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The cytochrome P450 mono-oxygenase
system

» Consists of an electron transport chain terminated
by a cytochrome P450

 The most studied oxygenase system in nature — since
the 1950s

* Alarge number of roles. Primarily responsible for
metabolism of a very large proportion of exogenous
compounds as well steroid metabolism/biosynthesis
and vitamin degradation
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Cytochromes P450 (family)

* Occur across all domains of life - haemproteins
responsible for carrying out oxidation reactions

» Located mostly in the mitochondria or on the surface
of the endoplasmic reticulum in mammals

» Requires a supply of single electron equivalents from
cytochrome P450 reductase, the electron transfer
partner

* RH+ 0O, +2H*+2e - ROH + H,0
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Cytochromes P450 catalytic cycle

< P450 reductase

420 450 500

R-OH

XOOH

e” «<— P450 reductase
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System schematic

Cytochrome Cytochrome

NADPH P450 reductase P450 RH + 0,
+ H*
NADP* ROH + H,0

In the endoplasmic
reticulum membrane

P450:CPR~ 20:1
Diffusion and collision

endoplasmic reticulum
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NADPH-cytochrome P450 reductase (CPR)

Three-dimensional structure of
NADPH-cytochrome P450
reductase: Prototype for FMN-
and FAD-containing enzymes

a] 3 ’
Linker (Wang et. al. 1997)

domain

FAD &
NADPH
binding
domain

FMN binding
domain

The electron flow in the P450 mono-oxygenase system is:

NADPH - FAD - FMN - P450 ;(:[ fi I:[ fi
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Domain motions

* Well established idea (Frauenfelder et. al. 1991)

» Both small and large scale motions have been shown
to facilitate biological function

» The importance in electron transfer is a recent
discovery

» Plenty of evidence of domain movement in diflavin
reductase family

— Large and dynamic complexes make this easily
conceivable
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CPR catalytic cycle

2Ca 8 ~
»
3
x

NADPH
CPR% ——— CPR%. NADPH ———— CPR?2®- .NADP*

- NADP*
P450 © e

Redox-Linked Domain Movements in the Catalytic Cycle of Cytochrome P450 Reductase (Huang et. al. 2013)
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Domain Motion in Cytochrome P450 Reductase
CONFORMATIONAL EQUILIBRIA REVEALED BY NMR AND SMALL-ANGLE

X-RAY SCATTERING™*

Received for publication, August 10, 2009, and in revised form, October 21,2009 Published, JBC Papers in Press, October 26, 2009, DOI 10.1074/jbcM109.054304
Jacqueline Ellis’, Aldo Gutlenez” Igor L. Barsukov'?, Wel-Cheng Huang’, J. Gnter Grossmann*’,

and Gordon C. K. Robe!

From the *Henry Welkome’ Biology, D of Biochy University of Leicester,
Leicester LE1 9HN and the *Momlme,apnym Group, d ilties Council Daresbury Labor
Warrington, Cheshire WA4 4AD, United Kingdom
NADPH-cytochrome P450 reductase (CPR), a diflavin reduc-  tive b of both including

tase, plays a key role in the mammalian P450 mono-oxygenase
system. In
positioned for interflavin electron transfer but not for cleetron
transferto cytochrome P450. A number of lines of evidence sug-
gest that domain motion is important in the action of the
enzyme. We report NMR and small-angle x-ray scattering ex-
perimentsaddressing directly the question of domain organiza-
tion in human CPR. Comparison of the "H-'*N heteronuclear
single quantum correlation spectrum of CPR with that of the
isolated permitted identi

