

Defects preserving bilayers (i.e. contacts between 
layers) are possible. 

Defective layer would be shifted from the "correct" 
position by 13Å. This is the distance between 
neighbouring peaks in the Patterson map. 

The crystal must have been a twinned crystal. 

There are series of non-origin peaks. 
Their heights are up to 0.2 of the origin peak height. 

z 

x 

8"/(#275"$5<$,=#$6&>#0/5"$'&($

?"&)@/*/$5<$20@/,&)$(&2:*";$

w 

u 

v=0 

C2 crystal 

z 

x 

crystal with defect 

2 Sep 2010 5 ECM 



?"&)@/*/$5<$+*A0&275"$*'&;#/$

?$,@(*2&)$/,50@B$,=#$+&,&$3#0#$"5,$
&"&)@/#+$2&0#<1))@$1"7)$(05C)#'$522100#+$$
3*,=$,=#$/,012,10#$/5)175"$50$0#D"#'#",E$

F=#$+*A0&275"$*'&;#/$2&"$C#$*"+#%#+$*"$
GH$3*,=$,35$+*A#0#",$50*#",&75"$5<$,=#$
20@/,&)E$

F=#$,35$)&I2#/$(&07&))@$59#0)&(E$

F=#$(0#/#"2#$5<$)&@#0/$5<$59#0)&((*";$
0#J#275"/$'1/,$C#$,=#$0#&/5"$5<$"5".
50*;*"$(#&:/$*"$,=#$6&>#0/5"$'&(E$

8"+#%*";$*"$GH$ 8"+#%*";$*"$GH$

2 Sep 2010 6 ECM 



F=#$,3*"$;#5'#,0@$<5))53/$<05'$,=#$&,5'*2$'5+#)$5<$&"$*"+*9*+1&)$20@/,&)E$

8"$(&0721)&0B$

,3*""*";$C@$0#72@)&0$'#05=#+0@$3*,=$,3*"$*"+#%$KL$&"+$5C)*M1*,@$LEKN$

F=#$59#0)&($5<$/(5,/$*/$*"+#(#"+#",$5"$!$&"+$"E$
F=#$59#0)&($*/$&$(#0*5+*2$<1"275"$5<$#$O*"$,=#$D0/,$&((05%*'&75"PE$

Maximum overlap is not 
at exactly integer h. 

Q#)&75"$C#,3##"$,35$)&I2#/$

2 Sep 2010 7 ECM 



R510*#0$,0&"/<50'$
5<$,=#$,#,0&'#0$

-*A0&275"$(&>#0"$5<$+5'&*"$K$ -*A0&275"$(&>#0"$5<$+5'&*"$H$

J J ! L1 J ! L2 

F#,0&'#0/$*"$+*A#0#",$,3*"$+5'&*"/$&0#$*"$,=#$/&'#$50*#",&75"$

F=#0#<50#4$*<$0#J#275"/$5<$,=#$,35$)&I2#/$59#0)&(4$,=#@$=&9#$2)5/#$*",#"/*7#/E$
F=#$/,05";#0$,=#$59#0)&(4$,=#$2)5/#0$,=#$*",#"/*7#/$&0#E$

8",#"/*7#/$5<$,=#$59#0)&((*";$0#J#275"/$

2 Sep 2010 8 ECM 



-#,3*""*";$

IT1 = (1 - ! ) I1 + ! q12 I2 $%&$.$&"$5C/#09#+$*",#"/*,@$<05'$,3*""#+$20@/,&)S$
$&$&"+$$'$.$*",#"/*7#/$<05'$+*A#0#",$+5'&*"/S$
(&'$.$59#0)&($C#,3##"$,3*"$0#)&,#+$0#J#275"/S$
)*.$,=#$,3*""*";$<0&275"+*

q12 = q(h) 8"$&++*75"4$3#$:"53$,=&,$5")@$0#J#275"/$3*,=$,=#$/&'#$
#$2&"$59#0)&($&"+$,=&,$,=#$59#0)&($*/$*"+#(#"+#",$5"$!$
&"+$"E$

