Part Il

Highlights of Research

Because of the complexity of the history of the development of the John Curtin
School over the period 1948 to 1998 and our wish to give credit to the supgort staf
as well as academics, it has been impossible to give more than passing reference to
the great variety of scientific studies were carried out during those fifty yeags. W
have tried to supply a flavour of this research by askingge lammber of members

of the academic stiafpast and present, to prepare short essays which describe some
of the their work. Some of these essays are masterly summaries of studies that have
gone on for over twenty years, others are ‘snapshots’ of discoveries which turned out
in time to be highly significant. dTlkeep the book a reasonable length we have edited
and often shortened some of the essays, but have tried to keep something of the char
acter of the writer as well as the nature of the work. As in Part I, we have provided
photographs with biographical legends for all authors except those who have already
been pictured in Part I, and for other Btaho participated in the work described.
Where possible, we have arranged for a close colleague to produce essays on the
work of distinguished sttimembers who had died before this book was begua. W
have also included a few essays on matters other than laboratory research: two on
work with the World Health Oganization, one on the interaction with the hospitals
that accompanied the establishment of the Department of Clinical Medicine, and one
on human ecology

Although we realize that molecular biology and cell biology play major roles in all
laboratory-based biomedical science, for convenience we have grouped the essays
under a number of headings that reflect the segment of biomedical science into which
they best fit: BiochemistryCell Biology, Clinical Science, Human Genetics,
Immunology Medical ChemistryMicrobiology and Neuroscience. Four essays
which do not fit readily in any of these categories are classed as Integrative Biology
(two essays) and Contributions to International Health (two essays).
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9
Biochemistry

Biochemistry has been an integral part of the School since the appointment in August
1948 of the first stifmember to the School, Hugh Ennas Professor of Biochem

istry, and it has always been explicitly recognized in the titles of the administrative
units in the School, as the Departments of Biochemistry and of Physical Biochem
istry, and in the divisional structure, the Division of Biochemistry and Molecular
Biology. The ten essays which follow span 50 years, starting with an account of
Hugh Ennofts research on lombricine, written by one of his early colleagues, John
Morrison, and ending with an essay on proteomics and bioinformatics by Jill Gready

Studies on Lombricine: Early W  ork by Ennor ’s Group

by John Morrison

In 1954, two French researchers isolatethe chemical structure of lombricine as well
from the earthworml, umbricus terestris a  as elucidation of its biosynthesis and role as
compound which they called lombricine andan earthworm phosphagen.

which they concluded was a mixed phos The French group indicated that earth
phodiester of serine and guanidinoethanolworms contain relatively small amounts of
The amount of material isolated was smallombricine. As it was essential to obtain the
and the structure of lombricine was not €onnaturally occurring compound in $igfent
firmed by chemical synthesis. At the time,quantities for comparative studies with
Ennors group (lva BeattyHugh Ennor chemically synthesised material,darnum
Tom Gafney, David Grifiths, David bers of earthworms were required. The
Magrath, John Morrison, Harry Rosendper problem of collection was overcome by
Jefry Rossiter and Sadaki Sugai) wasplacing an advertisement for earthworms in
engaged in extensive studies on phosphdhe Canbema Timesand ofering to pay for
gens, which are N-phosphorylated guanithem at the rate of £1 ($2) per pound. For
dino compounds that act as emestores for the next few days, the lines of small boys
the biosynthesis of PP for muscular con outside the JCSMR seemed never-ending
traction. As lombricine was reported toand the low temperature room within the
contain a guanidino moietjt was possible Department was over-filled with frozen
that phospholombricine was important forearthworms. A procedure was developed
muscle contraction in annelids. Ennor (seéor the isolation of lombricine in good
p. 37) therefore shifted some of the researcyields and as an analytically pure, crys
effort of his group towards confirmation of talline material. = Degradation studies
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showed that lombricine was the O-phosphobeen expected, the enzyme from earth
diester of guanidinoethanol and serine. Thisvorms acts on D-SEP while that from
conclusion was confirmed by the preparachicken kidney hydrolyses L-SERhicken
tion of lombricine by unequivocal synthetic kidney was also used to elucidate the path
routes. way for the biosynthesis of SEMvestiga
The structure of lombricine suggestedions with a microsomal fraction suggested
that the corresponding amine, 2-aminoethythe presence of enzymes that are responsible
2-amino-2-carboxyethyl hydrogen phos for the conversion of ethanolamine to eyti
phate (serine ethanolamine phosphate, SEHne diphosphate ethanolamine, which then
might be the biological precursor of lem undegoes reaction with serine to yield SEP
bricine. SEP was demonstrated to be pres The earlier suggestion that phospholom
ent in earthworms by isolating the materiabricine may be the phosphagen of annelids
in crystalline form and comparing its prop was confirmed by isolation of the cem
erties with those of an authentic sample opound in pure form from earthworms. A
chemically synthesised SERhis was only comparison of the properties of the naturally
the second report of the presence of SEP imccurring phosphagen with those of the
animal tissues. Guanylation of isolated SERhemically synthesised material indicated
yielded a product whose behaviour was-simthat the two compounds were identical. The
ilar to that of natural lombricine. Under enzyme responsible for the biosynthesis of
vivo conditions, it was demonstrated thatphospholombricine, by transferring the-ter
the synthesis occurda a transamidination minal phosphoryl group of PP to lom
reaction involving aginine. bricine, was isolated in highly purified form
It had been assumed that the serine-mofrom earthworms. It was shown to possess
ety of naturally occurring lombricine would properties similar to those of other phospho
be the commonly occurring L-enan transferases that had been investigated in
tiomorph. But the serine obtained in purethe Ennor laboratory But an unexpected
crystalline form after hydrolysis of natural finding was the lack of substrate specificity
lombricine had properties identical withfor the guanidino substrate. Thus the
those of D-serine. This finding constitutedenzyme was capable of phosphorylating
the first occasion on which a D-amino acidtaurocyamine as well as both D- and L-lom
had been shown unequivocally to exist irbricine that had been prepared by chemical
animal tissues. Subsequentlt was synthesis.
demonstrated that D-serine exists in the The work on phospholombricine marked
amino acid pool of earthworms and that it igthe end of a long period of research on N-
incorporated into SEP directlyrhusin vivo  phosphorylated guanidines (phosphagens)
experiments with labelled D- and L- serineand their associated phosphotransferases.
showed that both enantiomorphs werdhese investigations began in 1951 when
incorporated as the D- form. Harry Rosenbegy came to the Department of
Studies on the distribution of SEPBiochemistry as a graduate student to work
revealed that this compound also occurs innder Ennois supervision. They began
fish, birds, amphibians and reptiles. How their phosphagen studies with phosphocrea
ever in contrast to SEP from earthwormstine and the work involved the isolation and
that present in these four groups had the Lechemical synthesis of the compound, the
configuration. During the distribution stud estimation of creatine and the characterisa
ies, a hitherto unknown phosphodiester wason of the enzyme, creatine kinase, that is
found in fish tissues. It was identified as L-responsible for biosynthesis of phosphecre
threonine ethanolamine phoshodiestér atine from creatine and adenosine triphos
was found that, in all species containingophate. Similar extensive studies were
SEP there is present a phosphodiesterasendertaken on the invertebrate phospha
that hydrolyses SEP to serine andyens, phosphogimine and phophotaufo
ethanolamine phosphate. As might haveyamine and for this work, Ennor and
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Rosenbay were joined for a limited time by quently to the uptake of ions by bacterial
John Morrison (see p. 234). The studiesells. It was lagely due to his ébrts that
were facilitated by the finding that the pro such progress was made in the understand
cedure for the estimation of creatine couldng of phosphagens and phosphoryl group
be modified so that its sensitivity for thetransfer

estimation of aginine and taurocyamine  The contributions to knowledge by the
was greatly enhanced. After working forEnnor group through their elucidation of the
about 15 years in the phosphagen fieldstructure, biosynthesis, degradation and bio
Harry Rosenbey moved on to the inde logical role of lombricine must be regarded
pendent study of phosphonates and subsas a very significant achievement.

Further Reading

Ennor A.H. and Morrison, J.1958). Biochemistry of the phosphagens and related guanidines.
Physiological Reviews8, 631-674.

Ennor A.H. and Morrison, J.H1960). N-phosphorylated guanidingfe Enzymeg/ol 11, 89-109.
Academic Press, Newovk.

