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A practical procedure for MAD phasing was successfully

performed in the structure determination of the LolA protein,

even though the XAFS data could not be measured owing to

the overlap of the ¯uorescence spectra of the atoms that

contribute signi®cant signals for anomalous dispersion. The

LolA protein, a periplasmic chaperone functioning as an

outer-membrane lipoprotein carrier of the Lol system which

mediates translocation of the water-insoluble outer-membrane

lipoprotein across the periplasm in Gram-negative bacteria,

was crystallized in two forms: orthorhombic (I222) and

trigonal (P3121 or P3221). A multi-wavelength data set was

collected from a platinum derivative of the orthorhombic

crystals grown from a buffer solution containing zinc acetate

and cacodylate (an arsenic compound), but XAFS measure-

ments could not be performed because the energies of the

¯uorescence spectra of Zn atoms, As atoms and Pt atoms are

in very close proximity. However, effective MAD data were

collected with six wavelength data sets near the platinum

absorption edge and the f 0 and f 00 values could subsequently

be estimated from the data statistics and the peak height of the

dispersive and anomalous difference Patterson maps. The

subsequent MAD phasing gave a high-quality initial electron-

density map which was suf®cient to construct a complete

molecular model of the LolA protein.
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1. Introduction

The Pt atom is one of the most useful heavy atoms in deri-

vative compounds for protein crystal structure determination.

Various platinum compounds such as potassium tetrachloro-

platinate(II) (K2PtCl4), potassium hexachloroplatinate(IV)

(K2PtCl6) and potassium tetracyanoplatinate(II) [K2Pt(CN)4]

are used in the multiple isomorphous replacement with

anomalous scattering (MIRAS), single isomorphous replace-

ment with anomalous scattering (SIRAS) and multi-wave-

length anomalous dispersion (MAD) methods, respectively. In

order to optimize the anomalous effect, the data must be

collected near the LIII absorption edge (11.565 keV). For the

MAD method in particular, determination of the effective

absorption edge from ¯uorescence XAFS spectra is indis-

pensable for diffraction data collection. Three data sets are

usually collected at the absorption peak having the maximum

f 00 value, the in¯ection point having the maximum |f 0| value

and a remote point. In the course of the structure analysis of a

protein, periplasmic chaperone LolA, we obtained the only

one derivative, which was prepared with a platinum compound

using crystals grown from a solution containing zinc ions and

As atoms from the cacodylate buffer. However, the ¯uores-

cence spectrum of the Pt atom overlaps with those of the Zn

and As atoms. In addition, a bent cylindrical mirror coated



with platinum was used as part of the optical component of the

BL44B2 RIKEN beamline of SPring-8 where the data

collection was performed (Adachi et al., 2001). A platinum- or

rhodium-coated mirror is widely employed in many beamlines

for biological crystallography. The platinum-coated mirror

absorbs X-rays at its absorption edges and the intensity of

incident X-ray beams (I0) varies drastically depending on the

energy. XAFS experiments using the present crystals were

dif®cult to perform under such conditions, although a

successful MAD phasing using platinum derivatives at this

beamline has been reported previously (Shimizu et al., 2002).

In the present case, we could not measure the exact XAFS

spectrum of the platinum derivative of the LolA crystal

despite many trials. Nevertheless, we were successful in esti-

mating the appropriate energy in the phase calculation and the

phases were successfully calculated to give a high-quality

electron-density map.

The Lol factors, found widely in Gram-negative bacteria,

are involved in the detachment of insoluble outer-membrane-

speci®c lipoproteins from the outer lea¯et of the inner

membrane. Members of the Lol factors are composed of a

periplasmic chaperone LolA (20 kDa; Matsuyama et al., 1995),

an outer-membrane receptor LolB (Matsuyama et al., 1997)

and the LolCDE complex belonging to the ABC transporter

family (Yakushi et al., 2000). The LolCDE complex

recognizes the sorting signal and releases the outer-membrane

lipoprotein from outside the inner membrane using ATP-

hydrolysis energy (Yakushi et al., 2000). The released outer-

membrane lipoprotein forms a water-soluble complex with

LolA. The outer-membrane lipoprotein is accepted by LolB

and is subsequently incorporated into the periplasmic side of

the outer membrane. Recently, some mutants at conserved

residues of LolA homologues were constructed. LolA(F47E)

is defective in binding lipoproteins (Miyamoto et al., 2002).

