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RESEARCH WORK 

During the year the change in the research emphasis of the 
Department, foreshadowed in last year's Report, was coropleted. 
Studies of the cellular genetics .of plants, especially by the 
methods of cytology and tissue culture, has been greatly stren­
gthened by the arrival ,of Dr Subrahmanyam and Dr Gould to form 
the Plant Group under Dr Doy ' s direction. The group has ini­
tially been concerned with conditions for maintenance and 
propagation of a new range of plant stocks, for producing 
haploid lines and for obtaining new mutants for selection 
in transgenosis experiments. An interesting new observation, 
of possible irr.portance to both eukaryotic chromosome structure 
and the basis of chromosome elimination in hybrids, is that 
certain bacterial \· restriction 11 endonucleases induce br~aks 
in the chromosomes of some plant species, apparently at the 
same points in chromatid pairs. 

The decision to initiate a new programme of research on 
lower eukaryotes has now been implemented by the transfer 
of Dr Clark-Walker from the Department of Developmental 
Diology, and by the appointment of Dr Gresshoff and 
Dr Williams as Research Fellows. nr Clark- T·qalker continues 
his work on the molecular basis of petite formation in the 
yeast Saccharornyces cerevisiae, now extended by complementa­
tion studies and by the analysis of another yeast, which 
does not generate petite mutants, in collaboration with 
Cesira Galeotti, an Italian-Australian Exchange Scholar. 
Dr Gresshoff's main interest is in the unicellular plant, 
Chlamydornonas reinhardi, in the expectation that it will 
illuminate problems encountered in the study of higher plants 
in tissue culture. He is currently isolating, defining and 
mapping new mutations, has developed a method of protoplast 
fusion, and is investigating the fate of plasmid and phage 
DNA genomes taken up by Chlamydo~onas p.rotoplasts. 
Dr ~illiams' speciality is the cellular slime mould, 
Dictyostelium discoideum - an amoeba which develops differ­
entiated and organised multicellular structures during parts 
of its life cycle. In addition to aovancing the formal 
genetic analysis of this organism, he has developed new 
techniques for isolating diploid strains. An interesting 
by-product of these studies is the observation that the 
frequency of double recessive mutations in diploids is 
only about 10- fold less than that found in haploid strains. 
The evidence suggests 'that these homozygous recessive muta­
tions arise by a single mutation followed by mitotic recom­
bination, and not by two independent mutation events. 

Other continuing work in the Department includes study of 
the satellite DNAs in a wallaby and in Drosophila, the control 
of genetic recombination in Neurospora crassa and of nodu-
la tion in plants, nitrogen fixation by bacteria, the role 
of lysogeny and of natural selection in the evolution of 
bacteria, the regulation of bacterial cell division and 
lysogeny, and the formation of hybrid DNA molecules between 
a bacterial plasmid and a plant virus DNA. 
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1. Function and evolution of octo ine 
molluscs (J. Baldwin 

·, 

. The enzyme octopine dehydrogenase ~atalyses the reversible 
reaction ~ organine + pyruvate + NADH + o'ctopine + NAD 
It occurs at high concentrations in the w.uscles of many 
molluscs and because of the possibility that it may compete 
with other pathways for pyruvate it is assumed to play an 
important role in the energy metabolism of these animals. 
Studies with octopine dehydrogenase purified from the bivalve 
·Pectin · have shown that this enzyme is monomeric, an unusual 
situation among dehydrogenases and one which is of particular 
interest in relation to the evolution of this class of 
enzymes. A detailed study is being undertaken of the kinetic, 
regulatory and structural properties of octopine d'ehydroge-

' nases isolated from a range of animals to provide insight 
into both energy metabolsm of mollusca, and the structural, 
functional and evolutionary relationships of dehydrogenases. 

• .• ·· • . •. : r 

2. Comparative·: analyses of satellite DNA · · 
- - ~ ... 

·:· -~, A large ·part of the genome of most higher eukaryotes 
consists of highly repeated DNA sequences called 'satellite' 
DNA. This DNA is not transcribed into mP~JA. It comprises 
several families of DNA all containing a simple copy repea­
ted -up to a million times.. It appears .to ,correlate with 
the cytologically defined heterochromatin both in quantity 
and chromosomal location. It biological ~unction is unknown. 

(a) Satellite DNA in Macropus rufogrise'l,ls (P. Dunsmuir, 
J. Peacock+) 

. Two distinct satellite DNAs, amounting to 25%. of the: ·, 
total DNA, were isolated from the nuclei of the red-necked 
wal~aby, r~1acropus rufo~riseus. The. physical properties. of 
native, single-strande : and reassociated molecules were . 
studied in buoyant- density gradient centrifugation. The 
homogeneity of each satellite fraction was examined using 
melting characteristics of native and reassociated DNA, and 
renaturation kinetics. These· data sugest that sequence · 
heterogeneity exists in both fractions. Each satellite 
fraction was found by in situ hybridization to be localized 
in heterochromatin of Interphase nuclei and in the centro:­
meric regions of metaphase chromosomes. The chromosomal, 
distributions of the two satellite DNAs differentiate the 
sex chromosomes, which have sequences of only one. satellite, 
from the autosomes which have sequences of both satellites 
in the centromeric heterochromatin. Giemsa C-banding 
techniques also showed a differentiation of the centro­
~eric regions of sex chromosomes from those of the autosomes. 

__ .:; The sequence differentiation detected in each of the 
two satellites may be derived from a basic repeated sequence 
by random mutation and rearrangement as has been suggested 

+ Not a member of this University 
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for satellites in mouse or alternately, base mismatching 
in the renatured DNA may reflect the presence of several 
highly concerved isomeric forms of the repeating sequence 
of the satellite. Sequence-specific restriction endonucle-· 
ases have revealed long order periodicity in both satellites. 
It has been possible to show that there is sequence differen­
tiation between classes of DNA molecules produced by restric­
tion enzyme .cleavage of each satellite DNA. 

(b.) A study of satellite DNA in Drosophila simulans 
(A.R. Lohe, J. Peacockt) 

The type of repeated satellite DNA does not seem to be 
conserved, even between closely related species such as 
D.melanogaster and D.simulans, although its highly repeated 
nature certainly appears to be important to the organism. 
The aim of the present research is to analyse the satellites 
of D.simulans to see whether they have particular ·constraints 
imposed upon them by evolution. A major part of the year 
was spent · in highly purifying two D~sirnulans satellites, 
mainly by hydroxyapatite thermal chromatography. At present 
a detailed analysis ~s under way to characterise these 
satellites . by _ filter ~d cytQlqgical hybridization. Inte­
resting aspE?cts include and labelling of severa·l specific 
bands and tips of the polytene chr.omosomes in the cytological 
hybridization .. ~xperiments. 

Plant genetic~ .group '(~. '.~hakrabarti, C.H. Doy, A.R • . Gould, 
H.K. Mahanty , : N .c . . Subrahmanyam) .. . . . 

This is ~he first year of operation of the Group and much 
of the work has ·been preliminary in terms of two major objec­
tives ~ (a) transfer of genes between plants and bacteria in 
either direction, and (b) determination of the degree of 
uniqueness of :genes specifying biosynthetic functions in 
plants . An · interest ' in cytogenetics and chromosome eli.llli­
nation in inter- specific ·crosses has been developed due to 
the previous e~perience · Of ' Dr Gould ~~d Or Subrahmanyam. 
Particuiar ' ·attention has ~ been .. given · to the selection and 
characteri~ation of plant tissue cultures which ~ay be ~sed 
for long- term: studies. · A recurring theme i~ · t~e use of · 
endonuc!eases, .- particularly bacterial site restriction 
endonucleases, to cleave DNA. The reason for this is that 
these enzymes i produce DNA fragments which . can be recombined 
in vitro to· form hybr:.a. DNA ·molecules not rtormally ' found in 
nature : furthermore the pos~ibility is being considered 
that restriction endonucleases participate in chromosome 
elimination following int~rspecific · ·c?~osses. 

',. Ii"'· 

3. Cytogenetic studies in the ·genus Hordeum · 
! , • ' 

Previous research ·in Hordeum has been concentrated on 
finding th~ genome rei.~t.ionships between species. Although 
somatic chromosome elimination has been obs.erved in a few 
interspecific hybrids for. 'over twenty years, the significance 

t Not a member of this University 
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and potential of this unique phenomenon for the production 
of haploids was not realised until recently. The main ob­
jectives of the present approach are to elucidate the dis­
tribution of chromosome elimination among interspecific 
hybrids, to test the possibility of producing haploids· .for 
different species, and to make use of such haploids for 
meiotic studies which have not been possible before. 