Beatty I.M., Ennor A.H., Rosenbey, H. and Magrath, D.A. (1961). The configuration of the serine
moiety of lombricine and reptilian serine ethanolamine phosphodidstenal of Biological
Chemisty, 236, 1028-1031.

Harry Rosenberg (1923-1995) was born in
Poland and deported to Siberia in 1940, where in
spite of many difficulties he managed to
matriculate. He migrated to Australia in 1947. He
graduated BSc(Hons) at the University of
Melbourne in 1951, with exhibitions in every
subject in his two final years. He then spent two
years as a research assistant in the Department
of Biochemistry of the JCSMR (then located at the
Commonwealth Serum Laboratories, Melbourne)
before taking up an ANU PhD scholarship,
receiving his degree in May 1956. He was
appointed a Research Fellow in the Department
in November 1955 and in 1956 was awarded an
ANU Travelling Fellowship to work in the
Department of Biochemistry, University of Oxford.
On his return in 1957 was appointed a Fellow and
promoted to Senior Fellow in 1961. In 1970 he
was awarded the degree of DSc by the University
of Melbourne. His early work, with Hugh Ennor,
was concerned with the metabolism of
phosphagens and related compounds but he later
moved to the study of uptake systems for
phosphate and iron in Escherichia coli. He was
active in community life and served on many
committees in the School, being particularly
concerned with radiation safety.
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Dihydrofolate Reductase

by John Morrison

In the 1960s dihydrofolate reductasevalues for the strength of their binding to
achieved considerable prominence as theihydrofolate reductase as well as for the
tamget for anti-cancer drugs. In the presenceoncentration of the enzyme. The equation
of reduced nicotinamide adenine dinucame to be used widely by institutions
cleotide phosphate (NADPH), the enzymeénvolved with drug research.
catalyses the essentially irreversible conver The kinetic mechanism of an enzyme-
sion of folate to dihydrofolate (DHF) as catalysed reaction refers to the order that the
well its subsequent conversion to tetrahysubstrates add to, and products are released
drofolate (THF). The latter compound is offrom, the enzyme. The initial studies on the
metabolic importance because of itkinetic mechanism of the dihydrofolate
involvement in the biosynthesis ofreductase reaction were made with the
deoxythymidylate, which is one of the fourenzyme fronEscherichia colthat had been
bases that go to form DNA. Several of thecloned to elevate the yield by 30-fold. Sub
folate analogues that were under investigasequentlythe enzyme from human sources
tion as chemotherapeutic agents functionedas used. But as there were only quantita
as tight-binding inhibitors, i.e., they exertedtive differences between the results obtained
their inhibitory efect on the dihydrofolate with the two dihydrofolate reductases, no
reductase reaction at a concentration -confurther references will be made to the source
parable to that of the enzyme. Conseof the enzyme. The results of initial veloc
quently for the analysis of inhibition data ity, product inhibition and dead-end inhibi
allowance must be made for the reduction ition studies showed that, for the reaction
the concentration of free inhibitor as a resultatalysed by dihydrofolate reductase with
of it undegoing reaction with one or more NADPH and DHF as substrates, there is a
forms of the enzyme. At that time this pointrandom addition of the substrates to the
was not generally appreciated, and there hashzyme. That is, at the active site of the
been only limited development of theenzyme there is a sub-site for the binding of
kinetic theory for tight-binding inhibition. DHF and another for the binding of
Thus values for the strength of interaction oNADPH. A consequence of this situation is
dihydrofolate reductase with tight-binding that there is also the formation of a dead-end
folate analogues were not determined, andnzyme-NADP-DHF complex that has one
the problems associated with assays gfroduct and one substrate bound to the
enzyme activity were ignored. Furth@o enzyme. Quantitative analysis of the kinetic
information was available about the kineticdata indicated that, while there is random
and chemical mechanisms of the reactioaddition of substrates to the enzyme, the
catalysed by dihydrofolate reductase. reaction is not of the rapid equilibrium type.
The investigations by the Morrison The chemical step, involving protonation
group (over varying periods of time: Ronaldand the transfer of hydride from NADPH to
Duggleby Julian Rood, Mayaret Sneddon, DHF, to form THF is not the slow step of
Michael Sculley Stuart Stone, Elizabeth the reaction. Rathgit is the release of THF
Williams and Jdfey Williams) began with from the enzyme which follows the ordered
the development of a steady-state rate equand rapid release of NADH his conclusion
tion that described in quantitative terms thavas confirmed by the results of viscosity
behaviour of tight-binding inhibitors. The studies and deuterium isotopdests for
fitting to this equation, by a least squares fitwhich NADPH is replaced by NAPDD.
ting procedure, of steady-state inhibition The elucidation of the ionising amino
data for a range of folate analogues yieldedcid residues at the active site of an enzyme
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that are involved with either the binding offile for one of these analogues indicated that
substrate or catalysis or both is important ithe true plkg value for the ionising group
connection with the understanding of thewas 6.7 and comparable to the value of 6.3
chemical mechanism for an enzyme-catalobtained from fluorescence quenching stud
ysed reaction. Such information can bees for its binding to the free enzyme. The
obtained from measurements of the variaresults of the pH studies were in agreement
tion of kinetic parameters as function of pHwith X-ray crystallographic data that
It was recognised that the ionic strength of ahowed that dihydrofolate reductase has a
single bufer can vary considerably over its single aspartate residue at its active site and
useful pH range, and that for pH studies it ishat it resides in a hydrophobic environ
essential to run reactions under conditionsment. Such an environment could be
of constant ionic strength. The initial expected to raise the pkalue of the car
approach to this problem was to use twdoxyl group of aspartate above a normal
buffers with appropriate pXvalues, as well value of about 4.5. The requirement that the
as chages on their conjugate bases, andspartate residue at the active site must be
then calculate the amount of inert elecprotonated for the reaction to occur at a
trolyte required to bring solutions at féi maximum rate suggested that, in its acid
ent pH values to the same ionic strength. ffiorm, aspartate is the source of the proton
was observed that, with certain fmifmix-  for protonation of the N-5 nitrogen of DHF
tures, there is essentially no change in ionidnalysis of the pH profiles obtained with
strength throughout the useful frrfrange. NADPD yielded results which suggested
This finding, which removed the need tothat, during the chemical reaction, protona
add electrolyte, was shown to be in accortion of DHF precedes and facilitates the
with the theory that was developed. Théydride transfer from the reduced pyridine
general theory for two-bfdr systems was nucleotide for the formation of THFOther
also applicable to three-taf systems and researchers demonstrated that a mutant form
composition tables for two-and three fenf of dihydrofolate reductase, which lacks an
systems, that could be useful over a widaspartate residue at its active, is inactive at
range of pH values, were published. Theseeutral pH, but becomes active at low pH
buffer systems have been used successfullyhere DHF could be chemically protonated.
to obtain good pH profiles in the Morrison  Although it had been recognised that
and other laboratories. methotrexate and other folate analogues are
Measurements of the variation with pHpotent inhibitors of dihydrofolate reductase,
of the apparent first order rate constants fodetailed kinetic investigations of the inhibi
the interaction of DHF with the enzyme-tion had not been undertaken. Investiga
NADPH complex showed the presence ofions showed that methotrexate acts as a
only a single ionising group at the active sitdight-binding inhibitor and that the inhibi
of dihydrofolate reductase. The grouption is time-dependent. Analysis of the data
exhibited a plg value of 8.1 and had to be indicated that there is an initial rapid forma
protonated to give the maximum rate oftion of a collision complex involving the
interaction. As a similar pH profile was enzyme and the inhibitor and that this com
obtained for the variation with pH of the plex undegoes a relatively slow isomerisa
maximum velocity of the reaction, it could tion reaction, or conformational change, to
be concluded that the ionising group wagorm a more thermodynamiclly stable com
involved with catalysis rather with the bind plex. It is the isomerisation reaction that
ing of substrate. But it could not beenhances the potency of the inhibitor and
assumed that the gi¢alue of 8.1 was a true produces a complex from which the
value. Fortuitously the ionising group inhibitor dissociates at a rate that is inde
involved with catalysis was involved with pendent of the substrate concentration.
the binding inhibitory folate analogues atDrugs exhibiting these properties act as very
the active site of the enzyme. The pH-proeffective inhibitors of their tayet enzymes.
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As the inhibition of dihydrofolate reductase  The studies undertaken in the Morrison
by methotrexate and other folate analoguelaboratory on dihydrofolate reductase
occurs at concentrations comparable to thdtecame prototypes for investigations on the
of the enzyme, and is time-dependent, thelinetic and chemical mechanisms of
were referred to as a slpwight-binding enzyme-catalysed reactions as well as for
inhibitors. Not all inhibitors of dihydrofo the inhibition of enzymes by slow-binding
late reductase that fell into this class broughtind slow tight-binding inhibitors. Impor
about their dects through a two-stage tant contributions to the research of the
inhibitory mechanism. For some, the time-Morrison Group were made byallace Cle
dependency was due simply to the barrierand of the Institute for Enzyme Research,
encountered in the formation of the initialUniversity of Wisconsin, Madison (analysis
enzyme-inhibitor complex. There were alsoof kinetic data), John Montgomery of the
inhibitory analogues of folate that acted in &Southern Research Institute, Birmingham,
time-dependent manner via two-stage Alabama (preparation of folate analogues),
mechanism, but under conditions where th€hristopher Velsh of the Department of
inhibitor concentration was much greaterChemistry Massachusetts Institute oédh
than that of the enzyme. These were classnology (chemical aspects of slow- and tight-
fied as slow-binding inhibitors. binding inhibition of enzymes).