LolA(R43L) (Miyamoto et al., 2001) can bind lipoprotein but

cannot transfer the associated lipoprotein to LolB. LolA plays

an essential role in the transfer reaction of outer-membrane

lipoprotein in the periplasmic space. Furthermore, depletion

of LolA is lethal to Escherichia coli (Tajima et al., 1998).

Although homologues of the Lol proteins have been widely

found in Gram-negative bacteria, no structural information is

available at present.

We report here a practical phasing procedure using the

MAD method in a case where the XAFS measurements could

not be performed, in the course of the structural determina-

tion of LolA from E. coli, using data sets from the platinum

derivative.

2. Method

2.1. Expression and purification of LolA

LolA was overexpressed and puri®ed as described

previously (Matsuyama et al., 1995). The plasmid (pMAN995)

encoding wild-type LolA was transformed into E. coli strain

MC4100. The cells were grown in LB medium at 310 K.

Expression of the gene was induced with 0.2%(w/v) arabinose.

The harvested cells were converted to spheroplasts by treat-

ment with lysozyme and EDTA (Osborn & Munson, 1974).

The spheroplasts were removed by centrifugation at 10 000g

for 10 min and further centrifuged at 100 000g for 30 min to

remove insoluble materials. The resulting supernatant was

concentrated with Centriprep YM-10 (Millipore) and then

dialyzed against 20 mM Tris±HCl pH 8.0. The fraction was

applied to a MonoQ 10/10 column (Amersham Pharmacia

Biotech) that had been equilibrated with 20 mM Tris±HCl pH

8.0. The column was eluted at a ¯ow rate of 4.0 ml minÿ1 with

a linear gradient of sodium chloride (0±300 mM). LolA was

then puri®ed with a hydroxyapatite column with a linear

gradient of potassium phosphate (25±130 mM). LolA was

eluted at �74 mM potassium phosphate and stored in a

freezer at 193 K. Stored LolA was applied to the MonoQ 10/10

column again just prior to crystallization. The column was

equilibrated with 20 mM Tris±HCl pH 8.0 and was eluted at a

¯ow rate of 1.0 ml minÿ1 with a linear gradient of sodium

chloride. The puri®ed protein was desalted and concentrated

with Centricon YM-10 (Millipore) to �20 mg mlÿ1 in 10 mM

Tris±HCl buffer pH 7.4.

2.2. Crystallization

Crystallizations were carried out by the sitting-drop vapour-

diffusion method using 24-well culture plates. 1.0 ml of protein

solution was mixed with an equal volume of reservoir solution

on a microbridge (Hampton Research). The drop was equili-

brated against 200 ml reservoir solution. Two crystal forms

were obtained. Orthorhombic crystals with dimensions of

0.2 � 0.15 � 0.15 mm were obtained from solution containing

15%(w/v) PEG 8000, 80 mM sodium cacodylate pH 6.5,

150 mM zinc acetate and 20%(v/v) glycerol at 277 K (Fig. 1a).

Trigonal crystals with dimensions of 0.4 � 0.1 � 0.1 mm were

obtained from solution containing 15%(w/v) PEG 1500,

20 mM Tris±HCl pH 8.0 and 20%(v/v) glycerol at 293 K

(Fig. 1b).

2.3. Derivative preparation

For each crystal form, more than 50 compounds were

surveyed for the preparation of heavy-atom derivatives.
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Figure 1
Crystals of LolA from E. coli. The scale bar indicates 0.2 mm. (a)
Orthorhombic form (I222). (b) Trigonal form (P3121 or P3221).
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Crystals were soaked in reservoir solutions containing 1±2 mM

of each heavy-atom compound. Suitable derivatives were

obtained for the orthorhombic crystal using three compounds

having similar structures, K2PtCl4, K2PtBr4 and K2Pt(NO2)4.

