
CHAPTER 21

The ELLIPS Suite of Whole-Body
Protein C o nformatio n Alg orithms
fo, MicrosoftWINDOWS
STEPHEN E. HARDING. HELMUT COLFEN AND ZA}IID AZTZ

1 Introduction: ELLIPS1 ,2,3, 4
ELLIPS I, 2, 3 and 4 are simple to use algorithms for the representation of the over-
all hydrodynamic shape of proteins in solution in terms of tri-axial ellipsoids (three
semi-axes a)>blc and shape characterised by two axial ratios a/b, blc) and bi-axial
ellipsoids or "ellipsoids of revolution" where two of the semi-axes are approxi-
mated as equal: a prolate ellipsoid has semi-axes a, b, b an oblate ellipsoid has a,
a, b, with alb in both cases and the asymmetry defined by the axial ratio a/b. These
algorithms have previously been available only from mainframe or MSDOS plar
forms.r This short chapter briefly reviews the purpose of these FORTRAN/QUICK-
BASIC algorithms and describes their fresh implementation onto a Microsoft
WINDOWS platform.

Hydrodynamic methods provide a useful approach to the study of macromolecu-
lar conformation in solution. In the study of the conformation and flexibility of lin-
ear types of macromolecules - for example synthetic polymers and polysaccharides,
consideration of how hydrodynamic parameters such as the intrinsic viscosity, the
sedimentation coeffrcient or the radius of gyration vary with molecular weight of a
homologous polymer series has provided the means of estimating particle dimen-
sions and flexibility (via the persistence length) in solution.

For the representation of quasi-rigid types of macromolecule - many proteins for
example (except at very short timescales) can be thought of as such - hydrodynamic
approaches have also proved useful.

There are two approaches to representing the conformation of fairly rigid proteins
in solution. The first approach is the bead modelling whereby a macromolecule or
macromolecular assembly is approximated as an array of spherical beads. Using com-
puter programs that are currently available (based on how these spheres interact) such
as HYDRO, SOLPRO, HYDROPRO, HYDROSUB,24 it is possible for a given Bead
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model to predict its hydrodynamic properties. one can model quite sophisticated
structures by this approach, and recent efforts have focussed on its application to flex-
ible structures.5 There are uniqueness problems, for example, one can predict the sed-
imentation coefficient for a particular complicated model, but there will be many
other equally complicated models which give the same sedimentation coefficient.
This type of modelling is therefore best for choosing between plausible models for a
structure, or for refining a close starting estimate for a structure from, say, X-ray
crystallography.

A complementary approach to bead modelling is to make no assumptions con-
cerning starting estimates and to calculate the shape directly from hydrodynamic
measurements. This is called the "ellipsoid" or "whole body" approach,6 so called
because the investigator instead of approximating the macromolecule as an array of
spheres approximates the macromolecule instead as a smooth whole regular stnrc-
ture - an ellipsoid, or "three-dimensional ellipse" characterised by three perpendi-
cular semi-axes a2b2c. Of course, only simple representations are possible but by
combining shape parameters together there are no hydration or uniqueness prob-
lems. This approach is best for giving a relatively quick idea of the overall dimen-
sions or shape of a macromolecule in solution. There are two types of ellipsoid
approach: the ellipsoid of revolution and the general triaxial ellipsoid. The simplest
of these (which has been used in one form or another for over half a centuryT) is the
ellipsoid of revolution in which two of the three semi-axes are equal (c:b).
Ellipsoids of revolution are so-called because they are the shapes formed by rotating
an ellipse of semi-axes, a, b either about the major (a) axis to give a prolate ellipsoid
(semi-axes a, b, b) or about the minor (b) axis to give an oblate ellipsoid (a, a, b),
both defrned by the axial ratio (a/b) (where a>-b). one hydrodynamic measurement
can uniquely defrne (alb), after assuming a value for the (time averaged) hydration
of the molecule; two hydrodynamic measurements are normally sufficient to define
(c/b) without assumptions concerning hydration; a third is occasionally necessary to
distinguish whether an oblate ellipsoid or prolate ellipsoid is the more appropriate
(usually the latter for proteins). In the extremes a*b the prolate-+rod and the
oblate+disc and the other extreme of a:b is of course a sphere.

