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Derivative manipulation in the structure solution of

the integral membrane LH2 complex

The structure of the peripheral light-harvesting complex from
Rhodopseudomonas acidophila strain 10050 was determined
by multiple isomorphous replacement methods. The deriva-
tization of the crystals was augmented by the addition of a
backsoaking stage. The soak/backsoaked data comparison had
greater isomorphism and showed simpler Patterson maps than
the standard native/soak comparison. Amplitudes from the
derivatized then backsoaked crystals and from the derivatized
crystals were compared in order to extract a subset of heavy-
atom sites. Using this information, the full array of sites were
found from a derivative/native comparison, eventually leading
to excellent electron-density maps.

1. Introduction

The structure determination of integral membrane proteins
(IMPs) by multiple isomorphous replacement and anomalous
scattering (MIRAS) techniques is generally complicated by
detergent-related factors. Partial encapsulation of the protein
by a detergent micelle (Garavito et al, 1986) reduces the
effective protein surface area for heavy-atom binding, and
heavy-atom salts may interact with detergent causing disrup-
tion to the crystalline lattice. The surface available for binding
a derivative in an isomorphous manner is further reduced as
the hydrophilic extra-membraneous domains of IMPs are
often involved in crystal contacts.

The light-harvesting complex from Rhodopseudomonas
acidophila strain 10050 (LH2) (McDermott et al., 1995) has
small extra-membraneous domains (Hawthornthwaite &
Cogdell, 1991), and a large proportion of the surface of the
protein is thought to be encapsulated by a detergent micelle.
The crystals are type II IMP crystals (Michel, 1983), in which
all crystal contacts are made between hydrophilic regions.

Prior to the structure determination of the LH2 complex,
the structures of only two other types of integral trans-
membrane proteins had been determined to high resolution
by MIR methods: the bacterial reaction centre (Diesenhofer et
al., 1985) and porin (Weiss et al., 1991), along with the struc-
ture of the membrane-associated protein prostaglandin H2
synthase (Picot ef al., 1994). In each of these cases, the deri-
vatization problems were alleviated by the presence of
extensive hydrophilic domains. In the case of the bacterial
reaction centre from Rps. viridis, large extramembranous
domains are formed on either side of the membrane by a
subunit of the reaction-centre complex and a tightly bound
cytochrome. The porin trimer has extensive extracellular loop
structures and the interior of each monomer is hydrophilic.
Prostaglandin H2 synthase has extensive extra-membranous
domains.
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The structure determination of LH2 was achieved using
standard MIRAS techniques, with an additional backsoaking
stage. Backsoaking is normally used to deplete a soaked
crystal of excess unbound or weakly bound heavy atoms. In
this case, a backsoaked/native Patterson map should have less
background and show vectors between heavy atoms in the
major binding sites. Backsoaking can also be used to selec-
tively remove a subset of sites by making use of differing
chemical properties in a matrix of reagents or different
binding-site dynamics in the crystal. In this case, when the
soaked and backsoaked data sets are subtracted, the partially
removed subset of dynamic sites are those present in the
difference Patterson map. This presents a simpler problem for
difference Patterson solution, as the number of sites can only
be less than the complete array. For partially removed sites, a
gain in isomorphism relative to the native/soak comparison
can also be expected.

2. Methods

An artificial mother liquor was prepared for the LH2 crystals
by modifying the crystallization drop conditions [1 M
K,HPO,, 350 mM NaCl, 2.5%(w/v) benzamidine hydro-
chloride, 0.75%(w/v) p-octyl glucoside, LH2 protein at
5mgml~']. The artificial mother liquor consisted of 1.5 M
K,HPO,, 350 mM NaCl with 0.5%(w/v) B-octyl glucoside.
1 ml of this solution was equilibrated by vapour diffusion
against 8 ml 2.3 M (NH,),SO, pH 9.3 for 36-48 h. The pH of
the crystallization drop for LH2 is high (11-12) and the
equilibration step employed when making artificial mother
liquor is primarily a pH adjustment, as ammonia evolved from
the well solution dissolves in the drop. The high pH of the LH2
mother liquor (10.6) limited the solubility of many heavy-atom
compounds. Heavy-atom salts were dissolved in the equili-
brated drop solution and native crystals were added immedi-
ately. As the artificial mother liquor contains phosphate, which
is known to react with heavy-atom salts, in particular those of
platinum (Blundell & Johnson, 1976), it was critical to add the
heavy-atom reagent after the equilibration stage.