I1 = I2 8"$&++*75"4$3#$:"53$,=&,$59#0)&((*";$0#J#275"/$
=&9#$2)5/#$*",#"/*7#/E$

IT1 = (1 - ! + ! q(h)) I1 ?),5;#,=#0B$+#.,3*""*";$*/$0#+12#+$,5$
+#'5+1)&75"S$,=#$'5+1)&75"$*/$+#D"#+$C@$5"#.
+*'#"/*5"&)$(#0*5+*2$<1"275"E$$

IT1 = q'(h) I1 G5"2*/#$<50'B$,=#0#$*/$"5$"##+$,5$+#,#0'*"#$,=#$
,3*""*";$<0&275"$)E$

2 Sep 2010 9 ECM 



Original 
data 

Demodulated 
data 

v = w = 0 

R / R-free 

-#'5+1)&75"$

0.21 / 0.27 

0.162 / 0.225 

IT1 = q'(h) I1 

q'(h) = p0 + p1 cos(2!th) + p2 cos(4!th) 
+ ... 

q'(h) 
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On the Theory of Order-Disorder (OD) Structures 

BY K.  DORNBERGER-SC~TFF AND H. GREzL-NIEMANN 

Institut fiir Stru]cturforschung der Deutschen A lcademie der Wissenschaften zu Berlin, Germany 

(Received 4 January 1960 and in revised form 17 March 1960) 

OD-structures consisting of equivalent layers are first characterized as having pairs of adjacent 
layers which are all equivalent. Then a slightly more general condition--the 'vicinity condition'-- 
is formulated which is satisfied not only by all ordered structures but also by all OD-structures. 
Part ial  operations (POs) are seen to be of fundamental importance for characterizing the symmetry 
properties of OD-structures and the set of POs  of a certain structure is called an OD-groupoid. 
OD-structures of the same substance, built of the same kind of layers with the same kinds of pairs 
of adjacent layers are said to belong to the same family, the corresponding OD-groupoids to the 
same OD-groupoid family. Twins of one particular type are described as special members of families 
of OD-structures. A report on the deduction of a complete list of OD-groupoid families is given, 
and the resulting numbers of such families with different symmetry characteristics are listed in 
tables. There are 333 in all. 

1. I n t r o d u c t i o n  

In  earlier papers  (Dornberger-Schiff,  1956,1957,1959c) 
one of us has described some examples of wha t  we 
propose to call OD-structures. In  such s t ructures  equi- 
valent  par t s  lie in equivalent  vicinities bu t  there need 
not  be perfect  long-range order. 

I t  is the  aim of this paper  to report  on results of 
theoretical  inves t iga t ions- - to  be published in full 
e lsewhere--concerning one par t icu lar  class of OD- 
s t ruc tu res - - s t ruc tu res  which consist of equivalent* 
layers with two-fold periodicity, piled on top of one 
another  in such a way  t h a t  they  all have two l inearly 
independent  t rans la t ional  vectors a and  b in common 
which correspond to this periodicity. A p a r t  f rom these 
t ranslat ions and  their  l inear combinations ma  + n b  an 
OD-s t ruc ture  need not  possess any  (total) s y m m e t r y  
operation. Structures  wi th  one-dimensional position 
disorder also belong to this class. 

I n  these in t roduc tory  remarks  we shall refer to 
s t ructures  in which all pairs of ad jacent  layers are 
equivalent.  I n  pa r t  3 of this paper  we shah see 
however,  t h a t  the  discussion of ordered s t ructures  
suggests a somewhat  wider definition of wha t  we shall 
call the  'vicini ty condition' .  This will then  be used to 
t race out  the concept of an OD-s t ruc ture .  

As all layers of the s t ructures  discussed are equiv- 
alent,  there mus t  exist par t ia l  repeat ing operations~ 
which t ransform any  one of these layers either into 
itself or into any  other  layer.  Such par t ia l  operations 
will be called P O s  for short. 

We shall not  consider any  par t ia l  operations refer- 
ring to par ts  of a layer  (or of layers) only. Thus any  

. . . . . . . . . . . . . . .  