(a) Chromosome elimination following interspecific 
hybridization 

It is known that the chromosomes of H.bulbosum (n = 7) 
are selectively eliminated from interspecific cells from 
the cross H.vulgare X H.bulbosum. Based on this information, 
various cresses between twenty different species have been 
made·' ·, Seeds collected from the successful' crosses have been 

. : used for cytological examination. Hybrid embryos from five 
·out of eight crosses showed chromosome elimination. Work 
on these and other possible combinations is in progress. 

{b) Production of haploids and hybrids 

. . The seeds from the interspecific crosses develop for 
·about 10-14 days and tend to abort thereafter which makes 
it necessary to rely on errbryo culture methods to obtain 
seedlings. The culture methods used are similar to those 
used for the production of H.vulgare haploids. The seed­
lings thus obtained have been checked for their ploidy and 
morphological conformity, and have been classified accordin­
gly as .haploids or hybrids. Haploids from three crosses, 
haploids and hybrids from two crosses, and only hybrids from 
three corohinations have been obtained so far. Work on other 
combinations is in progress. 

4. Plant tissue cultures 

Chromosomal variability, cell cycle kinetics, and 
the morphogenetic potential of the host are being assessed. 
Such parameters cannot be accurately determined unless very 
regular tran~fer regimes are maintained over extended periods. 

(a) Characterisat.ion of stocks 

Stock suspension cultures of the species Nicotiana 
sylvestris, Ha~lopappus gracilis, and Rosa !!_E.(Paul 1 s 
Scarlet Rose)ave been intensively monitored in various 
passage lengths ana. suitable regimes for each species have 
been set up and ri9orously maintained. Rapidly dividing, 
chromosomal stable cultures of Nicotiana and Rosa are now 
available and a transfer system In which aiploid cells pre­
dominate pas been de~eloped for Haplopaapus . Cultures of 
Acer pseud.oplatanus have been rraintaine for comparative 
cell cvcle work, and data on the chromosomal variability 
of cal.lu:s. cultures of Oaucus carota, Eucalyltus polybractea, 
Chenopodium giaanteum and Lysopersico:.! escu entum are also 
being co'l lecte • 
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(b ) Cell cycles ane synchrony 

Feulgen microd~nsitome~ri...C ne uurerriemts on Posa and 
Nicotiana in .cultµre, suggP-$t tha~ aqcumulation or-:p1antt · 
cells in tl).e G1 phase dur_ing nitrogen;~ li~i ted growth may 
provide a . ge~e.f'al method for . the syncnronisa~ion of plant' · 
tissue cultures. ~.ttenpts · to .. ·0uplicate· the· 'successful · 
synchronisatio~ of Acer·cultur~s _hy nitrogen starvation are 
in progre?s. \'iith var.io_us cultures plant cell ' lines. It · is 
thought that the cell cycle phase of host ce.lls acting as . 
recipien:t-5, , .of . exogenous I'"·'.1!. or chromosomes , 1'1ay he er i tical 
for the su~cessful integration ana replicati.on of such 
foreign genetic material. 

(c) ll~p16id cell lines in culture · 

(i) Induction and ~aintenance 
. ; 

··eaia recommended b y others for the successful induc-
tion. of callus from haploid plai:its of Horc:ieurn yullare, Petunia 
hybrida and Zea mdis were unsatisfactory in this ahoratory. 
A satis'fa'C"tory me ium was developer\. ~lost work has been 
done with Hordeu..m vulgare for which the induced callus from 
haploid plants did not proliferate on subculture. Fmbryos 
of- the cross H.vulgare Y. ~~hulbosurn yield a callus that can 
be continuously cultured. Due to elintination of P..hulbosum 
chromosomes the callus is monoploia(for at least six months) 
for .~.vulgare. · 

(ii) Mutagenesis and selection of .mutants 

· In general there has been a failure to isolate true 
auxotrophic routants in plants. l possi )le reason may be 
the existence of gene cuplication in haploids. ~ 'tonoploic 

,.· Jl . vulgare callus has been used in attempts to induce spon­
taneous or Er~S mutants resistant to 5-rnethyl tryptophan 
(also see below). 

·. 

(d) The study of carrot, soybean, wheat and Arabidopsis 
tissue cultures 

·~.:_i . ( i) p~:._6: resistance and site of action (F . GArtner, 
P. ;_ '"~ resshoff) 

Carrot suspensions, carrot callus, ano soybean callus 
were used to provide a higher plant comparison for the algal 
protoplast systern •. The same set of enc"products or precusors 
were · found to reverse the her b icide toxicity in plants, 
callus, bacter~a and algae, arguing strongly for the siroi­
larity of enz:Ymology or control. Interesticp<]].y., reversals 
~re more ef f ic~ent in plant an bacterial cells indicating 
more effic~ent . uptake systems (see Section 9d). 

- - ;·_ .. 
- : . 

. (j.i) p iffererftiation ancl. embryogenesis (P •. ' .Gresshoff) 

Carrot and I~rabiaopsis callus (Columbia wild-:-type), both 
derived from protoplast culture, were differentiated to .. 

·.: produce complete plants. Plant let formation of ArabiClopsis 
callus was optimal on fl\edia based on the salts of Tt·Iurashige 
and Skoog, but containinq 2-- IP (2 - isopentylpurine) at 5 rog .f.l 
in the presence of 0.01 mq/l NAA . This procedure also 
induced plantlets in other ~rabidopsis races. 
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Carrot suspensions (WC2 ~· 91) produced embryos by auxin-­
withdrawal in BS medium. Subsequent culture of ernbryoids 
on ~. H<aller~bridges resulted in viable pot grown plants~ The 
development of a fast differentiating syst~m is important 
in., the study of_ mutational stability throughout differen­
tiation. 

5. Ap~lic~tiohs of Endonucleases 

(a) Effect of Endonucleases on Plant Chrorno.somes 1 .- • 

Interspecific hybrids of Hordeum and somatic cell ~ 
hybrids of mammalian origin are known, in some examples, 
to result in chromosome degradation. Cytological investi­
gation of such hybrids occasi9nally reveals chromosome , · 
degradation. In an attempt·r to mimic this cytologically . 
distinguishable phenomenon, the restriction enzymes Hin '· 
dII and dIII and Eco RI, and a nonspecific endonuclease~­
pancreatic DNAase, were supplied ·to growing root tip cells 
of Hordeum vulga.ire; and H.bulbosum. · Microscopic examinations 
.of t_he _root tips _after nuclease treatment revealed that :in 
all c_ases chromosome cleavage and nuclear degradation had 
taken ~lace. Treatments with Hin dII and dIII gave more 
breaks ·per vulgare chromosome than per bulbosum chromosome. 
lleither ' RI nor pancreatic DNAase treatments produced similar 
differential effects. The number ·'of breaks induced by 
pancreatic DNAase was however greater than the number of 
bre~~s . after ~co RI treatments. 

db) Model -s stems for anal sis of endonucleitic 
· · · . chromosome cleavace W1 th P. r.• . Gress o 

The cleavage of barley chromosomes by restriction and 
' other ~ndonucleases · has important implications for chromosome 
structure and may allow the isolation of discrete chromosome 
fragmen~.s. However, a more tractable system than barley root 
tips is : needed if the phenomenon of.· chromosome cleavage is 
to be fully characterised. Two members of the Compositae, 
Haplopappus gracilis and Crepis capillaris have low chromo­
some bombers (n=2 ·and n=3 respectively) and large chromosomes. 

· Rapidly dividing .tissue cultures of H.gracilis are being 
extensively a~alysed in terms of -n.µ"biear cytology, and 
whole pl:aJ.its ~~e) peing grown up from ~eed _. Much effort has 
been put ·, into .the development of S\litable cyt9logical and 
protoplast isolation techniques which should now facilitate 
the on-going analysis of the effects of. exogenously supplied 
nucleases on pl;ant chromosomes. Work with C. capilla:ris will 
commence once see.a , is. obtained. 

:(:C) Isolation and characte~isation of .. lant eridoriucleases 
with K. M. Ip 

To test the possible exist~nce of. site specific endonu-
· ~ cleases which .may be involved in the selective elimination 
';.:of H. bulbosum 1chrornosomes from 'll:i ticum aesti vum X . H. bulbosum 
hybrids, wheat seedling nuclease has been isolated. This 
nuclease has been tes.ted using root tip 'cells· of. H. vulaare, 
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H.bulbosum and T.aestivum. Preliminary results suggest that 
the wheat enzyme is ineffective against wheat chromosomes 
but clea~s the chromosomes of other species. 

