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Chapterr 2 

Materiall  and Methods 

2.11 X-ray data collection on LAD H complexes 

2.1.11 I n s t r u m e n t al s e t up 

Al ll  X-ray data have been collected on the XI1, BW7A and BW7B synchrotron 

beamliness of the EMBL Hamburg Outstation at DESY. The XI 1 beamline is 

stationedd at a bending magnet and the X-rays are emitted at a fixed wave-

lengthh of 0.91 A. Beamlines BW7A and BW7B both receive their radiation 

fromfrom the same permanent magnet multipole wiggler (1 Tesla, 28 pole (van Sil-

fhoutt and Hermes, 1995)). At station BW7B monochromatic radiation with 

aa wavelength around 0.85 Angstrom was selected by a horizontal reflecting 

andd focusing monochromator. Measurements at the BW7A beamline were 

conductedd with a fixed wavelength set to 0.9 Angstrom by a sagittal focusing 

doublee Si( l l l ) crystal monochromator. The vertical focusing of the beam and 

thee rejection of higher harmonics was achieved, for both wiggler beamlines, by 

multi-segmentt grazing incidence mirrors. 

Thee wavelength coming from the monochromator is calibrated by collecting 

aa frame on a sample of pure silicon powder. The rings of this powder are 

sharpp and the knowledge about the reciprocal lattice parameters allows the 

refinementt of the wavelength, the radial offset of an image plate scanner and 

thee distance between the sample and the detector. It is most important that 

thesee parameters are well determined when an atomic resolution data set is 

collected,, since a drift in either the wavelength or the sample-detector distance 
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hass a direct effect on the derived cell parameters. 

Anotherr important factor in X-ray data collection is the temperature. The 

technologyy for flash-cooling of protein crystals has become routine (Garman 

andd Schneider, 1997). Radiation damage as a result of the ionisation of water 

moleculess is limited since these molecules are trapped in a glass phase which 

limit ss their mobility. Another advantage of flash-cooling is the possibility 

too freeze out certain conformational states. A substance can be added to the 

proteinn just prior to the cooling and the conformational changes caused by the 

additionn of this substance are made visible by the arrest of protein motion. 

Ann Oxford Cryostream 630 system is a standard part of the EMBL beamline 

setup.. This system produces a laminar flow of gas using liquid nitrogen as a 

source.. The temperature of the flow can be kept at a fixed value over a long 

timee range to a precision of 0.2 K in the range of 280 to 100 K. 

Thee disadvantage of flash cooling is that the protein is brought to a temper-

aturee where it is no longer active. Moreover, the pH can change over several 

unitss as the temperature is lowered. It is therefore sometimes necessary to 

checkk the effect of flash-cooling by collecting a control data set at a tempera-

turee above the freezing point of water. This data set wil l suffer from radiation 

damagee and often does not extend to the same resolution as the flash-cooled 

dataa set. Nevertheless, it can be important to confirm the features observed 

inn the cooled structure. 

Thee goniostat at the XI 1 and BW7B beamlines consists of a single <j>  axis. 

Thiss reduces the possibility of collisions between the goniostat and other de-

vices.. The disadvantage is that oscillation around a single axis leaves a cone 

off  unmeasured reflections when the crystal is mounted in an unfavourable way 

andd the symmetry of the crystal is low. Unfortunately, flash-frozen crystals 

aree contained in a loop which favours the arrangement of a crystal with its 

longestt face lying perpendicular to the loop wire. 

Al ll  data sets were collected using a MAR Research imaging plate detector. 

Thee image plate contains a phosphorous layer that is excited locally by X-

rays.. The energy is stored in the layer and can be read out by exposure 

too a red light laser. The layer emits a blue light and the intensity of this 

phosphostimulatedd luminescence is directly proportional to the amount of X-

rayss that have hit the layer. The image plate can sample many reflections per 

imagee which reduces the exposure time and simplifies the scaling of the data. 
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2.1.22 Da ta processing and reduct ion 

Thee reflections that are read out from the image plate were processed using 

thee HKL suite (Otwinowski and Minor, 1997). The HKL suite includes a pro-

cessingg program (DENZO) and a scaling program (SCALEPACK). DENZO 

containss an autoindexing routine which uses the spatial orientation of reflec-

tionss on a single image to find the cell dimensions. Once these and the offset 

angless are determined approximately refinement is performed in such a way 

thatt the overlap between predicted and measured reflections is maximised. 

