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Introduction

Following the retirement of C. P. Whittingham, the plant metabolism group within
the Botany Department merged with the Biochemistry Department on I October. This
has enlarged the department and as a result we have reorganized our actiyities by defining
a number of research areas. These areas are not seen as separate arrd discrete but rather
as a numhr of overlapping spheres of interest best described in terms of a multi-
dimensional Venn diagram. Each area has a number of staff associated with it and a
gtoup coordinator-these are identified below. The nature of the research carried out in
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the department has changed to some degree, both as a rcsult of the natural development
of the original programme and as a result of the merger. Hopefully the result of the new
combination will be synergistic rather than just additive. Overall our commitment
remains much the same: to define and describe biochemical pathways of importanc€ to
the agronomic attributes of plants, to understand how these are regulated and to devise

ways of modifying those aspects that appear potentially capable of improvement. The
work done contributes to two ofthe ARC's deflned priority arsas 'Genetic Maniputation
of Crop Plants' and 'Photosynthesis'; our research also has an important bearing on
anothei arca currently under much discussion-that of food biopolymers. The general
prograrnme of each area is described below and progress reports of selected aspects of
the work are presented.

These chang€s in the organization of the research are accompanied by changes in
location. The Biochemistry Department will eventually move out of the Ogg Building
where it has been since 1965 and move into the Bawden Building; the Department also
will continue to use the new laboratories built in 1980, now named the Emrys Thomas
laboratories. A further result of reorganization has been a merging of the Biochemistry
and Botany greenhouses into what will become an inter-divisional facility.

At preseni some wotk on plant growth regulators is included in the Department's
programme and this is described in a final section of this report.

Area 1: Ribule bisphcphate carboxylase

Work in this area falls within the ARCs priority programme on 'Photosynthesis'. Our
role in this programme is the study of the enzymology ofthe carboxylation and oxygena-

tion ofribulose bisphosphate (RuBP). RuBP carboxylase catalyses both of these reactions;

the relative rates of catalysis of these competing processes is thought to determine the

relative rates of carbon dioxide fixation and photorespiration. We are therefore trying
to understand the mechanism of action of this enzyme and studies involve: improving
the specific activity and purity of the isolated enzyme; determining the mechanism of
catalisis of the oiygenase and carboxylase teactions using spectroscopic and stopPed

ffow techniques; studying the three-dimensional structure of the enzyme using electron

microscopy, crystallographic and computer modelling approaches; attempting to identify
plants having huBP carboxylases with different catalytic Properties in order to define

the characteristics fuarticularly amnity for Oz) that are important in determining the
differences; and finally separating the subunits of the enzyme and subsequently recon'
stituting tle enryme. We are also interested in how our work on the isolated enzyme

might interact with work at the PBI in which the gene for the large subunlt has.been

isolated and used to direct the synthesis of the protein in Escherichia coli minicells.

Hop,efully, in time it witl be possible to devise a system for Il, uirro mutagenesis,of the
nubf gdnes and subsequent testing of the mutated enzyme's characteristics after its
production in E coli.

Staff. Area coordinator: A. J. Keys; Research staff: Bird, Boyle, Burton, Cornelius,
Gompertz, Gutteridge, Hall, Holbrook, Keys, Parry, Schmidt.

Yariation with genotype. Variations in affinity for CO2 among RuBP carboxylases
from diferent spocies were established but differences in the relative activities of the
enzSrme as carboxylase and oxygenase \vere not so evident (Paper 30). Further measure-
ments of the kinetic properties of RuBP carboxylase from bracken (Pteris aquilina)
did not confirm an indication that this enzyme might have a relatively lower oxygenase
activity than the enzymes from other species studied.
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RuBP carboxylases were partially purified from different species of Triticum on ec'ch
of tbree occasions and triplicate measurements were made of the velocity of carboxylation
(vs) and velocity of oxygenation (vo) in the same reaction mixture. Addition of carbonic
anhydrase to each reaction mixture was essential because of the large amount of enzyme
used and the consequent rapid remoyal of COz from solution. Significant variations were
found in vq and v6 between species and occasions. However the mean values of vs/v6
for enzymes from T. ura u, T. monococatm, T. dicoccum T. diaccoides, T. aestioutt (cv.
Maris Dove) and 7". destiuum (cy . Huntsman) were not significautly different in an analysis
of variance.

Effect of temp€rature and metabolites on y" md yo. It has not been clear whether it is the
kinetic properties of RuBP carboxylase, or the relative solubilities of Oz and COz, that
are the more important in explaining the increase with temperature of photorespiration,
relative to photosynthesis, in the leaves ofCs plants. Rates ofcarboxylation and oxygena-
tion, catalysed by wheat RuBP carboxylax (7. aestioum), were measured at temperatures
of 5 to 35'C either in the presence of 14 pu 1aCO2 and 3ul0 pu 02 or in reaction mixtures
that had been equilibrated at the temperature of measurement, with different gas mixtures
(either 3m vpm CO2 in 2l \ oxygen or 210 vpm CO2 in 2l \ oxygen'1. With the constant
concentrations of COz and oxygen, the ratio vc/vo (4.8) was independent of temperature
between 5 and 25"C and fell to only 3.6 at 35'C. Where the solubility of Oz and COz
at the various temperatures determined the substrate concentrations, the ratio fell
dramatically with increased temperature. For reaction mixtures equilibrated with
210 vpm COz in 2l I oxyget in the gas phase the ratio fell from 4 to 1.8 between l0 and
35"C. This fall is sufficient to explain the relative increase in the photorespiration rate
of intact leaves with increasing temperature. It is concluded that the change in the ratio
of solubilities of Oz and CO2, and not changes in kinetic parameters of RuBP carboxylase,
is mainly responsible for the changes, with temperature, itr the rate ol photorespiration
relative to photosynthesis in the leaves oF Cs plants.

No metabolite, from a total of more than 50 (intermediates of photosynthetic, photo-
respiratory, nitrogen and oxygen metabolism), significantly altered the relative activity
of carboxylase and oxygenase. An apparent effect of hydrogen peroxide on the ratio
vq/ve resulted from the presence of a tracE of catalase-like activity in the purified RuBP
carboxylase. The following compounds at I mM (in the presence of 6 mu Pi. 16.6 pu
laCOz and 265 y.*t Oz) inhibited both carboxylase and oxygenase activities; fructose
l,Gbisphosphate, sedoheptulose 1,7-bisphosphate, hydrogen peroxide, 2,3-bisphospho-
glyceric acid, inorganic pyrophosphate, phosphoenolpyruvate, oxaloacetate, 2-oxoglu-
tarate and ammonium ion.