The most sophisticated of the whole body approaches is the general tri-axial ellip-
soid where the restriction of two equal axes b:c is removed. This allows a much
greater variety of conformations ranging from rods (a>b:c), discs (a:blc) and
tapes (a )} b )} c) as well as the prolate (a>b:c), oblate (a:b>c) ellipsoids of revo-
lution and the sphere (a:b:c). All the necessary theoretical developments for apply-
ing either of these "ellipsoid" strategies are in place. What had been lacking is a
coherent set of easy-to-use algorithms - available on PC as opposed to computer
mainframes - which the general user has access to. The launch of a suite of four
ELLIPS algorithms in 1997t for an MSDOS platform helped addressing rhis: Table I
gives a summary of what these do. ELLIPS I is wrirten in QUICKBASIC, the others
are in FORTRAN. Obviously for some classes of molecule - antibodies are a good
example - this type of whole-body modelling is not applicable and bead- approaches
need to be employed. Even here, however, ellipsoidal representations of the major
domains (Fab, Fc) have helped in the bead modelling of the intact assembly.8-r3
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Table 1 The ELLIPS routines

Chaprer 2I

Routine lnnguage Model Purpose

ELLIPSI

ELLIPS2

ELLIPS3

ELLIPS4

QUICKBASIC

FORTRAN

FORTRAN

FORTRAN

Ellipsoid
of revolution

General triaxial
ellipsoid

General triaxial
ellipsoid

General triaxial
ellipsoid

Prediction of axial ratio (alb)
(equivalent prolate or oblate
ellipsoid of revolution) from
user-specifred shape function
Evaluates the values of all the
hydrodynamic shape fu nctions
from user-specified (a, b, c) or
(a/b, blc)^
Evaluates (alb, blc) from
combinations of hydration-
independent shape functions
Evaluates (alb, b/c) from
electro-optic decay combined
with other hydrodynamic data

" Equivalent to SOLPRO3 for bead models.

2 Universal Shape Functions: Hydration-Dependent
and Hydration-Independent

In common with the bead modelling program SOLPRO3 the ELLIPS algorithms all
use Universal shape functions. By this we mean each is specifically a function of
shape alone (and not volume). It makes no odds what the size is: a Universal shape
function will have the same value, and will only depend on the shape. All these uni-
versal shape functions have been worked out in terms of the axial ratio (a/b) for
ellipsoids of revolution and now the two axial ratios (a/b, b/c) for general ellipsoids.
The relations of all these to (a/b) or (alb, blc) are given in Hardingra and will not be
repeated here: all of these exact formulae are inbuilt into the ELLIPS routines.

To measure these Universal shape functions experimentally, many require knowl-
edge of the hydration 5 (mass in g of HrO bound per g of dry macromolecule) or
hydrated volume V (mL) of the particle, the others do not. Hydration is a dynamic
process, and so d and V represent time-averaged values. The particle volume V is
often presented in two equivalent forms;

V: v,MlNo

where M is the molecular weight or molar mass (g mol t), No is Avogadro's num-
ber (6.02205x1023mol-r), and v, is the specific volume (mL g-t) of the hydrated
macromolecule (volume occupied by the hydrated macromolecule per unit mass of
drv macromolecule) or

V: Q + 6lp")M/No

( l )

(2)

l

i

where V is the partial specific volume (rnl- g ').



The ELLIPS Suite of Whole-Body Protein Conformation Algorithms

3 Hydration-Dependent Universal Shape Functions
Harding et al.t give a complete list of those Universal shape functions requiring
knowledge of 6 or v for their experimental measurement. we give here only the mosi
useful ones:

Vscosity inc re me nt:ts't6

v:  [q ]M/(NoV)

in which v:2.5 for a sphere.rT'r8
Perrinte function:

p : (f/f i{r + 6/(ip,)l-vi (4)

where (flf,), the frictional ratio,T is related to the sedimentation coefficient do.* by

(flf,) : M(l - np)/(No6n4osLo,)(4nNo/3iM1ut (5)

or the translational diffusion coefficient Dio,* by

utf"):y(y)"':1-J: 67t n"\ 3nM ) , 'r* 
(6)

where T:293.15 K, 4, is rhe viscosity of water atZg3.l5 K (0.010 p), p. is the
density of water at 293.15 K (0.99823 g ml--t; and /<" is the Boltzmann's con-
stant (1.3807X l0-r6 erg K -r). P: I for a sphere.te
Reduced exc luded volume :20

u,"u: ulV : {28M2 - Z2/21}l(N^n

where z is the excluded volume (mL), B the second thermodynamic (or"osmotic pressure") virial coefficient (mL mol g-2) from osmotic pressure,
light scattering or sedimentation equilibrium measurements, Z is the valency of
the macromolecule, measurable by titration2l and 1 is the ionic strength of elec-
trolyte in the solvent (mouml). At sufFrcient ionic strengths, the 22/21 term
becomes negligible compared with 28M2. of course, for uncharged macro-
molecules and proteins at the isoelectric point Z:0. u,"o:8 for a sphere.T
Harmonic mean rotation relaxation time ratio:

