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About publBio

publBio offers you tools to prepare the text, expenmental data tables, and figures for a structural biology
or crystalization communication, along with personal web space in which to use them

Your personal web space gives you the freedom to use these tools to whatever extent suits you, ranging
from simply obtainng a document 'template' for completion using a word processor and subnussion m the
cotventional manner, to preparing your entire paper 'online’ and then submitting on the click of a button.

However you use it, we hope that publBio will make preparation of your paper a little easier:

o With or without a starting data source, the tools for experimental data tables should ensure that your
paper contains the tems appropnate for submission.

® A growing number of data resources and validation procedures should help to ensure that your data
are presented according to current standards.

® Use of established formattng routmes should rebeve some of the tedum of trymng to conform to
journal style.

® Use of your personal web space should provide 'added value': you will be able to buld up your
own data resources for use m future projects (e.g. easy access to databases of names and
addresses, standard laboratory protocoels, mstrumentation, etc., for mclusion m new papers).

& By explotting publBio to the fill, you will be able to aveid the tme-consuming process of re-entering
data at the pomt of subnussion, and reahse the benefits of preparmg your paper using an apphcation
talored to onlne submssion

Hopefully, you will find that the route from laboratory data to publication becomes more streamlined
through the use of publBio.

The International Union of Crystallography is a nan-profit scientific union serving the world-wide interests
of crystallographers and other scientists employing crystallagraphic methads.
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About pubiBio

publBio offers you tools to preparc the text, cxperimental data tables, and figures for a
structural biology or crystallization communication, along with personal web space in
which to use them.

Your personal web space gives you the freedom to use these tools to whatever extent
suits you, ranging from simply obtaining a document template’ for completion using a
word processor and submission in the conventional manner, to preparing your entire
paper 'online’ and then submitting on the click of a button.

However you use it, we hope that publBio will make preparation of your paper a little
easier:

‘With or without a starting data source, the tools for experimental data tables
should ensure that your paper contains the items appropriate for submission.

A growing number of data resources and validation procedures should help to
cnsure that your data arc presented according to current standards.

Usc of established formatting routines should relieve some of the tedium of
trying to conform to journal style.

Usc of your personal web space should provide 'added value': you will be able to
build up your own data resources for usc in future projects (c.g. casy access to
databases of names and addresses, standard laboratory protocols, instrumentation,
ctc., for inclusion in new papers).

By exploiting publBio to the full, you will be able to avoid the time-consuming
process of re-entering data at the point of submission, and realise the benefits of
preparing your paper using an application tailored to online submission.

Hopefully, you will find that the route from laboratory data to publication becomes
more streamlined through the use of publBio.

Submit to Acta Cryst. F
Submit to Acta Cryst. F
Submit to Acta Cryst. F

Submit to Acta Cryst./F

MNotes on this version

Although this is a 'beta’ versiony we cncourage you to usc
it to the full, safe in the knowledge that any changes to
publBio will only be enhancements, i.c. they will not
adversely affect any projects you may have started. When
using this version, please consider the following when

Acta Cryst. D | Acta Cryst. F

Personal home page

making any suggcstions'comments (which arc most
welcome):

An equation editor plugin for the WYSTWY G
editors is being developed.

The Jmol tool will be enhanced.

Previous request s/suggestions regarding the original
version of the experimental tables have been
gratcfully received and are being reviewed.
'Ong=click submission’' is not yet implemented.

The speed of some of the data processing
operations is a known issue, and will be improved.
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‘With or without a starting data source, the tools for experimental data tables
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cnsure that your data arc presented according to current standards.

Usc of established formatting routines should relieve some of the tedium of
trying to conform to journal style.
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build up your own data resources for usc in future projects (c.g. casy access to
databases of names and addresses, standard laboratory protocols, instrumentation,
ctc., for inclusion in new papers).

By exploiting publBio to the full, you will be able to avoid the time-consuming
process of re-entering data at the point of submission, and realise the benefits of
preparing your paper using an application tailored to online submission.

Hopefully, you will find that the route from laboratory data to publication becomes
more streamlined through the use of publBio.
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data sets (named data set 1 and data set 2) were coll hil| <utc i

Facility and processed using MOSFLM (Leslie, 2006) and SCALA (Collaborative Computational Project, Number 4, 1994).