* ttere and in the following the term 'equivalent' stands 
for 'congruent or enantiomorphous'. 

t For a discussion of the term 'repeating operation' see 
M. J. Buerger (1956) p. 3 ff. 

repeat ing operat ion under  consideration m a y  be de- 
scribed by  a P O  or by  combinations of POs .  

A P O  is fully character ized by  
(a) the  t rans format ion  of space, and 
(b) the  layer  which is to be t ransformed.  

The t ransformat ion  need not  bring any  other  layer  
into coincidence with any  pa r t  of the s t ructure .  

Amongs t  the  s t ructures  consisting of equivalent  
layers with equivalent  pairs of ad jacent  layers  we m a y  
distinguish between 

(a) ful ly ordered structures, i.e. s t ructures  in which 
any  t ransformat ion  characterizing ~ P O  is itself 
a (total) s y m m e t r y  operat ion of the  s t ructure,  
and 

(fl) OD-structures in which proper  P O s  exist, i.e. 
P O s  characterized by  t ransformat ions  which are 
not  themselves (total) s y m m e t r y  operat ions of 
the  s t ructure.  

I t  is convenient to number  the layers according to 
their  posit ion: . . . ,  L~2, L~, L0, L1, L2, L3, . . . .  To de- 
note P O s  we shall use small letters with the  numbers  
of the  layer  t ransformed and of the  result ing layer  as 
prefixes. The symbol  ~,qa would thus  denote a P O  
t ransforming Lp into Lz. To each P O  ~, qa there exists 
an inverse operat ion which is given the  symbol q. ~a -1. 

In  accordance with an earlier suggestion (Dornber- 
ger-Schiff, 1956) to call the  plane space group of the 
single layer  the  A - s y m m e t r y  of the  s t ructure,  P O s  
~,~a, t ransforming any  layer  Lp into itself are to be 
called ~t-POs. The set of ~, ~a for a par t icular  layer  L~ 
forms a group, namely  one of the  80 plane space 
groups in three dimensions (see also Holser,  1958). 
A P O  ~,p+la or ~,p- la  t ransforming a layer  L~ into 
an adjacent  layer (Lp+l or Lp-1) will be called a (~-PO. 
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OD-structure 

Stacking vector 

OD-family 

Single crystal 

OD-twin 

Allotwin 

Disordered OD-structure 

An OD-structure is composed of geometrically identical layers. 
All pairs of contacting layers are equivalent, but triplets may differ. 

Stacking vector relates two neighbouring layers. There are two possible 
stacking vectors in the discussed example, S1 and S2. (In general case 
operation relating neighbouring layers includes rotation or reflection)  

All (putative or real) structures built of the same layers with the same 
interfaces form a family of OD-structures. 

Regular sequences of stacking vectors: S1S1S1... or S1S1S2S1S1S2... etc. 
represent single crystals. 

S1S1S1S1S2S2S2S2... Two individuals have the same symmetry. 

S1S1S1S1S2S1S2S1S2S1S2... Two individuals have different symmetries. 

S1S1S2S1S1S2S2S2S1... Irregular sequence of stacking vectors. 

S1 

S1 

S1 

S2 
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C2 
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C2 single crystal 

C2 

C2221 single crystal 

C2221 

Allotwin 
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OD-structures: 

Single crystals 

allotwin 

OD-twin 

(partially) disordered OD-structure 

This is structure based classification 
of a specific class of structures 

Twinning: 

by merohedry 

by pseudomerohedry 

by reticular (pseudo)merohedry 

... 

This is geometry based classification 
accounting for crystal and lattice 
symmetries. 
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introduction of special terms and nomenclature. Extension of the definition to include structures

composed of layers with different chemical composition (Grell & Dornberger-Schiff, 1982) is

also justified, as long as the generalised vicinity condition is obeyed. The term OD-structure

is sometimes applied to structures composed of blocks with one-dimensional translational sym-

metry. There also exist structures composed of finite blocks. A general term, modular structure

(Nespolo & Ferraris, 2004) is applicable to all these cases.