The best derivative was prepared by soaking the crystals in a

reservoir solution containing 2 mM potassium tetra-

bromoplatinate(II) (K2PtBr4) for 5 d. A back-soaking proce-

dure was employed for 1 min. The crystals of the K2PtBr4

derivative were brown in colour.

2.4. X-ray data collection and analysis

For diffraction measurements at cryogenic temperature, all

crystals were picked up in nylon loops (Hampton Research)

and rapidly cooled with liquid ethane. The native data from

the orthorhombic crystal were collected by the rotation

method with oscillation angles of 1.0� at beamline BL44B2 at

SPring-8 (Harima, Japan) using a MAR CCD165 detector at

90 K. The wavelength of the incident X-ray was 1.00 AÊ and the

crystal-to-detector distance was set to 90 mm. The native data

of the trigonal crystal were collected by the rotation method

with oscillation angles of 2.0� at beamline BL38B1 using a

ADSC Quantum 4R detector at 100 K. The wavelength of the

incident X-ray was 0.998 AÊ and the crystal-to-detector

distance was 135 mm.

Attempts were made to measure the XAFS spectrum of the

platinum derivative by the ¯uorescence method at beamline

BL44B2. An ion chamber (S-1329A, Ohyo-Koken Kogyo) and

an Si-PIN photodiode detector (XR-100CR, AMPTEC) were

employed for the measurement of the intensities of incident

X-ray beams (I0) and the ¯uorescence (I), respectively

(Adachi et al., 2001). The data for the MAD phasing were

measured using a MAR CCD165 detector at 90 K. The crystal-

to-detector distance was set to 150 mm.

All data were processed and scaled using the HKL2000

package (Otwinowski & Minor, 1997). Calculation of the data

statistics and the Patterson maps was performed using the

CCP4 software suite (Collaborative Computational Project,

Number 4, 1994), CNS (BruÈ nger et al., 1998) and XtalView

(McRee, 1999). The phases were calculated using the program

SOLVE (Terwilliger & Berendzen, 1999) and improved by the

program RESOLVE (Terwilliger, 2000).

3. Results and discussion

3.1. Characterization of native crystals

The orthorhombic crystals belong to the space group I222

(or I212121), with unit-cell parameters a = 55.8, b = 75.4,

c = 99.5 AÊ . Assuming the presence of one LolA molecule in

the asymmetric unit, the Matthews coef®cient VM was calcu-

lated to be 2.57 AÊ 3 Daÿ1, corresponding to a solvent content

of 52.2%, which is consistent with the range previously

obtained for protein crystals (Matthews, 1968). Re¯ection

spots could be measured to 1.65 AÊ resolution. The trigonal

crystals belong to space group P3121 (or P3221), with unit-cell

parameters a = b = 60.6, c = 79.0 AÊ . Assuming the presence of

one LolA molecule in the asymmetric unit, the Matthews

coef®cient VM was calculated to be 2.06 AÊ 3 Daÿ1, corre-

sponding to a solvent content of 40.3%, which is also a

reasonable result for protein crystals (Matthews, 1968).

Re¯ection spots extended to 1.9 AÊ resolution. The crystallo-

graphic data and processing statistics of both forms are listed

in Table 1.

3.2. Data analysis of the platinum derivative

The unit-cell parameters of the orthorhombic form of the

K2PtBr4 derivative crystals are a = 56.5, b = 74.7, c = 98.8 AÊ ,

which differ signi®cantly from those of the native crystals. The

derivative crystals are not isomorphous with the native

crystals. Only the platinum compounds successfully yielded

ef®cient heavy-atom derivatives of the orthorhombic crystals.