Sincee most parameters are correlated, it is considered appropriate to keep the 

samplee to detector distance at a fixed value at the start of this refinement. 

Thee reflections from all the images are scaled using SCALEPACK. All partially 

measuredd reflections that appear on more than one image are merged. The 

scalingg is optimised by refinement of the cell dimensions and the mosaicity. 

Normally,, scaling is already done during data collection to obtain accurate 

parameterss for the cell dimensions and the symmetry of the crystal. These 

valuess are used to optimise the data collection procedure and the processing 

inn DENZO. 

AA  x2 test procedure is used to validate whether a data set is self-consistent. In 

DENZO,, this statistics is applied to the position of the expected reflections in 

relationn to the observed ones. The values of a certain parameter are partitioned 

overr a range of i = 1,....,K. The variance of a data set given a certain error 

modell  is expressed by the summation over the squared difference between the 

observedd value Oi and the expected mean value E{ in the range z, divided by 

thee expected error for that specific range of. The x2 i s normalized by the 

numberr of degrees of freedom K, which results in the formula 

^ £ ( 0 ^^  (21) 
ii  » 

Inn SCALEPACK, x2 statistics is applied to the intensity distribution, which 

hass one degree of freedom. In practice, a x2 iQ the range of 0.5 to 2.0 is 

acceptable.. Anything outside the range of these values indicates that some-

thingg is wrong with the experimental setup or the crystal. Subtle changes in 

thee setup such as a slipping spindle axis can have severe implications for the 

self-consistencyy of a data set. The crystal may be twinned or multiple, or may 

havee suffered extensively from radiation damage. 
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AA good X-ray data set contains many redundant reflections. It is common 

practicee in protein X-ray crystallography to merge these reflections as well 

ass the Bijvoet pairs, unless the anomalous signal is used to phase the reflec-

tions.. To validate whether the reflections merge properly, the quality indicator 

emergeemerge IS USeu. 

RmergeRmerge = E E \hhkl~ < hkl > 1/ E E < T^kl > (2.2) 
hklhkl i hkl i 

wheree I{  is an intensity I for the ïth measurement of an equivalent reflection 

withh indices hkl and < / > is the weighted mean of all measurements of I. 

Normally,, systematic absences are not reliable enough to assign the higher 

symmetryy of a protein crystal. The choice of symmetry can be narrowed by 

monitoringg the Rmerge when scaling the reflections in different Laue groups. As 

longg as the Rmerge is comparable to the Rmerge obtained for a triclinic setting, 

itt is reasonable to assign the symmetry. Rmerge increases unproportional to 

redundancyy when reflections are merged that are not symmetry related. Thus, 

itt is possible to determine the Laue group by trial and error. 

AA disadvantage of Rmerge is its sensitivity for the merging of redundant re-

flections.flections. For a highly redundant data set, the Rmerge can be misleadingly 

largee (Diederichs and Karplus, 1997) since < Ihki > and I^hki are correlated. 

AA better indicator for the maximal resolution limi t is the signal over noise 

ratioo I/a. 

2.1.33 A tom i c resolut ion structures 

AA complex of 2 weight per volume (w/v) % LADH with 0.7 mM NADH was 

precipitatedd with 20 volume per volume (w/v) % 2-methyl 2,4-pentanediol 

(MPD)) in 33 mM Tris/HCl pH 8.2. The crystalline plates were dialysed against 

255 v/v % poly ethylene glycol (PEG) 400 to obtain conditions suitable for 

flash-cooling.flash-cooling. A crystal of size 0.2x0.2x0.1 mm was mounted on a loop at 

thee BW7B beamline. Data were collected to a resolution of 1.15 A, Table 2.1. 

Thiss complex is further referred to as the Zn-MPD-NADH-LADH complex. 

file:///hhkl~


2.1.33 Atomic resolution structures 37 7 

Tablee 2.1: Data collection statistics for the LADH complexes. The values in 
bracketss refer to the highest resolution shell. 