1.3.2 Symmetry of OD-structures

The OD-layer is a three-dimensional object with two-dimensional translational symmetry. The

total symmetry of the layer is therefore described by one of 80 plane space groups (Dornberger-

Schiff, 1956). An OD-family contains both structures with space group symmetry and globally
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Figure 1.5. Types of OD-structures (continued).

The plane space group of OD-layer is shown in the frame embracing one of the layers; the groupoid
symmetry of OD-structure or the space group symmetry of fully ordered structure is indicated in the top
right corner of each drawing. The number in brackets is a reference to Table 1.1.

Stacking vectors si are defined using related fully ordered structure as a reference. In type A OD-structure
these are the translations relating adjacent OD-layers.
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Figure 1.5. Types of OD-structures (continued).

The plane space group of OD-layer is shown in the frame embracing one of the layers; the groupoid
symmetry of OD-structure or the space group symmetry of fully ordered structure is indicated in the top
right corner of each drawing. The number in brackets is a reference to Table 1.1.

Stacking vectors si are defined using related fully ordered structure as a reference. In type A OD-structure
these are the translations relating adjacent OD-layers.
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Crystal of Lon protease 
Resolution 3Å 
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P21                            R / R-free = 0.21 / 0.31 

P212121                     R / R-free = 0.19 / 0.35 
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X-ray Diffraction by Imidazole Methaemo~,lobin 

BY W. L. BRAGG* AND E. 1~. HOWELLS t 
C avendish Laboratory, Cambridge, England 

(Received 11 .February 1954) 

The precession X-ray photographs of imidazole methaemoglobin appear to indicate a structure 
with orthorhombic symmetry,  but  it is actually only 'statistically orthorhombie'. The sheets of 
molecules in the c planes have a definite structure identical with that  in monoclinic horse methae- 
moglobin. Successive sheets, however, are stacked together with a displacement in the a direction 
which is definite in amount, but  of plus or minus sign in a completely random way. The diffraction 
picture shows an interesting sequence of diffuse and sharp layer lines and also relationships 
between the intensities of its reflexions and those of the monoclinic form. 

1. T h e  X - r a y  da ta  

Howells & Perutz  (1954) have  obtained precession 
X- ray  photographs of crystals of horse methaemoglobin  
in which an  imidazole group has been a t tached  to each 
of the four haem groups in  the molecule. These crystals 
show interest ing diffraction effects which indicate a 
structure of a somewhat  novel  type.  This structure will 
be described here, and a s imple physical  explanat ion 
will be given of the way the  diffraction effects arise; 
a full  analyt ica l  t r ea tment  and  a quant i ta t ive  com- 
parison between theory and exper iment  are given in 
the following p a p e r  by  Cochran & Howells (1954). 

The s y m m e t r y  of the precession photographs about  
the three principal  axes and  the positions of the spots 
indicate  an orthogonal cell whose dimensions are 
closely related to those of the monoclinic forms of 
horse methaemoglobin :  

* Now at Royal Institution, Albemarle Street, London W. 1, 
England. 

t Now at Imperial Chemical Industries Ltd, Black Fan 
Road, Welwyn Garden City, Herts., England. 

Monoelinic Imidazole 
methaemoglobin (E) methaemoglobin 

a (A) 109.2 109 
b (A) 63.2 63 
c (A) 57-4 104 
,6 (o) 110.7 
c sm f~ (A) 51.2 

The absences are: general reflexion s, h + k = 2n + 1 ; 
(00/) reflexions, 1 = 2 n +  1. Further ,  the 001 spectra of 
imidazole methaemoglobin  are identical  in in tens i ty  
with those of the monoclinic form at corresponding 
angles. This correspondence, and the  correspondence 
of the a and  b axes, prove tha t  the sheets of molecules 
in the c planes have an identical  a r rangement  in both 
crystals. 