'ch/ro: 
{kuTlq.Vltn (g)

where rn (s) is the harmonic mean rotational relaxation time, traditionally
measured using steady-state fluorescence depolarisation methods,22.23 and q
the corresponding value for a spherical particle of the same volume:

q: qoVlkuT (9)

In earlier representations a factor of 3 was introduced because the rotational
relaxation time was referred to on a dielectric dispersion basis (compensated
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for in the equations for steady-state anisotropy depolarisation) although this is
no longer necessary - compare ref .22 with ref. 23. This is further discussed in
Garcia de la Torre et al.3 tgf ro: I for a sphere.2a

. Reduced electro-optic decay constants:

9i'd: (r1,VlkuT)O, (10)

where 0tare the electric birefringence or electric dichroism decay constants.
For ellipsoids of revolution that are homogeneous, i.e. where the geometric axis
of symmetry coincides with the electrical axis, i: l. For general ellipsoids that
are homogeneous, i.e. where the geometric axes coincide with the electrical
axes, i:2, termed "*" and "-" (refs. 25 and 26); for general particles i: l-5
(ref .21). For a sphere, Oi'o:0.66661.

To assist with the calculation of the salient Universal parameters P, v and a."o from
the sedimentation coeffrcient, intrinsic viscosity and second virial coefficient,
respectively, a spreadsheet algorithm has been set up called ELLIPSPRIME, which
can be downloaded along with the other algorithms described here from the NCMH
web site http://www.nottingham. ac.uk/ncmh.

4 Hydration-Independent Universal Shape Functions
Harding et al.t also give a complete list of those Universal shape functions NOT
requiring knowledge of 5 or V for their experimental measurement. Again we give
here only the most popular or useful ones:

. The Scheraga-Mandelkern2s parameter

F : {[t l] ' ' tn,l l I.M2t30 - vp.)100t^} : IN]t3/G6200rz1trz1 {ntt3/Pl (l 1)

The B parameter is unfortunately very insensitive to shape, and Equation (l l) is
used more as an equation of consistency, or for measuring M from sedimenta-
tion velocity and viscosity measurements. F:2.tt l5X 106 for a sphere.

. The Pi function2e

n: {2BM/[q]l - V2tzlMln)l : u,"Jv (r2)

with the second term in the parantheses (an approximation of the charge con-
tribution for polyelectrolytes)-+0 at sufficient values of 1, and of course :0 for
uncharged macromolecules or proteins at the isoelectric point (Z:0). II:3.2
for a sphere

. The Wales-van Holde3o'3t Darameter

R :  , t , / [4 ]  :2( l  + P3)/v  (13)

where k, (mLg-t) is the concentration dependence parameter of the sedimen-
tation coeffrcient in the limitine relation

s2o.* :  s ! . . * ( l  -  kc)
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or

l /s ro. , :  { l /s io .* } ( l  +  f t .c)

Although the theory behind Equation (13) is less rigorous rhan that for 11
(because of the greater complexiry of "hydrodynamic" 

as opposed to ..thermody-
namic equilibrium"-based non-ideality), it does have a strong experimental
basis.3l-33 To apply ( in this way it is important that charge contributions to /<. are
absent or if the macromolecule is a polyelectrolyte, charge contributions are sup_
pressed by working with a solvent of suffrcient ionic strength. R: 1.6 for a sphere.

" The reduced radius of gyration function G (ref. 34\

G: R!{4nNo/(3vM)2t3 (r4)
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where R, is the radius of gyration (cm), determined from right scattering, X-ray
scattering or neutron scattering measurements. v is the specific volume of the
macromolecule. originally it was thought that this was closest to the specific
volume of the anhydrous macromolecule, i.e. there is no difference in scatter_
ing density of the surface-bound solvent compared with free solvent although
current thinking seems to be in favour of something between the anhydrous and
(time-averaged) hydrated macromolecule: strictly speaking G should be
regarded as a hydration-dependent parameter. G:0.6 for a sphere.