LAD HH Complex 

Temperaturee (K) 

Resolutionn (A) 

Measuredd reflections 

Uniquee reflections 

Spacee group 

Unitt cell a, b, c (A) 

o,j9,77 (deg) 

Completenesss (%) 

I / aa overall 

Rmergee (%) 

Zn-MPD D 

120 0 

200 to 1.15 

595,267 7 

286,016 6 

PI I 

51.11 44.4 94.0 

104.66 101.5 70.5 

94.77 (89.7) 

20.77 (3.9) 

4.66 (38.3) 

Zn-(MPD) ) 

100 0 

200 to 1.10 

684,025 5 

267,243 3 

PI I 

50.66 44.1 93.6 

104.22 101.2 70.9 

89.55 (77.8) 

13.11 (2.0) 

5.44 (21.0) 

LAD HH Complex 

Temperaturee (K) 

Resolutionn (A) 

Measuredd reflections 

Uniquee reflections 

Spacee group 

Unitt cell a, b, c (A) 

a,, 0 ,7 (deg) 

Completenesss (%) 

l/al/a overall 

Rmergee (%) 

Cd-MPD D 

120 0 

200 to 1.15 

637,693 3 

254,817 7 

PI I 

51.2,, 44.6 94.1 

104.33 101.1 70.7 

94.55 (85.7) 

19.55 (3.9) 

4.22 (20.1) 

Cd-MPD D 

277 7 

155 to 1.95 

94,521 1 

45,721 1 

P21 1 

43.99 179.0 50.5 

90.00 107.5 90.0 

86.66 (69.8) 

19.00 (4.1) 

3.77 (15.0) 

LAD HH Complex 

Temperaturee (K) 

Resolutionn (A) 

Measuredd reflections 

Uniquee reflections 

Spacee group 

Unitt cell a, b, c (A) 

a,, /?, 7 (deg) 
Completenesss (%) 

I / aa overall 

Rmergee (%) 

Cd-DMSO O 

120 0 

255 to 1.00 

540,964 4 

323,884 4 

PI I 

50.99 44.5 94.2 

104.44 101.4 71.1 

80.00 (67.5) 

16.77 (1.4) 

4.33 (43.9) 

Zn-CHO-NAD+-SS S 

100 0 

155 to 1.54 

432,032 2 

103,854 4 

P21 1 

55.00 73.2 92.5 

90.00 102.5 90.0 

98.33 (97.2) 

10.99 (4.5) 

10.66 (25.0) 

Zn-IBA A 

277 7 

155 to 1.97 

169,390 0 

50,666 6 

P21 1 

44.44 181.0 50.7 

90.00 107.6 90.0 

94.77 (86.3) 

23.88 (9.1) 

3.88 (12.5) 
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Inn an attempt to obtain a binary Zn-NADH-LADH complex, 2 % LADH was 

precipitatedd in the presence of 0.7 mM NADH with PEG 400 at a concentration 

off  20 % in 0.05 M Tris/HCl buffer at pH 8.2 with 0.1 v/v % MPD present. 

Dataa were collected to a resolution of 1.10 A, and this complex is further 

referredd to as Zn-(MPD)-NADH-LADH since a trace of MPD was still bound 

too the enzyme. The data set is incomplete in the highest resolution shell (77.8 

%)) as a consequence of radiation damage. 

AA sample of LADH was prepared in such a way that the native zinc metal was 

replacedd by cadmium (Hemmingsen et al, 1995,Maret et al, 1979). Atomic 

absorptionn revealed that this enzyme sample still contained 0.18 zinc atoms 

perr subunit divided over the two metal sites. The Cd-MPD-NADH-LADH 

complexx was crystallised under similar conditions as the Zn-MPD-NADH-

LADHH complex. Two data sets were collected at 277 K and at 120 K, see 

Tablee 2.1. One crystallisation sample contains crystals of space group PI 

ass well as P21. Both crystal forms can diffract to atomic resolution, but the 

triclini cc one has more favourable cell dimensions.. The P21 crystal form has a 6 

axiss of 180 A which demands a small oscillation range. A crystal containing the 

Cd-MPD-NADH-LADHH complex was soaked in a cryo-solvent containing 25 

%% PEG 400 and 50 mM dimethyl sulphoxide (DMSO). A relatively incomplete 

dataa set (80 %) to a resolution of 1.00 A was collected. 