Puifcation, structur€ and properties. The mode of action of certain effectors of RuBP
carboxylase is to stabilize the ternary complex between the protein and the essential
cofactors, COz and Mg2+- Additions of such effectors, together with the cofactors, during
purification of the wheat enzyme did not consistently itrcrease the specific activity of the
product but did change the requirements for activation by COz and Mgz+ in a manner
that depended on the effector used. Enzyme prepared in the presence of fructose bisphos-
phate was activated by CO2 and Mgz+ four times faster at 40"C than enzyme prepared
without an eflector. Furthermore, there was a significant decrease in the subsequent rate
ofdissociation ofthe CO2 and Mg2+ from the enzyme. Preparations made in the presence
of pyrophosphate were activated, almost instantaneously, at temp€ratures from 25 to
4O"C without any apparent modification of the subsequent rates of dissociation of the
cofactors. Especially with pyrophosphate, the purified product is maintained in a
conformation, like the native enzyme, that reacts rapidly with COs and Mg2+.
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The effectors mentioned above, and other substances such as inorganic oxyanions
that affect the formation of the catalytically actiye complex of carboxylase with Mgz+
and COg, are invariably inhibitors of both the carboxylase and oxygenase activities.
Phosphate, sulphate and sulphite afect the reaction b€tween the enzyme protein and its
cofactors as well as substrate turnover. Howeyer, sulphite inhibits catalysis differently
from sulphate and phosphate in that its potency increases with enzyme turnover. The
time course of carboxylation and oxygenation in the presence of sulphite is biphasic
with the second phase being slower and linear. It appears that sulphite modifies an
amino acid residue essential for catal).tic actiyify but can do this only during the progress
of the reaction. A thiol group on the protein is probably involved but the formation
of an inhibitory derivative of RuBP cannot be ruled out completely. Both the oxygenase
and carboxylase reactions are similarly aflected by sulphite. This provides further support
for the view that a single active site is involved in catalysis of both reactions. Further
studies on the effects of oxyanions on RuBP carboxylase are in progress. Phosphate,
especially, binds at a site close enough to the active site to affect both activation and
astivity.

Ares 2: Photosytrthetic carbon and dEogen metabolism

Previous collaborative work between the two departments had demonstrated essential
linls between fluxes of carbon and nitrogen in photorespimtion and we proposed the
operation of a photorespiratory nitrogen cycle (see Rothamsted Report for 1980, Part l,
22). The importance of this cycle rn l,iro was subsequently confirmed by the selection of
mutants in Arabidopsis which lacked ferredoxin{ependent glutamate synthase, one of
the enzymes of the cycle. These mutants died under photorespiratory conditions, probably
due to a build up of ammonia (Somerville & Ogren, Nature (1980), At6,257-259).
There are also a number of observations in the literature which suggest that the form of
nitrogen nutrition that a plant receiyes (nitrate or reduced nitrogen) affects the compen-
sation point and thus, by implication, the amount of photorespiration- This research
area aims to investigate these links between photosynthesis, carbon and nitrogen metabo-
lism in more depth, particularly by isolating a number of mutants in barley which are
unable to grow under normal atmospheric conditions but survive with enhanced COz.
Such plants have been shown to have biochemical lesions in the photorespiratory pathway
and thus offer a means of identifying key steps in photorespiratory metabolism. The
Biochemistry Department has long investigated the relationship between photosynthesis
and the formation of amino acids in chloroplasts. We have conc€ntrated on two major
areas, ammonia assimilation and the synthesis of the aspartate family of amino acids.
In both, a major part of the metabolism occurs in the chloroplast at the expense of light
energy. The interaction of carbon and nitrogen metabolism has also been probed by
developing and using inhibitors of the enzymes involved in the assimilation of ammonia
into organic molecules. Some of these compounds, which block glutamine synthetase,
also cause ammonia to build up which results in plant death in much the same way as

occurs in plants lacking ferredoxin-dependent glutamate synthase.

Stafr. Area coordinator: P. J. Iea; Research staff: Festenstein, Hall, Hill, Kendall,
Keys, t-ea, Mazelis, Turner, Walker, Wallsgrove.

Effect of environmert and nitrate $pply on photosynthesis alrd growth of wheit. This
work was caried out in the Botany Department in conjunction with Driscoll, Lawlor,
Mitchell and Young (now all in Physiology and Environmental Physics Section).

The study of the etrects of nitrate nutrition and temp€rature on photosynthetic
metabolism of wheat (var. Kolibri) leaves (Rothamsted Report for 1981, Part l, 5G58)
6
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was extended to include two ljght intensities (350 and 650 pmol quanta of 400_
700 nm m-2 s-1). Ntrate concentration was greatest in leaves of ptants grown wiin
added nitrate and in warm conditions; it decreased as leaves aged, parti"Jily i" tUe
absence of added nitrate and in the cold. Nitrate reductase u"truit] ,"u, g."iuG a
leaves from.plants grown in the cold with added nitrogen but also decreasol with reaf
age' Total nitrogen as a fraction of dry matter was greatast in cold conditions with added
nitrate and smallest in the cord without nitrate. Thus nitrate content is not dir;t
related to nitrate reductase activity or to total nitrogen. Total dry matter and leaf area
per plant rf,ere greater in warm conditions than in cold and with added 

"itrate. 
*itiate

particularly_ stimulated growth oftillers. soluble protein per unit area ofleafwas increased
by cold and nitrate but decreased,more rapidty with age in nitrate deficient plants.

- RUBP carboxylase protein and activity were increased by high light und nitrog"o.
Specific activity of the extracted carboxyrase protein was not afecied bt the enui.ooJ"ot
in which the plants were grown. Net photosynthesis per unit area of detached leaves was
greater in leaves with more carboxylase but not in pioportion to amount of carbo^ylase
present. Net photos)"nthetic rates-of attached leaves were greater in the pturt, g.ofi ui
350_ than- at 650?mol quanta m-2 s-1. Stomatal resistance was greatest i. t*r[ g..*a
in the cold. Preliminary analyses suggest that net photosynthesis-was similar in alitreat-
ments at equivalent intemal co2 conc€ntration and light intensities. This is consistent
with previous observations (Rothamsted Repott for I9Sl, part l, 57) that quantum yied
and phol6rcsrirafion rates were unaflected by grofih conditions. tr".*.ea 

"m.oit 
yU

and_ decreased chlorophyll a/b ratio suggested that right harvesting would be superi'or
in the cold grown plants with added nitrogeD but tiis did not .Jr.rt in g...t"i io,
assimilation. Photosystem I (pSI) activity- was_ greater in chloroplasts from?la gro#
ql3-nts-_than warm, and slightly greater for plants growo at thi lower light inte-naity.
PSI+II was-not altered by the conditioos-of growth. Oxygen evolution t], f*f pi#,
meas'red polarographically, was faster for leaves grown irJold than in warir 

"on,iitioniand faster for leaves from bright than from dim light. Fluorescence em.ission from psII ai
685 nm, measured by Dn M. Bradbury.and N. R. Baker (University of gsr"*1, *a"
unaffected by treatments although variability was large.