EMN domain whose environment differs in the two situations.
‘These include several residues that are solvent-exposed in the
CPR crystal structure, indicating the existence of a second con-
formation in which the FMN domain is involved in a different
interdomain interface. Small-angle x-ray scattering experi-
ments showed that oxidized and NADPH-reduced CPRs have
different overall shapes. The scattering curve of the reduced
enzyme can be adequately explained by the crystal structure,
whereas analysis of the data for the oxidized enzyme indicates
thatit exists asami: two

fatty acids, steroids, and pmsmgzndms, and exogenous com-
pounds ranging from therspeutic drugs and environmental
i NADPH-
cytochrome P450 rodnmse (CPR?; EC 1.6.2.4) plays a central
role by catalyzing the transfer of electrons from NADPH, via its
two flavin cofactors FMN and FAD, to the cytochromes P450
(2). CPR is also an electron donor to heme oxygenase (3), the
fatty acid elongation system (4), and cytochrome b, (5). More
recently, CPR has been found to carry out in vivo reductive
activation of anticancer prodrugs in a hypoxia-specific manner,
resulting in amarkedly cytotoxic effect on tumors (6,7), and has
thus also become a target in anticancer therapy (8, 9). CPR is a
‘member of a small family of diflavin reductases, including the
isoforms of nitric-oxide synthase (10), methionine synthase
reductase (11), protein NR1 (12), cytochrome P450 BM3 (13),
and sulfite reductase (14), each of which catalyzes electron
transfer through the pathway NAD(P)H — FAD — FMN —
acceptor.

_ Sequence analysis indicate that CPR compriesthree denti-

1d

conformations, one consistent with the crystal structure and
one a more extended structure consistent with that inferred
from the NMR data. The correlation between the effects of
bisphosphate and NADPH on the scattering
rveand: lectron transfer

in that anchors the
enzyme to the membrane, an FMN-binding domain homolo-
gousto bacterial flavodoxins, and an (FAD + NADPH)-binding
domain homologous to ferredoxin-NADP* reductases, leading
to the proposal that the enzyme evolved as the product of a
fusion of two ancestral flavoproteins (15). The latter two puta-

The cytochrome P450 mono-oxygenase system in the

reticulum is for oxida-
Sciences Research Council and the Wellcome Trust.
* Author's Choice—Final version full access.
* This anicle was selected as a Paper of the Week.
*IThe on-fine versi s i org) contains

2 supplemental figure.
' Present aderess:Schacl of Scence and Technology.Nottingham Trent Uri-
sity, Nottingham NG1 48U, UK.
Liver-

were expressed separately and shown to fold cor-
rectly and to bind their respective cofactors (16). The crystal
structure of a soluble form of the enzyme lacking the mem-
brane-anchoring N-terminal 70 residues (see Fig. 1) (17) con-
firmed the existence of these domains and their structural and
sequence homology to flavodoxin and ferredoxin-NADP*
reductase, respectively. The structure reveals two additional
important features: (i) the existence, as an insert in the FAD-
binding domain, of a “linker domain” that may serve to deter-
mine the mutual orientation of the FMN- and FAD-binding
domains and (ii) the fact that the FMN-binding domain is con-
nected to the rest of the protein through a loop or hinge of 13

pool L69 778, UK.

borat
e for Structural Bclogy, Dept. of Blochemistry, University ofLecest
Henry Welkcome Box 138, Lancaster Rd. Leicester LE1 9HN, UK.
Fax: 44-116-229-7018; i grdleacuk.
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“The abbreviations used are: CPR, NADPH-cytochrome P450 reductase;
CPR,, oxidized CPR; CPR, 4-electron reduced CPR; CPR, 2election
reduced CPR (CPR
o bis«(l-hydmxyahﬂ)-l-amnoemmewllomc aaﬂ HSQC, heteronu-
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Detection of a Protein Conformational Equilibrium by Electrospray

lonisation-lon Mobility-Mass Spectrometry

Matthew Jenner, Jacqueline Ellis, Wei-Cheng Huang, Emma Lloyd Raven,

Gordon C. K. Roberts, and Neil J. Oldham*

Ton mabilily pectrometry

is emerging as a promising
providing infor-
mation particularly in combination with clectrmospray ioniza-
tion (ESI) and mass spectrometry (MS)." There is currently
much debate on the structure of protein ions in the gas phase,
as summarized by Breuker and McLafferty.® Whilst it aj

probable that some structural collapse occurs within pico-
seconds of dehydration, the onset of gross structural rearrange-
‘ment may require tens of milliscconds®™ This time provides a
potential window for the observation of “ncar-native™ struc-
tures that may retain some clements of the solution structure,
with the ability to provide biologically relevantinformation. A
number of recent applications have wsed IMS to study the
conformation and stoichiometry of proteins and their com-
plexes Structural changes to amyloid and prion proteins, as
well assteps in amyloid fibril assembly, have been detected by
using this approach.? and the calcium-dependent conforma-
tional change in calmodulin has been probed by IM-MS, as.