Further Reading

Morrison, J.F(1991). Dihydrofolate reductase. AnStudy of Enzyme&S. A. Kuby ed.), CRC
Press, ¥l. II, pp. 193-226.

Morrison, J.Fand Walsh C.T (1988). The behavior and significance of slow-binding inhibitors.
Advances in Enzymolog§1, 201-301.

John Francis Morrison (1925-) graduated
BSc(Hons) at the University of Sydney in 1946,
then, while Lecturer in Biochemistry there, MSc at
the University of Queensland in 1949. After
spending 1950-51 as a research assistant with
Professor Ennor in Melbourne, he took a DPhil at
the University of Oxford in 1954, as an ANU
Overseas Scholar. Returning to the Department
of Biochemistry at JCSMR in 1954 as a Research
Fellow, he rose through the ranks to become a
Professorial Fellow in 1968. Since retiring as an
Emeritus Professor in 1990 he has been a Visiting
Fellow in the Division of Biochemistry and
Molecular Biology. He was awarded a DSc by the
ANU in 1972, was National Science Foundation
Senior Foreign Scientist Fellow, Oklahoma State
University, and was awarded LKB Medal of the
Australian Biochemical Society in 1969, became
an Honorary Member of the American Society of
Biological Chemists in 1981, was Arthur D Little
Lecturer in Biological Sciences, Massachusetts
Institute of Technology in 1983 and received the
Lemberg Medal of the Australian Biochemical
Society in 1987.
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Studies on Oxidative Phosphorylation

by Frank Gibson

Of the variety of research projects carriedvas unknown with the exception of a ‘pro
out in the Department of Biochemistry andteolipid’, later named the-subunit, a small
later in the Division of Biochemistry and polypeptide soluble only in chloroform-
Molecular Biology the longest running was methanol. Figure 1 is a diagram of the
the study of oxidative phosphorylation Itpresently known subunit structure of the
spanned more than a quarter of a centurXTP synthase dEscherichia coli
and changed the course of research in the The bacteriunk. coliwas being used in
area. the Department of Biochemistry in the late
Oxidative phosphorylation is the means1960s in combined biochemical and genetic
by which the engy released by the studies on the biosynthesis and function of
enzymic oxidation of foodsttsf by oxygen aromatic amino acids and vitamins. In the
is channeled into the formation of adenosingourse of these studies a method was
triphosphate (AP), which is the source of gevised to obtain mutantsfedted in respi
enegy in all cells. The role of AP in  yation. This took advantage of the fact that
metabolism and its synthesis in the mito g coliis a facultative anaerobe, i.e., it will
chondrla of higher granisms was discev grow either using oxygen or by fermenta
ered in the early 1930s and attracted thgyp in the absence of oxygen if provided
attention of some of the most promineniyith a fermentable carbon source such as
biochemical research groups. By the latg cose. Howeveiif provided with a non-
1960s it had been determined that th¢grmentable carbon source such as succi
enzyme complex synthesizinglR (ATP 110 “strains #dcted in aerobic respiration
synthase) consisted of two distinct portionsy iy ot grow, A strain ofE. coliwas treated
One of these, f; is a protein complex of i, mutagen, plated on succinate medium
five subunits &,b,gd ande) on the surface and incubated. Strains with normal respira

of the mitochondrial membranes which,; -
o tion grew and the colonies were marked.
hydrolyzes AP (ATPase activity). The sec The addition of glucose and further incuba

?Sngr’nisesd%rg:jaliJ?L-gpmséﬂg;gﬁg' T?sllgt?gf:turtéon allowed possible respiratory mutants to
' grow by fermentation. Among the strains
examined in the initial experiments two
were examined and found to lack mem
F brane-bound APase activityalthough elec
1 tron microscopy showed thajfike objects
o could be seen on the cytoplasmic mem
3 M3 branes. ¥ry little was known about the.
Y Y coli ATPase at the time but, by analogy with
the mitochondria, it seemed that the mutants
In could have defects in the membrariPase
E complex and therefore in the process of
o Membrane oxidative phosphorylation. Further exami
abc nation of the two APase deficient mutants
10-12 showed that they lacked the ability to carry
Out out oxidative phosphorylation. The map
ping of the mutant genes on tie coli
chromosome was straight forward and
1. Subunit structure of the ATP synthase of E. coli. ~ Showed that they both mapped about minute
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2. A typical scene in Frank Gibson’s laboratory.
PhD student Graham Woodrow selecting mutants
of Escherichia coli.

uncB The mutations all mapped in the
same region of the chromosome and this,
together with the similarity of the phenotype
of all of the mutants, made the characteriza
tion of the genes coding for &fent pro
teins in the AP synthase diicult.
However this problem was Ilgely over
come by the development of genetic eom
plementation tests using plasmids carrying
various mutanuncgenes. In this way three
furtheruncgenes C, D andE) were charac
terized.

The five distinct unc mutations all
mapped in the same region of the chremo
some and seemed likely that they were part
of an operon. Experiments using the muta
tor phage Mu showed that this was indeed
the case and in combination with the results
of further genetic and biochemical experi
ments made it possible to complete the
order of the genes coding for th& A syn
thase (Figure 3). Gene-polypeptide rela
tionships were also determined by
gel-electrophoresis, protein sequencing and
in vitro protein synthesis to give the results
shown in Figure 3. Much of the work ear
ried out in the 1970s was reviewed in 1979.

During the 1980s a number of fdifent

83 and the genes concerned were given tiiSPects of oxidative phosphorylation were
designationunc  The paper describing the Studied, including the assembly 6T syn
first unc mutant (ncA) was published in thase, mqtatlonal s'gud|es on thg structure
1971 and the Introduction to that paper rea@nd function of various subunits of the
in part ‘The use of bacteria with their sim COMPplex and the proposal that rotation of
pler cellular oganization than eucaryotic Subunits was involved in the enzyme mech

cells, and ofEscherichia colin particulay ~anism. For example, while examining the

seems a promising experimental system for
a combined genetic and biochemica
approach to the problem of coupling of
phosphorylation to electron transport.” This
prospect stimulated Frank Gibson (see [
76) to carry out further experiments anc
more mutants which were unable to carr
out oxidative phosphorylation were isolatec
and examined.

It was shown that the mutants could be
divided into two groups, those withiTRase 3.

