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The development of a software for automating
the refinement on the protein structure
in X-ray protein crystallography
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X-ray crystallography is the principal method for elucidating the atomic detail of proteins. The basic
principle of this method is that the X-ray diffraction data derived from a protein crystal can be considered
as the Fourier transform of the electron-density distribution of the crystal. Then through an anti-Fourier
transform on the observed diffraction data, an electron-density map can be drawn for the protein crystal.
Within the electron-density map the protein structure is reconstructed. From the protein crystal to the final
protein structure, several steps are involved, such as diffraction data collection, data processing,
electron-density map drawing (phasing), model building, and model refinement. Among these steps, the
refinement is the most time-consuming step. The cause of the time consumption is the heavy manual
works that have to be done by crystallographérs while there have already been many softwares developed
for automating or semi-automating the works for other steps. For this reason, a software Lafire
(_Locél-corrclation-coefﬁcient—based Automatic Fltting for _R_Eﬁneme'nt) is developed in this research to
automate the refinement of an initial protein model.

In the refinement step, the manual works are performed for the purpose of correcting the errors in the
initial model. These errors are derived from the npise in the electron-density map and the resolution limit
Usually the manual works are mainly composed of three parts: 1. building the missing parts in the initial
model, 2. checking the model and fitting the ill matched parts of the model to the electron density map, 3.
refining the mode!l with refinement programs. Performing these works cycle by cycle, a final model can
be derived from the initial model. Lafire is designed to fulfill these works by programs automatically so
that the time taken on the refinement can be reduced.

Corresponding to these sole works done by crystallographers in refining the initial structure model,
Lafire can be divided into three function modules. The first is for building the missing parts in the model;
the second is for fitting the model to the electron density map and the third is for linking the first two

modules to the refinement programs and doing the whole process iteratively.
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To build the missing parts in the model, an algorithm called MSP (Map Segment Prune) is applied.
This algorithm is a simulation of building model by crystallographers from the view of image processing.
On the base of the statement that the electron density in the region of protein should appear higher than
that in other regions, the map segments for the missing parts are extracted as the continuous high density
region between two successive existing fragments. Then the main-chain is traced residue by residue along
the map segments. To avoid extending main-chain to the region of side-chain, the side-chain region is
separated from the main-chain region through an operation of segment pruning. At last the side-chains are
fixed to the built residues with the standard templates designed for each amino acid.

The fitting is performed by Lafire through picking out the residues ill matched to the electron density
map first, and then adjusting them. To achieve this goal, a grouped local correlation coefficient (GLCC) is
proposed as the evaluation of the fitness of residue to the map. By employing the atom density as the
element for correlation and applying a modified style for the calculation of correlation, GLCC presents a
good efficiency in estimating a residue. Finally the main-chain and the side-chain of the ill matched
residues are fitted separately.

At last the generated new model is inputted to the reﬁnement programs. An interface is designed to
configure the input files for the refinement programs and commit the whole process from building to
refinement iteratively until the evaluation of the model, free R factor, stop declining. Then the result
protein model is achieved.

Lafire has been tested on some existing samples, as well as it has been practiced on some new
structures. The total amount of these samples is beyond 40. From the results, the conclusion can be drawn
that the time consumption on refinement is dramatically reduced by using Lafire.

In this dissertation, the detail of the implementation of Lafire is introduced. In the last section of the

dissertation, the results of the samples refined through Lafire are tabulated.

- 297 —



Fam L EEDER

& BB BHA M
BE #BE B # %
B OE BB BB A
BOE B % Rk

FMNEXEL

The development of a software for automating
the refinement on the protein structure
in X-ray protein crystallography
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WES ) ARET V27 FOERITEY, ¥ 37 B X B SMERET O—E
DM REEBBEBELINTETWS. ZhE T U IAREN S, BEIFF—2HIE,
WERITE T, BEBITOKL RBEEZEBLTI 0S5 AL XFARMRB SN, 7
—FZWHE, BRFIA FORENLOMHEHE - KB, SOITEFIVIETORTF S
Barya—FZ LV iZEEaRNICTbRa X 51ICRkoTWA. LA L, BEFONAL R
N—Ty MEERATIZEBWVT S, MERITOBKER Th o EAMEDKEEB/LITESIL
SN TR, ZODEBRIZY 30 BRERITOLEM TR b RERIALNY, F
TERREBETDRAT v 7L RoTN5. FIFETIT, BROLEEEEMT I/ T A
YRT LBRBICKLERTR E 25, BARMERITICRIT 2B BB B8+ 57
OOTa s T AOREEITRoT.