activity in antibacterial peptides® Insights into the structurcs
of large multiprotein complexes, such as the RNA-binding
TRAP protein, GroEL, and the 205 proteasome have also
‘been provided by ion mobility measurements”)

We postulated that IM-MS may be wsed to study the
dynamic equilibrium between wellcharacterized conforma-
tions of a monomeric multidomain protein. To test this
hypothesis, we have cxamined NADPH-<ytochrome P4SO
reductase (CPR) using ESHIM-MS. CPR is a 76kDa
membrane bound flavoprotein that catalyses the transfer of
clectrons from NADPH to a number of oxygenase enzymes ™
CPR consists of three folded domains” an FAD- and
NADPH-binding domain, an FMN-binding domain, and a

1) M. Jenner, D N. . Okdham
School of Chemisty, University of Nottingham
University Park, Nottingram, NG7 2RD (UK)
Email: nei okdham@nottingham.ac.uk
Homegage: http: [wawnottingham 3c.uk] ~peznjo/HomePs
gehtm
Dr. . Elis, Dr. W.C. Hiang, Prof. Dr. ccmm.u
Department of Biachemistry, University of Leice
ey Welcome Bukding, Lancuster Rost, L ocesier LET SHN (UK)
Prof Dr. E Lloyd Raven
Department of Chemistry, University of Leicester
Henry Wellcome Buiding, Lancaster Road, Leicester LET SHN (UK)
1] We are grateful to the Welkcome Trust and the University of
Notsrgham for finarcial support
(@) Supporting information for this artice (detaled experime tal
methads and instrumental conditions) is available on fhe WWW.
under Hitp:/fdx doiorg 101002 arie 201101077.

Anges Chem. 1nt £4. 20, 52, £391 4394

© 301 Wiey VCH Verlzg Gmbh & Co. KGaA, Weinheim

linker domain which may serve to orient the other two
domains The FMN-binding domain is connected to the rest of
the protein by a I4-residuc “hinge”, thus providing the
flexibility that is thought to be important for the function of
the protein. An N-terminal 57 amino acid peptide is
responsible for anchoring CPR to the endoplasmic reticulim
membrane; recombinant CPR, which lacks this N-terminal
peptide, is both soluble and functional, thus facilitating
detailed structure-activity studics.

The CPR-mediated ckectron transfer from NADPH to
cytochrome P450 proceeds in a stepwise fashion: NADPH—
FAD —FMN—P450. Interflavin clectron transfer requires
spatial proximity of the two prosthetic groups, and the X-ray
crystal structure of CPR (PDB file: 1AMOM) confirms this is
the case (closest approach of the FAD and FMN methyl
groups: 385A (C-C)\™ However, in this compact or
“closed” conformation, the FMN cofactor appears to be
inaccessible to the large cytochrome P450 molecule, and so
the need for domain movement as an cssential part of the
catalytic cycle has been widely assumed ™) Recently, NMR
spectrascopy, small-angle X-my scattering (SAXS), and
crystallographic cvidence for this movement has been
obtained™ thus suggesting that in solution, CPR exists in
an cquilibrium between a compact conformation appropriate
for interflavin clectron transfer and an extended conforma-
tion appropriate for clectron transfer to P450 (Figure 1).