Gene-polypeptide relationships in the ATP

activity and those without. The latter weresynthase of E. coli showing the direction of

presumed to be fafcted in the § and this
was confirmed by membrane fractionatior

transcription of the operon from uncB to uncC. (A
mutation affecting the uncH gene was not isolated
until 1983 but the gene and its related polypeptide

Qnd _reCOI‘lStitUtion experiments. The Mutawere obvious following the DNA sequencing of
tion in the first iy mutant was designated the unc operon in 1981 by two overseas groups).
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protein composition of membranes fromproton transport through theyF The over-
various mutants it was observed that thexpression and purification of subunits
assgmbly of Fo was dependen_t on the forallowed the determination of the structure of
mation of particular F1 subunits. I'g wasthe e-subunit by collaboration with X-ray
therefore postulated that the formation ofrystallographers. This work is being eon
the ATP synthase complex is not simply thetinued elsewhere by ex-members of the
combination of preformedd~and K por  Membrane Biochemistry Group. However
tions but an integrated process involving thgne emphasis of the work of the Group
of assembly was suggested in 1987, but Ng ATP synthase was used to study other
fu_rther work seems to havg been done Oftansport systems including phosphate,
this aspect of ]S‘P synthase iEt. CQI" rosophilaeye pigments, cytochrome syn
A hypothesis was advanced in 1984 ang,qqiq " viral jon channels and the mam
revised in 1986 in which the minor subunltsma”an’ GABA-A receptor All work in the
of the H rotated within a fixed complex of JCSMSR on the P synthase system
3 a- and 3b- of the F being enegized by essentially finished by the end of the cen
the passage of protons through thendc- ury,
subunits of the Fo. It was based on a au s .
ber of observations including the probable It is not practicable to acknowledge the

structure of subunits, the known enzymol Ndividual - contributions of the many
ogy of the AP synthase, the fefcts of involved in the AP synthase work extend

mutations and by analogy with flagellaring Over 30 years but those members of the
motion. While this proposition was initially JCSMR, including  students andsiting
not well received, it became generallyFeHOWS who authored papers, include: G.R.
accepted in principle, and in 199dshida ~Ash, M. BeckerM. Cleetey G.B. Cox, H..
and his colleagues, in Japan, actualljcrane, B.A. CromerJ.A. Downie, D.R.H.
demonstrated the rotation of tgesubunit Fayle, A.L. Fimmel, FGibson, L. Hatch,
during catalysis. S.M. Howitt, L. James, D.A. Jans,Jefrey,

Work on ATP synthase continued on intoR.N. Lightowlers, Z-H. Lin, L. McCann, A.
the 1990s, particularly using mutants toMunn, J. Radik, A.J.WRodgers, A.E.
obtain evidence about the secondary stru&enior R.G. Solomon, D.C. ¥bb, C.
ture of thea-subunit and the pathway of Yanofsky

Further Reading

Cox, G.B. and Gibson,. E1987). The assembly ofi F;-ATPase irEscherichia coli. Cuent
Topics in Bioenagetics 15, 162-175.

Cox, G.B., Jans, D.B., Fimmel, A.L., Gibson,afd Hatch, L. (1984). Hypothesis. The mechanism
of ATP synthase, conformational change by rotation of the beta-sulBioghimica et
Biophysica Acta768(3-4), 201-208.

Cox, G.B., Fimmel, . Gibson, Fand Hatch, L. (1986). The mechanism dfPAsynthase: a
reassessment of the functions of thenda subunits. Biochimica et Biophysica Act849(1),
62-69.

Downie, J.A., Gibson,.Fand Cox, G.B. (1979). Membrane adenosine triphosphatases of prokaryotic
cells. Annual Review of Biochemigt48, 103-131.

Howitt, S.M., and Cox, G.B. (1992). Second-site revertants ofginiae-210 to lysine mutation in
thea subunit of the gF1-ATPase fronmEscherichia cotiimplications for structure Proceedings
of the National Academy of Sciente$ A, 89(20), 9799-9803.

Uhlin, U., Cox, G.B. and Guss, J.M. (1997). Crystal structure of the epsilon subunit of the proton-
translocating AP synthase frorizscherichia coliStructure, 5(9), 1219-1230.
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Graeme Barry Cox (1939-) graduated BSc (1962)
and PhD (1967) from the Department of
Microbiology of the University of Melbourne. In
1967 he moved to the JCSMR Department of
Biochemistry as a Research Fellow (1967-70)
with his former supervisor, Frank Gibson. Initially
he worked closely with Gibson on ATPase and
subsequently broadened his interests to include
investigations of ion channels, transporters and
membrane-associated enzymes. He was
promoted to Fellow (1970-78), Senior Fellow
(1978-93) and Professor (1993). From 1989-99
he was Leader of the Membrane Biochemistry
Group in the Division of Biochemistry and
Molecular Biology. He was elected a Fellow of the
Australian Academy of Science in 1990 and was
awarded the Lemberg Medal of the Australian
Society for Biochemistry and Molecular Biology in
1993. He resigned in 1999 and was appointed a
Visiting Fellow.

Biosynthesis and Function of the Aromatic V  itamins

by lan Young (see p. 136)

The way in which microgranisms and 1967 and continued until about 1980. The
plants synthesize aromatic compounds frormajor approach used to unravel the biesyn
non-aromatic precursors has long been dhetic pathways was to isolate mutants
biochemical interest. By the early 1960swhich were ‘blocked’ in individual reac
the common aromatic pathway (shikimateions of the pathways. This required identi
pathway) and the branch point compoundication of a phenotype resulting from loss
(chorismate) leading to the aromatic aminmf the end product and so biosynthesis and
acids phenylalanine, tyrosine and trypto function were always closely linked.
phan had been elucidated. Howeuwbere Biosynthetic intermediates accumulated by
was still little known about the biosynthesisthe mutants were then characterised by
of a group of compounds made in tracNMR and mass spectrometrthe genes
amounts, the aromatic ‘vitamins’. Thesemapped and enzymes of the system identi
comprise folate (vitamin B12), enteroehe fied. In many cases the enzymic reactions
lin, ubiquinone (coenzyme Q) andwere studied using partially purified
menaquinone (vitamin K). enzyme preparations. The research was car
Research into the biosynthesis and funcried out using the bacteriuBscherichia
tion of the aromatic vitamins began in thecoli which gave access to sophisticated gene
JCSMR Department of Biochemistry inmapping and genetic analysis techniques.
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The availability of mutants deficient in the menaquinone. These two quinones carry
aromatic vitamins allowed the research tmctaprenyl sidechains which anchors them
be extended into the determination of then the membrane and gives them the ability
roles of these compounds in cellulato serve as mobile electron -carriers.
processes. Graeme Cox (see p. 238) showed that
Following on from the characterization ubiquinone-deficient mutants were unable
of chorismate as the branch point compountb grow on succinate as sole carbon source
in aromatic biosynthesis by Mgaret and due to a deficiency in aerobic respiration.
Frank Gibson in 1964 there was great interThis gave a phenotype which was used for
est in defining all of the pathways leadinglarge scale screening of mutants. Leslie
from chorismate. My own research in theMcCann and Paul Stroobant characterized
Department of Biochemistry began in 1967many of the mutants and their accumulated
as a PhD student in Frank Gibsohabora intermediates and Ray Leppik, Ken Alexan
tory studying the biosynthesis of 2,3-dihy der and Barry Shinebgrstudied a number
droxybenzoate, a bacterial growth factorof the enzymatic reactions involved. It was
The two non-aromatic intermediates of theshown that the isoprenoid sidechain was
pathway leading from chorismate wereadded to 4-hydroxybenzoate in the second
characterized. The end-product of the 2,3step of the pathway and therefore subse
dihydroxybenzoate pathway is enterochelingquent intermediates are membrane-bound.
whose structure was shown by lan O'BrieriThe pathway to ubiquinone was elucidated
to be a cyclic trimer of 2,3-dihydroxyben and eight genes encoding the enzymes of
zoylserine. Enterochelin is a powerfulubiquinone synthesis identified and
chelator of iron which is virtually unavail mapped. The screening for ubiquinone
able to microoganisms at physiological mutants by chromatography of lipid extracts
pHs due to its insolubility The enterochelin resulted in an unexpected bonus. Several
system of iron transport is used By coli menaquinone-deficient mutants were also
and other enteric bacteria to scavenge aridolated. Study of these mutants led to the
solubilize iron for vital cellular processes. identification of two biosynthetic intermedi
The genetic and biochemical analysis ofites and the elucidation of the menaquinone
mutants unable to grow on iron-deficientpathway
medium by lyndall Hatch, Graeme The quinone-deficient mutants were
Woodrow and Alan Laird, together with used by Brian \Allace to demonstrate the
iron uptake studies by Harry Roserdper essential role of the quinones in linking the
identified nine genes involved with the ente various dehydrogenases to the terminal
rochelin system of iron transport. Theelectron transport systems under aerobic
genes not only encoded the enzymes aind anaerobic conditions. They have subse
enterochelin biosynthesis but also a permeguently been used by a number of laborato
ase for iron uptake and an esterase for irones to define the role of electron transport in
release. Thentgenes were shown to bevarious cellular processes. Our work then
clustered into several transcription units byturned to the molecular biology of two res
transposon mutagenesis. The individuapiratory dehydrogenases which utilize the
enzymic reactions were demonstrated witlyuinones as cofactors. These key mem
partially purified preparations and the genedrane-bound enzymes are present in small
of the system cloneih vitro. The expres amounts and are thereforefitifilt to isolate
sion of theentgenes showed the interestingand characterize. &/ were able to use
feature of being regulated by the iron levelsecombinant DNA techniques to clone the
in the medium. genes encoding NADH and D-lactate dehy
In parallel studies carried out betweerdrogenases and hence determine their pro
1969 and 1978, the mutant approach wakin sequences via DNA sequencing. It also
also applied to the elucidation of the biosynproved possible to amplify the membrane
thetic pathways leading to ubiquinone andevels of the dehydrogenases considerably
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by increasing the number of gene copies aneinzyme by Maria Poulis, established that
using strong promoters to increase theithe gene used the unusual initiation codon
expression. The NADH dehydrogenasdJUG. Similar approaches were used to
gene was cloned in 1978 and the membrar®done and sequence the D-lactate dehydro
levels of the enzyme were amplified overgenase gene. The work on the molecular
50-fold. This enabled Anthony Jaworowskibiology of the respiratory dehydrogenases
and Hugh Campbell to solubilize and charcontinued into the early 1980s but was grad
acterize the enzyme. The DNA sequence afally wound down in favour of the growp’
the gene, combined with N-terminal proteinnew interest in cytokines regulating blood
sequencing andh vitro synthesis of the cell formation.
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Why Milk Proteins?