F Ry EREGBERITOBBILICAVW A IET I, BN aRirEDRE
ERXT —F OHREDOHIRZ EITE > T, BREBEN LRV TR TEY, T-#ED
IR DWMBERKLTWHIOBRYEETHS. BrE LTEXRFITOHEELHB. —FT
F R EOBEIL, BT —F LBBLD/NT A—F OHBMEN D, BRI
B, ZHRETIZ, R RENTBEBEAETATY XA (R EB/PRE, TXAX
—R/NE, TFEINEE, BAERE) XEREN, ¥ 71275 A (SHELX, PLOLSG,
INT, X-PLOR/CNS, REFMAC 72 &) DMERRENTETWA. Lo L, FHEFLOTHH
WMELCNSEELZEX 5 L, HER T CEFARIEET S Z LILRABIZARS. LR
2T, BELOBERTIX, B%, BELOHERICa  Ya—d S5 T 0 7 XEFIAL
T, RTEREZEFEEICADLREIERE, ~=aTA T4 vT 4 7%, REBSEE
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LS BETIHEBBRUNETHD. FHRTIE, Z0L)R~v=a TABEERZTRTHS
MICATR25 Z & T, MEB(LZLEMELT 57D D, BEMEE{LT 25 A LAFIRE
(Local-correlation-coefficient-based Automatic Fltting for REfinement) % BAZ L 7-.

LAFIRE (1R D B BHRE, BTEFAOFME, 7510 EBEEMKEESZ#D, B
ERELTOITAEDL VT =X, BBLA T FO— LY THEE» RS,
a2 LAEHEITIX, C, Fortran &%, A V¥ 7 x— X &V a THIENIZIX Shell B
BEEALE. 7u S5 IV T L RROMBOILREME - BRILTE L0V A0,
27u T AOMEIXEY 2 —{k L.

Lafire iX, BEfFOE®ET Y /705 A (SOLVE/RESOLVE BV il ARP/WARP
2E) CHBMMIZET Y v/ TCERPoEER, AV —ToMELY, BFHERE
7 I BREINICESWTEBRNICRET 2L, BRIREO DI, EfLH
BERUCESEREFBLEHFHRO 7L TY X2 MSP (Map Segment Prune) % BE%E L
oo TOTAITYXANTHE, ETREERSOBFEEEZEIVHL, Tree-¥r—F I
FoT, IVHLABEFEENLOEHOWNEREL, TLT, EHOMEEITY. £
D%, BEOT 7V — MEEEE > TRISHOMELITS. LAFIREDET NV L BT
ERO—REFMET 2012, BFEERNOEE*RRTIEAEZDTLBFEEROR
ARG 72}B B4R %k (GLCC) &R L 7. BEFEEX & LTI, MEB/L@&+ D sigmaa-weight
2Ol = 2Fo-Fc BFHEER, H5\iX, BIE LHEERTF Fo &L MAD fif#E72 ¥ bR
B LU-BFBERZEES. LAFIRE OEFLDOEIEIX, Z0RFNRHEBEHKEE GLCC I
IYVBRHLAEBFEERE B LAR2VREEZ —>TOEH L MSIRT TIT .

BRLEFaZIAIE, ZHETIZ, 202BX3FRRY I EOMEEEL
WCHEA&H, i Web 2L TIESBSMTHABALTHY, BEIZ1 0 0 A EOBIFEH
BickoTHYra—RERTWD. 2D X 51T Lafire IIBE L -HEEHE D=2 T
EEEZLEL LEBE BB HBNCITROIMRIOFa /IS 5L LTHELTY
5. :

Sk, FBETIRE V7 BOMEREN OB THBMEAR D Rl TH - 2 EBLo
BRCHEEL, ChE AT 3D RFRRTATY XLEERL, ZANR 0/
T AVAT ADERIKRI L. FRESEHPFCRIETERITISRAZ S OXD
HrEZLN, Lo THEERE—RIIHHENEL (BER) OBMEB5+O0OBRE D
5HDLRBDE.
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