The cacodylate buffer containing As atoms was used as the

crystallization solution and also as the soaking solution. Zinc

acetate was also used in the crystallization solution. In the

present case, the cacodylate and the zinc ion were not

exchangeable with other reagents. The ¯uorescence spectrum

of the As atom (K�1, 10.544 keV; K�2, 10.508 keV; K�1,

11.726 keV) contained in the cacodylate compound and that

of the Zn atom (K�1, 8.639 keV; K�2, 8.616 keV; K�1,

9.572 keV) overlapped with that of the Pt atom (L�1,

9.442 keV; L�2, 9.362 keV; L�1, 11.071 keV; L�2, 11.251 keV;

L
1, 12.942 keV) of the derivative crystals. Therefore, it was

dif®cult to perform XAFS experiments using the present

derivative crystals under such conditions. Consequently, the

XAFS measurements were not performed and we could not

determine the appropriate wavelengths for the MAD data

collection. Six data sets were therefore collected from one

crystal. Two data sets were collected at low-energy and high-

energy remote points having small |f 0| values. The other four

data sets were collected at four wavelengths at 0.005 AÊ

(�5 eV) intervals near the platinum absorption edge in order

to collect a data set with a large |f 0| value, as wavelengths with

|f 0| values larger than 20 e are about 0.005 AÊ in width. The

crystal showed no signi®cant X-ray damage during the course

of data collection. The crystallographic data and processing

statistics are listed in Table 2.

Table 1
Crystallographic data and data-collection statistics of the native data
from LolA.

Values in parentheses refer to the highest resolution shell.

Orthorhombic Trigonal

Space group I222 P3121 or P3221
Unit-cell parameters

a (AÊ ) 55.8 60.6
b (AÊ ) 75.4 60.6
c (AÊ ) 99.5 79.0

Resolution range (AÊ ) 40.0±1.65 (1.71±1.65) 30.0±1.90 (1.97±1.90)
Observed re¯ections 363301 123965
Unique re¯ections 23909 13571
Redundancy 15.2 (5.6) 9.1 (7.2)
I/�(I) 30.1 (3.1) 21.9 (5.3)
Completeness (%) 93.2 (51.6) 99.4 (99.5)
Rsym² (%) 4.3 (23.6) 3.9 (25.6)

² Rsym =
P

hkl

P
i jIhkl;i ÿ hIhklij=

P
hkl

P
i Ihkl;i .



Harker sections of the anomalous

difference Patterson map using data set

5 at an energy of 11.566 keV (1.0720 AÊ )

showed several strong peaks (max +9�
level) as shown in Fig. 2. The correct

space group was determined to be I222

judging from the Patterson map. From

this map, the position of the Pt atom

was calculated to be (0.120, 0.423,

0.400) in Patterson space and corre-

sponded to the position (0.060, 0.212,

0.200) or (ÿ0.060, ÿ0.212, ÿ0.200) in

real space.

The values of the dispersive differ-

ence ratio [r.m.s.(�Fiso)/r.m.s.(F)]

and the anomalous difference ratio

[r.m.s.(�Fano)/r.m.s.(F)] are approxi-

mately in proportion to the |f 0 ÿ f 0remote|

and f 00 values (Hendrickson et al.,

1985),

r:m:s:��Fiso�=r:m:s:�F�
� h��jFj ÿ jFremotej

��2i1=2=hjFj2i1=2

/ jf 0 ÿ f 0remotej; �1�

r:m:s:��Fano�=r:m:s:�F�
� h��jF�j ÿ jFÿj��2i1=2=hjFj2i1=2 / f 00:

�2�
The r.m.s.(�Fiso)/r.m.s.(F) (open

circles in Fig. 3a) and the r.m.s. �Fano/

r.m.s. F (open circles in Fig. 3b) calcu-

lated from the six data sets are plotted

against energy. The variation of the

r.m.s.(�Fano)/r.m.s.(F) values against
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Table 2
Crystallographic statistics of data from the platinum derivative.

Values in parentheses refer to the highest resolution shell.