2.1.44 Th e steroid isozyme of L A D H 

Thee steroid isozyme of LADH (SS-LADH) was prepared as described by Hu-

batschh et al. (1995). A sitting drop containing 15 pL protein solution at a 

concentrationn of 4 mg/ml mixed with 15 fiL reservoir solution containing 4 

mMM NAD"1" and 5 mM cholic acid (3a,7a,12o>trihydroxy-5-/?-cholan-24 acid), 

dissolvedd in 20 % PEG 400 and 10 % PEG 8000 buffered by 0.1 M N-Tris-

[hydroxymethyl]methyl-2-aminoethanesulphonicc acid (TES)/KOH pH 7 was 

equilibratedd against a 800 /iL reservoir solution. A fragment of a crystal was 

transferredd to a cryo-protecting solution containing the same buffer and 44 

%% PEG 400 mixed with 5 % PEG 8000. Data were collected at the BW7B 

beamlinee at a wavelength of 0.8373 A, Table 2.1. 

Althoughh the crystal was flash-frozen, radiation damage occurred and the 
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crystall  deteriorated rapidly. This is reflected in a relatively high overall Rmerge 

(10.66 %) and a relatively low overall I jo ratio (10.9). 

2.1.55 Th e Z n - I B A - N A D H - L A D H complex 

Isobutyramidee (IBA) is an aldehyde substrate analogue that forms a strong 

inhibitorr complex with LADH in the presence of NADH with an inhibition 

constantt of 5 x 10- 9 M. Crystals of a complex of Zn-MPD-NADH-LADH 

grownn as described above were cocrystallised with 100 mM IBA at pH 8.2 in 

aa buffer solution of 30 mM Tris/HCl. The final precipitant concentration was 

255 % v/v MPD and 30 % v/v PEG 400. X-ray data were collected at 277 

KK on the BW7A beamline with a wavelength fixed at 0.901 A. The crystal 

diffractedd to much higher resolution than recorded, but beamtime was limited. 

2.22 Structur e solution 

Al ll  the X-ray structures of LADH considered in this thesis contain ternary 

inhibitorr or abortive MPD complexes with NADH. The overall conformation 

off  the LADH complexes is closed (Colonna-Cesari et al, 1986). This makes 

thee structure solution of these complexes trivial, since a well defined ternary 

inhibitorr complex of LADH with NADH and DMSO is available for molecular 

replacementt which is based on X-ray data that extend to a resolution of 1.8 

AA in space group PI (Al-Karadaghi et al, 1994). All starting models were 

derivedd from the above structure using the molecular replacement program 

AMoRee (Navaza, 1994) to find the orientation of the molecule in the unit cell. 

2.33 Refinement of the atomic resolution structures 

Too exploit the benefits of atomic resolution optimally, a refinement protocol 

hadd to be established that made the best use of the wealth of observations. 

Thee parametrisation of the model has been extended to include double confor-

mationss and individual atomic displacement parameters (ADPs). To monitor 

thee agreement between the observed magnitudes and the magnitudes that can 

bee calculated from the model, the crystallographic Rp is used 
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RFRF = 52\\F0{Mel)\ ~ Wc{hkl)\\/£ \F0(hkl)\ (2.3) 
hklhkl hkl 

wheree F0 and Fc axe the observed and calculated structure factors respectively. 

Usee of the Rj? alone can lead to an overrefined model where the calculated 

magnitudess are fitted to lower the Rp to a value that does no longer corre-

spondd to the quality of the X-ray data on which the model is based. This 

cann be done by fitting water molecules in ripples of electron density that are 

presentt because of the truncation of the Fourier transform. The overfitting of a 

modell  can be monitored following a cross validation protocol (Bruenger, 1992). 

Crosss validation is done by a check on the converging behaviour of a subset 

off  reflections excluded from the refinement. Rfree is the crystallographic R 

valuee calculated with this subset of reflections. 