. The ktmbda function3s

L: (q"[q]M)/(NAkBTrh) : v/(rn/r")

For spheres, A:2.5.
. Electro-optic deltafunctions36

6, : (6q,/ N okuT)[r1] M 0, : 60idv

( 1 5 )

(16)

(for homogeneous ellipsoids of revolution i: I and for homogeneous triaxial
ellipsoids, i:* and -). For spheres 5i:2.5.

5 ELLIPS1
Aim: Prediction of axial ratio (a/b) (equivalent prolate or oblate ellipsoid of revolu-
tion) from a user specified value for a shape function.

Description: ELLIPS I is based on simple ellipsoid of revolurion models (where
two of the three axes of the ellipsoid are fixed equal to each other); if the user types
in a value for a shape function from sedimentation or other types of hydrodynamic
measurement' it will return a value for the axial ratio of the ellipsoid. The question
an experimenter wishes to address usually is not "what is the shape function for a
specified value of the axial ratio alb ?" but rather ..what is the axial ratio alb for my
macromolecule specifred by my (universal) shape function which I have experi-
mentally measured?". Although there are exact analytical formulae linking iach
shape function with alb (ref.37), the reverse is not true: inversion is analytically
impossible. The QTTICKBASIC algorithm ELLIpSI uses the polynomial-based
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inversion procedure of Harding and Cdlfen3T to give alb vs. the various Universal

shape functions to an acceptable degree of accuracy (l.e. to better than the precision

of the measurement, which is normally no better than a few per cent).

Example: Figure I and Table 2 show an example for part of the complement recep-

tor CRI (modules 16ll7).In a study by Kirkitadze and co-workers3s they showed that

the axial ratio of this protein from ELLIPSI was -5 from P values obtained from

(b)

Figure I ELLIPSL screens for the determination of the axial ratio (a/b) for complement
receptor CRI (domains l6/17) using the Universal shapefunction P obtainedfrom
the sedimentation coefficient, $0,":(1.48X0.04) S, molecular weight, M:14513
g mol-t and partial specific volume n :0.725 mL I 

I. (a) Input screen. (b) Output
screen (result for prolate ellipsoid only shown). (Data from ref. 38)

-I
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Thble 2 ELLIPSl estimates of the axial ratio a./b for the complement receptor CRI
(domains 16/17) using the (Jniversar shape function p for three different
values of the time-averaged hydration parameter 6. (Adapted from ref. 3g).

a/b

1.28
t .26
L.Z- t

measurement of 40,* and various possible values of the hydration parameter 6. Since
the individual domains (16 and 17) each had an axial ratio -3 they could conclude
the domains were arranged approximately in an end-to-end fashion.

6 ELLIPS2
Aim: Evaluates the values of all the universal hydrodynamic shape functions from
user-specified axial dimensions (a, b, c) or axial ratios (a/b, blc) for the macromol-
ecule as modelled by a general triaxial ellipsoid.

Description: ELLIPS2 is essentially analogous to SoLpRoi in that from a given
structure (as represented by an array of beads in sol-pRo or as a general triaxial
ellipsoid in ELLIPS2) the complete set of Universal shape functions is returned.
Most of the universal shape functions involve one or more of l0 different elliptic
integrals (called alpha l...alpha l0 - see Harding'a). These are solved by quadra-
ture using the NAG3e routine D0IAMF for a one-dimensional integration with an
infinite upper limit and routine D0IDAF for a two-dimensional intesration with
f in i re l imirs

Example: Figure 2 gives rhe output dara for an (alb, b/c):(1.23,1.52), based on
the crystallographic axial dimensions of 43x35x2: A for Fab' of a chimaeric anti-
body 872.3.40'ar These were then used as the basis for the construction of a surface
shell bead model. This procedure was repeated for Fc and a model for the intact
immunologically active antibody was then constructed.e.l0

7 ELLIPS3
Aim; Pertorms the reverse of ELLIPS2 by evaluating the tri-axial shape of a macro-
molecule (a/b, b/c) using two possible combinations of universal shape functions.