2.4 . Data analysis and molecular replacement

Initially, the data sets were processed in space group P6222!P6422 according to the self-rotation function plots (Fig. 1) and the
detected systematic absences. However, crystal twinning was indicated by an impossibly low value of the Matthews coefficient in this

symmetry (1.1 6A7 Da”! for one molecule per asymmetric unit). The presence of twinning was confirmed by examination of the
cumulative intensity distribution (Fig. 2) and Padilla-Y eates local intensity statistics (Fig. 3). Plausible lower symmetry space groups

included Pll, P32. Pll 12:‘P3212, P3121fP3221 and P62!P64. Molecular-replacement searches were therefore carried out under all
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Protein expression and purification =
Subheading

DUF55 was expressed and purified as described sly (Song et al., 2005). Briefly, the DUF55 DNA sequence (residues
55-221) was cloned into plasmid pET22b, s a C-terminally His-tagged protein. DUF55 was purified using metal-
chelating chromatography, SP cation-exchange chromatography (Amersham) and gel filtration on Amersham HiLoad Superdex 75.
Finally, the protein was concentrated in a buffer consisting of 20mM HEPES pH 7.2, 150mM NaCl, 5% glycerol and 2mM DTT.

2.1 . Protein crystallization

DUFS55 at a concentration of IOrugml'l was crystallized using the hanging-drop vapour-diffusion method at 291 or 277K. After
screening numerous conditions, the following crystallization condition was identified: a hanging drop containing 1pl protein solution,
1ul reservoir solution (0.1 M sodium acetate pH 4.0-4.8, 28% PEG 2000 MME, 200mM ammonium sulfate) and 0.2u1 30%
1,6-diaminchexane as an additive (1,6-diaminchexane is a basic reagent, so that the actual pH is about 10.9). After a week, fan-like
crystals appeared. The dimensions of the crystals obtained at 291K (0.45 x 0.15 x 0.08mm) were notably larger than those obtained at
277K (0.30 x 0.07 x 0.02mm). The crystals were soaked in a cryoprotectant solution (0.1 M sodium acetate pH 4.0-4.8, 42% PEG
2000 MME, 75mM ammonium sulfate, 75mM NaCl, 15% glycerol, 3% 1,6-diaminohexane) and flash-frozen in liquid nitrogen.

2.2 . Data collection

The diffraction of the DUF55 crystals was too weak for the collection of usable data sets using a rotating-anode X-rav generator. Two

L
data sets (named data set | and data set 2) were collected to 2.3A resolution on beamnline 3W 1A at the Beijing Synchrotron Radiation
Facility and processed using MOSFLM (Leslie, 2006) and SCALA (Collaborative Computational Project, Number 4, 1994). u l O
2.3 . Data analysis and molecular replacement

Initially, the data sets were processed in space group P6222IP6422 according to the self-rotation function plots (Fig. 1) and the

E
detected systematic absences. However, crystal twinning was indicated by an impossibly low value of the Matthews coefficient in this Prﬂpa ]"E‘, E d ] tl,
symmetry (1.1 615;3 D:i'1 for one molecule per asymmetric unit). The presence of twinning was confirmed by examination of the L -
cumulative intensity distribution (Fig. 2) and Padilla-Y eates local intensity statistics (Fig. 3). Plausible lower symmetry space groups Su hm l t; Pu hl ] Sh
included P31, P3,,, P31 12!P3,,12, P3121fP3.,21 and PG,}IPGA_. Molecular-replacement searches were therefore carried out under all
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2.1 Protein expression and purification

DUF55 was expressed and purified as described previously (Song et al.,
2005). Briefly, the DUF55 DNA sequence (residues 55-221) was cloned
into plasmid pET22b, which produces a C-terminally

DUF55 was purified using metal-chelating chromatog

exchange chromatography (Amersham) and gel filtrat Parsing references -
HiLoad Superdex 75. Finally, the protein was concen

consisting of 20mM HEPES pH 7.2, 150mM NaCl, 5

DTT.