Thee Rfree should not deviate too much from the Rjr. A golden empirical rule 

posedd by Sheldrick states that the deviation between the two R factors should 

nott be larger than 5 % for a well refined structure. However, the divergence 

betweenn the free and the normal crystallographic R factor strongly depends 

onn the resolution limi t of the data. It is possible to predict the expected Rjree 

valuee for a given Rp (R) (Tickle et al, 1998), which depends on the number 

off  observations (n0bs) and the number of parameters (nparam): 

RfRfTeeTee = R{[n0bs + («param ~ M] / [ nobs ~ (nparam — h)]}1'2 (2- 4) 

where e 

hh - nrestraints ~ ^ w9eom ( A Q ) 2 (2.5) 

Thee latter term concerns the weighted sum of the squares of the restraint 

residuals. . 

Oncee the refinement has converged, the 'free' reflections are included for a the 

finalfinal refinement round. After inclusion of these 'free' reflections, the number 

off  parameters should be left unchanged. 

2.3.11 Ref inement protocols used 

Thee refinement of the atomic resolution structures was done using two different 

refinementt packages, SHELX (Sheldrick and Schneider, 1997) and REFMAC 

(Murshudovv et a/., 1997). At the time of the first attempts to refine these 
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844 kDa atomic resolution structures, REFMAC had no option to refine the 

individuall  anisotropic ADPs. SHELX had to be recompiled to allow for the 

sizess of arrays that such a large structure demands. Both programs were used 

alternatelyy since each has its own advantages. A description of the program 

featuress is given to explain the reasoning behind the refinement protocol that 

wass followed. 

SHELXX is a stand-alone refinement package that refines a set of parameters 

againstt the raw intensities using a least squares target function. The param-

eterss consist of a set of atoms and each atom is described by three fractional 

coordinates,, an occupancy and an ADR The ADP can be constructed either as 

aa single isotropic displacement parameter or as an anisotropic ellipsoid. The 

refinementt is complemented by addition of a number of standard restraints 

thatt are derived from well established chemical knowledge. The restraint li-

braryy of SHELX is transparent as it forms part of the input file. It is relatively 

simplee to modify old or define new restraints. 

Thee principle of free variables allows the refinement of occupancies of certain 

disorderedd atoms while restraining the volumes of the ADP ellipsoids of the 

disorderedd atoms to be the same. The free variable can be applied to many 

featuress such as bulk solvent correction. In case of occupancy refinement, the 

summ of occupancies of each atom is constrained to be that of one fully occu-

piedd atom. Hydrogen atoms can be included using a riding mode, where the 

positionn of the hydrogens of a certain atom are updated after every refinement 

cyclee to satisfy an ideal geometry. 

SHELXX applies a conventional structure factor summation rather than a Fast 

Fourierr Transform (FFT). It is thought that this leads to better convergence 

especiallyy for high resolution data. The disadvantage is an increase in CPU 

time.. A unique feature of SHELX is that an estimated standard deviation 

(esd)) can be obtained for each parameter. This is done by inverting a full or 

blockk normal matrix of a certain group of residues. 

REFMACC is a refinement program that is part of the CCP4 suite (Collabora-

tivee Computational Project, Number 4, 1994). It refines a set of parameters 

againstt structure factor amplitudes on the basis of a maximum likelihood tar-

get.. The amplitudes are obtained through TRUNCATE (French and Wilson, 

1978)) which calculates a Wilson plot and scales the reflections on an absolute 
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scale.. The chemical restraints applied to the individual atoms are similar to 

thee ones of SHELX but REFMAC depends on PROTIN (Konnert and Hen-

drickson,, 1980) to define them l. PROTIN reads a standard PDB file as input 

andd defines the restraints using a library. This library is rather obscure and 

inaccessible.. Unconventional molecular fragments are not recognised and have 

too be included after a conversion using MAKEDICT which lists bonds and an-

gless between input atoms. Thus, the whole restraint setup in REFMAC is less 

transparentt than in SHELX. 

REFMACC has two main advantages over SHELX. In the first place, it uses 

muchh less CPU time per refinement cycle, since it does the structure fac-

torr summation using FFT. In the second place, it can combine an overall 

anisotropicc B factor to all intensities with refinement of individual anisotropic 

ADPs.. This turns out to be the most important feature for the refinement of 

thee LADH complexes which are of a highly anisotropic nature. 