Thus, although differences in nitrate. supply, tempeiature and light conditions during
growth altered the amounts of chlorophyll and posjibly thylakoid lroteins, they did noi
change-the intrinsic photoresponses or efficiency of right harvesting. Neitfer aid conai-
tions of growth greatly affect the procrsses of'COz aisimilation uloa pfroto."rpi*tioi.
Nitrate supply increased chlorophyll and protein but without large ef*tr., tilipfrf.i*
logy ofthe intact leaf. The main effect of tlmperature was on theixpansion of leaves and
the main effect of nitrate was to stimulate thi growth of tillers.

Plolor.€spittg,ry nutarts of barley. Mutants of barley have been selected on the basisof their inability to grow satisfactorily_under photorespiratory conditions (;.;;r.i
air) but which recover on transfer to a corenriched atmospheie (see Roricrli d i"wi
fgr-1?80, Part l, 53). One of these mutants, R(othamsted) ir 79/4, has been found to be
deficient in catalase. This is now thought to cotrtain a recessive mutatioo 

"ni"n 
i. jrou

ably at the structural locus for microbodyJocated catalase. The effect of this lesion on
the fixation and fudher metabolism of raCOz was examined. The mutant accumulateslac in 6phosphogluconate. The results are consistent with an observation of Brenaan
and Anderson (Plant Physiology (19_80) 66, 8Ml7) that glucose-Gpho.pnute J"ny?ro-
9".r3.: T1 be activ ed in uitro by H2O2 and that the dark activation of tni, 

"*y'-" Linhibited by catalase. It has been sugg-ested (Grodzinski & Blu., planta (lg|i ili,
261-26Q that a. significant proportion of the co2 released in pnotoiespiration originates
from the chemical oxidation of glyoxyrate by H2o2 produced as a resurt of the-action
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of glyco ate oxidase. If this were so then the effect should be enhanced in RPr 79/4

which lacks the ability to break down HzOg. The metabolism of [1aC]-glycollate by leaves

of the mutant and of Maris Mink, the wild-type parental cultivar, therefore was investi-
gated. The results showed that there were no significant differences between the two and

Juggest that the chemical action of HzO2 on glyoxylate does not make a significant
contribution to C02 release during photorespiration.

Inhibition of ammonia assimihtion. Glutamine synthetase and glutamate dehydrogenase

are the major enzymes responsible for the assimilation of ammonia; the former in higher

plants, thJlatter in fungi and both, depending on genotype and environment, in bacteria.

iVe have been seeking inhibitors ofthese enzymes for furtler investigations into ammonia
assimilation. A number of derivatives of 5-aminoisophthalic acid have been synthesized

that inhibit glutamate dehydrogenase. 5-N-Allylaminoisophthalic acid was the most
potent, with a Kr of 0'52 nM, although it had little effect on pJant erowth, lloyeye.r'
inhibitors of gtutamine synthetas€, such as methionine sulphoximine or phosphinothricin

rapidly cause-the death of a wide range of plants. Ammonia concentrations in the treated

plants increase to a maximum of 16 g.moles g:1 fresh weight in Pisum satioum wbilsl
ihe amount of glutamine decreases almost to zero. When supplied at micromolar concen-

trations, to eithir nitrate-reducing or nitrogen-fixing blue-green bacteria, they also inhibit
glutamine synthetase and ammonia is excreted into the medium. The potential of tlis
iystem for the biological production of ammonia is being examined by Dr M. G. Guerrero

of the University of Seville, Spain.

Ircdizetiotr of the enzymes of the aspartate pathway. In previous annual reports, we

reportetl that many of the key enzymes of lysine and threonine synthesis are located

soiely in the cbloroplast and that this is likely to be the only plac€ in the leaf cell where

these two amino acids are made. We have now examined the localization ofthe enzymes

of methionine and S-adenosylmethionine (AdoMet) biosynthesis in the leaves of Prlrrrz

satioran arrd Hordanm oulgare. cyslzthionine synthase is totally located in the chloroplast
but only 60 % of cystathionine lyase activity is present in the chloroplast with the remainder

of the'activity being in the cytoplasm and mitochondria- Methionine synthase and

methionine adenosyliransferase are not located in the chloroplasts and the latter enzyme

is defrnitely not aisociated with any organelle. Thus it appears that homocysteine is

synthesized in the chloroplast, but the synthesis of methionine and $adenosylmethionine
occurs in the cytoplasm.

Ares 3: Metrbolic regulation

Even belbre the genetic manipulation programme began the Department was interested

in selecting for mutants of barley altered in their ability to regulate their synthesis of
amino acids. Such mutants, which are usually dominant, are potentially useful in gene

transfer studies as well as in providing an understanding of how plant metabolism is
regulated. Subsequently other recessive mutations, which would also be specifically

usiful for monitoring gene transfer, have been selected. Work in this area will aim to
determine mechanisms by which the regulation of fluxes is achieved in metabolic path-
ways with important agronomic attributes, to attempt to modify such controls and also to
provide material for studies in cell biology (Area 4). Currently this involves the selection

bf mutants of barley atd Solanun species that (a) accumulate threonine and/or lysine
and/or nethionine; (b) accumulate proline; (c) lack nitrate reductase; (d) lack alcohol
dehydrogenase; (e) are resistant to disease toxins or herbicides. Work is also in progress

on the expression of the mutant phenotypes in diferent stages of Platrt growth or different

,18
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organs as well as in tissue culture and on determining the biochemical and genetical
nature of the selected mutants. Certain of the well characterized mutants are being
investigated to determine if there is any change in their agronomic attributes such as
Dutritional quality or disease resistance.

Staff. Area coordinator S. W. J. Bright; Research staff: Arruda, Bright, Creissen,
Dunlop, Franklin, Hill, Karp, Kueh, Mayne, Mazelis, Nelson, Norbury, Risiott, Steven,
Roberts, K. Smith, Walls$ove.