(d) Effects of exoienously supplied endonucleases on 
meiotic recombination 

It has been suggested that if endogenous repair systems 
can maintain viability after short controlled treatments 
of seeds or e~bryos with suitable site-specific nucleases, 
it should be possible to generate a wide spectrum of cyto­
genetic stocks. Also, non-homologous exchange between 
chromosomes fragmented by nuclease treatment might facili- _ 
tate the transfer of chromosome fragments from one species 
to another. Only limited success was achieved in experi­
ments designed to test whether barley embryos can germinate 
after treatment with restriction endonucleases. It was 
therefore decided to investigate the consequences of rest-· ~ 
riction enzyme treatment with another meiotic system that 
can be genetically analysed • . 

· . Preliminary studies with . the ascomycete fungus Sordaria 
f imicola demonstrate that recombination can be drastically 
affected by exogenously supplied endonucleases. Treatment 
with either pancreatic DNAase or the restriction enzymes 
Hin dII and ·dIII before crossing a black-spored strain 
w~th a tan-spored strain, results in a high frequency ot 
non-reciprocal recornbinants including those of the 5:3 and 
7 : 1- types. · 

6. Isolation of plant DNA for gene transfer experiments 
A number of methods of isolating DNA have beE!n applied 

to material from plant tissue cultures. A re:i.atively new 
method which depends on the molecular sieving of high mole­
cular weight DNA has prov~n rapid, reliable and capable of 
yielding DNA of high purity. 

7. Isolation of 6-rnethyl tryptopha.n- ::-es::.s·cant. mutants ·from 
tissue cultures 
It is intended to use 5-methyl tryptophan- resistant · 

mutants, of the class defective in feedback inhibition at 
anthranilate synthase, in experiments designed to test· for 
transfer, expression and inheritance of genes reciprocatly 
between plants and the bacterium Escherichia coli. Briefly, 
the presumptive transfer will first be detecte<ron the basis of transfer of prototrophy to appropriate deletion mutants 
and for the acquisition of a 5- methyl tryptophan- resistant 

· phenotype. The preferred source of resistance is plant DNA 
from a rnonoploid (hence the work with H.vulgare monoploid 
cultures already discussed) but, until these become avail-

.. able, einphasis has been placed on 5- rnethyl tryptophan-re­
sistant mutants from well characterised polyploid cultures 
of tobacco and carrot. Presumptive 5-methyl tryptophan­
resistant mutants have been obtained from N.sylvestri~ 
and carrot cultures and are presently being purified before 
characterisation. · A fluorometric enzymic metjlod has been 
developed to test for the required class of mutants. 
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8~ Pollen as a vehicle for gene transfer 

It is postulated that the time of development of the 
germination t·ube of pollen may be a useful stage for the 
introduction of foreign DNA. Consequently conditions for 
the germination of Hordeum pollen has been investigated. 
This is also of general interest since, for graminaceous 
plants, pollen of only four species have been successfully 
germinated in vitro and no information is avai~able for 
barley. ~ method has been developed for the germination 
and pollen tube development of dihaploid pollen (72%) and 
monohaploid+~ollen (58%). Chemical factors involved are 
sucrose, Ca ions and FDTA. 

9. Cell biology of Chlamydomones reinhardi 

A research programme initiated during 1974 in Germany 
was continued to explore the use of the unicellular, green 
alga Chlamydomones reinhardi as a model system to study 
genetical, developmental and biochemical problems presently 
encountered in the study of higher ·plant cells in tissue 
culture, and their related uses in somatic cell genetics, 
mutagenosis and gene transfer (transgenosis). 

' The work centred mainly around a cell-wall- less mutant 
of C.reinhardi (CWlS), which allowed many experimental . 
approaches presently utilized in plant protoplast biology. 
Research was subdivided as follows : 

(a) General Culture Conditions (P. M. Gresshoff, E.G!rtner) 

Protoplast strain CW15 was previously grown on ,mdefined 
media. The development of a defined medium for suspension 
and plate culture was a major prerequisite for further work, 
especially in the fie ld. of mutagenesis, mutant selection 
and _gene transfer. 

A simple medium comprising simple salts, trace 
elements and acetate as .. carbon source was found to provide 
high (90-100%) plating efficiencies and doubling times in 
liquid culture of 6-9 hours. Mannitol (O.lM) was added 
as ant.9_P~inal osmotic protectant, as it resulted in higher 
plating efficiencies and lower DNAase activity in the extra­
cellular environment. 

(b) Electron Microscopy of CWlS (P. r.~ . Gresshoff, 
H.K. !~hanty, K.C. Hopkinson) 

The cell-wall-less state of CW15 was confirmed by 
electronmicroscopy. Protoplasts also showed the absence of 
flagella, which is thought not to be due to loss of synthetic 
ability but, rather, to mechanical shearing,since basal bodies 
and small st~ps were still ot servable. A supportive 
function of the cell-wall in the maintenance of f lagellar 
integrity is postulated. 

(c) Mutagenesis and Mutant Isolation of CWlS (P. M. Gresshoff) 

owing to the lirnitea spectrum of genetic markers in 
c.reinhardi and higher plants in general, investigations 
on the efficiency of mutagens (ultraviolet radiation, m~s 
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and/or ~NNG) in the induction of resistances to antibiotics 
and nucleotide/aminoacid analogues were continued. A large 
number of such mutants . were isolated and are being presently 
characterised and genetically mapped. These will provide 
usefui. g~netic .markers for all experiments concerned w:i th 
somatic c~ll genetics and gene transfer. ' · · ·· · 

. . 
An ·auxotrophic mutant selection system, based on .th~ 

fact th;:t sod ium- ar.;;ei-ia te kills growi ng ca l l s i n preference 
to .' rion-growing ones, was refined • . Reconstruction experi­
ments using wild-type C.reinhardi and an arginine-requiring 
auxotroph in minimal medium contaiJ;iing 5 to 25 mM arsenate 
have shown considerable enrichment for :. the mutant over. wilc­
type. As yet no new class of auxotroph . (other than arginine, 
acetate or vitamin requiring) has been isolated. This se­
lective screen may be of particular significance for the 
plant cell tissue culture system. 

(d} Interaction of CW15 with a flant herbicide .,·· , _ 
(E. Gfirther, P. M. Gresshoff · . · · ·· 

' t') 

The · post-e~ergence herbicide phosphono-methyl-glycine 
(PM6) kills CW15 at relatively high levels (lOrnM) as corn- . 
pared to whole plants (0. l-2mM) and cultured plant cells .. , .. : 
(l-3mM). This killing effect was partially reversable ,by · 
the addition 9f phenylalanine, tyrosine and tryptophan 
together ((0 - lroM), or by the former two in combination • . 
Shi~J,m;ate, the . .,aromatic end products alone, other amino ' r•.:· 
acids l and a large variety of metal ·. ions failed to shci~ this 
reversal. This level of reversal was qualitatively the · 
S.:!UD.e as observed in E.coli HfrlI , Rhizopi~ japonicum# 
carrot plants, carrot callus aha suspension cultures, soy­
bean callus culture, and duckweed, as the same precursors 
allowed reversal but to a more efficient level than found 
in CW15. 

It is thought . that these data indicate the general 
imperrniability of Chlarnydomones membranes to exogenously 
supplied :mi.i':"l0 acid ~, :: '..lgr.r-:; u:id nuc :2.a'3t:' ie 'J . Ccrnpara­
tive sutdies have failed to show any difference between the 
susceptibilities of CN15 and itsw.alled parent, thus infer­
ring that the cellwa ll offers no , hindrance to small 
molecules. · , ' 

The site of PM6 action is thought to be in the pheny­
lalanine-tyrosine branch, most likely in chorismatc mutase 
or the control of these enzymes. Biochemical studies have 
been initiated , but have ·· f 'ailed · to provide· conclusive 
results as yet (in cooperation with r ~r. Karn Ming Ip). 

(e) Ftrn ion of genetically marked CW15 protoplasts 
{P. M. Gresshoff) 

Protoi:) l as t fusion .induced by PEG (polyethylene-gly·col) 
or calciur1 nitrate at high pH was observed. Using genetic 
resistance markers it was possible to isolate fusion pro­
ducts by complementation. These strains carry~ng both 
resistance markers are isolated at frequencies well above 
spontaneous mutation frequencies. The method provides a 
somatic cell system for the .study .of mitotic recombination 

I ~- l .;. 

\ 
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and complementation studies, both of which· are very desirable 
for studies of plant tissue cultures. Studies with CW15 
protoplasts have already begun to indicate new avenues of 
research. ' 

(f) 

· " Ba~terial genes, · carried on an E.coliB - derived kana~ · 
mycin-resistance factor (R-factor) were-transformed to, and 
seemingly expressed in, protoplasts of CW15-9. The addi­
tion 'of mannito.1 (O~lM) to the preculture medium was found 
to, d.ecrease intercellular DNase activity,. most likely· by 
preventing high degrees of cellular burs·ting ~ Kanamycin­
resistant clones arose, after treatment with R-factor DNA; 
at. frequencies three orders of magnitude higher than spon-

-~ ~a~eous .mutation frequencies in controls treated with othe~ 
DNA (not coding ~or kanamycin-resistance) or . bu~fer. 