Data set 1 Data set 2 Data set 3 Data set 4 Data set 5 Data set 6

Energy (keV) 10.781 11.550 11.555 11.560 11.566 12.399
Wavelength (AÊ ) 1.1500 1.0735 1.0730 1.0725 1.0720 1.0000
Space group I222
Unit-cell parameters (AÊ ) a = 56.5, b = 74.7, c = 98.8
Resolution range (AÊ ) 30.0±2.50 (2.66±2.50)
Observed re¯ections 43217 49596 49474 47293 48218 47649
Unique re¯ections 7139 7491 7497 7423 7483 7392
Redundancy 6.1 (4.1) 6.6 (5.8) 6.6 (5.8) 6.4 (5.3) 6.4 (5.6) 6.4 (5.5)
I/�(I) 13.2 (2.3) 18.1 (3.4) 18.1 (3.5) 15.6 (2.8) 16.7 (3.2) 15.8 (2.9)
Completeness (%) 94.8 (75.2) 99.0 (94.3) 99.5 (98.5) 98.1 (89.5) 99.1 (96.6) 98.5 (92.2)
Rsym² (%) 5.3 (22.8) 4.2 (17.1) 4.2 (16.1) 5.0 (20.6) 4.9 (18.1) 5.0 (20.5)
R.m.s.(�Fiso)/r.m.s.(F )³ (%) [8.40]§ 9.33 8.65 11.16 8.33 [8.75]§
R.m.s.(�Fano)/r.m.s.(F )} (%) 10.23 7.80 7.76 11.00 10.93 10.65
Average peak heights of �Fiso Patterson maps²² [2.5]§ 7.5 7.2 7.2 5.2 [1.9]§
Average peak heights of �Fano Patterson maps³³ 4.6 4.7 5.5 7.4 8.2 7.8

² Rsym =
P

hkl

P
i jIhkl;i ÿ hIhklij=

P
hkl

P
i Ihkl;i. ³ R.m.s.(�Fiso)/r.m.s.(F ) = h��jFj ÿ jFremotej

��2i1=2=hjFj2i1=2. The values are averages of the values calculated using data set 1 remote data
as low-energy remote data and the values calculated using data set 6 remote data as high-energy remote data. § The values of data set 1 and those of data set 6 were calculated using
only data set 6 and only data set 1 as remote data, respectively. } R.m.s.(�Fano)/r.m.s.(F ) = h��jF�j ÿ jFÿj��2i1=2=hjFj2i1=2. ²² These values are averages of the values calculated using
data set 1 remote data as low-energy remote data and the values calculated using data set 6 remote data as high-energy remote data. The peak heights of dispersive Patterson maps are
calculated from the peak heights of three Harker sections. ³³ The peak heights of anomalous Patterson maps are calculated from the peak heights of three Harker sections.

Figure 2
Three Harker sections on the anomalous difference
Patterson map calculated using data set 5, which were
assigned as `peak' data. The contour level is 1� with
1� increments.
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energy showed the same feature as that of the expected f 00

value shown in Fig. 3(d) (solid line) and the dispersive values

(open circles in Fig. 3a) also coincide with the expected f 0

values shown in Fig. 3(c) (solid line).

The peaks appearing in the anomalous difference Patterson

map were located at the same positions where the corre-

sponding peaks were found in the dispersive difference

Patterson maps calculated using data set 1 (10.781 keV,

1.1500 AÊ ) as the low-energy remote data or data set 6

(12.399 keV, 1.0000 AÊ ) as the high-energy remote data. The

average peak heights of the dispersive (®lled circles in Fig. 3a)

and anomalous (®lled circles in Fig. 3b) difference Patterson

maps of the six data sets were also calculated and plotted. The

variation in peak heights in the anomalous Patterson maps are

in good agreement with that of the expected |f 00| values,

whereas those in the dispersive Patterson maps are not in such

clear agreement.