Thee problem is that the overall B factor and the individual ADPs are corre-

lated.. SHELX does have an option to apply an anisotropic correction to the 

observedd intensities without further refinement, but this forces the individual 

ADPss to become isotropic. This creates a situation where a choice has to be 

made.. In the case of an atomic resolution data set, it can be hoped that the 

individuall  ADPs absorb the overall anisotropic behaviour of the intensities. 

However,, this did not apply to the LADH structures. Especially in the case 

off  the Cd-DMSO-NADH-LADH structure for which the data are only 80 % 

complete.. The cone of missing reflections creates an extra anisotropic feature. 

Unfortunately,, in the version of REFMAC used no option exists to take care 

off  this effect. 

REFMACC contains the option to estimate an overall absorption correction for 

thee calculated amplitudes that is reiterated after each refinement cycle. In this 

way,, the individual ADPs and the overall absorption correction are more or less 

deconvoluted.. This increases the stability of the refinement and it was most 

cruciall  in obtaining a well refined structure of the Cd-DMSO-NADH-LADH 

complex. . 

Too conclude, SHELX was most functional in the determination of appropriate 

restraints,, especially for the active site and the complexed molecules. More-
llAA new version of REFMAC (refmacö) builds its own restraints directly from the PDB 

file. file. 
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over,, it helped in the refinement of the occupancy of a number of crucial 

molecularr fragments. REFMAC allowed the building of a solvent structure 

andd a rapid tuning of fine details of the protein conformations. Unfortunately, 

itt proved to be rather difficult to migrate from one refinement program to the 

other.. Thus, it was impossible to obtain esd's for the individual parameters 

off  the final model obtained from REFMAC. 

2.3.22 Example: Refinement of the Zn-MPD-NADH-LAD H com-
plex x 

Thee standard refinement protocol is described for the Zn-MPD-NADH-LADH 

complexx with data to a resolution of 1.15 A. Initially , the data were truncated 

too 1.5 A to increase the speed in obtaining a reasonably refined structure 

usingg REFMAC. This model included several residues with double conforma-

tionss and some 500 water molecules. Five cycles of isotropic refinement were 

performedd to adjust the model to the scaling parameters of SHELX. However, 

whenn the use of individual ADPs was switched on, the refinement became un-

stable.. Thus, it was decided to remove all double conformations and all solvent 

molecules.. The subsequent model was used to refine once again isotropically 

forr 5 cycles. Individual ADPs were incorporated smoothly and the R factor 

droppedd by 5 %, Fig. 2.1. The drop in R/ree was 4%, which indicated that 

thee incorporation of individual ADPs was justified. 
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Figuree 2.1: Refinement progress using SHELX for the Zn-MPD-NADH-LADH 

complex.. The R factor is monitored against the refinement run number. Each 

runn represents a job consisting of a number of refinement cycles. Refinement 

wass iterated until no further improvement in the R factors was obtained. 

Hydrogenss were included in refinement run 7, which led to a drop in both the 

RFRF and the Rfree of 1 %. After every run, water molecules were manually 

includedd when the residual density map showed a peak of sufficient height at 

aa hydrogen bonding distance from an atom that already formed part of the 

model.. At the end of the SHELX refinement, the model contained 1,320 water 

molecules.. The model was inspected with O (Kleywegt and Jones, 1994) or 

XtalVieww (McRee, 1993) after every refinement run to see whether any atoms 

weree not properly placed into the electron density. Double conformations 

weree built in gradually, and at the end, the number of residues with a double 

conformationn amounted to 125. The final RF for the model refined with 

SHELXX was 12.6 % {Rfree 16.1 %). 