The acquired . phenotype, however, was unstable and was 
lost over · 40 gene~ations of cultur~ on selective media. 
The data are taken t~ support strongly the present belief 
that prokaryotic genes ar~ transfer~le and expressed· in , . 
euk.aryotic cells, but that this transfer lacks stability~ .... 
An elucidation of the reasons for instability is in.progress. 

(g) PhacJ~ uptake and int.~r.action ·with cwis (P.~~ Gresshoff, 
B.G .. . , ~olf~) · ·'' . : f ... 

-:---·- - ··-·-. J 

"Bacteriophages O., ' T4 or cf>80-) ·were mixed with "CW15 cells 
and phage uptake" was· monitored. Significant levels of 
plaque forming units of phage were reisolated .from the cel­
lular: pellet after successive washing and SDSlysis. The 
·cellular location of the phage is yet unknown and tight 
binding; to the membrane is as yet not eliminated. · Possible 
transfer and subsequent expression of · transducing phage 
carrying functions · needed for the growth of CW15 or CW15-
der i ved· mutants has been initiated. 

• ••. 4.. 

10. The interaction of polychlorinated biphenyls (PCB) with 
algae 
(a)' PCB and thlam domones 

toplast P.M. Gressho . 
Cell·s grown iri suspensions to which variable amounts of 

PCB (Aro.clor 1242 ~ Monsanto Chem.Co.) were · added ',' were 
in~ti~i1y strongly affected by PCB (as weasured by cell 

. ·nUITlQe:r: and viability) , but then acquired resistance, since 
groW;th in the presence of PCB became as efficient as that 
of non-PCB grown co.ntrols. This "resistance 1

' did not 
pers~~t upon subculture in new PCR, but an identical cycle 

. o.f sensitivity-resistance occurred. Pre- incubation of PCB 
and media without cells, followed by inoculation of cells 
at fixed time intervals, revealed that PCB disappeared from 
the. ~ phase within 2-3 days of shaking in the light. 
Chemical analysis of the site of PCB deposition (rn0st 
likely the glass surfaces) has. been initiated. 
+ Not a me~ber of this University 

·, . -~ ~ 
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Protoplasts (CWlS) showed an identical sensitivity-
;_ ·· resistance pattern, al though the effective PCB level was con­

siderably lower. 

(b) PCB and Chlorella species (H.K. ~ahanty, P.M. Gresshoff) 

Two species of Chlore1la (211/8K and 211/8B, Camb.Culture 
Collection) were found to be PCB resistant and sensitive 
respectively. The resistance of 211/SK was genetic and not 
of the c.reinhardi type (see (a) above). 211/SK was resistant 
to 1000-fold higher levels of PCB as compared with 211/SB 
which never acquires resistance like c.reinhardi. Electron­
microscopic studies have as yet failed to provide a working 
morphological explanation for the observed difference. 
211/8B was found . to contain sporopollenin, while 211/SK did 
not have this cellwall component. 

To clarify the resistance phenomenon of 211/8K a mixed 
cultur~ of 211/SB and 211/8K in Sppm PCB was set up. survival 
of 211/SB was not affected, thus argueing that 211/8K resis­
tance was not due to a withdrawal of PCB from the medium 
eitner by biological amplification or enzymatic breakdown. 

. . . 
·The precise molecular mechanisms for the observed re­

sistance of 211/8!< and e.reinhardi is still open to con­
j ~ctur_e. - · 

11. Differentiation in Dictyostelium discoideum 

The cellular slime mould Dictyosteliuro discoideurn is a 
·simple eukaryote which occupies the border between unicel­
lular and multicellular organisms. Growing amoebae are 
solitary, . but when starved they aggregate together to form 
a slug in which three cell types differentiate, ultimately 
producing a fruiting body. The overall aim of the research 
program is to attempt to discover the nature of cell dif­
ferentiation in this organism, initially using a genetic 
approach. Since genetic analysis in D.discoideum is rela­
tively new, at this stage considerable effort is being 
directed towards developing genetic techniques, construc­
ting a . linkage map, and examining the chromosomes. 

(a) The size and proportion of fruiting bodies of 
D.discoideum (F.O. Stenhouse, K.L. Williams) 

Early work in D.discoideum suggests that under standard 
conditions the proportion of spore to stalk cells in the 
fruiting body is relatively constant. The size of fruiting 
boQies ·can be altered by aggregating amoebae at different 
densities, and there are a few reports of mutants which form 
large or small fruiting bodies. The initial aim of this 
project is to isolate and characterise two classes of mutants : 
those with altered proportions of spore and stalk cells 
(pattern mutants) and those with norm.al proportions but with 
fruiting bodies whose size is altered (scale mutants) • . 
The ba·sal disc cells will also be studied. This program 
requires the development of rapid techniques for counting 
the numbers of cells in a fruiting body and determining 
the numbers of each type of cell. 
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Fortunately the three '·cell.: types are phy~i~ai1:i:;~eparated in 
the slU<J. f~e anterior amoebae in the slug ultimately :,ftit:m. . . , 
stalk )ce'11s ·1.: the central and posterior amo~bae form sp6t-e i · ·:·:.~.'~ .; 

cells, and the amoebae at the very end · form . :the basal disc" .' · .. 
cell.a~,. Using ~i.tal staining to idetitifY '.~~c;±,h . ce~l type, 
t~9p.n.iques' ·are: ·being dev~loped to ·dissect each of .the • three 
cell' .types .. from'· th~ slug and :count them. ' · . , · 

°(b) .- The' chromosomes of D.discoideum (G.E.Robson,- K.L. 
.. i . ; Williams) 

. ; " . ~ ~· 

In e~frl,ier , studies a simple method, using Giemsa .stain, 
was de\relopeQ !or examining the . chromosomes of D.di·scoideum. 
A major·"prc?blem ·was the lo,w mitotic index of exponent'ially 
growing amoebae .of D.discoideum (0-2%) and resistance to 
anti-mitotic ~:gents; e.g. "colchicine, vinblastin~. It has 
been reporte.d ,,that aqgreqating ·amoebae of D.dlscoideurn 
become synchi.onised. ,, This ·suggested . a possible way of 
increasing t~e mitotio ·~ index. .Arnoe.bae were ·aggregated and 
subEt:fquent;ly ~etur.ned ; tq ·growth "'medium~ . For about 6 hours 
the mitotic index , ~.s . ·zero, then . th.ere is a shar-p rise to 
about· 6% · ·foll6wed by ·possibly .two · rriore peaks and tro~ghs 

r_ .. 7 

in the ~~:tot;i.c .in~ex,· ,suggesting .some synchrony for ~ore 
than one ·cell . div.isJon.: The mitotic index . of 6% is suffi­
cientl'y:hfgh tor st·~dies , aimed at karyotypin9 the sevep 
haploid chromosomes . of D. discoideum. Severa·1 '' Gieinsa handing 
techniques have been tr1ed including c banding techniques 
(e.g. Ba(OH) 2 followed by hot 2x. ssci+and ~+ba~ding tech-
niques (e.9~ hot 2x SSC, ._trypsin, Ca , Mg . -free salt 
solutio~) ·. '.. A ·karyotype based on G banding ~hould be 
avai;labfe shor.tly. · ' 

•"J. ( .. -: .1 . 
; • ".J • • 

(c) ; .. Construction of of o;d.iscoideum 
.. K•L·. "Williams, P.C. Newe + . ' 

For S~s·e of .g~netic analysis using :the . p~rasexual cycle 
it is impox:tant to have recessive selective markers on each 
arm o~ _eaq9-' linkag~' group. ·At present it is not possible 
to grow" D~discoideum on a defined medium, so auxotrophic 
mutants have not been isolated. ·. Recessive resistance· muta-
tions of several t~pes have been isolated and these are being 
assigned to linkage.groups. . 

°ci> ·. Metal ion resistance: ea++ resistance. · One 

. -' 

: :~ 

. ,·) 

~j. :: 

~ .. .i. 

. ; f 

-, ' 

.. ' 

locus cadA has been .' locat~~ .on linkage group :t. :. : ~-
. ~- ·co resistance. Final ~~-..-. 

, . : 

· · .~. crosses are in progress to assign the cobA 
locus t<;> lfl').kage group V, VI ·~ . or VI I. Several . <:= ·~ ;i 
other · cobalt: resistant mutants are being examined. · \ . . . . ..., . 

