
Macrornolecular preprints (F.G.W. Butwell ed. )
Macro Group UX lRoyal Society of Chemisfy rJK/
Society of Chemistry i_n Industry UKl, 1986

@NRAL E;LIPSOID }DDEJJ}IG CF I,IACOI.oIECI]IAR SHAPE
USI}G IJCIT SCA�TRI}IG E \ESCTMEIRY

Step|ren E. Hatdfuq

Depar.En$t of Applied Bi€lrerds..ry & Fbod Science
tniversiqf of llottingiran. lilcT 2m, U.K.

INIRCDI'TICN

For senreral decades nor it has beer possible to rrcdel
tie grGs csrforraticn of racrsrclecul.es in solulion in
tenns of silple nrdels, such as s$eres, rods, or nore
comwrly "ellipsoj.ds of revoluticn" (viz. ellipsoids
rd]'tlr tlio eq:al axes). tfd:odynanicists have for a long
tfuie recognis€d tlie advantages of bejns able to appl!
the'genenl triaxial ellipoid (three rneqr:al axes)-t6
udqtely descibe tlre triaxial dinrensisrs of a Frti.le
frcm solution rea$trerrents. Until recently eitter the
rEcessar)r tleoretical relaticnstr-ips or operinentaLicn
r€re not available to pernit tlds.

The general ellipsoid (of ssni-a:es a)b>c) can no,r be
agili{ unarbignrcusly ard using hydration - indeperdent
shape furctions. A general nret}od is deseibeb here
r"tridr slrould be rel.atively straightfonard to.appl),, and
involves a frnction, Tf (frcrn int:jasic vis6sitv &
etcluded volune nEasurefients) n*; available for triajcial.
ellipoids and a nerd function G, frqn ;:rri1rs ef gyraticr
leasursrEnts.

TTIE SHAPE FU}T:TIOIS

T?reTi- function is defined hry (f )

n - #
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fb ob..ain a un:gre solution for (a/b, b/c) r.e @nbtne
the line solutims for Ti and G graphically. l.b have
sho^:r that tlre preed,rre i; trDre sl,rsitive f or
asyMetric particles t}lan for 'glob:lar' (bcth ojal
ratios <3.0). The tjmiting fictor jn its use for
globular particles is tlre sensitivity of Ti: accur.acles
rjt il greater tha.I 2i r^.ill be reqrired. In adiition the
presence of surfaoe hy<iration may alter tlp effeccive
surface dirnensims of tlre particle represented by Ti
oapared w"it} G: hoever, r.nless this is subitantial
!i.a. ccnsiderably nrrre than a nonolayer), tlp errors
intrduced are not likely to be significant wien
opared to experfuentnl errors.

APPLIC}TION TO WOSIN

the goce<iure can usefully.be illustrated bry applicarion
to data available for myosrn. Takjrg E-l: to be 32.6 r,f'l/g( l l ,  t l  I  =  z t l  n l /g  l5 ) ,  Rc  =  468x io  r  qn  (6 ) ,  t  =  . l ' z i t
m\lg anc lY = 4?10C0 (5) hre oStain a value of 0.47 for T[
and 82.0 for c. The corresponding lille solutions,
allorring for experinental error are:

o / b
(Ttris csrtour plot ms produced c+ the Canbridge IBrl
308I/3 using a GUPLCE routine with a 10x10 arrav of
grrid values, irtenediate values being evaluatai LD,
interpolation).

Even alloring for tle e:ctra degree of freedqn r.rhich the
t:iaxial ellipsoid gives. tJe mycin nclectle apFears to
behave as a prolate ellipsoid of axial :atio (a^. b/c)
3(80,I). Therefore, witjrdrt any prior assurption abcirt
t}|e shape (otlpr than t}re wide rarge of shapes which a
gErEral ellipsoid allo^rs) tlre lesult for the overall or
qross qrfornetigr is qrsistent with data frcm electron
micecopy: the 

'fine' 
stnrctural detail of t-}p lrryGin

rolecule (protrrding teads and potential flexi-bility at
the II&l,zIlD! interface) d€s rDt tjrerefce aFpear to
affect the result for the orerall qrforraLion,
providing eno.Irag€rrr:nt for the application of our
netH to otlrer lacrrnoleanlar systerrs, rtpse surface
features rray rot be as se\rere as mycin. FfuElly, it
shotJld be poi.nted qrt t.llat Bt'l, Rr- and M can all be
reasr:red usirg light scattErjrl- 'Zfurn -plots'

rtasurenEnts (as well as by dher rnetlds). It r.ould
tigrefore a[lpe;rr pesi-b1e to perforn srrh mdelling
"sirg light scatterirg alqre (in conjunction ritlr scrne
sfuple visccnctry neasursrcnts )
ltE EuFport of tlre tfuffield lh'rdatim is gn:atefully
a":looledged
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exclr:ded volure (ml,/g) y the
viscosity incrsnent, U the rplar covolune (m1,2np11, 11
the tolecular weight (g/ncl) ard 1, I tle intrinsi.c
viscosity hl/gl . kecise relaticnihips relating both
ur€d and y rrith tlp axial ratios (aA, b/ct of. a q6neral
triaxial ellipsoid are nqr.l available (2), and hence Tl
can be given for triarcial ellipsoids. LiJ<e other
triaxial ellipsoid shape functions, a given value of iT
las a line solution of possible valuig of la/b, b/cl.
Ihe eJ<perfuEntal netrsurelEnt of Ti jlvolves the
detemhation of t, I and U: tlre latter can be
deterrnired, after allciwanae for ctrarge effects, frcrn the
secutd vjrial cefficient, B fron light scattering (frcnr'Zinm plots')r sedjnentation equiiibrj,m or osrotic
pressure neasurerents (3,2 ).
rb get.? rrg$e ?l"ti-g" for lalbt b/c!, it is reessary
to csnbire ll graFhically rdth arutler triaxial ellipsoid
shape functionr-$tDse f-ine solutior is as ctfrcgonai rs
pssible to t}rat of TF. the otlrer fupctant critericn
for the shape.firnction, tesides. hydraLion irdpendence
is eensitivity to shape (art' insensieivitv to
eperinsrtal erzor). Qe suclr functior an be obtiircd
frcrn EEasursrEnts of the r:adir:s of gi.Sraticn of tfe
naecnoleanle.

l?c relatiorrship betreen ttre radius d gyratior, Rc ard
the ellipoid senri-a:<es is (4):
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{ a  +  b  +  c I / 5

To rlse it as a shape paraneter rE ledue it to tlre ner
dinensicnless quanLity "G"

o'(x) "' n: ' ; [r-4*11
Ass.rning no internal cavities ard that bor.rnd solvent
dcs rot differ in density frcrn free solvent, V can be
reasonably taken as the dry ',rclume of a nacrcnoleo.rle,
related to the partial specifi.c volure, i ard the
nplesular reight M by V = i lt^l, rrhere N is Avogadro's
rmber. G psseses t]re e<tranel.y useful property of
being a highly sensitive function of arcial ratJ_o (^/b,
b/cl , for both globular ad er<teded fcrs.
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