Herein we show that two major conformations of wikd-
type CPR are present in the gas phase, and that their relative
abundance can be influenced by the ionic strength of the
solution from which they are clectrosprayed, by removal of
key intramolccular ionic interactions, and, crucially, by the
redax state of the flavin groups This study demonstrates the
ability of ESFIMS-MS to detect a protein conformational

Figure 1. Compact and extended forms of CPR showing the PMN
binding domain (blue), fhe FAD binding and linker domains
(magents), PMN (orange), and FAD (yellow). NADPH is omited for
clarity. FAD=fa « dinucleotide, FMN =flavin mononudeo.
tide, NADPH = nicotinamide adenine dinucleotide phosphate.

wwILEY T
QNIE LERATY

Structure

Redox-Linked Domain Movements

in the Catalytic Cycle

of Cytochrome P450 Reductase
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SUMMARY

NADPH-cytochrome P450 reductase is a key compo-
nent of the P450 mono-oxygenase drug-metabo-
lizing system. There is evidence for a conformational
eequilibrium involving large-scale domain motions in
this enzyme. We now show, using small-angle
X-ray scattering (SAXS) and small-angle neutron
scattering, that delivery of two electrons to cyto-
chrome P450 reductase leads to a shiftin this equilib-
rium from a compact form, similar to the crystal
structure, toward an extended form, while coenzyme
binding favors the compact form. We present a
model for the extended form of the enzyme based
on nuclear magnetic resonance and SAXS data
Using the effects of changes in soluﬂoﬂ conditions

‘and source are credited.

cle has been studied in detail (Boehr et al., 2010; Eisermesser
et al, 2005; Henzer-Wildman et al., 2007). However, there are
instances where much larger scale movements of whole do-
mains are essential in enzyme tumover (e.g., Qi and Hayward,
2009; Reger et al., 2008; Walthers et al., 2010) and, notably, in
electron ransfer pattways. Electron ransfer is generally carried
out by prote ated inlarge dynamic such
systems, domain motion can be required to provide access for
the protein partnerfs) to the redox centerfs), and the importance
of large-scale protein dynamics in biological electron transfer is
now recognized (e.g., Danyal et al., 2010; Lennon et al,, 2000;
Toogood et al., 2007).

There s evidence for domain motion in the family of diflavin
reductases, which includes cytochrome P450 reductase (CPR)
(lyanagi et al., 2012; Wang et al, 1997; Xia et al., 2011b), nitic
oxide synthase (Hague et al., 2012; Iyanagi et al., 2012; Stushr
ot al, 2009, and methioring synthase reductase Wolthers

and of site-directed
that the conversion to the a(tended form leads to
an enhanced ability to transfer electrons to cyto-
chrome c. This structural evidence shows that
domain motion is linked closely to the indivi

etal, 2007). Th FMN-bind-
ing domain, mlaudm(lﬂvodoxlrs.m FAD- and NADPH-binding
domain, related to ferredoxin/flavodoxin reductases; and a
“linker"" domain, the FMN domain being connected to the linker
and FAD domains through a highly flexible “hinge.” PR is a key

steps of the catalytic cycle of cytochrome P450
reductase, and we propose a mechanism for this.

INTRODUCTION

Proteins show internal motions over a wide range of timescales
(picosecands to seconds) and ampitudes (001 to 50 A), and
itisclear to biolog-
ical function—notably, in enzyme catalysis. The idea of an
energy landscape for a folded protein is well established
(Frauenfelder et al, 1991), and recent w.x:mml evidence has
shown
enzymes comespond to states along the reaction coordinate,
leading to the idea of the importance of “conformational selec-
tion'" fe.g., Boehr et al,, 2009; Hammes et al., 2011; Ma and Nus-
sinov, 2010). Many of the motions involved in these processes

tab for atew en-
zymes, the * cnomayapny of these motians in the catalytic cy-

@

Elliset. al. (JBC, 2009), Jenneret. al. (Angewande Chemie, 2011), Huang et. al. (Structure, 2013)

f the P450 ygenase system of the endo-
plasmic reticulum, which plays a central rdle in drug metabolism
(Riddick et al,, 2013). Cytochromes P450 (P450s) catalyze the
insertion of one atom of molecular oxygen into their substrates
‘with the reduction of the other atom towater, a reaction requiring

L,2012; L, 2004).
CPR accepts electrons from the obligatory two-electron donor
NADPH on to its FAD cofactor and transfers them via its FMN
cofactor to a wide range of different P450s. The two electrons
are donated one at a time at two distinct steps in the P450 reac-
tion cycle (Malais et aL, 2005; Muratalev ot a, 2004).