Native crystals were soaked in mother liquor for 8-12 h
prior to data collection. Crystals were derivatized in the
standard soaking manner using K,Hgl, with KI and a
combination of K,PtCl,, K,Pt(CN), and K,Pt(NO3),. The
derivatization conditions were found from an analysis of data
amplitudes collected to a resolution of 4.5 A [Siemens
Multiwire detector with Cu Ko radiation from a rotating-
anode source; the data were processed with XDS (Kabsch,
1988a,b)]. As difference Patterson maps were difficult to
interpret, the degree of non-isomorphism was determined by
the variation with resolution of the mean weighted isomor-
phous fractional residual (wRiSO)1 calculated with the CCP4
program SCALEIT (Collaborative Computational Project,
Number 4, 1994). The point at which the gradient of the wR;,

" WRio = 32 [(Fp — Fi) /0> (FR)| + |(Fpu — Fa)/o* (Fa)|1/ [ Fr/0*(Fp) +
F%'H/UZ(F%H)]» where F}%/i = [F%/UZ(F%) + FgH/UZ(F%H)]/[l/UZ(F}%) +
1/0*(Fpy)], 0*(Fp) = 0*(Fp) x 4F5.

Table 1
Data sets and phasing statistics.

Each data set was collected from a single crystal to a resolution of 3.0 A.

Complete-  Rperget  Risot  Number  Phasing
Data set ness (%) (%) (%) of sites  power§9
Native 98.0 3.0 — - —
KHgl 934 36 117 6 0.9 (0.8)
Combined Pt 90.6 3.7 12.8 6 1.4 (1.0)
K,Hgl, (BSti) 90.5 3.6 3.888 —188 (0.6)88
Combined Pt (BSii) 86.3 4.0 8.688 388 (1.1)88
KoPt(CN), 96.8 33 13.0 3 1.0 (1.0)
K,PtClytt 95.8 38 11.1 3 1.5 (1.2)

T Rumerge = Dy 2 H(h) — I(h);1/ 3, 3 I(h);, where I(h) is the mean intensity for
reflection / after rejection of outliers. # Rio = Y, ||Fpul — |Fpl|/ 3, |Fpl, where |Foy
and |Fp| are the derivative and native structure-factor amplitudes, respectively.
§ Phasing power = Y, |Fycucl/ Dy € where |Fyca| is the calculated structure-factor
amplitude for the heavy atom and ¢ is the residual lack of closure (of the vector triangle
|Fpl, |Fpu| and |Fical) for reflection A (calculated over the isomorphous resolution
interval 16-4.0 A) 9 Acentric (centric). 1t Derivatives used in the final phase
calculation. #f BS denotes backsoaked. §§ Expressed with respect to soaked data
set.

against resolution plot became positive was judged to be the
isomorphous limit, as the signal arising from an isomorphous
derivative should not become more significant with resolution.

The combined Pt salts were screened in terms of soak time
and concentration, with all three reagents being held at the
same molarity. The K,Hgl, derivative was studied in terms of
soak time, concentration and the concentration of additional
KI required. The best soak conditions were found to be 3 mM
of each Pt salt, or 1 mM K,Hgl, with 10 mM KI, with a soak
time of 12-16 h in both cases. Data were collected at the
Daresbury synchrotron at station 9.6 on a 30 cm MAR scanner
to a resolution of 3.0 A. The illumination wavelength was
0.87 A, giving relatively strong anomalous scattering for both
Hg and Pt. As well as native and derivative data sets, data
were collected from equivalently derivatized crystals which
were then backsoaked in artificial mother liquor (4-6 h). This
resulted in crystallographic data sets for native, soaked and
backsoaked crystals. Data processing was carried out using the
program MOSFLM (Leslie, 1992) and all successive compu-
tations used the CCP4 program suite (Collaborative Compu-
tational Project, Number 4, 1994).

The dynamic sites observed in the soak/backsoak compar-
isons are not completely removed. Difference Patterson maps
calculated with native and backsoaked amplitudes were very
similar to those calculated with native and soaked amplitudes.
This indicates that the dynamic sites are only partially
removed by the further soak. The comparison of soaked and
backsoaked data sets gives difference amplitudes for sites
depleted from the derivatized complex by the backsoak.

