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The program OASIS4.0 has been released. Apart from the improved single-wavelength anomalous diffraction

(SAD) phasing algorithm described in a separate paper, an important new feature in this version is the automation of

the iterative phasing and model-building process in solving protein structures. A new graphical user’s interface (GUI)

is provided for controlling and real-time monitoring the dual-space iterative process. The GUI is discussed in detail in

the present paper.
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1. Introduction

The program OASIS is for direct-method phas-
ing of single-wavelength anomalous diffraction (SAD)
or single isomorphous replacement (SIR) data from
proteins and for reciprocal-space extension of par-
tial protein-structure models. There are four dif-
ferent versions of OASIS so far released. The first
version of OASIS was released in 2000.[Y Only sin-
gle runs of direct-method SAD/SIR phasing can be
performed with this version. The second version of
OASIS was released in 2004.1%? The direct-method
reciprocal-space fragment extension in the presence of
SAD/SIR information was first introduced into this
version. A combination of OASIS-2004 with density-
modification program (DM[*~¢ or RESOLVE[)
and model-building program (RESOLVE[®! and/or
ARP/wARP[Y) leads to the dual-space iterative
SAD/SIR phasing and fragment extension, which dra-
matically enhances the efficiency of direct-method
SAD/SIR phasing.['12] The third version of OA-
SIS was released in 2006.1'3] Introduced into this
version was the direct-method reciprocal-space frag-
ment extension in the absence of SAD/SIR infor-

mation. Combination of OASIS-2006 with density-

modification program and model-building program
leads to the dual-space iterative fragment extension
in the absence of SAD/SIR information, resulting in
significant improvement of the molecular replacement
(MR) model completion.™ OASIS4.0 is the fourth
version of OASIS. New features of this version include
the improvement of SAD-phasing algorithm and the
automation of dual-space fragment extension with or
without the help of SAD/SIR information. The for-
mer has been discussed in a separate paper,!!9 while
the latter is described in the present paper.

2. Automation of dual-space iter-

ation

A dual-space phasing method has been used
by Wang in the “solvent flattening” process!!6:17]
with great success in improving the quality of
electron-density maps of proteins. The direct-method
dual-space phasing procedure by Hauptman and
colleagues!'® enhanced the power of ab initio phas-
ing of diffraction data at atomic resolution by an or-
der of magnitude. The preliminary test of iterative

dual-space SAD phasing of protein data has been re-

*Project supported by the Innovation Foundation of the Chinese Academy of Sciences, and the National Basic Research Program

of China (Grant No. 2002CB713801).
tCorresponding author. E-mail: gu@cryst.iphy.ac.cn
fCorresponding author. E-mail: fanhf@cryst.iphy.ac.cn

@© 2010 Chinese Physical Society and IOP Publishing Ltd

http://www.iop.org/journals/cpb  http://cpb.iphy.ac.cn

086103-1



Chin. Phys. B Vol. 19, No. 8 (2010) 086103

ported by Gu et al.l'9) The iterative dual-space SAD
phasing and fragment extension has dramatically en-
hanced the SAD/SIR phasing power for protein data
far below the atomic resolution.®11:201 Applications
of the dual-space fragment extension have been ex-
tended to protein data without SAD/SIR signals.[14]
This enhances significantly the efficiency of MR-model
completion in the case where SAD/SIR signals are un-
available. While the solvent flattening procedure and
the dual-space ab initio direct-method phasing proce-
dure have been well automated, no efforts have been
made for the program OASIS to automate the dual-
space iteration before the version OASIS4.0.121

The dual-space iteration in OASIS consists of the
following steps:

(i) phasing by OASIS4.02! in one of the following
cases:

(a) SAD/SIR data with known heavy-atom sub-
structure;

(b) SAD/SIR data with known heavy-atom sub-
structure and a partial (maybe fragmental) protein
structure model;

(¢) diffraction data without SAD/SIR signals, but
with a partial (maybe fragmental) protein structure
model;

(ii) the density modification by DMM=6 or
RESOVE(™ to improve the electron density map ob-
tained from (i) and output a set of improved phases
and figures of merit. This step is optional and can be
skipped by the user.

(iii) model building and structure refinement
based on (ii) or (i) by RESOLVE,®*] ARP/wARP[!
and REFMACP? or by the program AutoBuild in

N CCP4 Program Suite 6.1.0 CCP4interface 2.0.3 running on macbook-pro.local Project: Project

PHENIX; 23]

(iv) ending process or going back to (i).

