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C H A P T E R  5

goncludina Remarkg



In this study an Bxtsnsive revierrr of a]1 the possible shape

functione avaj-labla for modelling a biological nacromolacule in

solution ln terms of an allipsoid model uith the restriction of tuo

equal axes has been givent thus updating the classicaL revieus of

Edsal l  (1953) and Tanford (1961 ) .  I t  r ras concludBd that the most

sui tablE shape parameter (part ieulanly for axial  rat ios Iess than 20:1)

uas the R paraneter rrlhl.ch can be determined fron the ratLo of the

sedimentation regreesion coefficient, k" to the intrinsic viscosity, [ni .

A uord of r,rarning shoul,d peDhape be given out herg in that tha k" value

found from fitting sedimentation cosffieient versus conceartlation data

either to the ggnsraL equation (e0) or to the approximate linear aquation

(58), is the valuE based on particla rnigration raLatLve to the solvent,

!,hereas the [n] valuEs are normally measuaad to golution denslty (Tanford,

1955).  The vaLue of k" must therefore be corrected to solut ion densi ty,

and this can be achieved simply by subtraeting the value of the partial

specl,fic volume, E (Ro,,re, 19??) eince thig latter can be equatad to lhe

raeiprocal denoity of the solutE, an assumption reasonably accurate for

ploteins and poseibly for nucleic acids (Pearca et al, 19?5). It is also

nou possible to estimatE a value fo! ks direct from a kno!,l8dge of the

sedinentation coefficient, the molecuLar r,reight and i (nppendix VI).

Desplte the availability of the R function for determining the t equiv-

alent hydrodynamic allLpsoid of revoLutionI for a structure in solution to

a raaaonable precislon (and also the I function for prolate e]lipeoids -

Appendlx III), tt trlaE clear fron a perusal of the crystallogeaphic

dinensione given in Table 3 and a comparison of modeL dep€ndBnt ulth model

independent Estimates tot i.ft in Table 2, that for nany nacromoLecuLes

the assunption of trrro equal axes on the ellLpsoid modeL is a poor
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approximation to the real structure in sol,ution. Thls stinulated my

attenpts to develop the necessary theoretical and data analysis tachniques

so that the rastrictlon of ttro equal axes could be dlsp€nssd tlith and the

subeequent research has shoun that the male genBral trl-axial ellipsold

can nou, in principle at ]East, be succegsfuJ,l,y eoPLoyed for nodelling

biological macronolecuLee in solution.

The first step uas to derive an explicit expression for the viscosity

increment v for a dj.lute suBpen€ion of general tri-axial elLiPsoids in

overuhelming Brounian motLon, based on a model flrst given by Sinha (1940)

and larprovad by saito (fssf) for Bltipsoids of !6volution. Although the

aseumption of the partlcles rotating on avelage uith the Eame loca1 angular

velocity of the fluid has only been rigorously proved so far fot ellipsoids

of lsvolution (Brennar, 19?2a\, it uas assumed that thls uould be a very

close approximation for tri-axial ellipsoidst partieularly fos 1o!, axiaL

ratios (<3.0, i'e. the gl.obufar partl.cla range). After the derivation of

equation (88) a numerical procedura (lnvolving complicated nunerical matrLx

inversions), but bssed on a full gtatistical analysis of the anguJ,ar motion

uas nade available by Rallison (19?8). It ua6 explainad Ln section 2.8. hou

tha difference in the results pledicted by €quation (ee) ana Ralllsons

approach uas negligible (o,011) for the globular palticle tange mentlon€d

above, and for sone particles of higher asynmetry dtscrEpancies of not more

than 1$ arose. Rallison has also given a numerlcal procedura for

calculatlng the normal stress eoefflcients ln terrrc of axial ratioi nolmal

stress effects are houever Eecond order in the shear rats, thus in order

to neaeure thesa coefficients it is necessary to use high shear rates.