by Hugh McKenzie

Bearing in mind that the foundation Depart directly from mother to dépring. The
ment of Physical Biochemistry (biophysicalcapacity for lactation may be more variable
chemistry) would be concerned within humans than in other mammals because
research, scholarship and graduate teachirig recent times successful lactation has not
in this discipline and that my area would bebeen necessary for the survival of human
protein chemistryl felt that | should pay infants. Nowadays milk substitutes are
prime attention to one group of proteinsreadily available when a mother cannot or
namely milk proteins (see p. 131). Indeedwill not breast feed. The most widely used
the word protein, meaning ‘of the first substitute for human milk is cos/milk.
rank’, was first applied to the milk protein, However numerous problems may arise in
casein, by Berzelius in 1838. its use, such as alenicity reactions and
Production of milk is a specific mam lactose intolerance.
malian adaptation, and milk is unique in  Earlier work in various laboratories had
being an almost complete natural foodconcentrated primarily on the proteins of
Under natural conditions milk passescow’s milk, very little being known about
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individual human milk proteins. BecauseOur studies showed that there is little or no
lactation is common to all mammals itb-lactoglobulin in human milk and, despite
seemed to us that it was important to studgur early conclusions, there are unique-vari
the proteins for a range, not only of eutheriamnts in porcine and equine milk. All of
mammals, but also of metatheria and-prothese observations have implications for
totheria. Fortunatelywith the assistance of allergenicity reactions and sudden infant
scientists in the CSIRO Division of \Wife  death syndrome (SIDS).
Research, it was possible to have access to a Studies ofa-lactalbumin and lysozyme
range of milk samples in Canberra. Thus, wen a variety of mammals, including
were able to show that the bovine milk pro monotremes and marsupials, have led to
teins were not a paradigm for milk proteinsmportant observations on their evolution.
of other mammals in general. Although our studies have not been €on
Milk proteins that we have studied cerned directly with applied work, they
intensively includeb-lactoglobulin,a-lacc  have had considerable implications for the
talbumin, lysozyme, lactoferrirk-casein, milk and cheese industries, which are now
agcasein and-casein. By the late 1960s directly concerned with processing of milk
progress of our studies was fciently with known protein genetic variants.
rapid that | considered the time was ripe folCSIRO have applied some of them. What
a major review of the milk proteins. Thiswill it apply when the stock of my basic dis
was a landmark publication that was a majocoveries is exhausted? ely important to
determinant in the direction of studies of thehis processing is the need for an under
chemistry of milk proteins for the next threestanding of the role of wateas we now
decades. This view is confirmed by thebriefly discuss.
choice of this article in 1981 for inclusionin It has been said that a dry protein is a
Contemporay Classics in the Life Sciences,dead protein. Indeed, the relation of water
the Molecules of Life to proteins has been and still is one of the
Although | believed that the unique sig major problems in protein structural chem
nificance of milk proteins in nutrition and istry. This is not made any easier by the fact
the protection of the newborn alone justifiecthat the structure of water itself is one of
their study they possess physico-chemicalgreat complexity and it is not fully under
properties that make them of great imporstood. Thus, in studying this problem of
tance in protein chemistryTheir interae  water in proteins | realised that it would
tions pose particular problems. Theneed to be studied in a much broader range
methods we developed for solution studiesf proteins than that of milk proteins alone,
of their conformation and interactions bydespite the unusual relation of water in-cer
optical rotatory dispersion, circular dichro tain milk proteins, particularly caseins.
ism, and analytical ultracentrifugation were  From a study of the limited number of x-
not only valuable for studying them but use ray crystallographic studies of enzymes and
ful for studies of a range of biological proteins available in the early 1980s in which
macromolecules. satisfactory attempts had been made to locate
The occurrence ob-lactoglobulin in  water molecules, J. Edsall and | proposed a
ruminant milks has long been known. Theclassification of water molecules at the protein
b-lactoglobulins have many common prop surface. \ith the myriad of data available
erties but some of the individual geneticsince then we believe that this classification
variants have unique properties. Althoughas been justified; the article has been cited
crystals ofb-lactoglobulin AB were among over 350 times in thiterature.
the earliest to be subjected to x-rayfrdif- Thus, the various facets of these physic
tion studies, it was only at the close of theochemical investigations of milk proteins
twentieth century that its 3-dimensionalhave been integrated into a valuable picture
structure was determined by a British grouppf biological function and structure that
it is still the subject of some controversy apply to proteins in general.
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Studies of Protein Interactions

by Peter Jeffrey (see p. 175)

Shortly after Lawrence Nichol (p. 81)in 11 residues of the 51 in the hormone.
became Head of the Department of Physica&hysicochemical studies on the synthetic
Biochemistry at the end of 1970, | joinedplatypus insulin led us to make a modified
him with the idea that we would form the platypus insulin twice as potent as human
nucleus of a group studying protein interacinsulin with therapeutically-desirable non-
tions by applying to them the theoretical andhggregation properties.
instrumental techniques of physical chem  During the course of this work we
istry. This began a collaboration that lastedlevised a number of new theoretical
until Nichol left the Department to becomeapproaches to analyzing data from sedimen
Vice-Chancellor of the University of New tation experiments, including one in coHab
England in 1984. dgether we co-super oration with PhD student Bruce Milthorpe
vised a number of PhD students, includingvhich is still standard software in the new
Phillip Kuchel, Bruce Milthorpe and Alan generation of analytical ultracentrifuges.
Mark, and were joint authors on 25 scien Another PhD student, Phillip Kuchel, co-
tific articles. supervised by Nichol and me, collaborated
A dominant technique for studying pro in writing theory to describe the kinetics of
teins in solution during this era was sediconsecutive enzyme catalyzed reactions,
mentation in the analytical ultracentrifuge,which was applied to the urea cycle enzyme
mainly using sedimentation equilibrium, system to demonstrate the potential of this
occasionally sedimentation velocityThe sort of approach to identify the source of
equilibrium method has the advantage o§pecific inborn errors of metabolism.
giving absolute molecular weights of dar Hemocyanin, the respiratory protein
molecules in solution without complicationsfrom crustaceans, was also a major interest
due to their shapes and is particularly suitedf mine, lagely as an example of an impor
to studying interactions, as it does not-pertant biological molecule which had a num
turb equilibria. ber of well-defined quaternary states. |
One interacting protein we studiedthought that the study of the mode of assem
experimentally under a variety of conditionsbly, the architecture and the significance to
was insulin, following an interest | retainedits oxygen binding behaviour of these com
from my days as a PhD student. Insulin iplex structures would reveal important prin
involved in a complex set of equilibria in ciples of protein self-assembly and
solution, and by a combination of new the cooperative binding behaviourThis even
ory and sedimentation equilibrium studiegually proved to be the case.
we were able to formulate a scheme which | studied the hemocyanin from a local
describes in thermodynamic terms exactlfreshwater crayfish,Cherax destuctor,
what insulin species were present in soluusing sedimentation velocity and equilib
tion under any conditions, from pH 2 to 10rium, gel electrophoresis and binding tech
and at any insulin concentration. Thisniques. A number of international groups,
information is vital for interpreting how especially in France and Germarnwyere
insulin acts biologically and in formulations involved in parallel studies with the cotre
used therapeuticallyLater work on insulins sponding proteins from other crustaceans,
with PhD student Amanda Nourse includedsuch as crabs, spiders, and scorpions. The
sequencing and synthesising platypusombination of species and techniques,
insulin which turns out to diér from human which also included electron microcqpy
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immunology and chemical cross-linking,an integral component of the protein syn
finally succeeded in providing a satisfactorythetic machinery of the cell, or some of
picture of the structures, relationships andhem, occurred as a complex, yielded some
cooperative oxygen binding behaviour ofinteresting results. There &vidence of a
this group of blue copper-based proteingomplex of some of the 20 proteins and
which evidently evolved quite separatelyeven more intriguinglythe presence of anti
from the hemoglobins to do the same job ibodies to some of these proteins in the sera
a different group of animals. of patients sdéring autoimmune diseases