The orthogonal s y m m e t r y  of the diffraction pa t te rn  
shows, however, t ha t  molecules in successive c sheets 
of the  crystal  cannot  be all inclined the  same way as 
in Fig. l(a),  bu t  mus t  be incl ined a l te rnate ly  r ight  and 
left as in Fig. l(b) and (c). The apparent  c axis of 104 J~ 
between similar  R molecules, or L molecules, is there- 
fore about  twice as great as c sin fl for a monoclinic 

f c =  lOZ~ A I 

. . . .  ° ; : : ; " ' "  I ," ,, ', L " " " "  - 

! ; 

" . ,  t 
C sin~8 = 51 A " - - - "  
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Ss ~ -  " ' .  
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I R, l~uQ 

, . . (  

(c) 

Fig. 1. (a) Monoclinic horse methaemoglobin. (b, c) Relative displacements of c sheets 
of molecules in hnidazole methaemoglobin. 
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form. I t  will be shown tha t  successive sheets are 
displaced relatively to each other in the a direction, 
and it  will be clear from the figure tha t  the contacts 
between them are the same whether this displacement 
is downwards, as in Fig. l(b), or upwards, as in Fig. 
l(c), since these two figures are related to each other 
by a rotation axis parallel to a. 

2.  S h a r p n e s s  of  t h e  r e f l e x i o n s  

The reflexions vary greatly in sharpness from one layer 
line to another. Fig. 2 is a conventional representation 
of both the spread of the reflexions along the layer 
lines and their intensity in the hO1 precession picture. 

lh 

12 
10 

h 8 
6 o o 

4 o 

0 • • • 

• • • • 

,Qo  ~O  ~ o 

• • O x 0 • • • • • 

Fig. 2. D i a g r a m m a t i c  r e p r e s en t a t i on  of the  s t r e n g t h  and  
diffuseness of the  (hO1) ref lexions,  imidazole  m e t h a e m o -  
globin. 

Only layer lines with even values of h are present, 
owing to the centring of the C face. 

The extent of the diffuseness follows a regular 
sequence which can be observed up to the 38th layer 
line. The sequence repeats as if there were a centre of 
inversion at layer line 12, and again at layer lines 
24 and 36. 

The variation of diffuseness up to the 16th layer 
line is shown in Table 1. Reflexions with odd values 

Table 1. (hO1) reflexions 
h Ref l ex ion  l even  l odd  he 0 s 
0 Sharp  2 F  Zero 0 0 
2 V e r y  diffuse - -  - -  0.42 0.42 
4 M o d e r a t e l y  sha rp  FR--FL FR+FL 0-83 0"17 
6 Modera t e ly  sharp  FR--FL FR+FL 1.25 0.25 
8 Diffuse - -  - -  1.67 0.33 

10 Sharp  .FRA-FL -FR--.FL 2.08 0.08 
12 V e r y  diffuse - -  - -  2.50 0.50 
14 Sharp  .FR--.FL FR+FL 2-92 0.08 
16 Diffuse  - -  - -  3.33 0"33 

of h can be observed as (hll) spectra, and fall into the 
same sharp and diffuse scheme, as shown in Fig. 3. 

Perutz has further shown tha t  there is a regular 
relationship between the intensities of the sharp re- 
flexions and those given by monoclinic methaemoglo- 
bin. In  the latter case all the molecules are in the same 
orientation R. The values and signs of FR along the 
layer lines of the transform have been completely 
determined (Howells & Perutz, 1954). The transform 
of an L molecule is of course identical with the trans- 
form of an R molecule, but  with its left- and right-hand 

sides interchanged. Perutz has shown tha t  the values 
of F for imidazole haemoglobin are either got by adding 
or by subtracting the two values of F at corresponding 
points on either side of the monoclinic transform, due 
regard being paid to their signs, according to the rule 
shown in Table 1. The values of F (imidazole) are 
either FR+FL for 1 even and .FR-F ~ for 1 odd, or 
vice versa, the relation changing sign each time one 
passes through a diffuse layer line. 

3. N a t u r e  of  t h e  s t r u c t u r e  

These relations can be explained if it is supposed tha t  
the up or down displacement of successive sheets in 
the crystal, in proceeding in the c direction, occurs in 
a completely random way. Starting on the left in 
Fig. l(b) and (c), the relation of L to R may  be up 
or down. In the next sheet R 1 may  be level with R, 
above it, or below it, with relative probabilities 
2 : 1 : 1 .  