(ii) Alcohol resistan"Ce : ~t>rev.l.ous work located : .. :· , < 
,. methanol r-esistance rnutat,ions at the ~ locu.s. ·; .~:. · 

on linkage group II. Mutants resistant to cyclo- ·;!.:/ 
--:, · hexanol have been isolated, .and the ·cyhA locus 

has been assigned to linkage group I ·. ~ · 
~ ' • " . I 

(iii)Ethidium bromide resistanee i· Chromosomal " 
mutations resistant to ethidium bromide have 
beei't" isolated and one locus has been located 
on linkage group IV. A mutation which enhances 
resistance to ethidium bromide and acrif lavin 
has been tentatively located on linkage group I. 

+ Not a member of this University 

:·. 
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(d) strains of 

Genetic analy.sis in D.discoideum is based on the para­
sexual ·cycle. One aspect of this cycle involves the forma­
tion of diploid strains resulting from the fusion of twQ 
haploid amoebae. 5 Diploid formation is a rare event in n. 
d~scoideum (10- ). Currently diploids are isolated by~ 
co- aggregating haploid amoebae of two strains each contai­
ning different recessive growth temperature-sensitive 
mutations, and isolating diploids at the restrictive tempe­
rature. The haploid strains die at the restrictive tempe­
rature. Future genetic analysis of differentiation in 
D.discoideum will involve the use of conditional (tempera­
ture-sensitive) developmental mutants. Such analysis is 
most cumbersome when the strains already carry growth 
temperature sensitive mutations. Hence ways of Isolating 
diploid strains without using temperature-sensitive muta­
tions have been sought. One possibility is the isolation 
of dominant resistance mutants. Two independently derived 
dominant mutants resistant to cobaltous chloride have been 
isolated. Diploids have been obtained between a growth 
temperature-sensitive cobalt resistant haploid strain and 
a wild type (grows at restrictive teµtperature) cobalt- . 
sensitive strain, by selection at the restrictive temperature 
in the presence of cobaltous chloride. 

(e) 

For studies on the control of differentiation, develop­
mental mutations that are dominant to wild type are likely 
to be very important. Most developmental mutations in D. 
discoideum are recessive ~o wild type ; for example only 
about 1% of aggregateless mut~tions are dominant. A . 
p~ssible way of enriching for dominant developmental muta~ 
tipns is to look for mutants in diploid rather than haploid 
strains. It has been assumed that isolating mutants at-, : 
recessive loci in diploids woul~ . ,require 2 independent -. 
mutagenic events, thus the frequency of obserV.ingsu~g . . 
mutan~i2 in diploids would be extremely low (e.g. 10 haploid, 
2x 10 · diploid). Preliminary studies with a diploid 
strain sugges~ed that several aggregateless mutants isolated 
we.re due to h-omozygous recessive mutations rather than 
dominant mutations. This suggested that mutants at reces­
siv~ loci occurred at a very high frequency, close to that 
observed in haploids. Similar observations have been made 
in a variety of tissue culture systems. To investigate 
this puzzling result, the mutation frequency at .a specific 
recessive locus, acrA, was determined in haploid and diploid 
strains of D.discOid'eum. The frequency of mutants at acrA 
in diploid strains was only about 10-fold less than th~ 

· found in haploid strains. Studies using strains with flan­
king markers suggest that homozygous recessive mutations 
arise in diploid strains by a single mutation followed hy 
mitotic recombination, rather than by two independent 
mutagenic events. 

~ ' - , I 
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12. The mechanism of petite formation in the yeast -
Saccharomyces cerevisiae. 

.. ' ;.This p=obl,~m is. under investigation from several 
direp~~ons. . :: · 

... c"dY ,._.Complementation studies (G.D. Clark-Walker, G.L.G. 
~, '. :-Miklos) 

It has· been established that spontaneously arising res• 
piratory deficient (petite) mutants of yeast can reform 
respiratory competent cells when suitable crosses are 
established. This process is termed complementation. 
Analysis of the patterns obtained from a matrix leads to the 
conclusion that complementation involving the rebuilding of 
a complete mitochondrial genome does not depend on recom­
bination between reciprocally deleted circular molecules. 
This means that some mitochondrial genomes formed by com- : 
pl~~µtation May contain transpositions, duplications or 
inversions of ·DNA sequei\ees. Indeed such gene rearrangements 
may' ·be the cause of the·:•:instability o.f ··some complementation 

.. diploids. · · r · 

' .<~Y Instability of complementation diploids (K. Oakley, 
:c.· G.D. C.lark~Wa·lker) . ~;.; :.~. 

Some respiratory .. C~Jnpetent diplold yeasts formed by 
complementation between. ~~9 · haploid petites give rise to 
a l~r9~r than normal numhe'r' of respiratory deficient mutants. 
It has been establiahed by sporulation and ascus dissection 
that . th~ in~tability is cytoplasmically transmitted. 
Furt~ermore .~hen . m~trices are established with. petites 
derived front.haploid segregants, complementation is again 
observed. Some of the resulting diploid respiratory com­
petent ... colonies are now stable with re.<.'.{ard to petite 
product~o~. This led to the working ftjpothesis that insta­
bility may be d~e to mitochondrial DNA. containing tr~nspo­
sitions, inversions or duplications and that the yeas:t 
mitochondrial genome can be formed in a number of dif.ferent ways;·· · ")·~ 

l .. 

{c) 

I • . ' I • 

. The petite mutat~on .. ·:is not confined to the genus .· 
Sacchromyces but oc.c4rs in other yeas.ts. Compcp:at~y~ studies 
were therefore uneerta~en to test the general~zati~n that the 
petite mutation arises ": in these yeasts as a r·esult .. 6f pecul:iar 
structural properties:· of their mitochondrial flNAs. Mitochon­
drial DNA has been isolated and characterized from the yeast 
Torulopsis glahrata and found to be only a quarter the size 
(6 µm} of that fr~m S.cerevisiae. Spontaneously arising 
petite mutants hav~-been · included in this study and have 
been shown to conta~n much smaller circular DNA molecules, 
similar to the situ~tion in S.cerevisiae. The frequency 
of occurence of these . mutants in ~.glabrata is 100.Q-fold 
less than in S. cer.evi@iae, siuggesting that the S. cerevisiae 
mitochondrial-genome may result from two dimerizations of a 
basic 6 µm molecule. Such an enlarged genome may have many 
more sites of !lomology facilitating a higher rate of deletion 
by internal recombination and excision. 
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13. Mitochondrial It\Utants. in Klu . (.C.Galeotti, 
, .·· .} G~D. C a:r . .;..Wa ' er, · 

- -

Kluyveromyces . lactis. is a petite-:-negative .yeast which .. 
does not form cytopla'.~mical .ly inl\erited. respiratory defici~nt 
Il\~.t~~~ ·,; · .The .. ,l~~tetes,ting: qµesti~n J.:heJ:'efore · arises . ~~;- J:.q '·; 
why this yeas"t .. does rtot form petites. · ··It has been qe(:ldeg . 
to tackle ' this pJ:oblem both by examining the structure C>f · ·; 
the mi tochond:tia;l , DNA al\~ . by. studying the postulated :,i?re~ance 

::0£ viab~li ty geries on the mi to,choridrial genome for which . • 
mitochondrial mutants are'cbeing, ,sought. by selecting for 
resistance to erythromyc;in'.•_ ·· 

,. . ~ .. . · ·. . . 

14. Circular DNA•·in leuke~ie:. pati.ents q(G.D. Clark-Walker, 
F. Firkin+) .L ' · 

: : ·' 
Circular mitochondrial DNA from leukemic patients is 

known to contain abnormal forms such as tandem dimers, 
catenated dimers . and higher ol~go~ers ~ - Ho~eve1· drugs used 
in leukemia therapy also stimulate the formation of abnormal 
circu_lar DNA, forms in experimental animals •. · The circul~r 
DNA of leukemic patients is therefore being . re-examined ·. 
before drug therapY,: .. regimes are introduced. · All six patients 
ex~J,..11ed . '.to date al's6 show abnorn)al circul,.ar "DNA · forms. In 
additio.n: differences. have been ob*3erved between patients, 
one having many cir:~u~ar dimers while the others contain 
increased frequencies·· of cateI\ated molecules·. · ·. 

. . . " ... -: ' . . -:;.-·.. •: ,. . .. ~ ~: . · .. 