Experimental studies of the aminoacylsuch as polymyositis and lupus. Unfertu
tRNA synthetases made with Elain@Mér nately this work had to be terminated at an
and Kathy ¥mms, a rheumatologist, andinteresting stage due to lack of funds and
directed at exploring whether these proteingersonnel to continue it.
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Chromatin Architecture and its Contribution to Regulating Gene Expression

by David Tremethick

A fundamental unanswered question in biolmay play an important role in determining
ogy is how at the molecular level, ddrent which subset of genes are transcribed in a
cells within a multicellular ayanism specific cell type.

develop, carrying out dérent functions, Remarkably a typical eukaryotic cell
when every cell within an ganism con contains approximately two meters of DNA
tains exactly the same genes? Itis clear thathich can be squeezed into a nucleus of
different genes are expressed infatiént about 20 um in diameteiThis packaging of
cell types, and that this dérential gene DNA is achieved by a hierarchical scheme
expression is principally controlled at theof folding and compaction into a protein-
level of transcription, i.e., a subset of gene®NA ensemble called chromatin. At the
is expressed, determining what function dirst level of oganisation, approximately
cell will perform, when transcription factors two superhelical turns of DNA is wrapped
bind to one gene but not anothahith the around a protein complex consisting of
use ofin vivo footprinting, it has been eight histone molecules. This complete
shown that the promoter regions of inactiveunit, the nucleosome, forms the basic build
genes are not occupied by transcription fadng block of chromatin and is furthergam
tors in spite of their presence in the nucleussed into a regular array to form a chromatin
This observation gues that the accessibil fibre. How this fibre subsequently folds
ity of a promoter to transcription factorsinto higher order structures is not known.
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This protein-induced folding of DNA into a source of biochemical material, we devel
complex three dimensional structure ha®ped such an assembly system. The assem
profound implications with respect to bly of chromatinin vitro, which mimicked
understanding how transcription factorsthe in vivo process, was found to be
gain access to important regulatory regionssequential process occurring in at least four
It is clear that compaction of a gene intosteps. First, histones H3 and H4 bind to
chromatin impedes the transcriptionDNA to form a subnucleosomal tetramer
process. This nucleosome-mediated repregparticle. Next, histones H2A and H2B bind
sion of transcription may be one importanto complete the assembly of the nucleo
mechanism by which a lge number of some. Following this, a novellR-depend
genes can remain repressed in a eukaryotént nucleosome spacing activity was
nucleus in the presence of general transcripdentidied which induces nucleosomes to
tion factors and RNA polymerase II. Acti slide and reayanise to generate a regular
vation of transcription therefore requires thearray The final step involves the binding of
removal or disruption of nuclesomes ceverhistone H1 to yield mature chromatin. This
ing a gene. Structural studies of specifiassembly system provided two important
genes in natural chromatin have revealed gtieces of information with regards to under
least three mechanisms that modify chrostanding how a gene is activated when-cov
matin structure, nucleosome exclusiongered with nuclesomes. First, during DNA
nucleosome displacement, and the reposrieplication, when daughter DNA is assem
tioning of nucleosome. A fundamentalbled into chromatin, the sequential nature of
challenge was to reconstruct thesevivo the chromatin assembly process provides a
processen vitro in order to understand, at ‘window of opportunity’ by which tran
the molecular level, the mechanisms thascription factors can bind to important regu
establish and maintain the féifential states latory DNA regions prior to the completion
of transcriptional activity that occur during of the assembly process. Second, these
development. This required the developnuclear activities that use eggrto mobilise
ment of arin vitro assembly system that cannucleosomes are important to modify chro
assemble authentic chromatin. Such amatin after the completion of the assembly
assembly system would also shed light omeaction by enabling certain transcription
the complex mechanism by which DNA isfactor to push nucleosomes out of the way
assembled into chromatin. thereby exposing their DNA recognition
Using Xenopus laevisoocytes as a sites.
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Nuclear T ransport into the New Millennium

by David Jans

Eukaryotic cells possess a nucleus in whickion through the pore and into the nucleus.
the genetic information, the DNA, is storedThe regulation of protein transport to the
in isolation from the rest of the cell. Proteinnucleus relates to many important cellular
synthesis occurs in the cytoplasm, so thadrocesses such as féifentiation, transfer
proteins which are required in the nucleugnation, signal transduction, and the regula
need to be specifically transported from théion of transcription and cell metabolism.
cytoplasm into the nucleus. GenerallyThe nuclear import of proteins such as those
speaking, these proteins require specifie tacontrolling transcription (transcription fac
geting signals called nuclear localizationtors — TFs) or growth (e.g., cancer-related
sequences (NLSs) in order to be able t¥iral proteins or oncogene products) is a key
interact with the cellular nuclear transport€Vent in the control of gene expression.
machinery and localize in the nucleus. Spe When | returned to JCSMR in 1993 to
cific proteins, the importins or karyopherinsS€t Up a laboratory to work on nuclear trans
(the NLS ‘receptors’), recognize the nucleaort, it was clear that on the small scale at
targeting signals, and mediate their ‘deck Which we would be operating compared
ing’ at the nuclear pore. They subsequentlyith the competition in the United States
mediate interaction with other cellular fac and Europe, our only choice was to concen
tors to efect enegy-dependent transloca trate on questions other laboratories would
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not attempt, and to utilize our unique We showed that this had wider signifi
expertise in using confocal laser scanningance in several ways, one being to apply
microscopy in a quantitative fashion. Theour techniques to examine another protein
importance of the regulation of nuclearwhere phosphorylation enhances nuclear
import to eukaryotic cell function, and theimpPort, theDrosophilaTF Dorsal which

fact that its study requires dynamic, quantiPlays @ critical role in fly development. e

tative systems, led us to attempt to detetfound that as mDrpsotha a CA.MP'
mine the mechanisms by which the cel ependent protein kinase (PK-A) site near

might regulate nuclear protein import he Dorsal NLS enhances Dorsal nuclear
While at the Max Planck-Institute for import, through increasing thefiaity of the

Biophysics at Frankfurt am Main, we hadmteractlon with importin (importin alpha),

in similar fashion to the CK2 site in the case
already demonstrated that nuclear transpog T-ag. In collaboration with David Stein
was not only dependent ondating signals

at the Albert Einstein College of Medicine

phosphorylation (e covalen aftachment ofW York). we demonsirated tfa vivo
phospnory etlevance of this finding, by showing that

phosphate groups to proteins), and so we s utations preventing PK-A phosphoryla

outto determine the mechanism. In the Cafon resulted in lethalityindicating that the
of the nuclear localizing simian virus SV40 Y gt
enhancement of Dorsal nuclear import by

large tumour antigen (T-ag), we found tha ; : .
phosphorylation by protein kinase CKZtP};]";‘ is essential t@rosophiladevelop