The r.m.s.(�Fiso)/r.m.s.(F) value, the r.m.s.(�Fano)/r.m.s.(F)

value and the peak heights in the dispersive and anomalous

difference Patterson maps are good criteria for the validity of

the energy selection. Data set 4 (11.560 keV, 1.0725 AÊ ), which

has the largest r.m.s.(�Fiso)/r.m.s.(F) value, was assigned as

the `edge' data. This data set also gave strong peaks in the

dispersive difference Patterson map. Data set 5 (11.566 keV,

1.0720 AÊ ), which is a high-energy neighbour of the edge data

(data set 4), was assigned as the `peak' data, because this data

set shows a large r.m.s.(�Fano)/r.m.s.(F) value and a small

r.m.s.(�Fiso)/r.m.s.(F) value. The peak heights of the anom-

alous difference Patterson map of data set 5 are the largest

among the six data sets, whereas those of the dispersive

difference Patterson map are smaller than that of the `edge'

data (data set 4). These observations support the validity of

the present assignment.

3.3. Phase calculations

The SAD method has been employed in recent studies on

macromolecular crystallography (Brodersen et al., 2000; Rice

et al., 2000; Dauter et al., 2002). However, this method requires

a higher quality of diffraction data than does the MAD

method. We performed the SAD method in order to deter-

mine the initial phases, but in each case, using one wavelength

data set (data sets 1 to 6), no reasonable solutions were given.

Figure 3
(a) Energy dependence of the dispersive difference ratio (open circles) and the peak heights of the dispersive Patterson maps (®lled circles) calculated
from X-ray diffraction data sets of the platinum-derivative crystals. These values are listed in Table 2. (b) Energy dependence of the anomalous
difference ratio (open circles) and the peak heights of the anomalous Patterson maps (®lled circles) calculated from X-ray diffraction data sets. These
values are also listed in Table 2. (c) The f 0 values used as initial values (open diamonds) and as re®ned values (®lled diamonds) in Phasing 5. The f 0 values
reported in the reference (Sasaki, 1989) are plotted as solid lines. (d) The f 00 values used as initial values (open diamonds) and as re®ned values (®lled
diamonds) in Phasing 5. The f 00 values reported in the reference (Sasaki, 1989) are plotted as solid lines.



Therefore, the phases were calculated by the MAD method

using three data sets (Phasing 1 in Table 3). The f 0 and

f 00 values of the peak (f 0 = ÿ21.2 e, f 00 = 10.2 e), edge

(f 0 = ÿ25.1 e, f 00 = 7.0 e) and remote points (f 0 = ÿ8.5 e,

f 00 = 9.1 e) from Sasaki (1989) were used as initial values. The

Z score of the analysis was 13.83 and the overall ®gure of merit

(FOM) was 0.44 at 2.5 AÊ resolution. The f 0 and f 00 values could

be reasonably re®ned, as listed in Table 3. Two possible

positions for the Pt atoms, a major site Pt1 (0.942, 0.210, 0.195)

and a minor site Pt2 (0.988, 0.261, 0.108), were found. The

major site Pt1 is crystallographically equivalent to the position

found in the Patterson map. The electron-density map calcu-

lated using these phases is shown in Fig. 4(a). The quality of

the electron-density map was suf®cient to identify each amino-

acid residue. Another phasing procedure (Phasing 2) using

data set 1 (low-energy remote data) as a `remote' point gave a

solution of the same quality (Z score = 12.63, FOM = 0.48).

However, an inadequate combination of data sets (Phasing 3)

gave only a poor solution (Z score = 10.21, FOM = 0.36), as

shown in Fig. 4(c). Another phasing procedure with an

inadequate data combination (Phasing 4) did not give any

solutions. In addition, phase calculations using the wrong

initial f 0 and f 00 values also failed to give a suf®cient solution.

Therefore, the initial values of f 0 and f 00 as well as the

combination of data sets are important

for the phase calculations.

The electron-density map with the best

main-chain connectivity (Fig. 4d) was

obtained when ®ve data sets were

combined (Phasing 5). Data set 2 was

excluded from the phase calculation

owing to limitations of the software. The

Z score was 22.55 and the FOM was 0.52

at 2.5 AÊ resolution. The f 0 and f 00 values

were also reasonably re®ned in this
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Table 3
Summary of the MAD phasing.