. 15 ~ c~~trol of · enetic ,.recombinat.ion in Neuros ora crass a ·' 
,··· 

(D. G. qatches'1de ;· . ,,·. , ... . : . j . .• , 

Furthe't study . of the c9ntr6l -of recombin~tion betw~~n ,_ the 
loci of argiriine-1 and·-. serine-3, _to which mating type is . · 
close, has disc·losed that various wild strains carry fac1;:ors 
which reduce recombination in this region. Several differe.nt 
factors are concerned, but it is not possible at present 
to de~erminE! how many_,_' -nQ.~ h~w they interact, nor on what 
particui~r segments they "act'. . . -

·It has .been shown that!: :conversion at some loc.i · -ce..g. 
me-2) s_powi:i L' ap. apparent reversal in polarity • . It ,is 'known 
that alleles which manifest this phenomenon were derived 
from· different wild strains and it is pessible tha~ a gene 
outside the lo.cus itself causes the effec_t, as. £?9 does 
at · the his-3. locus. Efforts have been made to· 1nd such · 
genes hear to .. the me-2 and am~ 1 loci, but hav~ been unsuccess­
ful '· so .far d~ to .dIHicult1es in preparing the requisite . 
s~ocks • . · A · mq~e fr.uitful approach might ·b'e "tq derive more 
mutants: 1:erom1

: tpe wild jstrains . thought to ca~"ry . genes 
affect~.P% .J?.Ol:arity of c_q,nv:er_sion. . _ · . · 

A b*p~oduct of wofk ''ci~E)the .. am-1 loc.us :. W~'S · a ineasuremeflt 
of r~~9~~n_,:tion (~. 5 x 10 pro~otrophs) be~een two mutant _4 site$ four '..base pairs .. apart. This compft.res with about 5 x 10 
for the·. most; widely separated .· mutant sites in a gene that is 
1356 :· nucleotide pairs long ... '.. ~ecombina1;dan between the 
closest' sites is about a third of ·that expected if propor­
tional to physical length~ 

+ not a member of this University 
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16~ Virus control of host cell metabolism. and membrane 
functions 
'L..11":.i.e-rob"ial model-.sy:.t.em is oeing a eveloped to e xamine 

how cells co-ordinate ·their intra-cellular pbysio!ogical 
··. processes and their responses . to environmental stimuli. 
The long term aim of this approach is to develop a "genetics 
of macroregulation" - the overall co-ordinated control of 
t,he biosynthesis and .activity of cellular macromolecules. 

(a) L so enic conversion of E.coli b 
(B.G • . Ro e, J.H. Camp e 

E.coii . carrying the bad:$ripphage lambda intercalated 
in its ch.romosome normally expresses two phage genes, cI 
:and rex. · These genes modify the bacterial hosts' rnacro­
-~egulatipn of. cell division. The rex protein is closely 

.. :r~lated to post genes · t.ol. B (colicln-tolerance) and lon 
{cell. eloi;ig~~;j,.on contrO!f which maintain the orderly-

. S.eque~ce <;>.f s~ps in , ce 11 di vision. Phage lambda uses 
tjl,is hos_t inacroreg.ula.tory system to regulate its own 
viral activities. · The rex function appears to insulate 
this mechanism from envirOnrnental and genetic factors 
which otherwise would interfere with the normal life cycle 
of phage lambda. Our present findings show that: 
(i) the l ·ambda rex function partially suppresses the tol B 
phenotype; (ii) the tol B cells are defective in cell~ -
division control; (iii) lambda rex activity is closely 
rel~ted physiologically to colicin K which disrupts the 
con:t:tol of cell division and the energized state of the 

: meroprane ; (iv) the lambda rex gene aids in lysogeny under 
certai'.n conditions, particularly during anaerobic growth~ 
(v) the rex gene aids in the normal timing of host-cell 
lysis of lambda infected bacteria. · 

(b) Control of host-cell lysis by phage lambda 
(B.G. Rolfe, J.H. Campbell*) 

·The timing of host- cell lysis by bacteriophage lambda 
i~ _ .qont;-olled by two .. separable s·ystems. The S gene 
product acts as a positive effector of lys~s while another 
protein, ~ the lysis regulator. is an inhibitor of lysis. 
If the ·dontinuous function of the lysis regulator is 
interrppted in ··phage- infected cells, immediate lysis ensues. 

' ·Thfs lysis requires metabolic energy but not s gene activity. 
In contrast, S -protein activity is stimulated-by agents 
which uncouple and which block oxidative phosphorylation. 
The lysis regulator is thermolabile and several lines of 
evidence suggest that it involves the lambda rex gene 
product. ~ 

(c) Competitive advantage of the lambda lysogenic 
state {D.~ Dykhu!z~n , B. G. R61£-e) 

Studies, using chemostats containing varying concentra­
tions of glucose and different ratios of cell innocula, have 
shown that lysogens of lambda phages defective in their ~ 
function are the preferentially selected cell population. · 
However, under high concentrations of glucose, the normal 
wild-type lambda lysogen does not have the selective adv~n­
tage of the lambda rex defective lysogen. 

* formel:' :~Iriber 
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17. Nit1rogen f_ixatio~ i and _, control of nodulation __ in leg\lll\inous 
plants. 

. .. 
. ··· The · aim of this . project is to increase our understanding 

of the regulation o~ nitrogen ~ fixat~on in both the free­
living nitrogen-fixing bacteria and in the symbiotic bacteria 
whi.ch ·fix atmospheric ni.t::-ogen. within root nodules of centaln 
plants~ i~:e also want . to determine the principles . involved 
in the · successful establishment of root nodules. With this 
information, our long term aim is to try to make a nitrogen­
fixing wheat plant. 

(~) Studies on nitro en fixation in free-livin bacteria 
; .. CM.L. Warren-W1 son~ B.G. Ro e 
We · ·have previously reported that Rhizobium trifolii. add 

certain strains of E.coli Kl2 can grow on nitrogen-free media, 
in an · atmosphere devora-c>f ammonia, provided the environment 
is aerobic. ·However, we ·have had varying .. succes.s in repea~ing 
the posi-tive acetylene reduction re.sui_fi:i__ although growth . on 
NFM media · is consistently found. Ne hav.e . been.·. able to exclude 
eontamination as an explanation in those ·ai tj.ia,tions where we 
have successfully repeated the phenomenon • . ." 'Pr'e·s.e~t investi­
gations suggest that there are crucial phy.slologj.cal condi­
tions associated with positive acetylene · redq_c~ion in both 
b,a01;.~rial species. · , .. ,; ,. 

(b.} Control of. nodulation in soybean plants. (P.~. Gress­
hoff, D.G. Rolfe) 

_Two isogenic soybean varieties1,differing only in their 
al:S-ilify to nodulate (a Mendelian character) in rich soi.l were 
callused to provide a further tool in the investigation of 
the proces3es ·underlying the control of nodul&tion. Signi­
fic~nt .growth differences were observed when callus from 
nod and nod (nodulating and non-nodulating) plant material was grown--oil ' synthetic media containing nitrate as the sole 
nitrogen source. Enzymatic studies on callus as wel! as whole 
plants . rein. foz::.:::z; •• ~ 0iol..:..,gical 01.>s.:::l.'va'l:io;1 that nod plant 
material has the inability to utilize ~o /NO as a-Bource 
of nitrogen~ '· A model explaining these o~ser~ations and their 
relevance . to ·nodulation is currently being tested • 

.... .. 

. 18. Natural : selection in the evolution of bacteria. 
(a) Ecological and genetic effects of competition between 

· a eneralist and s ecialist in the ex erirnental model 
of E.coli in a chemostat D. Dy huizen, M. nav es 

The €!?erimental model and preliminary data were described 
in last y0ars annual report under the title "Selective advantage 
and niche dimension 11

• The work is now finished and being pre­
pared for publication. The results may be summarized as fol­
lows : (i) Coexistenc~ is possible between a specialist and 
l~ss efficeent generalist· when some food which only the gene·­
ralist can use is present. In these experiments the ·fooq 1lni­
que .to the ge~eralist is lactose. (ii) The equilib~i\lln 
pumbers of the generalist during coexistence depend upon the 
relative efficiencies of the specialist and the generalist 
apd upon the p~rccntagc of the food (lactosp ). , · 



4/1976 
19. 

(iii) There is . an upper limit and er.lower limit ·:Qn the per­
centage of lactose permitting coexistence. (iv) · ·The posi­
tions of the upper and lower limits shift as the relative"',, 
eff~ciencies of the specialist and generalist shift. · (V) A 
genetic change was seen in the generalist which increased 
it$ fitness on lactose, its unique resource, but decreased 
its fitness on the resource shared with the specialist. 
(vi) In one case, three genotypes coexisted on two resour­
ces, contradicting the competitive exclusion principle. 