This could take a minute or so, depending
on the length of text, number of citations,

2.2 . Protein crystallization

DUFS55 at a concentration of IOmgml'l was crystallizi =te

hanging-drop vapour-diffusion method at 291 or 277k

numerous conditions, the following crystallization condition was identified:
a hanging drop containing 1pl protein solution, 1pl reservoir solution (0.1M
sodium acetate pH 4.0-4.8, 28% PEG 2000 MME, 200mM ammonium
sulfate) and 0.2ul 30% 1,6-diaminohexane as an additive
(1,6-diaminohexane is a basic reagent, so that the actual pH is about 10.9).
After a week, fan-like crystals appeared. The dimensions of the crystals
obtained at 291K (0.45 x 0.15 x 0.08mm) were notably larger than those
obtained at 277K (0.30 x 0.07 % 0.02mm). The crystals were soaked in a
cryoprotectant solution (0.1 M sodium acetate pH 4.0-4.8, 42% PEG 2000
MME, 75mM ammonium sulfate, 75mM NaCl, 15% glveerol, 3%
1,6-diaminohexane) and flash-frozen in liquid nitrogen.

2.3 . Data collection

The diffraction of the DUFSS5 crystals was too weak for the collection of
usable data sets using a rotating-anode X-ray generator. Two data sets
(named data set 1 and data set 2) were collected to 2.3A resolution on

beamline 3W1A at the Beijing Synchrotron Radiation Facility and processed

using MOSFLM (Leslie, 2006) and SCALA (Collaborative Computational
Project, Number 4, 1994,

2.4 . Data analysis and molecular replacement

Initially, the data sets were processed in space group P622?JP6 22

according to the self-rotation function plots (Fig. 1) and the detected
svstematic ahsences. However. crvstal twinnine was indicated hv an
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according to the self-rotation function plots (Fig. 1) and the detected [«]
systematic absences. However, crystal twinning was indicated by an

impossibly low value of the Matthews coefficient in this symmetry (1.1 61&3
Da’! for one molecule per asymmetric unit). The presence of twinning was
confirmed by examination of the cumulative intensity distribution (Fig. 2)

and Padilla-Y eates local intensity statistics (Fig. 3). Plausible lower

symmetry space groups included P31, P32, P3112IP3212, P3121!P3221 and
Pﬁsz64. Molecular-replacement searches were therefore carried out under

all possible symmetries using the program Phaser (McCoy et al., 20073'J
and data set 1. The search model was PDB entry 2arl , which had 43%
sequence identity (Arakaki et al., ZOOSOJ. Although potential molecular-
replacement solutions were found in P31 12, P3121 and P64, they were

judged to be unreliable because of low log-likelihood gain (LLG) values
(13, 49 and 5, respectively). A more reliable solution was found in P31, with
an LLG value of 182. We tested out all four solutions in CNS (Briinger et

al., 199B@J and after one cycle of hemihedral/tetartohedral twinning
refinement only the solution in PSI led to improved Rm* and Rﬁ“ values

simultaneously (Table 1); the others led to a poorer Rﬁtt although Rmﬁ‘
clearly decreased. The true space group was therefore assigned as P31’

implying that the DUFS55 crystals were tetartohedrally twinned. Similar
results were obtained using data set 2 {data not shown).

2.5 . Estimation of tetartohedral twin fractions

Overall intensity statistics were evaluated in order to test for high or perfect
twinning ('Y eates, 1997@,1 and the results confirmed severe twinning (Table
2). In order to identify the twin operator and estimate the twin fraction, the
data (reduced in PSIJ were evaluated using the H-test (Yeates, 1988'3J

under the three possible twin operators in P31. The results (Table 2)

suggested that data set | was partially twinned by tetartohedry and that data
set 2 might be nearly perfectly twinned by tetartohedry. We therefore
attempted to refine the structure against data set 2 using CNS and available
scripts (Barends et al., ZOOSOJ. However, it was not possible to obtain a
satisfactory refinement. One possible explanation was that data set 2 was
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tetartohedrally twinned and that the correct twin fractions therefore needed to be incorporated into the refinement. To this end, anew  [a]
method for estimating tetartohedral twin fracti nlausible solutions

for the four twin-fraction values were obtainec urther analysis. The

potential solutions for the twin fractions for dg TeX/LaTex:
\cases{\alpha_{1}I_{1} + ‘\alpha_{2}I_{2}+
In the case of tetartohedral twinning, the obsei \alpha_{a}g_{gh \Elpha_{d}li{‘ﬁ = I {1hgr 5 r_.’k) as follows:
‘alpha_{1}I_{2} + \alpha_{2}I_{1}+
\alpha_{3}I_{4}+ “alpha_{4}I_{3} = J_{2hcr
“alpha_{1}I_{3} + \alpha_{2}I_{4}+