Houevel, the assumption of ovaruheLming Brounian motion uith respect to

tha shear latE ceases to be valid, and hence, unfortunately, the norrnal

Etrass coefficientE cannot be applied.
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It uas desclibed hou the problem of the line solution (i.e. hor,r a

given ualue for v does not uniquefy fix a ualua for tha axial ratios

(a/A, A/c)) could be d€alt uith by combining it glaphice[y uith

translational frictional or rotational Dalaxation line solutions. I

u,as able to Ei.ve the R function for '"ri-axial ellipsoids and also many

other tei-axiaL funetions uhose experimental detelmi.nation did not require

a knouledge of the elrollen moLecul,ar volume in solution. After a caleful

coneideratlon of al1 these Line solutions uith regard to giving euitable

intersections, experimental measurability, insensitivity to experimental

erro! and sensitivity to axlal ratio, it uas declded that the best approach

for detErmining a unique solution urould be to conbine the R line solution

graphically rrrith the 6* and 6_ llne solutions, the latter to be determined

fcon thE ttrro aLectric birefr5.ngence daeay constants and the intrinsic

uiscosi ty.

lJnfortunately, thls sti1l requires having to resolve lhe tu,o decay

constante or relaxation times from a tu,o-t€!m exponential birefringence

decay for a homogeneous solution of asynmetrie particles. Thls problem

is notor iousl ,y di f f icul t ,  as reported by Jost & 0tKonski  (19?8) and

0rConnor, lrale & Andre (1g7g), particularly for close reLaxation times (as

appLios to globular proteins). Tha currently best avaiLabLe nethods evident

from these studies, viz. the non-linear least squares iterati.ve nethod and

possibly the Fourier Trangfosn solution of the Laplace Intsglal aquation

method of Gardne! g!3L (1959) uere tssted by exhaustive computer

simulation to see hou much error on f,he data points 6aeh could tolerate

bafore failing to resolve the decay constants rrlj-thin reasonable limits. The

Fourier method fai led, even lor data of  nachina accuracy (14 f iqures).  The

non -linear least squares m8thod b,as found to be unstable due to the oroblem



of sub€idiary minina located in the iteration procedurer even for data

of t ruo orders of  maqnitude more precise than that current ly avai lable

from the begt instrumentation.

The idea of applying the R ?unction line solution as a constraint in

tha leaEt aquares analysis t aa then applied to th€ thDEe simulated decays

thug effectively reducing the problem from one of four indePendent varlables

(the tuo pre-exponentiaL factors and the tuo decay constants) to ons of

three (truo pre-exponentiaL factorg and on€ axial ratlo, arlb). The algorithm

uas thEn shoun to b€ very succEssful for synthetlc data correspondlng to

that available from cullent expetlmental PDeclsion. Tha ptoblem of tha

concentration dependBnc€ of the deeay constants (or equivalently the

relaxation times) uae then mentionadr and the necassity fo! extrapolating

the valuee lor the axlal ratios determined at various concentDations to

infinlte dilution. The naed for extraPolating axial ratios is somsuhat

concaptually difflcult to envisage at first sightr since one !,oul.d more

naturally Extrapolate the decay constants and then calculate the axial

ratios from them. In the algorithm houaverr I have included the R value

as the constraint - the R function line solution of possible values of

(a/O, a/c) ls the value applicabl.B at !g@!@Ig!!gr thus tha decay

constants in the algorithm are constrained to lla on the rinfinite dilution I

curv€; hence none of th6sE values are the true values for the decay conBtanta

at aach particular solute concentration. Any €xlraPolation Plocedure is

thersfore €mpirical, trrheth er it be for the decay constants or for the vaLues

of the axial ratio arlb.