(b) The selective sequential response hypothesis 
(D. Dykhuizen) 

The sequential response hypothesis, p_ostuJ.ates that if 
a population is placed in a new environnqnt, the genetic 
changes which are most important to fitness are selected 
first and the others are left to later .. · It is assumed that 
the environment is constant and that the necessary genetic 
variability is present in the population. By analogy with 
tuning an engine, this hypothesis proposes that the course 
adjustments in fitness are done first and then, in sequence, 
finer and finer adjustments are . made. A different hypothesis 
o~ten used in population genetics models postulates that if 
a population is placed in a new en .. 1ironment, there will be 
·concurrent selection for · ·all gene variants which can improve 
fitness. The genetic load argument uses this hypothesis. 
. Certain ~redicti~ns ·-~~ri be made from the sequential res­

ponse hypothesis which are different from those from the 
alternative concurrent ·respom~e hypothesis: (i) Certain 
allelic differences will appear . neutral for a considerable 
period before selection· starts. Experiments show that, ·in 
a glucose-limited chemostat .with excess tryptophan, there 
is ,a 55 generation lag, during, which the alleles are selec­
tive!y· neutral, before sel~ction, begins for a trp mutation 
fu.E. ). over wild-type .. (trp ) • (ii) By changing the genetic 
oackground, the importance of various genetic differences 
may be changed. A mutation (tna) yielding a non-functional 
tryptophanase, an enzyme which breaks down excess tryptophan, 

· ·~ · ·disturbs amino- acid pool sizes and protein synthesis. When 
.the backgr~und of_the st::ain~ is made ~ , the importance 

,:·o~ the ~ - · ~~e genetic d~fference ii;icreases and the lag 
:dLsappears. (iii) · By changing the environment, the sequence 
can be changed., ~xperim~ntally, when lactose is u~ed instead 
of glucose i1:1 trp - tre selection, against a tna background, 
a 25 generation lag is introduced. TBus in each case, the data 
support the new sequential response hypothesis. 

19. Control of cell ' division and 1 so en in bacteria 
E. Elizur, S. M. Luther- Davies, w. Hayes 

Studies of t~yrnin~-requiring bacterial mutants, which 
elongate without cell division and die in the absence of 
th~ine (a~ essential constituent of DNA), but are suppressed 
by recA mutations·, led to the isolation of secondary muta­
·tionsof ·.B.subtilis and E.coli which are thymine.less-death 
resistant-(tdr) ·ana · divide normally under thymine deprivation 
'(see previoUS.-report). A primary interest in a temperature-
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.. ~ensitive E.coli mutation (tif) which, at 40°·;.-:" results in 
thermal induction of A phage-and filament formation in a ' 
non-lysogenic strain, maps very close to the recA gene and' 
is also suppressed by a recA mutation, suggested th~t t .he · 
tdr mutations might be located in this same small regiori. 
However, technical difficulties led to postponment of this 
mapping .project and to concentration on the tif phenqmenon. 

A striking feature of the tif mutation is that its 
expression is greatly enhanced by the+presence of adenine, 
and it has been proposed that the tif gene may act in the 
regulation of repair of DNA damage-.--The presen~ research 
shows th~t the primary effect of the tif mutation is on 
translation of messenger RNA and involves the ribosomes. 
This was . init~ally suggested by the new observation that 
i~ the tif mutant, streptomycin ~olerance is greatly in­
creased by prolonged · inc~atio~ ··with adenine, a phenomenon 
PO.~ observed . w,~th the tif . control. t"1hen cultures with in­
c~~ased strep~Omycin tolerance are kept on streptomycin, the 
t~t ;: pheno~yp~;. namely ~~inperature sens~tivity, ~s+~uppressed. 
Int~pduction of an F-pr~e ~actor bear1ng · the tif · all~le 
~PQ,l,~shes . this . streptomycin-tolerance and all other expres­
si(>ns of the ill mutation, showing _that the mutation is .. re-
~~ssive. . . . 

.. ,_ . Translation by ribosomes derived from tif+ and tif- cells 
grown under different conditions, was assayed with . the fol­
lowing results. . (i) Using eith~r p~age MS2 rnRNA or

0
poly-U 

as messenger, ribosomes from tif cel~s; g~~n at _ 3~ in the 
presence of adenine, require an optimal Mg concentration 
4 to 6 mM higher than similar cultures grows without '. adenine. 
(ii) Ribosomes from tif- · cells grown at 37 translate phage 

MS2 mRNA and poly-U messenger with only 25% and'· 50% the 
efficbency! .·:espectively, of those derived· · fr~m ceils grown 
"-t ,30 • (111) In the poly-u system the expression of the 

... , tif mutation drastically reduces the misincorporation of 
· ISOleucine instead of phenylalanine into the derivative 

po.lypeptide, implying that the ribos6mes are more restrictive 
in translation·~ 

' · .. ··/ 

Tgese findings: suggest that when the tif mutation . •is_expreaeed 
at 37 in the presence of adenine, prophage induction and 
inhibition of cel-i · division in non-lysogens could occur_ by 
from a decrease in rthe number or activity of key regulatory 
molecules below a required threshold as a result of ineffi~ 
cient protein synthesis. 

20. Genetics of thermophily (J.A. Lindsay) 
Research on the molecular basis of thermophily was cop­

tinued· during the · past'. year. Initial studies had . shown that 
the property of thermophily is transferable, by DNA-mediated 
transformation, from B.caldolyticus to B.subtilis and had 
suggested linkage of the high temperature (HT) genes with 
the streptomycin lOC\lS, thus implying control of thermophily 
at the ribosomal or t-RNA level (see previous report). 
Further transformation experiments have since been performed 

· using other B.subtilis recipients characterised by various 
markers such-as temperature sensitivity and derepression of 
the histidine pathway, and other donors such as one of the 

·_, 
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original B.subtilis thermophilic transformants and a rifam­
picin- resistant strain of B.caldolyticus. The results s~ow 
(i) that B.suhtilis can be-transformed to thermophily at a 
higher frequency by the thermophilia .transformant than by 
B.caldolyticus itself ; (ii) that thermosensiriveB.subtilis 
mutants c~n be transformed to thermophily ~ (iii) that 
transformat~anto thermophily appears to depend on more than 
one 'gene, since the transformants show considerable hetero• 
geneity in growth r ates; (iv) that the genes determining 
therrnophily appear to be more closely linked to rifampicin 
resistance than to streptomycin resistance, although proper 
linkage studies have not yet been performed ; and (v) that 
regulation of the histidine pathway, is unaffected by trans= 
formation to thermophily. (See also the Annual Report 
of the Protein Biochemistry nnit.) 

21. Pre aration of a molecular vector for lant cells 
J. Langri ge 

A hybrid molecule is being prepared which is expected 
to multiply in both plant and bacterial cells. Its purpose 
is to provide a means of introducing genes into plant cells 
by by-passing the sexual process. The DNA sequence for 
replication in plants is being obtained from Cauliflower 
Mosaic virus, which contains6C.ouble·u stranded DNA with a 
molecular weight of 4.5 x 10 daltons. The replication 
sequence for bacterial cells is ~rovided by the plasmid, 
RPl, of molecular weight 40 x 10 , from Pseudomonas aeruginosa. 
The preparation of the hybrid molecule involves the use of 
restriction enzymes to generate self-annealing ends and of 
ligases to join them together covalently. 

Methods based on the sieving properties of controlled 
pore glass have been developed for the isolation of cauli~ 
flower mosaic virus, which has been obtained in high yield 
from mustard plants. Antiserum to the viral coat protein 
has been made by Dr Dudman and a fluorescent conjugate with 
the purified antibodies has been prepared. The fluorescent 
complex -.vi ll be t.:s e.:i ·;;0 .i.J E:ntify the presence of the viral 
genome in plant cells. The circular DNA of cauliflower . 
mosaic virus is cut in one place by a restriction endonuclease 
from Bacillus amyloliquifaciens. 

The bacterial plasmid, RPl, has been transferred from 
Pseudomonas to Escherichia coli, where it is more readily 
isolated. The plasmid has been extracted and purified from 
the bacterial cells and tested for reaction with a range of 
endonucleases. The plasmid carries a gene for resistance 
to the '° genetic misreader", kanamycin, which also inhibits 
plant cell division. This gene is to serve as a marker for 
the identification of the plasmid part of the hybrid molecule 
in both plant and bacterial cells. 

22. DAHP synthase from Neurospora crassa(K.M. Ip, C.H. Doy) 
The work reported in earlier years has continued and is 

now concluded. It has been shown that proteins that co-purify 
with DAHP synthase (Trp), the product of the aro 8 locus, are 
not degraded f Drms of this isoenzyme. The interesting pos­
sibility remains that they are naturally associated with 
the aro 8 gene product. 
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Prqfesspr Hayes qelivered the f.ir ·~t lecture, on "Pro-

~~ryo~~c; Gepe_t;ics", of a .s,eries of lectures on .Genetics. 
organised by t .he JCSMR. He. also g~ve a CSIRO/ANU Genetics 
Seminar on •lsome .p.spects of the history . of molecular · 
bio°l.ogy" and·~ with .Professor Catche.side, participated in 
a -~mall fo:r.rr.al r-~rur:;?: ~ . ~ ::--:'... "Ti:: ., :'.::;_::-.:.~. : ,- f :;;':! ..... etics '0 to 
mark the opening of the . new. Departm~nt of Genetics building 
-at Monash. Unive:cs;i ty. He chni.red a symposium on "Genetic 
Epgin~ering'~ . orgi=J.nised by ..ANZAAS at the University of 
~elbcurne, and gave' co'lirse,s o,f lectures on :bacterial 
gem.e.tic.s to '3rd year Biochemistry students in the Depart:- _. 
m~rit of' Biochemistry, SGS, ANU, and in the James Cook 
University at Townsville. 