PR seen

(Wang et al. 1997: Xia ot al. 20118 i well suted for sectron
transfer from FAD to FMN, as the two isoalloxazine ings are
<4 A apart. However, in this conformation, it is difficult to see
how the large| widely.
redox partner for studies in solution) could approach dasa
enough to the FMN for electron transfer to occur (Aigrain et al,
2012). The implication is that the domains of PR must move

Structure 21, 1581-1589, September 3, 2013 ©2013 The Authors 1581
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o SAXS and initial SANS measurements
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Table 1. Hydrodynamic Parameters for Oxidized and Reduced

25 CPR Obtained from Solution Scattering Experiments
Sample Ry (SAXS) (A) Drmax (SAXS) (A) R, (SANS) (A)
" Oxidized 26.4 73 24.8
% Dithionite 2e -reduced 28.8 80 29.0
® 4 NADPH 2e -reduced ~ 27.6 76 27.8
- NADH 2¢ -reduced  29.3 83 C
g ‘o Dithionite 2e - 27.7 78 -
> reduced + NADP*
Errors were in the range +0.1-0.4 A for SAXS R, values, +0.4-0.6 A for
0.6 / SANS R, values, and +1-2 A for D;a, values.
‘ See also Figures S1 and S3.
.
0 20 40 60 80
radius, r(A)

Blue: Oxidised
Red: 2e- Reduced (dithionite)
Yellow: 2e- Reduced (NADPH)

Redox-Linked Domain Movements in the Catalytic Cycle of Cytochrome P450 Reductase (Huang et. al. 2013)
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Aims
» Relate structurally-defined domain motion to

individual steps in the catalytic cycle

» Investigate the influence of mutagenesis on the
position of conformational equilibrium

» Investigate an electron transfer complexes in
solution and in the membrane
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Summary of work completed to date

» Expression of soluble CPR in E. coli
 Purification (of wildtype and mutants)

» Spectroscopic and kinetic characterisation
» Redox titrations (anaerobic)

» Stopped-flow studies (anaerobic)

» SANS

» Deuteration of soluble CPR (almost)
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Stopped-flow studies (kinetics)
detector
mixing chamber
reagent syringe signal
processor

.4

g

rs)

g

sample syringe - , , =

syringe drive / T Stopping syringe g

observation cell 2

.....
- .

--------
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The cytochrome c assay
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12011

100 .

60 -

20—

401 Y

coefficient for
cytochrome c

millimolar extinction

wavelength (hanometers)

250

350

http://www.bmb.leeds.ac.uk/teaching/icu3/lecture/20/
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Stopped-Flow Studies
0.7 -
Dead
-time PKR
EPVP
8 0.6 - .
e Wildtype
o » 0.556 ,
X! - < First turnover
%
Q
< /
0.5 -
A
0.4 [T : ; : ; I : I : | Cytochrome c
0.000 0.005 0.010 0.015 0.020 0.025 baseline

Time (s) 109C, pH 7.0
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Variation of ionic strength

Absorbance (arb. unit)

08

0.58

0.56

0.54

0.52

05

0.48

0.486

0.44

042

002 003

0.02

Time (s)

-0.005 0 0.005 0.01 0.015
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Final
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Variation of ionic strength

a

k., Vs. [NaCl]

1(M)

pH 7.4 (red) and pH 6.7
(blue), Frances et. al. 2015

1.6

[Nacl]
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Solution SANS

» Solution Small Angle Neutron Scattering

e Non-atomic resolution structure determination

3-Aug-2015  15:27: 1

sExp | iExp | Err | iFit(+Const) | Chi®2= 0.898

-1.5
e
g S
Source k, Sample > 2|
L — B """ 20)
i u
A\ Incident beam Attenuated transmitted w 28
beam
e -3r
Wave vector: q= k
-3.5