Description: whereas an (a/b, b/c) specifies unique values for all the hydrody-
namic shape functions, the reverse is unfortunately not true: measurement of p, %
R, A, ... does not uniquely frx (a/b, b/c) but rather gives a line solution of possible
values. A graphical combination of the line solutions for two of these shape func-
tions will in principle provide a unique solution for (a/b, b/c).The main crireria for
selection are (i) their ease of measurement, (ii) their sensitivity to shape and insen-
sitivity to experimental error, (iii) the two give an intersection as orthogonal as pos-
sible and (iv) the lack of requirement of an estimate for the hydration for their
experimental measurement. ELLIPS3 currently offers two such combinations: the
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* *  ** i  *  ** t  *  *  ** *  *  t*  *  *  t  ** *  *  *  ** *  i  * t  i  *  t  ** t  *  ** t  *  *  ** t  + t  **

ELTIPSZ Oucpuc Daca
* * +* * * *t * + + +* * * ** * * * f, + * * * ** * * *+ * * * ** * * +* * ** ** * * * ++

| a { b .  b / c )  = 1 . 5 0 0 0  r -  4 2 0 0
Viscosi ty increment.  r tu = Z-9I?O
Perr in f r , rncEion,  P = l _  0458
C orr esponding trlndrau ion indep ertdent f r:nccions :

I r le les-rrsn Holde,  H.  = I -4 '124
ScheraEa- l landelkern.  I0**-6xbega = 2-LZ.4S

FuncEit r tE besed on che Znd v i r ia l  coef f ic ier t :
Redrced exclr rded wolrne.  u_red 9-L44?.

Correspondirrg hlndration irrdependerrt function:

Pj- fu.rt€ion = 3- I4OJ.
G fiIracuiola (f,rou radiug of gYraEiorrl =

Redrced eleetrro-opt ic  decay ctr rstar ts :
o-?.49)-

Ttreta* =

Ttreca- =
o -  1 6 5 4
o  -  t l 34

Corresponding hfdrs'cion indePefl 'dent fr:rEtions :

Gama* = 1-  6965
Ggrm.a- = I-L6?4
Hsrr.onic u.esr rocacitrrs.I relaxeeiorrsl time ratio:

Eeu_h/cau_o = I- 1955
C o rr esponding, hydreE ion-indeperrdenc funcEion.s :

PSI (Squire-Hiumel)  f i ; r rcts ion = 0-9854

LAIIBDA = Z-4355
Fh:orescence anisotroFy re lax* ion Eirse rat ios:
cau_I,/teu_O =

ceu_Z/gau_O =

tsau_3/Eau_O =

cau_4/cau_O =

tau s/ceu O =

Corre sponding trydrst ion indeperdent funct ions :

De lEa+  =

De]- te-  =

Isrollda_l =

Is$bdg_Z =

Iasbdr_3 =

lqmhds_{ =

I aml.' dq_S =

psi_I =
ps:-_Z --

psi_3 =

z _ 8907
l .  9 8 0 5

r -  0 0 ? s
r  _  3083
L _ 3 2 9 2
1 -  4 ? 0 3
l- _ oo?4

z _  8 9 0 3
?._2259
2 _  1 9 0 8
1 _  9 8 0 6
z-agt r '?

t  -  0432
o -  9s62
0 _  9512

psj-_4 = 0- 9r9?
Psi_s = r  _  0433
+ *  * *  t  * t t  t  *  *  * *  *  *  * *  *  *  *  f , * t  t  t  * +  t * * i  * *  *  * *  *  *  * *  *  * *  * * *  *  *  * *

Figure 2 ELLIPS2 outputfor 872.3c Fab.The axial ratios of(a/b, b/c):1.69, 1.42) used in
this example were obtained from the crystal structure of Brady et al.a0 using the
algorithm of Taylor et al.at

,zl function combined with the R function and the I/ function combined with the

G function. The former combination satishes all four criteria: .,1 requires the exper-

imental measurement of the harmonic mean rotational relaxation time (from e.g.