Professor Cutcheside complctad a book entitled "Genetics 
of Reqppbination" for publica·":ion by Edward Arnold C.Publ.i­
shersf t.:td., · Londc:1. 

·D.i: Do7 was · on '· study leave for ~:.{10 ncnths · a ttflnding the 
2nd Gordon Confc'rence on Plar.t Cell and Tissue· Cultt!re, c.:'1d 
visiting various :r.e:::;earch cen-4-::es in the U~S.A. <::.::i.d Europe. 

·Dr. CTark~Wnlker gave ele7en lP.ctur~"' on .molc-:ular genetics 
to 3-rd year Bicchemis"i:ry stud0 nts in SGS, ANU. He, ~r O'Connor 
and Ms War..r'en-Wilson read papers at ·the c:.z~nv.al meeting· of the 
Aust·-:alian . Biochemical Society. 

Dr Rol-fc spent four montha on study l~a . .,C?., IT-ainly working 
with Dr J.H. Campbell*, Scho l of Medic:l.nc , Unive:::-sity of 
California, Los Angeles. I:e i.:!lr.o gQve a.n invi tsd paper at 
the Sth I:Y~G:i:na":ional Cor:.fe:::cnt."J 0:-1 '1 B'LcJ.ogy of '.1.'cnperate ·:. __ 
Bact?.:::::-iophagc '7 in v~.?:'ginia, li.~.A., attended the Gordon Con..;,·«·'' 
ference o::-i Plant .Cell 2rd •r isc:.:e C.:ul 'ture, ga\~e p~pers/scminars · 
at the Bacteriophage Meeting~, , Cold Sp. ·i;."ig Ha.:r:!:.i::.r, N. Y. and:-: ". · 
at t11e 0:1tar~o C~rJ~~r I1"\:;~.; .. ~~,.,.:c. .-"' r r ,~~")'-r" ." ,,; i'ar:l diScucsions . : ·· 

., . 
wit"-. st.aff 1'0'1u.'.l!:::?!: .. $ OI: '\:he A • .K.L. ~L!.trOgt:::1u.o.xat:...un u11it., .... 
Univcr3it7 of S~ss~x . - ·,-, 

t1hile en route to ANU v · Dr Gref"~i10:::~ ga~:e 2.e.:tures at the 
· A'.R.C. Nitrogen-fixation Unit, UnivE'rsit.y ,f Sus -:;ex, while 
Dr Williama lectured at Harvard and Br<7tln U!1i·vcrsitieo in 
the U'. S.A. 

. · t. 

· · Mn Di..:nsr.m:!.r and M= Lohe read r'3.P~rc to the c-.nnual meeting .. ! 
of the Gs nct:Lcs So~ie'\:y . of Australia. 

Fol l owir.; pubiication .of his n-vvel rene.:lrch on the basis 
of thermophily· in bact-cria, I1i'l:i: L.'nf1 Rny w;is invited ... o rea d 
a paper ;;'.;. the International Confer ence m1 "P:?:oteins from 
Thermnp:i:~l ic Mic.roorganism:J 11 at zu~:·icll. He vZ'.s nlso the 
recipient of n Visi tirnJ Fellcwship in the Depart:uo::t cf 
r-1olecular Biology and B:Lo!'_)l1ysics at t he Uni .. 1ercity of Zurich 
to enable him to act as . co-eG.:l t or of a book c::i tl~e co.-1£ erence 
proceeding.s. · He was f .urther :i_nvi tc<l to disc\lso his ~ 10:::-k at 
the Univexsit 'y-.·of Cn.mbrio'.)ri; En;Tlri~1c.1. 

. Early ir) -tbe ycu.r Dr B·µld•·lin 1cft to t.<i.:-:2 ::~ f.~-·3 oppoint­
ment. of v~ctii:r:er in the De.?::irtment of zccl1.:gy , l'~oz::>2h University. 
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BALDWIN, J. 
Selection for catalytic efficiency of .lactate dehydrogena­

_se M4: correlation with body temperature and levels of 
anaerobic glycolysis. Comp.Physiol.Biochem. 52B: 33-38 

Bl'~DWIN I J. , HOCHACIIKA, p. w. +I STOREY, K. + 
Biochemical adaptation to life at high pressure: studies 

·.' on enzymes from deep sea animals. Proc.Aust.Biochem.Soc. 
8: 13 

+ + BALDWIN, J., STOREY, K.B. , HOCHACHK..~, P.W. 
Lactate dehydrogenase M4 of an abyss~l fish : strategies 
for function at low temperature and high pressure. 
Comp.Biochem.Physiol. 52B : 19-24. 

CAMPBELL, •J ·. H. 11' and ROLFE, B • G. 
Evidence .for a dual control of the 
cell lylds caused by phage lambda. 
1-8 

CAMPBELL, J.H.* and ROLFE, B.G. 

initiation of host~ 
Molec.9en.Genet. 139 : 

Function of the rex gene of phage lambda. In: Biology 
of Temperate Bacteriophage, Sth International conference, 
Va .• , U.S.A. 49 

CAMPBELL,·~' J .H. * and ROLFE, B.G. 
Lysogenic conversion of E.coli by A phage. In : Bacterio­
phage Meetings, 21, Cold-Spring Harbor, N.Y. 

CATCHESIDE, O.G. 
Chemicals, Radiations and Heredity. s·earch 6 ~ 2 3~ 2 S 

CATCHESIDE, D. G. 
.f 4 ~ 

... Occurrence in wild strains of Neurospora crassa - ~f genes 
controlling genetic recombination. Aust.J.Bio1 ·.s·ci. 28: 
213-225. 

CATCHESIDii , D.G. 
Regula~ion o.f genetic recombination in Neurospor-a crassa. 
In: The Eukaryote Chromosome (eds. Peacock, W.J. and 
Brock, R.D.), pp. 301-312, ANU Press, Canberra 

DYKHUIZEN1 D.E. 
Correspondence ~ reply to Dr. Widdus. Nature 256 : 149 

CLARK~~ALKER, G.D. and MIKLOS , G.L.G. 
Circular DNA in the yeast Saccharomyces cerevisiae in 
relation to informosomal DNA and mitochondrial genetics. 
In ~ The Eukaryote Chromosome (eds. W.J. Peacock and 
R.D. Brock), pp. 111- 122, ANU Press, Canberra. 

CLARK..,.·~"7ALKER, G.D. and .MIKLOS, G.L.G 
Complementation in cytoplasmic petite mutants of yeast 
to form respiratory competent cells. Proc.Nat.Acad.Sci. 
U.S.A. 72 ~ 373- 375 
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CLARK-~ALKER, G.D. and MIKLOS, G.L.G. 
Formation of respiratory competent cells by complemen­
tation between respiratory deficient petite mutants of 
yeast. Proc.Aust.Biochem.Soc. 8 : 65 

DOY, C.H. 
The transfer and expression (transgenosis) of foreign 
genes in plan~ ce:l~ ; re3:ity an~ p~tential. In : The 
Eukaryotic Chromosome (eds. W.J. Pencock and R.D. Brock), 
pp. 447-457, ANU Press, Canberra. 

+ GOULD, A.R •. and STREET, H. E. 
Kinetic aspects of synchrony in suspension cultures of 
Acer: .pseudoplatanus. J. Cell Sci. 17 ~ 337.-348. 

GRESSHOFF, P. ?-1 . 
Theoretical and comparative aspects of bacteriophage 
transfer and expression in eukaryotic cells in cultµre. 
In ~ Genetic Mani~ulations with Plant Material (ed. L. 
Ledoux), pp • . 539- 50, Plenum Press 

HOCHACHKA. I 
Design 
ment. 

+ + P. W. , STOREY, K. B. , BALDWIN, Jo · ~ .) 
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Comp.Biochem.Physiol. 52B:; 13-18 
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HOCHACHKA, P. !rT . , STOREY, 

Gill citrate synthase 
Physiol. 52B : 43- 50 
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species. Nature 5510 ~ 650 

+ + . MERRIL c.n. , GEIER, M.R. and ROLFE, B.G. 
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Peacock and R.D. Brock), 459, ANU Press, Canberra 
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J. Gen. Microbial. 90 ~ 247- 259 
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