L L L L
0 0.05 0.1 0.15 0.25

0.2 "
Scattering vector (q) = 4msin6 /A Inout File: PRROK.L.Fir Sipitsin(i lanbie
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SANS data analysis

+ PKR_Oxi.dat —— Guinier Fit —— Residuals

e Guinier plot (slope = radius of gyration)

 P(r) plot (pair distance distribution)

0.00012
0.0001 -

8e-05

p(r)

6e-05
4e-05 |

2e-05 |

0~
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Redox titrations (anaerobic)
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Quantitative analysis

o Determination of Rg and Dmax

» Appears to follow the pattern observed in earlier

studies
PKR
Manual Rg

Sample Rg Rg Error 10 10 Error Dmax Quality (%) Range
Oxidised 26.117 0.365 0.068 0.000 89.450 93.50010-131
Dithionite 1e- 27.200 0.112 0.068 0.000 90.620 96.400 10-131
Dithionite 2e- 29.000 0.171 0.083 0.000 99.500 93.000 10-131
Dithionite 4e- 29.200 0.197 0.076 0.000 95.730 93.400 13-131
Dithionite 2e- + NADP+ 27.800 0.128 0.076 0.000 95.160 94.50010-110
NADPH 1e- 25.800 0.131 0.061 0.000 87.170 80.7001-139

NADPH 2e- 27.200 0.118 0.071 0.000 93.590 94.00010-134



|/
X1 University of ll
< Leicester NE'UTRONS
FOR SCIENCE

Ab initio modelling

» DAMMIF (Rapid shape determination)

Oxidised Dithionite 2e-
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Comparison with predicted conformations

NADPH ‘
CPR® ——— CPR%* NADPH ——— CPR?2®- .NADP*
P450 - NADP? j
-

CPR19'7— CPR?e (H&7ZG)
e_ '/.‘ :. e

P450
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Conformational modelling

e« EOM
o SASSIE
o MultiFoXS

PDB Coordinates (2.2)

Center Coordinates (2.2.1)

Generate New Structures (2.2.3)

Minimize Structures (2.2.3)

Calculate SAS Spectra (2.2.4)

Visualize x° in 2D and 3D (2.2.5)
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Monomer monte carlo structure generation
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SASSIE

4000-
3000
$3 2000+

10001

04
20

45

25000+

20000+

15000+

X2

10000+

5000+

2500+

5000+

4000+

3000+

X2

2000+
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(A) Oxidised

(B) 1e- NADPH
(C) 2e- NADPH
(D) 2e- Dithionite

45

45
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SASSIE

Best Fit Structures Determined Using the Chi-Squared Filter Functionality in SASSIE

The left hand structures are those that best fit the oxidised sample curve and the in the right hand best fit the
2e dithionite sample. The yellow structure in both represents the crystal structure (PDB code: 3QE2) as a point
of reference
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MultiFoXS

Input protein Flexible residues SAXS profile e-mail address # of conformations Download results
input.pdb 3ge2fiexibleregions. txt PKR Dithio 2emod22222222.dat slf24@le.ac.uk 103 conformations MultiFoXS output files

E 1
8 ~ F Ensemble —
l‘j [ 0.9 3 states ——
16 § E 08 2states ——
14 | F 0.7 1 state ——
12 gL g 0.6
x 10 > F 3 05
8 B & 04
5 8 & 03
p € F 0.2
2 el 01
0 0
1 2 3 4 5 24 26 28 30 32 34 36 38 40

Rg (A)

# of states

Best scoring 1-state model x =9.78 ¢, = 0.99 ¢, = -0.50 show/hide weighted profile
PDB1 Ry =26.3644 wy =1

Best scoring 2-state model x = 4.39 ¢4 = 0.99 c2 = -0.50 show/hide weighted profile
PDB1 R, = 26.8166 w4 = 0.567 PDB2 R, = 37.7858 w; = 0.433