Iterative jobs for the automatic dual-space phas-
ing and fragment extension are organized and moni-
tored via the graphical user’s interface (GUI) of OA-
SIS4.0, which will be described in detail below.

3. GUI

The GUI of OASIS4.0 consists of the control panel
and the monitoring board. The control panel is in-
voked via the CCP4 GUI (CCP4i, as shown in Fig. 1).
Clicking the item “Oasis—direct methods phasing” in
the CCP4 GUI will bring up a blank OASIS control
panel (Fig. 2), which is used for setting up condi-
tions/parameters for either a single run or an iterative
job. This will be described in detail later. Starting
an OASIS iterative process will bring up the monitor-
ing board (Fig. 3), which is a graphical monitor for
OASIS jobs. If for some reasons the board does not
appear, or when the job had completed and the board
is closed, the user can recall the board at: (work di-
rectory) /auto_oasis_data/0_html/index.htm.

On the monitoring board, there is a Gnuplot
graph (Web site at http://www.gnuplot.info/) dis-
Besides, the
user can click “details” at bottom left to obtain a

playing the progress of the iteration.

detailed list for all finished cycles (see Fig. 4) or
click “Sequence file” to check the file contents. By
clicking the PyMOL logo on top right, the current-
available “best model” (stored in a PDB file) will be
opened and can be manipulated by PyMOL (Web site
at http://www.pymol.org/) (Fig. 5).

Oasis - and Partial-model extension
- Experimental Phasing —'?ojec: Database Job List - currently no jobs AY
» Luta Fropation o

~1

Fig. 1. CCP4 GUIL
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Fig. 3. Monitoring board of the OASIS4.0 GUL.
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Aanon Mozilla Firefox
“ fle:// [Applications [auto_oasis/project o5 /MR /OIS /aut0_0asis_data/0_htmi/details.htmefinal Hl

[Cycie0  Model building: ARP/wARP-REFMACS; :
78 residues buildt with 19 docked into the sequence; R factor = 0.368; Riree factor = 0.558 show mode]
Solution selected according to ARP/WARP's default.
done
Cycle 1-1  Phasing: DASIS-SigmaA; Density modification: DM: Model bullding: ARP/WARP-REFMACS: |
110 residues buildt with 47 docked into the sequence; R factor = 0.289; Rfree factor = 0.467 show modcl
Solution selected according to ARP/WARP's default.
done
Results from trial number = | were selected

CycleZ-1  Phasing: OASIS-SigmaA: Density modification: DM: Model building: ARPAWARP-REFMACS:
182 residues buildt with 168 docked into the sequence; R factor = 0.243; Rfree factor =0.294 show maode]
Solution selected according to ARP/WARP's default.
done

Results from trial number = 1 were selected

Cycle3-1  Phasing: OASIS-SigmaA.; Density modification: DM: Model building: ARPIWARP-REFMACS;
190 residues buildt with 190 docked into the sequence; R factor = 0.226; Riree factor = 0.293 show mode]
Solution selected according to ARP/WARP's default.

done
Results from trial number = | were selected

“_"

Fig. 4. Detailed list of results for finished cycles.

A ND MacPyMOL
A current P‘,RO'L Maintemance and/or Support Al \(. . 1( e ¥
Subscription may be required Reset ‘W"‘_XD"“’Y Ray Rock
for legal use of this Duild beyond a fimite - \ '( \f ~
honor-system evaluation peried. £| Unpick Hide Sele Cet View
Please visit httpi//www.pymol.org/funding.html
i Y Y11
for more informatiom. f/'f < SIBD Play MGear

This PyMOL Executable Build imcorporates Open-

Sourcs PyMOL 0. 99rch. 4

PyMOL>

Fig. 5. Real-time PyMOL display of the best structure model.