(CK2) close to the NLS enhanced the rate of! Specif hosphorvlati th
transport about 50-fold. Based on some nhaﬂigléﬁingegjpa:wea;gg ot(k:grr]s shclJJv?/ed
indirect evidence, our hypothesis was th or other TFs, i’nhibit NLS-dependent

phosphorylation might operate at the leve | ok Y h
of the initial step of NLS recognition/dock Nuclear  transport, ormonal/growt

ing at the nuclear pore. Our first step, buildfactor/cytokine signals modulate gene
ing on previous work, was to deve|opexpre55|on through regulating phosphoryla

reconstitutedin vitro systems to analyze fion at such sites, thereby specifically €on
nuclear protein transport at the single celfrlling the nuclear entry of particular TFs.
level, and to attempt to examine the initial/'Vé 8/S0 showed that it is possible to change
step of nuclear transport (of NLS recogni the phosphorylation sites regulating NLS-
tion by the importins) using direct binding dependent nuclear import, and thereby alter
assays. Stefan Hiibner Postdoctoral Fel the signals which are then able to induce or
low who joined the laboratory from Ger inhibit TF nuclear entty The present chal
many in November 1994, was able to shoWenge is to demonstrate how this may work
that the mechanism by which this occurredn the context of the whole cell, which har
was indeed through phosphorylation medubours a myriad of other nuclear transport
lating the initial step of NLS recognition by substrates and pathways (see below)-com
the importin (importin alpha); the phospho Peting with one another for access to the
rylated CK2 site increased thefiafty of ~ nucleus. Clearlyin this context a phospho
recognition of the T-ag NLS by about 100-rylation switch to generate high fafity
fold. Apart from being consistent with our interaction with the nuclear import machin
hypothesis, this proved to be the first deterery may be critical in the face of the impos
mination of the mechanism of regulation bying volume of proteins and other molecules
phosphorylation of NLS-dependent nuclearequired constitutively in lgie amounts in
protein import. In other experiments usingthe nucleus, such as ribosomal subunits,
site-directed mutagenesis, we demonstrateshRNP splicing factors and mRNA binding
a direct correlation between nuclear imporproteins such as hnRNPs

and importin binding difhity, which showed When | was doing my PhD in the
that the importin recognition step is rate-Department of Biochemistry at the JCSMR
limiting in nuclear transport. in the early 1980s, one felt very far away
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from the rest of the world, one of the majorray, proteomic and other technologies mak
problems being that most of the scientificing ‘global’, whole cell/loganism analysis
journals arrived in the library some 6-9more feasible. Thus, we find ourselves in a
months after their publication. DistanceSituation where all of the ‘p|ayers’ |mp0r

from the rest of the scientific world in tant for nuclear transport are actually known
Europe and the United States seems mu g., sequencing of the human genome

less of a problem today through advance; dicates that there are something like 24

like electronic mail, fax and the internet. . . .
The access to published and other informad'fferem importin molecules). &must

tion is thus no longer a real problem: rather1OW come to terms with this information in

the difiiculty is to process so much newth® more global context of the whole

information eficiently and know how to use Céll/organism, the way forward being to ask
it. In some sense, this development i$Pecific, hard questions, and proceed exper
symptomatic of biomedical research in thémentally in as quantitative a fashion as-pos
new millennium where the human genomesible, using the powerful new microarray
has now been sequenced, and with mieroaand imaging techniques at hand.
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Cytokine Molecular Biology and Signalling

by lan Young

In the late 1970s the development of reecomlL-3 cDNA clones identified by hybrid-
binant DNA technigues enabled genes to beelease translation. The IL-3 clone was
isolated, characterised and expressed-readsed to show that autocrine expression of
ily from higher oganisms, creating new andIL-3 had the potential to cause leukemia.
exciting opportunities for the study of geneRelated to this, Sanie Ymer showed that
function in mammals. Our first work using constitutive expression of IL-3 by a
recombinant DNA techniques involved theleukemia line was caused by retroviral
molecular cloning and amplification of res insertion near the IL-3 gene. The chremo
piratory dehydrogenases iBscherichia somal mouse and rat IL-3 genes were ¢€har
coli. Subsequently in 1979-80, | joinedacterized by Hugh Campbell and Donna
Fred Sanger and his group at the MRC-LabCohen respectively Expression of IL-3
oratory of Molecular Biology in Cambridge, gave suicient material for biological stud
England, and worked on the cloning andes and allowed an improved definition of
sequencing of human and bovine mitochonits biology
drial DNA. This project was a forerunner of To give new emphasis to mammalian
the human genome project. It yielded thenolecular biology in the John Curtin School
very interesting finding that mitochondria my group was formed into the Medical Mol
use a diferent genetic code. ecular Biology Unit in 1984. A further col
On my return to the John Curtin Schoollaborative study was carried out with Colin
my group began our long-term studies orSanderson of the National Institute for Med
the molecular biology of interleukin-3 (IL- ical Research at Mill Hill, London, on
3) and interleukin-5 (IL-5), two cytokines another haemopoietic growth factor
which regulate blood cell development anceosinophil diferentiation factor (inter
function. Blood cell formation is regulated leukin-5) and Hugh Campbell successfully
by a number of haemopoietic growth factorgloned the human and mouse IL-5 genes.
or cytokines. These hormone-like proteindL-5 was shown to be a selective regulator
interact with receptors on the surface of-proof eosinophil growth and activation.
genitor cells and stimulate them to urgter Characterization of the chromosomal
cell division and diferentiation leading to genes for mouse and human IL-3 and IL-5
the formation of the diérent classes of revealed strong similarities in gene structure
mature blood cells. In the early 1980s, théo several other related cytokines such as
major challenge was to isolate and charadlL-4 and GM-CSF and gene mapping stud
terize the genes encoding the regulatories by Janet Lee and Barbara van Leeuwen
cytokines enabling the powerful new tech showed that these genes formed a cytokine
nigues of molecular biology to be used by tagene cluster in mice and humans. This-sug
study their regulation and function. Ourgested that they may have arisen by ances
group, in collaboration with Andrew Hapel tral gene duplication and subsequent studies
from the Department of Medicine and Glin have shown great structural similarities
ical Science (see p. 262), carried out the firdtetween them. IL-3 and IL-5 are involved
cloning of a haemopoietic growth factorin the regulation of white blood cells and are
gene, that for mouse IL-3. By todaystan predominantly expressed by T lymphocytes
dards, the cloning strategy used by Mingas part of an immune response. They there
Chiu Fung to obtain the IL-3 cDNA was fore appear to be primarily involved in spe
quite complex. IL-3 mRNA was assayed bycific responses to infection. &Vhave
microinjection intoXenopusoocytes and therefore also studied how their gene
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expression is regulated in T cells followingreceptors with remarkable specificity and
antigenic stimulation. strength to induce receptor activation and
In the early 1990s, gene ¢mting signalling. Both IL-3 and IL-5 share a
became available (see p. 462). This techreceptor subunit, the beta common receptor
nique enables the production of a mouse ignd also have their own specific receptors.
Wh|Ch a SpeCifiC gene haS been inaCtiVateqq recent years] we have been try|ng to gain

or modified. D study the function of IL-5 5, ynderstanding of the structural basis of
in a whole animal we set out to create an ILj _3 gnd [L-5 receptor signalling. Early

5 deficient mouse. This was done in collab
oration with Klaus Matthaei in the John
Curtin School and Manfred Kopf and
Geoges Kohler in Freibg. The properties

of the mouse showed a specific and oblig rs and their cvtokin mplex our first
tory role for IL-5 in the generation of orsa €Ir cytokine complexes. Ouriirs

eosinophilia. The IL-5 deficient mouse hagdtructure, thf"‘t of Fhe beta common receptor
subsequently proved very valuable in studV@S determln_ed in collaboration with Paul
ies of the biological role of eosinophils Carr and.DaV|d Ollis of the Research School
which have been undertaken with a numbepf Chemistry ANU, and reported recently
of different collaborators. For example, inThe structure turned out to be novel and
collaboration with Paul FosterLaboratory quite unexpected, indicating that many-sur
a major role for eosinophils has been showRrises may yet be in store as we continue
in the pathogenesis of alic asthma in with studies of the molecular biology of this
mice (see p. 338). interesting receptor system and its role-reg
Cytokines bind to their cell surface ulating blood cell development.