Aspsrtate pathway. The three previously isolated barley mutants resistant to lysine
plus threonine (R2501, R3004 and R3202) have continued to provide fundamental
information on the regulation of carbon flux through the aspartate pathway. The first
enzyme in the pathway by which all the aspartate enters, aspartate kinase, exists in three
isoen4mic forms (AKI, AKII, AKIII). The mutants each contain either AKII or AKIII
enzymes which are either mmpletely insensitive to lysine or lysine plus AdoMet or retain
different degrees of sensitivity. The proportions of the AKII and AKIII isoen4rmes also
vary. Analysis of isoenzymes and growth in the presence of lysine (8 mM), threonine
(8 mM) and arginine (l mM) allowed the identification of a double mutant line homo-
zygous for lhe Ltlb ald.d Lt2 mutafi genes from R3202 and R3004 respectively. This
line is being used to examine the pattern of amino acid accumulation in the presence
of two feedback deregulated isoenzymes.

R3004 and R2501 plants a@umulate threonine in the soluble fraction of the seed. In
both cases the soluble threonine is increased from less thaa 1% to more than l0l of
the total seed threonine without major changes in other components of the soluble pool.
R3004 plants grown in the field maintain this characteristic. It seems therefore that all
the excess aspartic acid entering the pathway is channelled into tbreonine rather than
the two other end products lysine and methionine. A plausible rationale for this observa-
tion comes from our knowledge of the regulatory properties of other eMymes in the
pathway in barley. The first branch point in the pathway regulates the partitioning of
aspartic acid semialdehyde between the synthesis of lysine and that of methionine and
threonine. The fint enzyme unique to the lysine patiway, dihydrodipicolinic acid
synthase is stringently inhibited by lysine with an [16.5] value for the barley leaf enzyme
of 10-20 pu. In contrast there is a significant fraction of the other branch enzyme,
homoserine dehydrogenase, insensitive to feedback inhibition by threonine. Threonine
synthase is activated by AdoMet (Aarnes, Planta (1978) 1ll{), 185-192) thus regulating
the portioning at the second branchpoint of homoserine phosphate between methionini
and threonine synthesis. These mutants have thus allowed the integration of information
from studies of isolated enzymes and the whole plant. If our explanation is correct then
lysine accumulation should only be possible in a plant with deregulated mutant forms of
both aspartate kinase and dihydrodipicolinate synthase. We are looking for such mutants
by screening Mz embryos derived from remutagenized R3004 for resistance to the
inhibitory effects of the lysine analogue aminoethylcysteine. From 20 000 embryos
screened, a number of mutant lines with heritable resistance have been identified.

Prolirc accEmulation. Further genetical analysis of thrce hydroxyproline-resistant
barley mutants (R5201, R6102, R6902) has showed them all to be allelic. A fourth
mutant R6901 has a different phenotype with particularly good root growth in the presence
of hydroxyproline. R5201 has increased free proline in both leaf and root {ssue whereas
R6901 has an increase only in the roots. Externally fed proline allowed a signfficant
improvement of the $owth of young aseptically grown barley plants in the presence of
150 mM NaCl. The increased pools of free proline in the mutants were, however, too
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small to make more than a marginal improvement in their growth in the same conditions.
Plants of R520 I and Maris Mink were grown to maturity in the glasshouse under a trickle
irrigation system wirhO,75, 125,250 mM NaCl added to the basic medium. The higher

leai content of free proline in the mutant was apparent in aU treatments at all times.

However, the increaied proline was, once again, too small to make any signiflcant
difference to growth or yield in the presence of salt. Proline biosynthesis was examined

by feeding radioactively labelted glutamic acid to young leaves of R5201 and its parent

cv. MariiMink. In spite of the increased free pool of proline in the mutant, labelled
proline accumulated it least as fast in the mutant as the parent. Extemally fed proline

decreased the incorporation of radioactive label into proline in both mutant and parent

leaves, but to a muih grcater extent in the parent. These results suggest that there is, in
the mutant, a regulatory enzyme in proline biosynthesis with decreased sensitivity to
feedback inhibition by proline. Unfortunately, the most likely enzyme candidate for
regulation, glutamate kinase, is extremely difficult to assay.

Nitrrte reductase. Chlorate kills plants because it is reduced to toxic chlorite by the

enzyme nitrate reductase. In order to select plants lacking nitrate reductase we have

screened mutated M2 barley seed for chlorate resistance and recovered tbree mutants

from which Fr seeds have been obtained after crossing with wild type plants. The enzyme

nitrate redustase consists of an apoprotein and a low molecular weight molyMenum-
containing cofactor. The cofactor is also required for the activity of the enzyme xanthine

dehydroginase. One of these mutants, R9'101, has b€en characterized (with Dr W:ay,
St AndrJws University) as containing a monogenic, recessive mutation afecting synthesis

of the molybdenum containing cofactor (cn.x-type). The mutant seedlings still contain

the apoprotein as measured by nitrate-inducible cytochrome c reductase, a cofactor-
independent partial activity of nitrate reductase. These seedlings have very low (<l/)
of zero nitraie reductase activity and will not grow with nitrate as sole nitrogen source'

Thirty-six mutants of Phrscom itrella patms have been isolated by their inability to
g.onr on oit ut" (with Professor Cove, I-eeds University). After further characterization,

19 strains were show[ to be totally unable to utilize nitrate as a nitrogen source. Fifteen

strains were identified as putative cz.r mutants and in at least two of the strains gowth
could be restored by high levels of molybdenum. Four strains had normal levels of
nitrate and nitrite reductase, but two of these were identified as possible nitrate uptake

mutanB.

C'ulturert cereal caryopse. One of the problems in studying the metabolism of the cereal

endosperm has bem that, hitherto, it would only develop when attached to the plant

either intact or in detached tiller culture. Culture of isolated barley caryopses has now

been achieved and the technique should allow grain development to be studied unin-

fluenced by the parent plant. Single caryopses (fresh wt 2G-30 mg; dry wt zl-7 mq)

separated irom glisshouse-grown plants 8-12 d after anthesis, were cultured for periods

of up to 20 d in O'8 ml of defined sterile liquid medium. Increases in fresh weight, dry
weigf.rt, storage protein and starch were comparable to that in t:irto. The effec,ts of susrose

concentration, pH and sources of nitrogen and sulphur were examined in the standard

medium. The relative proportions of the B and C storage hordeins were different to that
synthesized ln or'uo, nevertheless this system should provide a valuable tool to examine

regulation of hordein syntlesis in the developing cereal seed.