Thee final model from the SHELX refinement was stripped of the last 800 

addedd water molecules to be used as the starting model of further refinement 

withh REFMAC. It seems that the differences in scaling procedures for the bulk 

solventt are most sensitive to waters that are not part of the first solvent shell 

off  the protein. Hydrogen positions were calculated for the amino acids with 
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HGEN.. Modified structure factors were calculated with SFALL to attribute 

thee contribution of the hydrogens to the calculated structure factors. Re-

straintss were constructed for non-hydrogen atoms with PROTIN. REFMAC 

wass run in the maximum likelihood mode using anisotropic scaling. After 8 

cycless of refinement, Sim weighted structure factors were calculated to obtain 

electronn density maps through FFT and MAPMASK. Sim (?) defined a weight 

thatt takes a known ideal partial structure into account. This partial structure, 

whichh is the macromolecule model in protein X-ray crystallography, thus con-

tributess more to the phases than the unknown part, which is the disordered 

solventt and the unbuilt part of the macromolecule. The ordered solvent was 

buildd with ARP. Water molecules were removed when closer than 2.3 A or fur-

therr than 3.3 A from a neighbouring atom, or when the 2mF0-DFc
 2 electron 

densityy was lower than a contour level of 1.3 a. New water molecules were 

includedd when the residual density map had a peak at a contour level larger 

thann 3.3 a. The refinement converged to an Rp of 11.8 % and an Rjree of 

13.55 %. It can thus be seen that a larger drop is in Rfree has been obtained, 

probablyy as a result of a better solvent model. 

Thee statistics for the Zn-MPD-NADH-LADH complex, as well as the other 

LADHH complex structures are given in Tables 2.2 and 2.3. Approximately 

155 % of the protein residues have more than one conformation in the atomic 

resolutionn structures. The root mean square deviation (RMSD) values give an 

indicationn of the intrinsic chemical quality of the model but it does not at all 

reflectt the accuracy of the bond lengths. The value is too much determined 

byy the application of the chemical restraints to be considered as a proper 

validationn indicator. 
2wheree m is a figure of merit and D is the Fourier transform of the probability distribution 

off  the coordinate error 
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Tablee 2.2: Refinement statistics of the atomic resolution complexes. The 

ADPss are given for the respective subunits (Average ADP Sub A/B) and the 

Wilsonn B factor is given for comparison. 

NADH-LAD HH Complex 

Resolutionn (A) 

RF(%) RF(%) 

RfreeRfree (%) 
Wilsonn plot B factor (A2) 

Averagee ADP Sub A (A2) 

Averagee ADP Sub B (A2) 

Numberr of disordered residues 

Numberr of water molecules 

RMSDD bonded distances (A) 

(Targett value: 0.020) 

RMSDD angle bonded distances (A) 

(Targett value: 0.040) 

DPII  (A) 

Zn-MPD D 

1.15 5 

11.8 8 

13.5 5 

9.4 4 

13.9 9 

16.3 3 

125 5 

1470 0 

0.016 6 

0.035 5 

0.03 3 

Zn-(MPD) ) 

1.10 0 

12.5 5 

15.9 9 

13.4 4 

19.9 9 

21.9 9 

125 5 

1224 4 

0.016 6 

0.035 5 

0.03 3 

Cd-MPD D 

1.15 5 

11.9 9 

14.5 5 

8.5 5 

11.6 6 

13.6 6 

133 3 

1312 2 

0.016 6 

0.035 5 

0.03 3 

Cd-DMSO O 

1.00 0 

13.7 7 

16.9 9 

8.7 7 

15.4 4 

17.1 1 

76 6 

1247 7 

0.017 7 

0.037 7 

0.03 3 

Thee Cruickshank diffraction-component precision index (DPI) is used to get 

ann estimate of the positional error of the average atom (Cruickshank, 1999). 

Thee gross assumption is made that all atoms are equal. It bases the precision 

off  the determination of the individual parameters on the resolution (dmi„) , the 

RFRF (R) and the fractional completeness of the data (C) as well as the ratio 

betweenn the number of observations (Ni) and parameters (p). The DPI can 

bee used over a wide resolution range, whereas the derivation of the positional 

errorr from the inversion of the full matrix is only possible at atomic resolution 

withh a low correlation between the different terms. The DPI is defined as 

DPIDPI = Zll2{Nilp) llzC'll2Rd, (2.6) ) 
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Tablee 2.3: High resolution complexes of LADH with two inhibitors 

(CHO=cholicc acid and IBA=isobutyramide) and the Cd-MPD-NADH-LADH 

complexx measured at 277 K. 