Solving the simpler soaked/backsoaked comparison differ-
ence Pattersons was trivial in both cases (solutions were
obtained by the program SHELX in Patterson search mode;
Sheldrick, 1990). Successive cross-phasing gave the solution
for all sites of the derivative soaks and eventually the phase set
leading to the determination of the structure of LH2.

The reagents contributing to the combined Pt derivative
were later split into their constituents and it was found that the
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cyano compound provided the sites which were depleted. The
remaining sites were provided by the chloride compound.
Table 1 summarizes the data sets with their phasing statistics.

3. Results and discussion

The LH2 complex crystallizes in the rhombohedral space
group R32. Harker vectors fall at w = 0 and w = 2z in the
Patterson map. The LH2 complex was found to possess Cy
molecular symmetry (McDermott et al., 1995), the ninefold
rotation axis being coincident with the crystallographic
threefold axis. This led to an asymmetric unit comprising one-
third of the LH2 complex, with each derivative site having two
non-crystallographic symmetry (NCS) equivalents in the
asymmetric unit. Additionally, the NCS-related derivative

sites all had the same z coordinate, leading to cross vectors and
Harker vectors falling on the w = 0 plane in the Patterson map.
The clarity of the difference Pattersons encountered in the
soak/backsoak comparisons, with regard to native/derivative
comparisons (see Fig. 1), is not entirely a consequence of a
gain in isomorphism. The Patterson function is an auto-
correlation function; an auto-correlation map resulting from N
distinct points will give N(N — 1) cross-vectors. The number of
cross-vectors will dramatically affect the root-mean-square
density of the Patterson map. Therefore, a map contoured at
‘o’ will appear to have a greater signal-to-noise ratio for a
single-site derivative than a six-site derivative.

In the case of the Pt combined derivative, the chemical
difference between the association of the cyano and chloro
compounds with LH2 led to the former subset being more
dynamic. The Hg dynamic site is found
close to a crystal contact (see Fig. 2),

causing the binding at this site to be
different from the NCS equivalents.
The backsoaked derivative subsets
could be used for both self- and cross-
phasing. Cross-phasing the Pt soak/
backsoak comparison with the single Hg
site from the Hg soak/backsoak
comparison revealed Pt subsites consis-
tent with an independent difference
Patterson solution of the Pt soak/back-
soak comparison. Extending the cross-
phasing to native/soak difference
amplitudes led to the complete deriva-
tive site array. Additionally, a single
isomorphous replacement phase set
calculated using the Hg site from the
soak/backsoak comparison with solvent
flattening produced a poor map but
showed the annular structure of the LH2
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Figure 1

(a) The w = 0 (Harker) section of the K,Hgl, derivative difference Patterson (origin removed) and
(b) the equivalent soak/backsoak section (contours at 1o and integer multiples thereof).
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4. Conclusions

In the case of LH2 crystals, the back-
soaking protocols outlined here were
integral to the solution of the structure.
A considerable gain in isomorphism was
observed for the soak/backsoak
comparison and this is illustrated in the
phasing powers of the derivatives. In the
soak/backsoak comparisons, the effec-
tive number of sites is lower, whilst the
phasing power of the derivative is
respectable when compared with that
from the full array of sites in the native/
soak comparison. For the K,Hgl,
derivative backsoak and soak, an
increase in the number of effective sites
from one to six ought to give a corre-
sponding (6)"/? increase in phasing
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Figure 2

The local environment of the backsoak depleted K,Hgl, site, at the N-terminus of the protein (figure

produced using MOLSCRIPT; Kraulis, 1991).

power (neglecting occupancies); however, only a slight
increase is encountered. The phases gained from this tech-
nique were improved by the inclusion of the anomalous
scattering contribution for the full derivative array. This
phase set was improved using solvent flattening (Wang, 1987),
which produced a map of sufficient quality for model
building. Subsequently, NCS averaging was employed for
phase extension to a resolution of 2.5 A, which gave an
electron-density map of exceptional quality.

Many proteins are constructed from identical subunits,
and this may be detected at an early stage through self-
rotation function analysis. The presence of NCS is often
used to improve phase estimates. This study shows that NCS
may be useful in the derivatization process. With luck, a site
may be located which, whilst being NCS related to others,
has different dynamics. As the LH2 structure solution shows,

this difference can be used to the
crystallographer’s advantage.
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