Area 4: Plant cell biologY

Many of the potential techniques for transferring genetic information betwe€n plants,

other than by conventional sexual crossing, involve the use of plant protoplasts. $imilxdy,
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introduction of novel genetic material may also be via protoplasts. For the practical
applicadon of such techniques it is necessary to be able to regenerate whole plants from
protoplasts.for our major crop species. This is one of the major aims of the progr.mme.
A second aim is to develop appropriate mechanisms for genitransfer at various'ievels of
complexity. In particular the work is concerned with th; isolatioD and culture of proto-
plasts of wh€at, barley, potato and rape; with morphogenesis and plant ."g"oJ.utioo
from protoplast-derived colonies and cultured plant parts; wittr oescriiing the-variadon
present in the regenerated planti (sora[ed .somaclonal' variation) a-nd attemptin!
to understand and control it; with the transfer of single and polygenic traits via protoptasi
fusion; wit! gene transfer using Agmbacteriun as naturai vector; and with ;tudie; on
the integration of transferred genes.

Staff. Area coordinator: M. G. K. Jones; Research staff: Boccon-Gibod, Bright,
Creissen, Foulger, Jarrett, Jones, Karp, Lancaster, Maddock, Nelson, Ooms, nisi'otti
Roberts, Wilcox.

Wh€at aDd barley. The cereals in general, and wheat and barley in particular, do not
respond well in tissue culture. It has previously been reported thlt wheat plants can be
reg€nerated consistently from embryogenic and shoot-forming cultures of imm31glg
embryos and inflorescences (see Rotharnsted Report for l9gl, part l,4r. This has been
repeated routinely in experiments thro,,gfiout the past year, and genotypic differences in
morphogenetic capacity have been confirmed.

Embryogenic and shoot-forming tiszues, as well as individual immature embryos,
have been us€d to initiate a large number of suspension cultures. The aim is to establish
morphogenetic suspensions capable of regenerating whole plants, and to use this material
1s 

a_ soJlce of protoplasts. A number of distinct lines havi beetr obtained, including one
finely-divided_ and rapidly-growing line (from cv. Maris Butler) which shows iome
mo-rphogenetic capacity. Cell aggregates <500pm in diameter will grow reaaly on a
wide range of agar media. Localized areas of chlorophyll productio-n in th;;ultin;
callus and, more_ rarely, leafy structures have been rormia. a single plantlet witt uotf,
leaves and roots has been obtained, but this did not survive to be tra-nsplanted into soil. 

-
Phenotypic variation has bo **T"^9 amongst wheat plants regenerated through

tissue culture (Rothanuted Report for 1980, part1,42). To ittempt io understand aid
possibly control this 'somaclonal' .variation, cytogenetic studies ;f regenerated ;l;n;and phenotypic assessments of their progeny (in collaboration witn tni fUnt i6G!
Institute, Cambridge and Nickerson R.p.B. Ltd, Rothwell) have been undertaken.
__The cytological analysis has been made of regeneranis in two wheat cultivars_
Highbury and copain. There is evidence ofchanges in chromosome number and structure
in both cultivars. 

-In _Highbury, 20 out of 60 piants studied were aneuploids (wheat is
normally a hexaploid with 42 chro_mosomes). Meiotic analysis showed thrt S %of ih;
regenerants 

_had interchanges and l2ol showed chromosome breakage. In Coiain, 19
out of 48_plants were aneuploids with chromosome numbers in a sUlnUy widir r.:"ge
than for Highb.ry. Meiotic data are not yet availabre but a structurar' chromosoie
change (pr-obably an interchange) has been identified in root-tip preparations-

The prelimi-nary phenotlpic assessment indicates that morpnotogicalty normal lines
are. ottained from_ the majority of regenerants, but also that horph'ological aifferences
(height, awn Jength, fertility) are transmitted to the progeny of a prop6rtion of wheai
regenerants. In contrast, no variation was observed amongst the 

-progeny 
of a much

smaller number of diploid barley Tglnerants. The signfficance of ihiivariability may
depend on whether it can be manipulated, either to generate desired variation,'or t6
reduce it when uniformity through the tissue culture sage is requircd.
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Potrto. Plants haye been regenerated from isolated mesophyll protoplasts ofnine UK
potato cultiyars and from the diploid wild species Solanum breuidens. Refinements to
ihe isolation and cutture techniquis have led to improvements in protoplast yield and in
the efficiency of plant regeneration. Plants have also been regenerated from cultured
explants of ieaf, iachis, petiole and tuber of I I cultivars. Protoplast-derived plants of
cv. Maris Bard and plants regenerated from cultured explants of cv. Desiree were grown

for one or two tubei generations in pots before being planted in the field in N. Ireland
(in cooperatiye experiments with Dr N. Evans, DANI). Tbfuty-three vegetatiYe or tuber
iharaaeristics were measured or calculated and the data from 23 of these were subjected

to statistical analysis. Variation in the tissue culture-derived plants was apparetrt in
numerous characters and exceeded that obserYed in the control plots of the parent

cultivars.
The protoplast{erived plants of the tetraploid (2n:4x:48) cultivars Maris Bard

and Fo'rtyfold were also analysed cytologically and extensive chromosome variation

was found. The majority of Maris Bard regenerants were aneuploid with chromosome

numbers ranging from 46-93 and most of the plants had very high chromosome numbers
(88-93). In Fortyfold, 30\ of lhe regenerants were norrral and the variants were in a

more timited aniuploid range ('16-49). Structural chromosome changes were also found'
The chromosomaf variation correlated with the morphological variation observed in

regenerated plants. Chromosomes have also b€en studied in plants regenerated from
cu-ltured exciied leaf pieces. In the two tetraploid cultivars studied so far the majority
of plants were normal (19/20 plants 2n:4x:48).

ilants regenerated from protoplasts of the diploid wild species S. breuidens (2n:2x:24)
have also deen examined iytotogicatty. Approximately 50% of the plants were normal

and, of the remainder, moit *ere tetraploid (2n:4x:48) although a few aneuploids

weri found (2n:25,46,47). We have preliminary evidence that the nature of the

chromosome variation is influenced by factors such as the culture proc.edure and the
ploidy of the source material.' 

Experiments to fuse various protoplast combinations from 
- 
crop plants, including

potatoes, have been started. Culture procedures now er:able plants to be regenerated

irom protoplusts of most potato cultiYars, but the efficiency needs to be improved for
full uie ofihe system for genetic manipulation and fusion studies' There are strong

indications that further improvement can be made.