f : i : valpha {3}I_{1}+ valpha_{4}I_{2} = J_{3h\gr ~ .
The assignment of subscripts to twin operatior \alpha {137 {4} + \alpha {2}T {31+ @ hy-1), f3 refers to I(-k,
-h, -I) and .’4 refers to I{-h, -k,l), accordingtot. = 7" 77 St e have been estimated,
then the intensities can be detwinned (i.e. one = Preview equation  Insert equation tain the true

intensities, arbitrarily setting "tm:

exponential statistics (Wilson, 19490J. On the other hand, if an incorrect solution for the twin fractions has been chosen then the
detwinned intensities may not follow the correct distribution. In this way, it is possible to distinguish between correct and incorrect

=11). If the ¢ should obey

solutions for the twin fractions (Yeates & Yu, 20080,’1. This approach was used to analyze the potential twin-fraction solutions for
data sets | and 2 (Fig. 4). In the case of data set 1, the detwinned data calculated under solution 1 followed a somewhat more ideal
distribution than those calculated under solution 2. In the case of data set 2, solution 2 was much better.

It is important to note here that for each solution for the twin-fraction values there are four different permutations of the four twin
fractions which are equally correct (Yeates & Yu, EOOSGJ;diffenent permutations simply correspond to exchanging the assignments
Uffl, fz, 13 and .’4 in (2). The permutation of the twin fractions that is chosen is therefore arbitrary, unless it is necessary to obtain

agreement with a previously defined set of intensities. This was the case here, as a molecular-replacement model (and its calculated
intensities) had already been obtained (i.e. prior to detwinning). In this work, therefore, detwinning under all four allowed
permutations of the twin-fraction solution was performed and the correct solution was decided by the behaviour of atomic refinement
and by the inspection of electron-density maps. For completeness, the four permutations of the alternate (less plausible) solution for
the twin fractions were also tested. The same procedure was applied to data set 2. Thus, eight separate preliminary refinements were
conducted using each of the two data sets (the results for data set 1 are shown in Table 3). Solution 1 for data set 1 was (0.424, 0.300,

L
0.134, 0.142), with the alternate orderings (0.300, 0.424, 0.142, 0.134), (0.134, 0.142, 0.424, 0.300) and (0.142, 0.134, 0.300, 0.424)
being equally possible. It was verified that solution 1 of data set 1 (0.424, 0.300, 0.134, 0.142) and solution 2 of data set 2 (0.291, L

0.276,0.151, 0.282) were correct. This was consistent with the previous examination of detwinned intensity statistics (Fig. 4).
2.6 . Refinement under partial tetartohedral twinning

-
Because all four twin-related reflections must be observed for detwinning to be carried out (2), data completeness is important for Prﬂpa rE" E d ] tl'
detwinning. We therefore refined the structure using data set 1. An atomic model was rebuilt using Coot (Emsley & Cowtan, 2004@,1 =

& &
and simulated annealing and B-factor refinement were then performed employing noncrystallographic symmetry restraints using CNS. Su hm ] t Pu hl ] Sh
After about ten cycles of refinement, most of the amino-acid residues could be traced, including four residues which were introduced g r
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tetartohedrally twinned and that the correct twin fractions therefore needed to be incorporated into the refinement. To this end, anew  [a]
method for estimating tetartohedral twin fractions (Yeates & Yu, EOOSQJ was applied. Two unigue and equally plausible solutions

for the four twin-fraction values were obtained from this method; the correct solution had to be distinguished by further analysis. The
potential solutions for the twin fractions for data sets | and 2 are shown in Table 2.