3.1. Running mode and Job title; message windows —on-line help

The first thing to do on the control panel is to select the “Running mode”. Click the button next to
“Running mode” and select from the pulldown menu what you would like the job to do. Three choices are
available (see Fig. 6). Suppose that you take “SAD—direct phasing and fragment extension”, then the default
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“Job title” will be “SAD phasing”. You can change the contents of “Job title” by putting any character string
into the adjacent slot. Two items are seen at the bottom of Fig. 6. They are related to some features of OASIS4.0
and are by default selected. Right click the first item “Use original unresolved - - -” a message window will appear
giving explanations for that item (Fig. 7). From the item “Use original unresolved - --” downward, the user can
right click an item (including buttons, slots and widgets) on the control panel and obtain some explanations
(on-line help) for that item. Such messages make up an important part of the tutorials of OASIS4.0.

| vow_
Job title |SAD phasing Al
( Running mode SAD - direct phasing and fragment extension ~ |
MTZin Proj SAD --- direct phasing and fragment extension [ Browse View
SAD data. SIR -—- direct phasing and fragment extension _I _I
Fmean _ Partial-model extension without SAD/SIR information = |
— | Sigbano —|

— I

o v | v |

ndal phase distribution in DM, RESOLVE, Refmac and AutoBuild

Fig. 6. Running mode selection.

1066 '\ CCP4lInterface 2.0.3 Help |

By default this item is selected in SAD/SIR cases to inform OASIS to calculate and output HL
coefficients that correspond to the original unresolved bimodal phase probability distributions.

Fig. 7. On-line help—message widow.

3.2.Input data and output files

After choosing the “Running mode”, the user should specify the location of the diffraction data file (in
MTZ format) in the slot next to the label “MTZ in” (see Fig. 8). The user should also specify a “Work
directory”, which by default will be a subdirectory named “oasis” under user’s default project directory. The
“Work directory” will keep all intermediate files for the whole iterative process.

| Heip
Job title |SAD phasing N
Running made SAD — direct phasing and fragment extension —
Gz in}) Project |] Browse | View |
SAD data format : W Fmean, Dano i F+,F-

Fmean — | SigFmean —~ 1|
— | SigDano — |

FreeR N =1
@ Project :'!{mlsis' grovse | view |

Fig. 8. Input and output specification (a).

P

If, instead of an iterative process, you wish to make a single run of OASIS, then you should unselect the
item “Dual-space iteration” (see Fig. 9). In this case you should specify the location of the output file in the

086103-5



Chin. Phys. B Vol. 19, No. 8 (2010) 086103

slot next to the label “MTZ out”. Notice that in this case the control panel will not provide the function of
automatic model building.

1966 '\ Direct methods of SAD/SIR phasing and partial-model extension

E— e

Running mode SAD - direct phasing and fragment extension ~|
MiZin  Project |

SAD data format : W Fmean, Dano A F F-

FreeR = |

Girzou) vt | oo | |
™ Use original unresolved bimodal phase distribution in DM, RESOLVE, Refmac and AutoBuild
en assiqned residues in the bullt model are no more than 30 % of residues in the structure
G D oo e
-l partial struct
_1 Density modifiction after OASIS

Fig. 9. Input and output specification (b).

3.3. Partial structure

Partial-structure information is compulsory in “Partial-model extension” mode, but it is optional in SAD
and SIR modes. Partial-structure information should be provided with a file in either PDB format or OASIS
format. The user would right click the button “from PDB file” and the following slot (see Fig. 10) for details.

® Parlial structure
from PDB file

M Refine starting model  program AWPIWARP —|

-

Artificial heavy atoms randomly taking from |5 % of the partial model
Number of trials [I°
i Special for first cycle
Result selected from ARPAWARP trials by  Number of residues found — |

Fig. 10. Partial structure input.
Default controlling parameters for partial-model extension are set on the control panel as shown on the

lower-half part of Fig. 10. In most cases, there is no need to change the default settings. However if you want
to change something, before you do it, please right click the corresponding item to learn more.
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3.4. Heavy-atom substructure

Information of the heavy-atom substructure is compulsory for SAD/SIR phasing. This can be provided by
specifying the location of a file in the pink slot (see Fig. 11), or by entering the necessary atomic parameters on

¢

the control panel (see the lower-half part of Fig. 11). The item “x-ray wavelength” is only necessary for SAD
phasing, which is used to calculate the imaginary-part correction (f”) of atomic scattering factors. Click the

button “x-ray wavelength”, you may alternatively select “input {” instead of “x-ray wavelength”.

e —— —

i
Zl _1 revers heavy atom paosition m
Humber | r|
Oce | B)
Edit list —| addatom |

Fig. 11. Heavy-atom substructure, and x-ray wavelength or f”/ input.