Tramformation by AgrobacTeium. various methods have been explored to transform
plants by the intioduction of a limited number of foreign genes. Of the crop plants,

potuto upp"u.s to be particularly amenable to infection- by Yariolus Agrobacterium

imefaciii straios, although prolonged incubation periods ofup to_6 months are required

to obtain transformed shoots. All the transformed shoots recovered so far lack roots, but

grafting the shoots on to stems of normal young potato plants allows the transformed

;hoots'to continue their growth. Some of these grafted shoots spontaneously develop

aerial stolons, and under 12 h day lenglh these form tubers. very little morphological

or cytogenetical variability has been observed among untransformed plaots recovered

from inluced crown gall on stems oftetraploid potato cultivars. Crown galls induced on

young rape plants form shoot-like structures, but so far no obvious meristems have been

Ltre.u"O. Crown galls can also be induced on young bean and pea plants from excised

cultured embryos, but no differentiation has been observed from such galls irrespective

of the Agrobaiterium tumefaciens strait rtsed to induce the galls. Agrobaclerium rhizogenes

efEciently induces root formation on most dicotyledonous crop plants tested. Attempts
to regenlrate plants from such root tissues are in progress. Preliminary studies on the
growth charaiteristics of potato crown gall tissue indicate that an improvement in
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culture technique for potato protoplasts is required for routine experiments aimed at
recovering transformed plants by cocultivation wilh Agrobacteriwn or by incubation
with DNA.

Area 5: I)isease resistance

One of the objectives of crop improvement, either by conventional or novel means, is the
incorporation of disease resistanc€ traits into crop cultivars. However, little is knowtr at
the molecular level of how plants resist disease and there is scarccly any information on
the way in which disease resistanca genes work. Together with workers in the Plant
Pathology department, we haye had a long-term interest in the phenomenon ol induced
resistance to virus infection in tobacco (Nicotiaru tabacum) al[.d the relationship of the
pathogenesis-related @R) proteins to this process. We have obtained considerable
biochemical information on these proteins and have now extended this to isolate the
mRNA for them; the aim now is to produce complementary DNA $,hich will be inserted
into a plasmid and this cloned it Escherichia coli. By this means we should eventually
be able to isolate the genes for these proteins. Our studies of disease resistance have now
been extended to encompass another project in which the aim is to attempt to identify
the molecular nature of the genes for resistance to potato virus Y (and perhaps potato
virus X) that are present in certain potato cultivars. Currently we are testing the feasibility
of diferent approaches of recognizing the resistance-gene product at the RNA and
protein level. This research area is one that extends across departmental boundaries to
include members of the Plant Pathology Department and part of the relevant work is
reported in the Plant Pathology Department report (see pp. 190-l9l).

Staff. Area coordinator: B. J. Miflin; Research staff: Antoniw, Burrell, Carr, Ooms,
Pierpoint, Strowman, and Carpenter and White (Plant Pathology Department)-

PR-proteitrs in tramformed tobacco, Nicotiana tabacum cv. White Burley transformed
by infection with l grobacterium tumefaciens ptodvces a callus tissue that grou,s without
the addition of plant growth substances. Polyacrylamide gel electrophoresis @AGE) of
extracts of the callus showed a pattem of protein-bands characteristic of the PR-proteins
produced in White Burley on infectioD with the Nil 18 strain of TMV or treatment with
aspint (Rothamsted Report for 1979, Pzrt l, 29). A similar pattern of protein bands was
found on PAGE of extracts of transformed Petit Havana tobacco- In contrast, no PR-
proteins were detected in shoots derived fron the seed of transformed Petit Havana
tobacco, which had been grafted on to normal plants (after transformation these plants
do not develop a normal root system (Wullems, Molendijk, Ooms & Schilperoort Cel/
(1981) 4,719-727)). The results show that PR-proteins are formed in crown gall callus
not as a direct consequence of the insertion of T-DNA into the plant genome, but as a
result of the physiological state of the tissue, which is associated with high levels of
certain plant growth substances which are already known to induce PR-proteins in
tobaf,.o (Rorham\ted Report fot 1980,Part I, 180).

Other PR-proteins in yiruehfectd leave* Besides the four PR-proteins which are
obvious in electrophoretic extracts of TMY-infected leaves of tobacco (Xanthi-nc) and
which have been partially characterized @R-la, b, c and 2), there are at least five more
(A-E; Rn 0'55, 0'46, 0'41, 0.36 and 0.25) which are not present in extracts of uninfected
leaves. These resemble PR-la, b, c and 2 in that they are relatively resistant to proteolytic
enzymes and are more obvious after extracts have been iucubated with trypsin and
chymotrypsin. However, their chemical unrelatedness has been emphasized by their
behaviour during electrophoresis in a variety ofconditions, and during chromatofocusing.
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Suggestions that they include a cellulose or chitinase have not been confirmed. Cellulases
and exochitinases do not increase upon virus-infection, and although an endochitinase
does increase 3-7 fold in these circumstanc€s, its electrophoretic mobility is unlike any
ofthe PR proteins. Although not likely to be chidnases, three ofthe proteins are absorbed
from solution on to chitin, suggesting that they may be N-acetylglucosamine-specific
lectins. It is not yet clear if A-E include any of the protease-inhibitors that are induced
by damaging leaves, but some of the components of cell walls that are thought to be
responsible for the induction of the protease-inhibitors, induce the formation of PR-
proteins in detached leaves.

Area 6: Cereal seed proteins

The Department has had a lotrg term interest in the chemical and physical charucteriza-
tion of cereal seed storage proteins, in the biology of their deposition and in their genetic
and evolutionary relationships. This work has continued and has been extended by
using recombinant DNA technology. There is thus considerable overlap between this
area and the subsequent one on gene isolation. The current aims of our programme are
to compare, in all of the above aspects, the prolamin storage proteins of wheat, barley
and rye and to investigate the nature of other storage proteins such as the globulins of
oats. We are also studying the effect ofthe relative supplies of nitrogen and sulphur on the
amourts of the different storage proteins synthesized. Part of this concern is related to
the effect of S on baking quality and we are continuing to investigate the relationship
between the chemical and physical properties of the seed proteins, particularly of wheat,
and their use in food technology. The storage proteins are deposited in protein bodies
within the seed and we are seeking to understand the mechanisms involved for both
prolamin and globulin storage proteins.

Staff. Area coordinator: P. R. Shewry; Research staff: Bunce, Byers, Burgess, Faulks,
Festenstein, Franklin, Karp, Miflin, Parmar, Shewry, S. J. Smith, Tatham; some of the
research reported below was also done in conjunction with staff in area 7.

Ttre efrect of applied N ard S on the yield atrd composition of cererl grsin Fotein- It has
be€n shown with many cereals that sufficient S must be available to the plant if it is to
obtain maximum benefit from applied N. If there is insufficient S relative to the N supply,
yields of grain and of grain protein fall and the $amino acid content of the grain proteitr
decreases. With whea! this last observation related to protein quality is particularly
important because it is the only cereal Erain (with the exc€ption of a little rye) used for
making bread. No single property det€rmines the bread-making quality of wheat, but
disulphide bonding capacity is regarded as an essential requirement for dough formation.
Hence the importance of having grain prot€in with an adequate cysteine content.