LAD HH Complex 

Resolutionn (A) 

RF{%) RF{%) 

RfreeRfree (%) 

Wilsonn plot B factor (A2) 

Averagee ADP Sub A (A2) 

Averagee ADP Sub B (A2) 

Numberr of disordered residues 

Numberr of water molecules 

RMSDD bonded distances (A) 

(Targett value: 0.020) 

RMSDD angle bonded distances (A) 

(Targett value: 0.040) 

DPII  (A) 

Zn-CHO-NAD+-SS S 

1.54 4 

14.9 9 

18.5 5 

14.2 2 

13.3 3 

14.8 8 

57 7 

980 0 

0.016 6 

0.035 5 

0.07 7 

Zn-IBA A 

1.97 7 

17.0 0 

21.0 0 

23.1 1 

33.7 7 

28.4 4 

23 3 

254 4 

0.014 4 

0.034 4 

0.17 7 

Cd-MPD D 

1.95 5 

16.7 7 

21.4 4 

21.2 2 

31.8 8 

21.8 8 

75 5 

271 1 

0.014 4 

0.040 0 

0.20 0 

2.44 A least squares full matri x refinement 

AA least squares full matrix refinement was carried out with the data of the 

Cd-MPD-NADH-LADHH complex. The refinement was done on a substructure 

containingg the active site residues. Although it is strongly recommended to 

switchh off all the restraints before proceeding with the refinement (Sheldrick 

andd Schneider, 1997), most restraints had to be included to keep the refinement 

stable.. For instance, removal of the BUMP restraint (which introduces the van 

derr Waals restraints) leads to a collapse of the refined model. The reason for 

thiss seems to be a) the anisotropicity in the X-ray data and b) the difference 

inn bulk solvent correction as applied in the two refinement programs. 

Promm the catalytic domain, residues Gly 44 to Glu 74 were divided in blocks 

off  ten residues with an overlap of two residues. A stretch from residue He 172 

untill  Phe 176 from the same domain was refined in a separate block. All the 

metall  atoms were included, as well as NADH and the dummy water atoms 

whichh wil l be described in Chapter 3. Thus, the whole first coordination sphere 

aroundd the active site metal was refined to obtain the estimated standard 

deviationss (esd's) for the individual atomic parameters. The nicotinamide of 
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NADH,, as well as the metal ligand distances were refined without restraints. 

Thee positional error Ar for the most essential atoms is listed in Table 2.4 

Tablee 2.4: Positional error Ar (in A) for some of the atoms situated in the 

activee site of the enzyme complex. 

Atom m 

N1N N 

C2N N 

C3N N 

C4N N 

C5N N 

C6N N 

C7N N 

07N N 

N7N N 

Cdla a 

Cdlb b 

Cdll l 

OHXa a 

OHXb b 

SG-46 6 

NE2-67 7 

SG-174 4 

Ar r 

Subunitt A 

0.018 8 

0.025 5 

0.022 2 

0.024 4 

0.025 5 

0.028 8 

0.025 5 

0.019 9 

0.017 7 

0.003 3 

0.010 0 

0.002 2 

0.034 4 

0.061 1 

0.007 7 

0.022 2 

0.007 7 

Subunitt B 

0.020 0 

0.024 4 

0.025 5 

0.030 0 

0.036 6 

0.027 7 

0.027 7 

0.017 7 

0.021 1 

0.006 6 

0.015 5 

0.003 3 

0.075 5 

0.032 2 

0.008 8 

0.022 2 

0.008 8 

Thee precision that is gained going from high resolution to atomic resolution is 

reflectedd by the DPI values. The DPI for the atomic resolution structures lies 

inn the range of 0.03 A, whereas for the high resolution structures, the DPI is 

aroundd 0.20 A. The error in bond lengths is then 0.04 A for atomic and 0.28 A 

forr the high resolution structures. The use of DPI values as positional errors 

iss supported by the values in the positional error obtained from a full matrix 

refinementt of an atomic resolution structure. The value for the positional error 

off  the light atoms that form the vast majority of the protein is around 0.025 

AA in the core of the structure. 