In the “partial-model extension” mode, the item “Heavy-atom substructure” will not appear on the control
panel. Instead, there will be a widget “Heavy atom” next to the “Running mode” button as shown in Fig. 12.
If (not compulsory) the user wants to input the heavy-atom substructure, please select the widget to bring up

the item “Heavy-atom substructure”.

© © O X Direct methods of SAD/SIR phasing and partial-model extension Initial parameters from /Applici
Direct methods of SAD/SIR phasing and partial-model extension | Heip |
Job title |Partial-model extension ] A |
Runningmode  Partial-model extension without SAD/SIR information .

MTZin MR _.|; Browse | View |
p FP — | sigFp SIGFP — |

FreeR Unassigned - |

Workdirectoy MR — | Browse Iil

Fig. 12. Heavy atom option in partial-model extension mode.

3.5. Unit-cell contents

Unit-cell contents are necessary for calculating normalized structure amplitudes E(h, k,!) in direct-method
phasing. For this purpose the user should specify the sequence file in the pink slot in Fig. 13. If the sequence
file does not have the suffix “pir”, then please click the button “from sequence file (x.pir)” and take the option
“from other sequence file (*.x)”. If your protein consists of n identical molecules, the sequence file should only
contain residues of one molecule and, the number “1” in the widget above the pink slot should be replaced by
the number “n”.

In case you do not have the sequence file, the unit-cell contents can also be calculated from the “number
of residues in asymmetric unit”. However, this option is only available for a single run, i.e., you should turn off

(unselect) the item “Dual-space iteration” on the control panel.
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*** Coll Contents for calculating E vakues in direct-meihod plesing »
from sequence file (*.pir) ~ |
Number of residues in the AU is 1 times of that in the sequence file.

Fig. 13. Unit-cell contents input.

3.6. Default settings of direct methods

The default controlling parameters for direct-method phasing are provided near the bottom of the control
panel as shown in Fig. 14. Values defining the resolution range are detected automatically from the input data.

In most cases, there is no need to change any of the default settings. For details of each setting, please right
click the corresponding item on the control panel.

Controfiing parameters for direct-method phasing L
_i Resolution range from |24.915  to [1.752 Angstroms
_I Perform comparison with known phases from input file

Kappa minimum |autn Number of cycles for phase iteration 2
I Hot forcing cos(deltaPhi)'s to follow uniform distribution

Fig. 14. Default settings of direct methods.

3.7.Limited control on ARP/wARP

Limited items for controlling ARP/wARP are available on the control panel (see Fig. 15). The user is
referred to ARP/wARP documents for more details. In our experience, when the model-building result is
unsatisfactory, unselecting the item “Use dipeptide distribution ---” may give chance to obtain a better result.
The item “Include dummy atoms ---” is a special function of OASIS dual-space iteration. By default it is

selected in SAD/SIR phasing, but unselected in Partial-model extension. Right click this item to have more
explanations.

ARPANARP parameters L
Target function Maximum Likelihood — | used in REFMACS W Use Free R flags
Scaling mode BULK — I
W Use dipeptide distribution for Main-Chain tracing
¥ Include dummy atoms in the structure model
Solution selected by default — |

Fig. 15. Limited control of ARP/wARP.

3.8. Limited control on PHENIX

Limited items for controlling PHENIX.AutoBuild are available on the control panel (see Fig. 16). The
user is referred to PHENIX documents for more details. The item “Secondary structure only” is important in

model-building on electron-density maps at low resolution. By default it is selected for model building at lower
than 3 A (1 A=0.1 nm) resolution.

PHENIX Acitobanld parameters -

Build number customize... — | minimum builds IB minimum rebuilds |1l]

W Secondary structure only
Solution selected by default —~|

Fig. 16. Limited control of PHENIX.
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4. Installation

version and the MAC OS X version are available.

OASIS4.0 is freely available for academic users from the Web site http://cryst.iphy.ac.cn. Both the Linux
Please read the “Readme file” first after unpacked the

downloaded package. Then by executing the script install.csh all the necessary OASIS4.0 files will be put into

the existent CCP4 (available at http://www.ccpd.ac.uk/) directories in the local computer. In order to use the
OASIS4.0 GUI, the user should have also ARP/wARP (available from http://www.embl-hamburg.de/ARP/)
and PHENIX (available from http://www.phenix-online.org/) preinstalled in the local computer. People, who

used OASIS4.0 in their work, please cite the present paper in the relevant publications.
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