JSmol JSmol
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MultiFoXS

Full MultiFoXS Dataset using pool of 10,000 structures (generated using RANCH from the ATSAS suite)
Max g-value = 0.3
WILDTYPE
Oxidised

2e- Dithionite

0.849 left: 0.154 right

2e- NADPH

0.579 left: 0.421 right
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Offline protocol
modified for SANS
data

Better fits and 2-state
system always fit best

| (o IH

2-model “pool” also

yields good fits
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Problems

Log(l) (arbitrary)

0.01

Wildtype Samples

Log(Q)
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WT

Dithio 2e

Dithio 4e

NADPH 2e

Dithio 2e + NADP+
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Conclusions

» A better understanding of the conformational
equilibrium

— Defined shapes
— The position of the equilibrium

— Unambiguously defined redox state (no x-rays)

» A revised catalytic cycle

— The role of domain motion in each step

» Use of mutants to understand the relation of kinetic
parameters to the conformational equilibrium
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The grand scheme

» Completion of the definition of the conformational
equilibrium — repeats of some earlier samples and
possible investigation of the full length protein.

» Solution studies of CPR + cytochrome c complex in
solution (deuterated CPR)

 Integration of CPR into the membrane (nanodisc or
traditional bilayer) to study with cytochromes P450
(physiological partner); SANS or reflectometry may
be possible
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Cytochrome c complex experiment

Pair-distance distrubution function ( P(r) )

l

0.03

---CPRE179K

0023

...... cytochrome c

0.020

— CPR E179K + cytc

0015

0.010

0.005

......

60
radius (A)

DAMMIN models from SAXS data. Left, CPR
E179K alone; centre, cytochrome c; right, the
CPR E179K - cytochrome ¢ complex

» Deuteration of mutant sCPR (almost) completed

* SANS will yield an unambiguous result
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Thank you for listening
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Wildtype
Sample Rg Rg Error 10 10 Error Dmax Quality (%)
Oxidised 27.800 0.150 0.076 0.000 75.000 66.500
Dithionite 1e- 28.700 0.284 0.700 0.001 76.920 66.400
Dithionite 2e- 30.000 0.582 0.051 0.001 84.000 73.100
Dithionite 4e- 30.000 0.451 0.068 0.001 76.500 66.500
Dithionite 2e- +
NADP+ 27.900 0.476 0.023 0.000 82.550 95.900
NADPH 1e- 28.700 0.284 0.070 0.001 75.500 66.400
NADPH 2e- 28.943 0.272 0.081 0.001 77.120 66.300
EPVP
Sample Rg Rg Error 10 10 Error Dmax Quality (%)
Oxidised 27.445 0.518 0.062 0.000 90.320 92.900
Dithionite 1e- 28.522 1.049 0.054 0.000 97.830 91.500
Dithionite 2e- 28.450 0.618 0.084 0.000 91.570 92.100
Dithionite 4e- 28.662 1.334 0.069 0.000 98.670 66.900
Dithionite 2e- +
NADP+ 30.409 1.221 0.089 0.001 76.470 66.500
NADPH 1e- 27.002 0.542 0.058 0.000 95.010 89.700
NADPH 2e- 27.551 1.484 0.073 0.000 90.030 71.100
PKR
Sample Rg Rg Error 10 10 Error Dmax Quality (%)
Oxidised 26.117 0.365 0.068 0.000 89.450 93.500
Dithionite 1e- 27.200 0.112 0.068 0.000 90.620 96.400
Dithionite 2e- 29.000 0.171 0.083 0.000 99.500 93.000
Dithionite 4e- 29.200 0.197 0.076 0.000 95.730 93.400
Dithionite 2e- +
NADP+ 27.800 0.128 0.076 0.000 95.160 94.500
NADPH 1e- 25.800 0.110 0.061 0.000 83.500 80.700

NADPH 2e- 27.200 0.118 0.071 0.000 93.590 94.000
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Confirmation of fit (CRYSON)

1] Graphics Window

3QE2mole Dro: 0.000 Bck:0.18 RgE:28.92 RgT:25.77 Uol: 91228. Chi: 6.990
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