Initial values Phasing 1 Phasing 2 Phasing 3 Phasing 4 Phasing 5

f 0/f 00 (data set 1) ÿ8.4/4.3 Ð ÿ12.4/3.8 Ð ÿ10.1/3.7 ÿ8.4/4.6
f 0/f 00 (data set 2) ÿ16.3/3.9 Ð Ð Ð Ð Ð
f 0/f 00 (data set 3) ÿ17.2/3.9 Ð Ð ÿ18.6/4.7 ÿ20.6/2.9 20.8/3.6
f 0/f 00 (data set 4) ÿ25.1/7.0 ÿ23.5/5.6 ÿ27.6/5.4 Ð Ð ÿ25.0/6.3
f 0/f 00 (data set 5) ÿ21.2/10.2 ÿ12.7/6.4 ÿ19.1/6.1 ÿ21.1/8.9 ÿ15.5/5.5 ÿ16.6/6.5
f 0/f 00 (data set 6) ÿ8.5/9.1 ÿ14.6/5.8 Ð ÿ9.1/8.0 Ð ÿ12.8/6.5
Z score Ð 13.83 12.63 10.21 Ð 22.55
Mean FOM Ð 0.44 0.48 0.36 Ð 0.52

Figure 4
Electron-density map contoured at the 1� level calculated by several MAD phasing procedures. The current structural model is indicated in stick
representation. Arrows indicate disconnected parts of the main chain in the electron density. (a) The MAD map of Phasing 1 calculated from three data
sets (4, 5 and 6). (b) The MAD map of Phasing 2 calculated from three data sets (1, 4 and 5). (c) The MAD map of Phasing 3 calculated from three data
sets (3, 5 and 6). (d) The MAD map of Phasing 5 calculated from ®ve data sets (1, 3, 4, 5 and 6).
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phasing, as shown in Figs. 3(c) and 3(d) (®lled diamonds) and

Table 3. Subsequent density modi®cation gave an overall

®gure of merit of 0.57. The quality of the electron-density map

was suf®cient for the construction of an initial molecular

model (Fig. 5a), which enabled us to locate most of the amino-

acid residues. The detailed structure of the LolA protein will

be described elsewhere (Takeda et al., in preparation). Two

planar tetrabromoplatinate ions clearly appeared in the

electron-density map (Fig. 5b). The major site Pt1 was located

near the methionine residue (Met91), a putative ligand residue

that binds to the ion. The minor site Pt2 was near another

methionine residue (Met51). However, the side chains of these

methionine residues were not visualized in the electron-

density maps.

We could obtain high-quality electron-density maps of the

LolA protein by the MAD method using several multi-

wavelength data sets from one derivative, even though the

XAFS measurement to determine the appropriate wavelength

for the MAD data collection could not be performed owing to

the proximity between the ¯uorescence spectrum of the Pt

atom used in the derivative crystals and those of the As and

Zn atoms in the buffer solution. It was demonstrated by the

present work that careful analysis of the ef®ciency of several

multiwavelength data sets in different combinations can

optimize the phase calculations among the data sets. In the

phase calculation, the appropriate initial values of f 0 and f 00

could be estimated from the statistics and the peak heights of

the dispersive and anomalous Patterson maps of the data sets.

This procedure will be applicable to other cases where no or

only a poor XAFS spectrum is available. The situation can

occur when crystals contain both Se and As atoms. These two

atoms also have close values of ¯uorescence energy but can be

used in many crystallization conditions.
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Figure 5
The modi®ed electron-density map of Phasing 5. (a) The map showing the
same region of Fig. 4 at the 1� level. (b) The electron density of the
tetrabromoplatinate ion bound to a methionine residue (Met91). Red
mesh indicates the 20� level of the anomalous difference electron-density
map (�Fano, ' ÿ 90�) calculated using Phasing 5 and the phases of the
density-modi®ed analysis.