steady-state fluorescence measurements: no complicated resolution of exponentials
is required), with the intrinsic viscosity. With regard to the latter parameter, the

j
I
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traditional U-tube viscometers require relatively large quantities of material - the
new-generation pressure imbalance methods now make this attractive for those
materials available in low quantities.r3,a2,43 The wales-van Holde parameter R is
measured from the ratio of the concentration-dependent sedimentaiion term k, to
the intrinsic viscosity measurements. The latter combination also involves a hydra-
tion-independent function, namely 11 (from measurement of the intrinsic viscosity
and the second-thermodynamic virial coefficient B). G can also be measured with_
out experimental measurement of hydration provided that the radius of gyration R,
is measured using neutron scattering. If X-ray or light scattering is used, evidence
now suggests the v in Equation (14) is the hydrated volume. ELLIps3 uses as its
basis the function calculation routine of ELLIpS2 except that a whole array of such
values are evaluated in the (a/b, b/c) prane (a matrix of 40x40 values). A Contour
plotting routine (RGCNTS from rhe simpreplot Library) interpolates between these
matrix points and can plot the Ir, G,,4 and R functions (or any other of the univer-
sal shape functions if the programer so decides) in the (a/b, i/c; plane.

Example: Figure 3 shows an example of the determination of the triaxial shape of
neurophysin monomers and dimers in solution based on data of Nicolas et al.M and
Harding and Rowe.as

8 ELLIPS4
Aim; Evaluates the tri-axial shape of a macromolecule (a/b, b/c) from electro_optic
decay based Universal shape functions combined with other hydrodynamic data.

Description: Rotational hydrodynamic shape functions, based on rotational dif_
fusion measurements, are attractive for determining the shapes of macromolecules
in solution since they are generally more sensitive functions of shape compared to
other shape functions. This sensitivity comes however at a price because they are
generally more difficult to measure, due to proble*r turrounding the resolution of
multiexponential decay functions. Electro-optic measurements are more attractive
than time-resolved fluorescence depolarisation anisotropy measurements in the
sense that for homogeneous triaxial ellipsoids at least, theie are only two exponen_
tial terms to resolve (the decay constants or reciprocal relaxation times g* and g_)
as opposed to five (tr-rr):

Ln: A'* exp(-69*r) + A,_ exp(- 60-l) {n)

(see refs. 26 and 36) where An is the birefringence or dichroism (often expressed as"optical retardation" in degrees) at time r after the aligning electric field has been
switched off. A practical problem with electro-optic decay methods is the potential
local heating effects from the high electric fields used, especially if the experiments
are conducted in solutions ofhigh ionic strength: the investigatoris advised to consult
an article by Pcirschke and obst6 describing how these effects can be minimised.
After eliminating hydration (via e.g. combination with [l]) to give the Universal
hydration-independent shape functions d+ and 6- and graphicaicombination with
another universal hydration-independent shape functions such as R36 or [r,ai the
triaxial shape as represented by the two axial ratios (alb, b/c) can be evaluated.
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(b)

Figure 3

3 - 0

slb

P L o t  f o r Dime rs

Chapter 2l

R-lanbda fntersesEion Plot for l{europhysin_Monomers

3 . 1 0

(4.)

R-Lanbda IntersecEion

r - s  z - o  2 - s  " - ! r o  3 - 5  . - o  4 - s  s . 0

ELLIPS3 output. A-R plot applied to neurophysin (a) monomers, A:3.16, R: 1.18
(b) dimers, A:2.53 , R:1.07. The lines allow for experimental error of x2Vo in A
and X5Vo in R. The intersections indicate an (a/b, b/c):(4.0, I .0) for neurophysin
monomer (i.e. a prolate ellipsoid of axial ratio 4.0) an"d an (a/b, b/c):(2.5, 2.9) for
neurophysin dimers, suggesting the dimerisation is a side by side as opposed to
end-to-end Drocess