Grain N and S sltlus of British wheat. The interaction of available N and S on the
quality of wheat grain is of practical importance in wheat-growing countries where the
soil can be S-deficient, e.g. Australia and part of mid-West USA. S-deflciency is not a
characteristic of British soils, but, because of the increasing use of S-free fertilizers, it was
thought necessary to carry out a survey on commercially produced wheat grain in order
to asc€rtain the current range of variability of N and S contents. One hundred and seventy
two grain samples of known N content from the l98l Home Grown Cereal Authority
(HGCA) wheat collection were analysed for S and their N: S ratios determined. Only six
samples had a S content of < 0'12 (as percentage of dry matter), all the others falling within
the range 0.124.18%. A low S content alone is not sufficient evidence of S deficiency,
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N: S ratios are considered to be a more reliable guide. In the vegetative tissues of wheat it
is considered that enough S is being supplied for protein synthesis if the total N: total S

and protein N:protein S ratios are (17:l and l5:1 respectively. The corresponding
values for wheat grain are less cenain althoug! a total N:total S ratio of l7:l has been
proposed (Randall, Spencer & Frcaey Australian lournal of Agricultural Research (1981)
32, m3-?12). On this basis none ofthe HGCA samples can be considered as S-deficient.
However, the average N:S ratio of 20 samples from one area was l4:l (range l2'3-
16.1:l) which was considerably higher than from the other sites. These samples also had
the highest average protein content (12'0, ranging from 9'5-15'9 as percentage of DM),
indicating heavy N fertilization. While there is sufficient S currently available to balance
the N supplied, it is suggested that this area should be monitored in future. It is proposed
to analyse the 1982 HGCA wheat grain samples similarly.

Etec* of S sapply on the grsin proteins of bailey, A study was made of the effects
of sulphur starvation on the grain of two cultivars of barley (Athos and Sundance). The
low S grain were smaller than the normal grain and had individual dry weights of about
23-25 mg compared with 44 mg. They contained a similar amount oF N gr dry fi
(about 26-27 mg) but less S (0.8 to I mg compared with 1.5 to 1.8 mg), and a smaller
proportion of cysteine and methionine. The proportion of the total grain-N present in
the hordein (storage protein) fraction was reduced from aboul50 to 27%. This fraction
also contained less cysteine and methionine and electrophoretic analysis showed decreases
in the amounts of the S-rich 'B' and 'D' hordein polypeptides. The salt-soluble protein
fraction also contained less cysteine and methionine and electrophoresis showed that
some components were either reduced in amount or absent. There was little effect on
the amino acid or polypeptide compositions of the glutelin fraction, but non-protein
nitrogenous components were greatly increased (from about 7 to 30 % of the total I\I).

A more detailed study was made of the accumulation and synthesis of hordein in the
developing grain of cv. Sundance. Electrophoretic analyses of hordein fractions from
early (15 days after anthesis), late (30 days) and mature developmental stages showed
that 'C' hordein accounted for over frl of the total fraction in the early S{eficient
grain compared to zl0l in the normal grain. This proportion then declined to about 80%
in the late and mature S-deficient grain and 2l3Ol in ttre normal sample, In oitto
translations of polysomes and polysomal poly A+ RNA from the early and late develop
mental stages, and of total RNA from the early stage only showed increas€d proportions
of 'C' hordein in the translafion products of the RNA fractions from the S-deficient
grain. This is consistent with the differences in the pattern of hordein accumulation.

The relative amounts of mRNAs for'B'and 'C'hordein polypeptides in the S-deficient
and normal grain were compared by immobilizing the RNA on nitrocellulose filters
and then hybridizing it to szPJabelled cDNA sequences known to be related to 'B' and
'C' hordein mRNAs (see area 7). The results indicated that the total concentrations of
mRNAs for 'C' hordein were higher in the polysomal RNA and polysomal poly A+ RNA
fractions from the S-starved grain than in the same fractions from the normal grain.
It was concluded that there was a close relationship between the proportions of hordein
polypeptides accumulated and the populations of mRNAs coding for them.

Imnmological relationships of cererl prolamins. It has be€n shown that there are
common antigenic determinants for 'A' and 'B' hordeins and also for 'B' and 'C' hordeins.
The reactions of different hordeins with antisera to 'A' hordein and to 'C' hordein have
been quantified in nephelometric tests and the study extended to other prolamins and
prolamin fractions. Antiserum to 'C' hordein did not react with total prolamins from
maize, millet, sorghum or rice, but reacted with prolamins ol wheat (gliadins) and rye
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(secalin$. Wheat <,rgliadins reacted strongly, as expected from their homology in amino
acid sequence with 'C' hordeins. There was also reaction with )r-gliadin, 75K 7-secalin
and, to a lesser extent, zlOK psecalin of rye. These fractions are themselves related in
their N-terminal amino acid sequences and the rcaction suggests some structural relation-
ship with'C'hordein; o(A)-gliadin and p-gliadin were much less reactive.

An antiserum to high molecular weight (HMW) subunit 2 of whe3t (cv. Highbury)
also reacted strongly with <.r-gliadins and to a lesser extent with c-, p- and yygliadins.
The antiserum also reacted with HMW subunits from cultivars Cheyenne and Maris
Butler, but all the HMW subunits gave less reaction than most of the other gliadins.
There was no reaction with'C' hordein. These studies ar€ of value in indicating structural
relationships between different prolamin fracfions.

Chromosomal location of the structusl gen€s for'D' hordein Lawrence and Shepherd

Qheoretical and Applied Genetics (1980) 59, 2r3l) showed that the HMW prolamins
are coded for by structural genes on the long arms of the homologous chromosomes
of group I in wheat, lR in rye and 5 in barley. We have analysed F2 and Fs grain of
crosses between barley cultivars with marker genes on the long and short arms of
cbromosome 5. These showed that 'D' hordein is controlled by a single locus (called
Hor 3) locatrd about 9 cM from the centromere on the long arm of chromosome 5.

It is closely linked to zec 1, a locus which determines necrotic spotting on the young
leaves (8.011.5 cM), and more loosely to wr, 5 (white leaf stripes) (37'4 !4'7 cM),
IIor 1 ('C' hordein) (64.8 + 12.7 cM) and 'B' (black lemma) (65'9 t l0'0 cM). This
location is analogous to that of ttre loci (desiglated G/u 1) coding for HMW subunits
otr the long arms of chromosomes lA, lB and lD of wheat. These are about 9 cM from
the centromere and 66 cM from Gli 1, which codes for <,,-gl-iadins (homologous to 'C'
hordein) and 2gliadins (unknown hordein relationship) (Payne, Holt, Worland & Law
Theoretical atd Applied Genetics (1982) 63, 120-138).