In the case of tetartohedral twinning, the observed intensities (J’kJ are related to the true crystallographic intensities (.’k) as follows:

o dy foeds +oasls +ogly =0,
o la foady +osly +oayls = 0o
ods toaly +osh +ogle = J5
o dy Foals +oash oyl =0,

)]

The assignment of subscripts to twin operations is arbitrary, so we can say that ,"1 refers to I(h.k 1), fz refers to I(k,h,-1), f3 refers to I{-k,

-h, -I) and .’4 refers to I(-h, -k,I), according to the three underlying twin operations. If the twin fractions ( ) have been estimated,

r2y
then the intensities can be detwinned (i.e. one can solve the equations above, given the observed intensities, to obtain the true
intensities, arbitrarily setting .’Imc = 11). If the data have been detwinned successfully, then the resulting intensities should obey

exponential statistics (Wilson, 19490J. On the other hand, if an incorrect solution for the twin fractions has been chosen then the
detwinned tensities may not follow the correct distribution. In this way, it is possible to distinguish between correct and incorrect
solutions for the twin fractions (Yeates & Yu, 200801. This approach was used to analyze the potential twin-fraction solutions for
data sets | and 2 (Fig. 4). In the case of data set 1, the detwinned data calculated under solution | followed a somewhat more ideal
distribution than those calculated under solution 2. In the case of data set 2, solution 2 was much better.

It is important to note here that for each solution for the twin-fraction values there are four different permutations of the four twin
fractions which are equally correct { Yeates & Yu, EOOSQJ;differ\mt permutations simply correspond to exchanging the assignments
offl, !2’ !3 and .’4 in (2). The permutation of the twin fractions that is chosen is therefore arbitrary, unless it is necessary to obtain

agreement with a previously defined set of intensities. This was the case here, as a molecular-replacement model (and its calculated
intensities) had already been obtained (i.e. prior to detwinning). In this work, therefore, detwinning under all four allowed
permutations of the twin-fraction solution was performed and the correct solution was decided by the behaviour of atomic refinement
and by the inspection of electron-density maps. For completeness, the four permutations of the alternate (less plausible) solution for

L
the twin fractions were also tested. The same procedure was applied to data set 2. Thus, eight separate preliminary refinements were
conducted using each of the two data sets (the results for data set 1 are shown in Table 3). Solution | for data set 1 was (0.424, 0.300, £

0.134, 0.142), with the alternate orderings (0.300, 0.424, 0.142, 0.134), (0.134, 0.142, 0.424, 0.300) and (0.142, 0.134, 0.300, 0.424)

being equally possible. It was verified that solution 1 of data set 1 (0.424, 0.300, 0.134, 0.142) and solution 2 of data set 2 (0.291,

0.276,0.151, 0.282) were correct. This was consistent with the previous examination of detwinned intensity statistics (Fig. 4). P E d -
repare, kdit,

2.6 . Refinement under partial tetartohedral twinning

detwinning. We therefore refined the structure using data set 1. An atomic model was rebuilt using Coot (Emsley & Cowtan, 20040,1

Done & !ZDtBr‘I:I
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satisfactory refinement. One possible explanation was that data set 2 was also partially (but not perfectly) tetartohedrally twinned and (]
that the correct twin fractions therefore needed to be incorporated into the refinement. To this end, a new method for estimating
tetartohedral twin fractions (Yeates & Yu, 2008) was applied. Two unique and equally plausible solutions for the four twin-fraction
values were obtained from this method; the correct so] T N ) . The potential solutions for the
twin fractions for data sets 1 and 2 are shown in Table

In the case of tetartohedral twinning, the observed inte c intensities f_.’kJ as follows:

Spell check complete

‘object_0_tex
Any spelling uncertainties are highlighted
(double-click a highlighted uncertainty for
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The assignment of subscripts to twin operations is arb efers to I(k,h,-1), f3 refers to I{-k,

-h, -I) and .’4 refers to I(-h, -k,I), according to the three (jror 3 4) have been estimated,

then the intensities can be detwinned (i.e. one can soly sities, to obtain the true
intensities, arbitrarily setting .’Im: = 11). If the data have been detwinned successfully, then the resulting intensities should obey

exponential statistics (Wilson, 1949). On the other hand, if an incorrect solution for the twin fractions has been chosen then the
detwinned intensities may not follow the correct distribution. In this way, it is possible to distinguish between correct and incorrect
solutions for the twin fractions (Yeates & Yu, 2008). This approach was used to analyze the potential twin-fraction solutions for data
sets 1 and 2 (Fig. 4). In the case of data set 1, the detwinned data calculated under solution | followed a somewhat more ideal
distribution than those calculated under solution 2. In the case of data set 2, solution 2 was much better.

