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PREIì"AC.FI

T'llis thesis contains publisheci accounLs of. originai resea,rch

conclucteC in the periocl 1967-197 4 | cluri-ng r^¡hj.ch time rny interest

has centi:ed on the quantiLative study ctf. rapidl-y and ::erver:sì-)..rj-y

associating mac::ornol-ecular systems. Withí.n 'Lhe É;ame tinie period

two rel,iews otl this slubjecL have also been compì.J-ecl, tiie firs'L

at the insLigation of P::ofessor S.J. Leach for itrclusíon in a

vol-ume of ttre Ìulolecular Biology ser-ies publ:lshed by Academic

Press: the seconcl, written in collaborat,j-on with Professc-¡r L.tr{.

Nichol., v/as r:eguested l:y Dr. A.R" Peacc;cl<e for the Ciarendon

Fr:ess series of Moncgraphs in Phys-ì-cal- Biochelnistr:1¡. These two

rev-i-ews are lisLed (by title onl,y) as an Addendum.

Since the biol-ogi-caI irnpli.cations of r:apid, reversible

inLeractiot'rs in relatjon to metabofj-c coirtro-l have been cr:usid-

ered ex'tensively, .it ís surprising that r:e3-atively little

a'ttention has beer-r pai.d Lo the development of methc¡ds .for th.e

ex¡:erimental detectiolr and quantitative stud.y of sucl¡ +qu.il-ibrja.

Thre .i-l-.rit-ial- stimul-us for the pr-esent resea::ch endea,vo,:rs; sLenuned

from the observation of pos-i-tive concentrat-i-on dependc+nce fol

the seclirtentaLiotr coefficj-ent of g1r-r'l-en proteins (pape:: ITl^1).

AL tl:at t-ilne (1962) e><perimental studies of associa'Ling sys'i:ems

v"?ere in their j-nfatrcy desp ite the fac'b that Gilbert lDiscussions

Fareiclay Soc. 20, 68 (1955)l had provided the rnathematica-l so-Lut*

ion to their migral-ion behaviour: some seven yea.rs earlier "

Chapter I contain:¡ a collectj-on of papers concerned v¡j.th the

clevelcpment of mel-.hoCs fc.rr ttre quantitat,ive study of associati.ng



systjerns. Patrrers deal-ing rr¡íth 't;he. consequences and study of.

preferenLj-al bind.ing of f.i-gands to macrornolecules are col.lected

in Chapter II. Chapter III contains studies of interacting

systems by methods developed in the previous two Chapters, and

the final Chapter presen+;s a m.iscel-lany of manuscripts on non-'

interacting syst,ems; papers dealing with the fractionation of

wheat proteins a.re j..ncluded in this sectj-on. Manuscripts

wíthin a Chapter are presented chronologically"

A major section of the research con'l-ained in ì:his th,esis

is the cLeveì.opmen't of me'b.hods f.or the stuCy of reversibly

interacting systems, a project that has been done 1 argely in

collaboration with Professors L.W. Nichol and A.G. Ogston, the

present and former lleads of the Del:artrnent of Physì.cal Biochem-

istry at the Australian National Univers-ity" My transfer j-n

i.968 from the CSIRO Wheat Research Uni'b to the Biochemj-stry

Department at Queensland University tras Lreralded the ccrrneirce-

ment of a further fr:uitful researcl¡- Iiai-son .. with Dr. C.J.

Masters, who has introcluced me to areas of biochemi.stry into

which I would nol- other:wise ha've ventured. To all of my

research colJ-eague.s, and to those three in particular, I am

extremely grateful f.ox their f::iendshíp, advice and assistance.

October, 1975 D. J. !ìI.
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STUDIES OF I,{ACROMOLI-]CUI.AR INTER/TCTIONS

surunary of Thesi.s presel:rted by D,J. vüinzor for the Degree

of D.Sc. at ihe I'in-iversity of Ad'elaid'e

The thes-is cornprises fifty two accounts of original

research performed in the period L96l--L974. Chapter I contains

twenty three maiìuscripts deali.ng rpith methodological aspects

of the sturdy of associating systems that are either rapid'Iy

equil-ibrating or sub ject- to kinetic control. fnclucled in this

Chapter are papers on the ,Sevelopment of frontal gel chromatoqi-

raphy as a method for de'l-ecting and stud-lzing quantitatively

rapid. interactjons of the Lype nê, Ì C, A + B + C and' A + B +

C + D. Osmotic ancl 'Donnan ef f ects are shown to operate in gel

chrornatography, and quantitative expressions developed f-or

their descriptions. An experi:nental- gel chromatographic method

of obtaining ligarrci binding data ttrat are corrected fo:: Donnan

effects is presetrted. The Chapter concludes with a manuscript

on the validity of current proceclures of allowi-ng for thermo-

dynamic non-j-cleality j-n s'Ludies of reversibly polymert'zing

solutes "

' Cha-pter If consiclers specifically the preferential- binding

of 1Í.gand.s to macromolecular systerns, with major emptrasis on

the consequences of. such binding an'J on methods for quantitatj-ve

st-udy of the pertinent equiliLrria. A model for allosteric

behaviour basecl on protein potymerization is presented, and



metho<ls descri-bed for distinctíon between this model and those

basecl on proteirr isomerization. The feasibitity of obtainirig

a complete quantitative character:ization of a p::eferentj-al

binding system is illustrated with the o,-chynotrypsin phenyl.-

propi.olate system, in which the association constant- for the

binding of ligand to dimer is shorvn to be four-fif{:hs of that

for the ligand-monomer interaction. Also included in this

Chapter: are three manuscripts on the use of affinity ch,romatog-

raphy for the quantitative siucly of the interactions responsible

fo:: the specific lj.gand effect. The final paper on ligand

binding outlines the thermodynamic requirements of the cross-

linking theory of lymphocyte activation by mitogens, a theory

that has antagonists as weII as supporters wj.thin the ranks of

immunochemists.

chapter rrr encompasses seven papers ån protein systems

that. have proved to be associating systems under t-he conditi.ons

of stud.y: gluten, thrombin, alkaline phosphatase (E . eoli) ,

a1dolase, rabbit musc-l.e lactate dehydrogenase and pig liver

carboxylesterase. fn addition there is a brief report of a

velocity sedimentation study of the interactj-on between aldolase

and. the troponin-tropomyosin complex of beef muscJe.

chapter IV presents a mi.scellany of manuscript-.s on non-

interacting systems, including three on the prrrificatiou of

gluten fractions. Atso included is an experimenLal study of

boundary spreading in ge1 chromatography that l-ed to the

formulation of an alternative random walk theory of solute

mig::aLion. Three papers on the physicochemical characterization

of polysaccharides are also presented. The Chapter concludes



with two manuscrípts on bovine plasma arylesterase, which has
been investigated to determine whether the aryresterase is an

enzymic polypeptide in association equiríbrium with lipid anð,/

or 1ipoprotein fractions of plasma ¡ or whether the enzyme should
be regarded as a lipoprotein in its own right: the latter
alternative is favoured.



To the authorrs knort'ledge. this thesis contains no mater:Lal

pirbtishecl or ir¡ritten by any other: person, excepL wh.en due

reference is macle in the text. No pa-rt of thj-s rvork has been

submitted previously by the author for a clegree at the Uni-versity

of Adelaid.e or at any other University.

Or" th-e joi.nt publications includeci in this thesj-s the

author considers that he has l¡een a major contributor to

manuscrip'Ls f-1, I-2,I-5, I-11 | 1*it2/ I-14r Ï^*l7, lJ-2i-¡
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equal cont.riburtor to the remainde r.
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