Neurophys in

I
I



The ELLIPS Suite of Whole-Body Protein Conformation Algorithms 479

Resolution however of even two exponential terms is not easy, particularly for globu-
lar macromolecules where 0* and 0- are similar,a8 irrespective of the form of mathe-
matical deconvolution applied, whether it be non-linear least squares or more refined
types of analysis'ae-sl see Johnsen and Brown52 for the analagous problem in dynamic
light scattering analysis of polydisperse systems. In our hands36'4e we have found a
more reliable method of extraction is to use another hydrodynamic function as a con-
straining parameter in the analysis of the electro-optic decay data: in this way the
problem is reduced from one of four variables (A:*, e*, A'_, e) to one of three (A1,
A'-, a/b) since alb will specify, by the constraining function a unique value for b/c (and
hence 0*, 9-). ELLIPS4 had been written to facilitate this procedure for PCr based on
an earlier non-interactive version of the program written for mainframe computele'53
and is now in WINDOWS. Its use is best illustrated by application to synthetic data
(with error) generated for a macromolecule "Boningtein," which includes the follow-
ing characteristics'. (a/b, blc):(\.5, 1.5); M:71744 Da', t4l:2.7a mL g-1, and rhe
following electro-optic decay parameters: Ai:S.07, A1:0.05, g+:5.81538 X106
s-', 9_:4.15646x106 s-t,T:293.15 K, 4":0.01 p. Figure 4(a) shows the elecrro-
optic decay for this based on expected error (standard deviation) of +0.1o (optical
retardation) or +0.0017 rad random normal error on the decay data. with ELLIPS4
the user puts his electro-optic decay data (An vs. t) into a data file which is read in.
The user also has to specify values for [4] (mL g-t), the molecular weight M (Da), the
solvent viscosity (Poise) and temperature (K) at which the electro-optic measurements
were made. The user also needs to specify the coordinates of a line of (a/b, b/c) val-
ues (based on measurement of R, rr or some other hydration-independent Universal
shape function) in a second data file: Figure 4(b) shows such a constraining line of
allowed (alb, b/c) values for "Boningtein" which has an R function value of 1.479.
This constrains each iteration of (a/b, b/c) and hence g*, 0_, to work along the line
specified by the constraining function, since each value of (a/b, D/c) specifies a value
for 6* and 6, (worked out using the the NAG routine D01AJF) which, combined with
the user entered values for T, q,, [q] and M gives the 0*, 0- for each iteration. This
reduces the risk of the fitting routine falling into subsidiary minima. when the mini-
mum of the least-squares procedure has been formed ELLIPS4 successfully returns
alb, its corresponding value of blc and the preexponential factors A1 and Al . The pro-
gram runs automatically four times using successively the four different values of alb
entered from the constraining function (excluding the first and last data points) as
starting estimates for a/b: this provides a further check against the dangers of sub-
sidiary minima. For the starting estimates for A'* and A'_ the routine automatically
takes these as L,n^ /2. The routine has various inbuilt error warnings concerning the
reliability of each estimation. If no error warning is returned the result for the evalua-
tion from a particular starting point should be reliable.

Example: Figure 4(c) shows the output for a run on the data of Figure 4(a) for
Boningtein, which retums a value for (a/b, b/c)-(1.62, 1.34) - r'.e. to within two-
tenths of an axial ratio unit of the true axial ratios. In practical terms, however, the user
is advised to (i) repeat the whole operation several times with various cut-off times
for the decay data (at longer times the signavnoise data gets progressively worse; on
the other hand more information concerning the slower relaxation time, or larger
decay constant, 0* is contained in this region) to be certain of no subsidiary-minima
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Figure 4 ELLIPS4. (a) Electro-optic decay (expressed as the decay of optical retardation
with time, t (s)). synthetic data shown corresponding to a protein of true (a./b,
b/c):(1.5, 1.5) ("Boningtein"). The electo-optic data are fed in as a data_file
into ELLIPS4. (b) R-constraining data for assisting with the resolution of the
exponential terms. The user takes his experimental value of R or other suitable
constraining function ([r, G, A ...) and plots the line of corresponding values of
(a/b, b/c) using ELLIPS3 to do this for him. The user then reads off six (a/b, b/;)
coordinates from this line, which can be either entered at run-time or as a data file
into ELLIPS4. (c) Output giving the values ELLIPS4 returns for (a/b. b/c) and the
preexponential factors for each of the four srarting estimates'for (a,/b, b/c:) and the
fi.neil 

"best" result- A list of potentiar error waming estimates is also piven

problems; (ii) repeat the operation allowing for experimental error in the constraining
function; (iii) check for any concentration dependence of the retumed parameters: and
extrapolate if necessary to zero concentration.5a These and other features have been
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f  *  * *  *  *  * *  *  *  *  * *  *  *  * *  *  *  *  * *  *  *  *  * *  *  *  * *  *  *  *  * *  *  *  * *  *  *

ELLIPS4 0repuc Darg'
f  *  * *  *  *  + *  *  i  *  * *  *  *  * *  *  *  *  * *  *  *  *  * *  *  *  * +  *  *  *  * *  +  *  * *  *  *

Prsse in :  Eon ing ,ue in  (True  a /b .  b le l  =  ( I_  S .  l -  S)