Let L be displaced in the a direction an amount 
coal2 compared with R. The possibilities for R 1 are 
±e0a or zero. The corresponding phase relationships 
between the centres of the similarly oriented molecules 
R and R 1 are 

2zt(h +h% +l), 2z(h-heo+/ ) ,  2~ (h+ / ) .  

When he0 is nearly a whole number m, the dis- 
placement will have a small effect on the sharpness 
of the spots, since it brings the molecule nearly back 
into position in the reflecting planes. On the other hand 
the phase relationships are very irregular when he 0 is 
near to m+!. The last column in Table 1 gives the 
difference e between he 0 and the nearest whole number;  
a small value of s corresponds to a sharp spot and 
vice versa. The sequence of the diffuseness fixes the 
value of e0, since it shows tha t  he o must be 1 near the 
fifth layer line, 2 near the tenth, and 2.5 at  the twelfth: 

~0 = 2.5/12 = 0.208. 

The rule for adding or subtracting FR and Fz  in 
the case of the sharp reflexions is also explained by  
this shift. The phase difference between the centres of 
R and L is 

2~(h~o/2+1/2) . 
Thus when he0 is near an odd number, FR and FL 
must be added for 1 odd and subtracted for l even, 
and vice versa when he o i~ near an even number. 

4.  T h e  e x t e n t  of  d i f f u s e n e s s  

The complete theory is given in the subsequent paper, 
but  a simple though approximate derivation is out- 
lined here and may help towards an understanding of 
the way the diffraction effects arise. 

The crystal in effect diffracts as if it were a mass of 
crystallites of limited extent in the c direction, because 
the phase relationship between two molecules becomes 
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The translation symmetry is perturbed in 
the direction a*. 

The diffraction pattern is characterised 
by the presence of the diffuse streaks 
along a* for odd l. 
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605(5/#+$'5+#)$

l$Crystals of DNA polymerase from phage ϕ29 
l$Resolution 2.2Å 
l$Refinement against corrected data: R=0.28 
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Wang et al. (2005). Acta Cryst. D61, 67-74. 
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However, the distribution of H (64) is two-parametric and the variation of the parameters

ρ and β cause different changes in the function P(H). The cases with different ρ differ by

the curvature of the function P(H) (Fig. 3.2a). The effect of decreasing β is shrinking of the

untwinned function along H by factor β (Fig. 3.2b).

A low value of E(H) and the rapid growth of P(H) similar to that represented by the blue

lines in Figs. 3.2(a) and 3.2(b) occur either if the data are perfectly twinned or if the symmetry

of the data is wrongly assigned and the twin operation being tested is actually a crystallographic

operation. In such cases the perfect twinning test can be used to identify if there is twinning.

Still a third case is possible, a strong pseudosymmetry coexisting with twinning. Any test can

fail to distinguish such a case from the case of higher crystallographic symmetry. Fortunately,

incorrect space group assignment in such cases is unlikely to prevent the structure solution and

the symmetry can be corrected at the stage of structure refinement (related example is presented

in §4.4).
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Figure 3.2. Partial twinning test in the case of correlated structure factors.

The coloured lines show theoretical cumulative distributions of H for

(a) untwinned data (α = 0) and

(b) twinned data (α = 0.2).

The colours red to blue via magenta correspond to squared correlation coefficient of structure factors ρ2

in the sequence 0.00, 0.25, 0.50, 0.75, 0.99.

The thin black lines represent theoretical distributions for uncorrelated structure factors (ρ = 0) and the

numbers in front of these lines indicate corresponding values of the twinning fraction α.
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the best and the second best orientations (Table 3.3). Analysis of intensities along coordinate

axes (Fig. 3.11) clearly excluded P212121, but the highest CC space group P21212 could neither

be confirmed or excluded with certainty. Therefore it was only the preliminary refinement that

caused doubts in the original point group assignment. Although Rfree was decreasing during the

first cycles in both P212121 and P21212, the final values of R and Rfree were too high given the

highly similar search model (Table 3.3). It was also suspicious that refinement in the incorrect

P212121 performed better and, with weaker restraints, resulted in R = 0.197 but Rfree = 0.394.