Investigation of the theoretical reasons for the concentration

dependence of the decay constants provi,des houevet both an interesting and

important field for further rrlork. It has been descrlbed (sectlon 1.?.1 . A,
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Appsndix IV) horrr gBvBaal important rasults have arissn from con3ideration

ol the concantration daFendence of the I translationa.Lt (i.e. viscosity,

sedimentation and diffugion ) transport coefficiente: for example, in

produclng the R function and making available an Bstimats of the stollen

volume of a macrosrolecuLe in Eolution indapendent of any model assuned for

the maeromolecul.e. The analysis of the concentration dependence of the

decay constants is houever much more complicatad: Roh,Brs (19??) theory for

the translational coeffieienta u,as dgrived assuning only hydrodynamic

(i.e. volurne flux) coneentration effects, viz. solutions of hlgh lonie

strength (t0'1!|) and such that electrl.c charge effects (solute-eolute

intecactions) rrrere not present. The situation is apparBntly the revers€

rghen ue come to congider the decay constants: sj.nce ue are dealing uith a

rotary macromolecular property, there should ba no soluta volume FIux

effects on aveaagE giving riss to th6 hydlodynamic concsntration effects

consLdeled by Roua. 0n thE othBr hand, the cuDrent practieal, rEstriction

of 1or,r ionic strengthe fo! the electric birefrinqence probably results in

some sofute-solute elEctri,c charge effects; th€ double layer thl.ckness

of charge around a nactomolecula in solution is invarsely proportional to

the square root of  the ionic strength (Guoy, 1910, Chapman, 1913).  For

example, Por a macronolecule suspendBd in a 0,1ttl NaCI buffer the thickness

of the doubl,e layer is - 1nn, uhereas in a 0.0011t1 NaCl buffer, the thickns€o

is as h19h as 10nn (Shat,, 19?O). There Ls therefore a greater likallhood

of interferenc€ b€tueBn th€ relaxations of indivldual macromol.eculss, the

degree of uhich one urould €xpect to increase rrrith concentratj.on.

In sectlon 1.5. the techniques of light and lorFangle x-ray ecattering

b,€sg discussed as an alternativa to the hydrodynamic techniques, and stated

hou flartin (1964) had giu6n formulae relating the ladius of gyration to
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axial ratio for ellipsoids of revolution. Iq€ndal.son and Hartt (198u)

have applied results from lou angle x-ray scattering Ln tarma of a

general triaxial ellipsoid nodel to the regulatory light chains of

seallop myosin, and detelmined axial dl.mensions of 16nm x 4.16nm x 1.25nm.

ly'e also nention€d houever that the malor disadvantage of the scatt8ring

approach uas that it ls necessaay to assume tha macromolecul.e to be of

unifoam eJ.ectron density; this can lead to errors of the order of 3f,

n€tulthstsadlng other errors j.n meaEurement as the simpla calculation

given Ln Appendlx VIl fo! a hypoth€tical spherical maclomolecuLB nith a

cavity (based on the €lectlon microscopy and x-ray diffraetion resul,ts

for apoferr i t in -  Hauison, 1959) shor,re.

It is hooed houevEr that th€ lBsults of the research described here

have nou nade it possi.ble to determine the gross confolhatlon of biological

macromol,ecules in solution ln terme of a ganeral ellipsoid - independent of

any assumptions coneerning tha internaJ. homogeneity of the macromolecules -

by combi,ning the results of viscosity, ssdinentation and electric (or

acoustic) birefringence. ThEre ale some macromoleculEs houever that

apparently !,i11 nevar be modell,ed by an elJ,ipsoidl even tri-axial.

Bovlns s€lum albumin (ese) is a typical examplei [tlccammon gE! (19?5)

have attanpted to account for a val,ue for B bElos the theor€ticaI ml,nimum

oi 2.112 x 10- (and above the theoretlcal aar.iBum for R of 1.5 - Eee Table

2) by assuning its structur€ to be porous uith respect to the solv6nt, but

found the discrepancy rrras stiLl far too large, lrlith the availabilty of

estimatEs for the shroLL€n molecular voluoer. a oJ.aseiflcation of prot€ins

into thoEe lrhich do and those !,hleh do not behave as hydrodynamic tri-

axial ellipsoids in solution can nollr be rnade.
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