Corrstr&ining c o-ordinsEes :
s/b b / e

1 -  0 0 0 .  2 -  1 0 6 )
L - 0 9 ? ,  2 -  0 0 0 )
] _  5 0 9 .  I  _  4 8 3  )
I _  6 ? 6 .  I  _  2 8 0  )
1 _  8 3 6 .  I -  1 1 6 )
I -  93?.  l_  _  0o0 )

T e r y e r s u r e  2 9 3 -  0 0 0  H
Solwent  w iscosJ-Ey  0-01000 po ise
In t r ins ic  w iscos i ty  Z-?O0 uL/g
Holecu la r  we ig t rc  0 -720008*05 Da

Frm a  s ts rc j -ng '  es t imete  o f  e ' , /b  =  l_09200
Besc  Ieas t  Equares  ws lue  =  O-000ZSe?33?4?
a / b  =  l - 6 2 1 9 ?  A *  =  0 _ 0 5 8 3 1 9 9 5 6 2 0 3  A -  =  S - 0 6 I ? 4 g g 4 Z ? 0 S

Fro  a  s ta r t ing  es t i r0 .ace  o f  a . /b  =  I_SO900
Best r  leas t  squares  wa-Lue =  O-O00ZSB?93?4?
a / b  =  I - 6 2 1 9 9  A t  =  O - O 5 8 3 I 9 ? 0 A ? 7 ' t  A -  =  O _ 0 6 I ? 4 9 5 0 2 4 8 6

Frm a  s ta r t ing  esL im.s te  o f  a / l r  =  I -E?600
Eesc leasts sqlrares vrlu.e = 0_000ZSAijZ't47
a / b  =  - L - 6 2 1 9 8  j , *  =  0 _ O 5 8 3 1 g ? s ? I S 6  A -  =  0 - 0 6 1 ? 4 3 4 4 9 0 2 G

Bestr lease squares val-ue = 0_0O0ZSA'?JZ'14'?
e l b  =  l - 6 2 1 9 9  A *  =  O - 0 5 8 3 1 9 6 5 6 1 4 I  A -  =  0 - O 6 t ? 4 3 S 5 9 6 5 4

*  *  * *  *  *  * *  *  *  *  * *  *  *  f  *  *  *  *  * *  *  *  *  * +  *  *  * *  *  *  *  * +  *  *  * *  *  *  *  * *  *  *  *  * *  *

Opcimum bes t  IeF<t  squares  va lue  =  0_00025A73 j74 j
( s / b ,  b l c l  =  I - 6 2 ? .  t -  3 4 3

* * ** * * ** * * * ** r * ** * * * ** t * * *f, * * ** * * * ** * * ** * * * ** * * * ** *

I n  c e s e  o l  c r r o r  r u g l r u t :
1 Y P E  t  o r  3 :  X o  c o r o E r g . n E r  -  d i s r r r d  t h i :  r c : u l t
I I i P E  { :  ( u n l i k c l y }  O w c r l l w  -  d i s c r r d  t h i s  r c r u l c
T I iPE 5-8  :  smt  d rubb ebrur  t ^h i  s  r t :u l t .  Thc  h i  ghr  r  tb t
t r r o r  n o .  t h  g r c r t : r  t ^ h c  d s u b t .
f i l P E  5  m r e n s  t ^ h i :  v e l u c  i r  l l m o i t  c e r t e i n l y  r c l i e b l r ;
T I iPE I  meens th i :  re :u l t  i s  very  doubt lu l
T I T E  9 :  l t r r r e  i :  p r o b l b l y  e  m i r r r J t t  i n  y m r  c m s t r e i n i n g
d r t r  o r  y o u r  r x p c r i m c n t e l  v l l u e s  l o r  m o l .  w c .  t i m p E r r t u r r .
i n g r i n j i c  v j , s c o s i c y  o r  J o l v c n t  v i : c o : i t y

Figure 4 (Continued)
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extensively explored with the earlier mainframe version of the program.36,4e,53 A pos-
sible area of further improvement includes the additional constraint that A'*+A'_:
An-- although this may cause problems if the data are noisy and the r:0 position is
not precisely defined.

9 Concluding Comment
The routines are downloadable form the NCMH web site http://www.nottingham.ac.
uk/ncmh complete with full instructions. In any publication users are requested to
acknowledge Salford Software and the Numerical Algorithms Group, oxford for
ELLIPS2-4 and BUSS Limited for use of Simpleplot Library rourines in ELLIpS3.
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