It is important to note here that for each solution for the twin-fraction values there are four different permutations of the four twin
fractions which are equally correct (Yeates & Yu, 2008); different permutations simply correspond to exchanging the assignments of
fl, .’2, 13 and .’4 in (2). The permutation of the twin fractions that is chosen is therefore arbitrary, unless it is necessary to obtain

agreement with a previously defined set of intensities. This was the case here, as a molecular-replacement model (and its calculated
intensities) had already been obtained (i.e. prior to detwinning). In this work, therefore, detwinning under all four allowed
permutations of the twin-fraction solution was performed and the correct solution was decided by the behaviour of atomic refinement
and by the inspection of electron-density maps. For completeness, the four permutations of the alternate (less plausible) solution for
the twin fractions were also tested. The same procedure was applied to data set 2. Thus, eight separate preliminary refinements were
conducted using each of the two data sets (the results for data set | are shown in Table 3). Solution | for data set 1 was (0.424, 0.300,
0.134,0.142), with the alternate orderings (0.300, 0.424, 0.142, 0.134), (0.134, 0.142, 0.424, 0.300) and (0.142, 0.134, 0.300, 0.424)
being equally possible. It was verified that solution 1 of data set 1 (0.424, 0.300, 0.134, 0.142) and solution 2 of data set 2 {(0.291,
0.276,0.151, 0.282) were correct. This was consistent with the previous examination of detwinned intensity statistics (Fig. 4).

2.6 . Refinement under partial tetartohedral twinning

Because all four twin-related reflections must be observed for detwinning to be carried out (2), data completeness is important for
detwinning. We therefore refined the structure using data set 1. An atomic model was rebuilt using Coot (Emsley & Cowtan, 2004)
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Table 1. Sample information @

Macromolecule details
Database code(s) FDBE code: 2E39;, UNF code: PER ARTRA

Component molecules Peroxidase (EC number: 1.11.1.7), sugar (2-mer), sugar (alpha-D-mannose), calcium ion, cyanide
ion, protoporphyrin IX containing Fe, water

Macromolecular The biological assembly is a monomer
assembly

Mass (Da)

Source organism
Arthromyces ramosus

Crystallization and crystal data

Crystallization method  Sitting-drop vapour diffusion

Temperature (K) 297

Additional details 37% saturated ammonium sulfate, Tris-HCI, pH 7.5, microdialysis, temperature 207 K

Crystallization solutions

Crystal data

Crystal size (mm)

Matthews cocfficient, 2.21
v, (A% Dat)

Solvent content (%) 45.11
Unit-cell data

Crystal system, space P42 1 2

group
a, b, e (A) 73.84, 73.84, 115.68
o By () 90, 90, 90

Mo. of molecules in
unit cell, Z

Table 2. Data collection and structure solution statistics ©

Values for the outer shell are given in parentheses.

Diffraction source Synchrotron; SPring-8 beamline BL41X1J
X-ray beam size

Sampling protocol

Done

publBio

Prepare, Edit,
Submit, Publish

publBio provides html output




Eile Edit View Insert Format Table Tools Window Help & X
EIRE] D A I¥E . B ©
B
Table 1. Sample information
Macromolecule details
Database code(s) PDE code: 2E39, UNF code: PER. ARTRA
Component molecules |Peroxidase (EC number: 1.11.1.7), sugar (2-mer), sugar (alpha-D-
mannose), calcium len, cyanide ion, protoporphyrin IX containing Fe,
water
Macromolecular The biclogical assembly 1s amonomer
assembly
Mass Da)
Source erganism
Arthromyces ramosus
Crystallization and crystal data
Crystallization method | Sitting -drop vapour diffusion
Temperature (K) 297
Additional details 37% saturated ammonium sulfate, Tris-HCl, pH 7.5, microdialysis,
temperature 297 K
Crystallization solutions
Crystal data
Crystal size (mm)
Matthews coefficient, |2.21
7, (B Day
Solvent content (%) 4511
Unit-cell data
Crystal system, space | P4,2,2
group
a.bc (k) 73.84,73.84, 115.68
@By 90, 90, 90
Ne. of melecules in
umt cell, Z
Table 2. Data collection and structure solution statistics B
o =]
Values for the outer shell are given in parentheses. iz
D)
\ 1 &
T ) v
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