studies on the IL-5 receptor were carried out

by Evan Ingley and Chong Loh. More

recently we have used X-ray crystallogra
hy to determine the structure of the recep
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Computation and Informatics in Biomedical Science

by Jill Gready

The increasing importance of molecularthe Institute$ Strategic Development Fund
level approaches to biological and biomedmade possible rapid establishment of the
ical science was recognized by the ANU inGroup, which had an ambitious mission.
the early 1990s by the setting up of a eamFirstly, to carry out its own research pro
pus-wide interdisciplinary centre, the Gen gram in several significant areas not being
tre for Molecular Structure and Functionthen pursued at the ANU — in drug design,
(CMSF). The CMSF aimed to introducebiomolecular recognition, enzymic meeha
experimental and computer-based researatisms and protein structure prediction. And
in structural biology protein theory and secondly to establish the core of expertise
simulation, and bioinformatics to the ANU, necessary for fruitful collaborations with
and to facilitate, by collaboration, its appli experimental projects in JCSMR and else
cation within research programs in JCSMRwhere in the ANU. As doctoral and post-
the Research School of Biological Sciencedoctoral training in these computer-based
(RSBS), the Research School of Chemistrareas was very underdeveloped in Australia,
and the Faculty of Science. The CMSF iniboth aims required training new dtaid
tiative was more than timelylt followed students from a variety of backgrounds —
major experimental advances in the 1980shemistry biochemistry and physics.
in x-ray crystallography and NMR instru Development of the Unit also required
mentation and structure solution, indar  building links with the ANU Supercomputer
scale protein production using new cloning~acility (ANUSF) so that we could take
and chromatographic technigues, and in thadvantage of their excellent high-perfarm
large-scale determination of protein andance computing and visualization facilities,
DNA sequences. Critical to these developand could collaborate on the development of
ments were concurrent advances in compuhew methods and computationallyfigént
ing. The rapidly increasing power of software.
computers enabled the dg-scale computa Several of our studies and collaborations
tion and data handling necessary for tackundertaken since 1995 illustrate how these
ling protein and DNA problems, and difficult goals have been met, and especially
fostered the development of new computerhow our research fits into wider biomedical
based research areas in simulation, structuseience and is ganized to rapidly exploit
prediction and modelling and drug designcomputing advances. As my research, and
These areas complement and extend thtbat of many experimentalists, aims to
information which can be gained from theunderstand how the structure and function
experimental approaches, and together theyf proteins have evolved togethere wish
provide the basis for a molecular-level defi to know how the molecular details — their
nition of biochemical phenomena such astructure, interactions, emgatics and
enzyme mechanisms, receptor activatiomynamics — enable proteins to perform
and specificity and tandem adaptation oftheir functions. W also wish to know how
protein structure and function. the DNA and protein sequence ‘program’
This was the context for my appoint the proteins structure and function, and to
ment to JCSMR in 1995 to head a newse this knowledge to predict the structure
group, the Computational Biology and Drugand function of related proteins. Many
Design Group, in the Division of Biochem aspects of these complex biomolecular
istry and Molecular Biology A grant from problems cannot be addressed wholly by
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experiment. Also, theoretical approachestructure as ama(b)s TIM-barrel fold, and
and computational analysis can ‘value-addthat two glutamate (Glu) residues were the
experimental results and information in-bio likely proton donor and nucleophile
logical databases. residues in the active site. Experiments

In collaboration with Chris Paristy’ With alanine mutants of these two Glus and
group, we have predicted the structure angeveral other ‘control’ Glu and Asp residues
probab'e enzymic mechanism forconﬂrmed that Only the predICted Glus are
heparanase, and these predictions have be@gsential for activity This structural model
confirmed experimentally (see p. 268).f0r the enzyme active-site and associated
Heparanase is an endoglycosidase whicfg@nd-binding regions is now being used in
cleaves heparan sulfate (HS] HiS protee  S€veral ways by the Parish group. These
glycans of cell membranes and the extrace|nt(;]IUde deS|gfn_|nrg]]_b|_r;h|blttcr>]r analogues O(;
lular matrix, and is a tget for development oreﬁlgc\;\ilr?ysh%vdntc; I‘tlr?r%’ tﬁeenzrzg?r; ?2
of anti-tumour agents against cancer metad ¢! g no . P
tasis, including by the Parish group Obtain crystallizable protein suitable for x-

’ ) ‘ray structural analysis.

Although the Parish group — and now y STUCty YS!

her fi ho h . | In molecular dynamics simulations on
another five groups who have since cloneg;, protein (PrP) we have shown that the
and expressed the enzyme — failed to fin

_ X \ resence of the two N-glycans on the C-ter
a maitch to other proteins with simpleming| region dects the stability of the pro
searches of the protein sequence databasgin, especially critical helical regions. This
we were able to identify similarities s significant as this is the region associated
between heparanase and members of seveygkh PrP diseases, such as BSE and
glycosyl hydrolase families using moreCreutzfeldt-Jacob disease, which are widely
sophisticated sequence searches. Aft@jelieved to involve a conformational change
obtaining further support for this identifica from a ‘normal’ form, Prf, to a ‘scrapie’
tion using structural database and enzymorm, PrFeC But, even more significantly
mechanistic information, we predicted theour simulations indicated that the presence

Mapping of human heparanase mutated and basic amino acids onto the structure of the glycosyl
hydrolase, xylanase. (A) side view and (B) top view of the TIM barrel as black R-sheets and white a-
helices. The catalytic proton donor and nucleophile are Glus E225 and E343, respectively. Glus E378
and E396, and Asp D367 were mutated as controls. Pos-l, Pos-Il and Pos-IIl are clusters of positively
charged amino acids close to the active site which probably assist binding of the negatively charged
substrates. (From Hulett et al. (2000), with permission.)
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of the two N-glycans dramatically changespounded with the well-known di€ulties of
the electrostatic field of the protein surfaceany sort of chemistry on the pteridine ring
This afects the potential for other proteins(see p. 356), may have required Nature to
or ligands to approach and bind to PaB find an unusual solution to facilitate the
proposed for its (unknown) function andreactions. The oddly placed Glu/Asp was
conformational change. The protein andhe apparent keyut how? Since 1995 we
sugar models for the simulations were builhave undertaken Ige-scale computation on
from experimental data, including an NMRthe ANUSF supercomputers using a battery
structure for PrP obtained using non-glycoof different computational methods —
sylated recombinant protein. Interpretationgjuantum mechanical, molecular mechanical
of biological data, such as stabilities of-dis and dynamical and combinations of these —
ease-associated mutants or residuds tackle this problem. Under a contract
involved in the interspecies transmission ofvith Fujitsu Japan, the computer programs
disease, made with the non-glycosylatedhave been optimized in collaboration with
NMR structure and with the properly glyco ANUSF computational chemists, Alistair
sylated model diér greatly as do predic Rendell and Andrey Bliznyuk, to make the
tions for further experiments based on themcomputations feasible. The intriguing solu
The routine use of non-glycosylated recomtion appears to be that a conserved water
binant proteins in high-resolution structuralmolecule that is hydrogen bonded to both an
studies presents an unrealistic view of mangxygen atom of the carboxyl sidechain of
extracellular proteins in the structural dataGlu/Asp and oxygen O4 of the pterin or
base, a deficiency that modelling and simudihydropterin rings acts to direct protena
lation can redressbefore attempting tion to the correct sites (N8 for folate, N5
structural interpretations and predictions. for DHF) of the enzyme-bound substrates.
In long-term research we have suceessThis water molecule is observed in all
fully designed and tested new classes dDHFR crystal structures (now >50 of them)
pteridine-cofactor analogues as inhibitors ofind is efectively part of the genetic code!
the enzyme dihydrofolate reductaseThe key to the mechanism thus appears to
(DHFR). DHFR is required for DNA be the oganized H-bonded network of
biosynthesis and is an established¢afor Glu/Asp and the water molecule which
cytotoxic drugs, such as anticancamtibae  increases the fctive basicities of the cor
terial and antimalarial agents. While ourrect nitrogens of both substrates, as well as
inhibitors are based on our predicted mechsuppressing protonation of other potentially
anism for the, secondarlpHFR-catalyzed protonatable groups of the substrates. - For
reduction of folate, experimental definition tunately our inhibitor design strategy is eon
of the DHFR mechanism has eluded invessistent with this, and they probably bind and
tigators for more than 40 years. This iblock DHFR as predicted. Thus computa
because there is only one potential prototion now ofers a means to study the roles of
donor in the DHFR active site, a conservedonizable groups and water molecules in
Glu or Asp residue, but it is on the wrongenzyme reactions, although such studies are
side, away from the substrate pteridine-ringntractable experimentally
nitrogens of folate (N8) and dihydrofolate
(DHF, N5) which need to be protonated.
Although various authors have proposed
proton hopping mechanisms from preto
nated Glu/Asp to N5 of DHRhere is no
possible hopping pathway to N8 of folate,
which anyway does not protonate on N8 in
solution but on N1.
In 1980 | had proposed that the require
ments for catalyzing both reductions, com
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