At this point twinning tests had been performed with the high resolution cut-off of 3 Å to re-

veal features characteristic for perfect twinning interfering with NCS: the cumulative intensity

Space group P21212 P212121 P22121 P1211 P2111 P1121
(true)

Highest CC in the TF for

correct orientation 0.510 0.493 0.466 0.566 0.530 0.505

incorrect orientations 0.376 0.384 0.435 0.422 0.445 0.473

Refinement

R 0.403 0.397 0.452 0.312 0.369 0.420

Rfree 0.465 0.451 0.496 0.364 0.411 0.497

Table 3.3. Structure solution of HemH from Bacillus anthracis.

The MR trials in alternative space groups are presented by the highest correlation coefficients (CC) for

correct and incorrect orientations. The data for the monoclinic space groups are for the second molecule

found. Three monoclinic and three orthorhombic space groups with highest CC are shown. Preliminary

refinements of corresponding models are presented by R-factors.
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Figure 3.11. Analysis of screw axes in the crystal structure of HemH.

Three histogram-like plots show the ratios I/σ(I) for reflections h00 (left), 0k0 (middle) and 00l (right).

Reflections with odd h, k or l are shown in green if I/σ(I) < 2 and in magenta otherwise. Horizontal thin

black lines are drawn at I = 0 and I = σ(I).
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Figure 3.12. OD-twin of HemH.

(a, b) An individual P1211-crystal of the twin: (a) a single OD-layer and (b) three adjacent OD-layers
shown as Cα traces with symmetry related molecules in the same colour.

(c) Schematic view of a single OD-layer with P21(1)1 plane space group pseudosymmetry. The pseu-
dosymmetry axes of the OD-layer are shown by dashed black lines.

(d) Schematic view of the OD-twin with two P1211 individual crystals at the top and bottom and with the
interface OD-layer in the middle. Crystallographic axes are shown by black lines, the pseudosymmetry
axes of the interface OD-layer are shown by black ovals and the molecules related by these symmetry
elements are shown in the same colour. The stacking vectors s1 and s2 relating the origins of the adjacent
layers are shown by black arrows at the right margin.

(e) The symmetrised P212121-structure that would occur if s1 and s2 in (d) were equal to b/2.
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(a, b) An individual P1211-crystal of the twin: (a) a single OD-layer and (b) three adjacent OD-layers
shown as Cα traces with symmetry related molecules in the same colour.

(c) Schematic view of a single OD-layer with P21(1)1 plane space group pseudosymmetry. The pseu-
dosymmetry axes of the OD-layer are shown by dashed black lines.

(d) Schematic view of the OD-twin with two P1211 individual crystals at the top and bottom and with the
interface OD-layer in the middle. Crystallographic axes are shown by black lines, the pseudosymmetry
axes of the interface OD-layer are shown by black ovals and the molecules related by these symmetry
elements are shown in the same colour. The stacking vectors s1 and s2 relating the origins of the adjacent
layers are shown by black arrows at the right margin.

(e) The symmetrised P212121-structure that would occur if s1 and s2 in (d) were equal to b/2.
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(a, b) An individual P1211-crystal of the twin: (a) a single OD-layer and (b) three adjacent OD-layers
shown as Cα traces with symmetry related molecules in the same colour.

(c) Schematic view of a single OD-layer with P21(1)1 plane space group pseudosymmetry. The pseu-
dosymmetry axes of the OD-layer are shown by dashed black lines.

(d) Schematic view of the OD-twin with two P1211 individual crystals at the top and bottom and with the
interface OD-layer in the middle. Crystallographic axes are shown by black lines, the pseudosymmetry
axes of the interface OD-layer are shown by black ovals and the molecules related by these symmetry
elements are shown in the same colour. The stacking vectors s1 and s2 relating the origins of the adjacent
layers are shown by black arrows at the right margin.

(e) The symmetrised P212121-structure that would occur if s1 and s2 in (d) were equal to b/2.
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