Puification, characterization and synth€sis of tte globulin storsg€ proteiDs of oats. In
oats the major storage proteins are globulins. These have been purified by column
chromatography and sucrose density gradient ultracentrifugation. Three globulins have
been identified, with sedimentation coemcients of approximately 3,7 all,d 12. The major
globulin component is the l2S fraction, and this has been purified by gel filtration
chromatography on Sepharose 5300 and zonal isoelectric precipitation. Results from
SDS-PAGE s€parations suggest that the 12S globulin consists of pairs of one small and
ooe large subunit, with apparent molecular weights (Mr) b€tween 19 000, 25 000 and
35 000 and 42 000 respectively, and stabilized by disulphide bonds. These correspond
to the subunits of the 12.15 globulin described by Peterson (P/an, Physioloqr Q978\ 62,
506-9) and have been purified by a combination of preparative polyacrylamide gel

electrophoresis and gel filtration chromato$aphy. Isoelectric focusing showed thal the
large subunit preparation contained about 20 major bands with isoelectric poins (pls)
of 5-? and the small subunit preparation 4 or 5 major bands with pls of 8-9. The large
subunits were richer in glutamate + glutamine and the small subunits in aspartate+
asparagine and in Iysine. An enriched fraction of the 35 and 7S globulins was obtained
by precipitation of the l2s globulin at pH 4.8. sDS-PAGE of the 73 globulin showed
that it contained mainly 55 000 polypeptides, \l,ith some minor components. The migra-
tions of the major components of the 35 and 7S globulins on SDS-PAGE were similar
under reducing and non-reducing conditions. Antisera against the l2S oat globulin
have been raised in rabbits, and a purified anti-globulin IgG fraction tested for cross-
rcactivity against oat prolamin, albumin and globulin. The only positive reaction was
against the oat globulin fraction. Polysomes have also been isolated from the membrane
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fraction of developing oat endosperms and fractionated by sucrose deDsity gradient
centrifugation. The translation products ofthese polysomes were analysed by SDSPAGE
under reducing conditions and a range of products were observed with apparent M6
up to 70 000, the most inteDse staining bands were around 60 000. When precipitated
with anti-globulin IgG, the major band of M. 58 m0 to 60 000 was precipitate4 indicat-
ing that the oat globulin precursor molecule is approximately the same size as the
unreduced dimer. The properties of the l2S oat globulins arc very similar to those of the
llS (legumin) proteins lound in legume seeds; there are also some common features
between the 75 oat globulin and 75 (vicilin) legume seed globulins.

Aree 7: Gene isolation and expression

This area is part of the ARC's priority programme on g€netic madpulation. Our primary
interest was to isolate the genes for the storage proteins of cereals. To this end we have
constructed a number of 'libraries' of cloned complementary DNA (cDNA), derived
by reverse transcription ofmRNA from endosperms, in the plasmids pBR322 and pUCS
grown in Escherichia coli- We are currently identifying which of these cDNA clones
contain sequences related to various storage proteins and attempting to obtain clones con-
taining inserted sequences equivalent to the full length of the nRNA. Such clones
can be used itr a numb€r of studies as outlined below. The DNA can also be sequenced
and this sequence used to predict the primary amino acid sequence of the corresponding
protein; this approach will be particularly valuable in our study of cereal protein
biopolymers in relation to food technology (see area 6). The cDNA clones will also be
used in identifying the various structural genes present in a genomic library of barley
nuclear DNA currently being constructed using phage tr. Besides the prolamin storage
proteins we are also interested in identifying cDNA clones related to other important
grain proteins such as chymotrypsin inhibitors and p-amylase. A further project in this
area is the isolation of the genes for glutamine sytrthetase. In each instance, b€sides
obtaining information on the structural properties of the proteins, the factoN aflectiag
the expression of the genes will also be studied. The isolated full length cDNA and
genomic DNA clones ol certain of the proteins will also be used for studies on gene
transformation in higher plants (see area 4).

Staff. Area coordinator: B. J. Miflin; Research staff: Blanco, Burgess, Cullimore,
B. G. Forde, J. Forde, Fry, Kreis, Lara, Miflin, Pywell, Rahman, Saarelainen; some of
the research reported was done in conjunction with staff in area 6.

Characterization of cDNA clones for cereal storage proteins. Previous work identified
one group of cDNA clones (including clones pHvE-cl6 and pHvE-c179), derived from
barley endosperm mRNA, as being related to 'B' hordein sequences (w. Rotharnsted
Report for 1981, Paft l, 42). This was based on evidence from hybrid-selection trans-
lation and sequence information. Further studies have identified clones, including
pHvE-c251, which select mRNAs that, upon translation in at in oitro whert germ protein
synthesis system, direct the synthesis of 'C' hordeins, and also clones (amongst them
pHvE-c155) that select nRNA related to'D'hordeins. The idetrtity of the'D'-hordein
clone has been further mnfirmed by using it to identify cDNA clones, derived from wheat
endosperm mRNA, which select mRNAs that direct the s,.nthesis of wheat higt mole-
cular weight prolamins (these prolamins are homologous in composition to 'D' hordeins).
The DNA inserted in the wheat clones pTaE-c256 ar.d pTaE*237 has been partially
sequenced and found to contain sequences that predict a carboxyl terminal sequence for
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the protein that is identical to that determined by carboxypeptidase cleavage ofa purified
high molecular weight polypeptide.

Hordein g€[e orgrdzotioo in nomal rtrd Dutart berley lires. We have used the above
clones to investiga& further the nature and expression ofthe hordein loci Ilor I (C-hordein),
Hor-2 (B-hordeit) and IIor 3 (D-hordein). Using B-hordein related clones and mRNA from
endosperms of cultivars having different alleles at the Hor 2 locus, we have obtained
evidence that the protein polymorphism is due to the presence of a family of mRNAs
atrd not to post-translational nodifications. Furthermore, hybrid-selection translation
suggests that the B-hordein clones fall into two distinct categories, one hybridizing to
mRNAs that direct the synthesis ofclass I and II polypeptides and the other to mRNAs
spocifying class UI polypeptides; this division held true irespective of the Hor-2 allele
present in the cultivar from which the mRNA population was obtained. The basis for
distinguishing the polypeptides with class I, II and III was cyanogen bromide cleavage
mapping and has b€en reported previously (Rothamsted Report for 1980, Part 1, 40).
These results are consistent with the l{or-2 locus being a cluster of related genes compris-
ing a multigcne family which can be divided into two sub-families. Further resolution
of the locus will depend on more sequence information and the isolation of clones of
genomic DNA derived from the locus.

Certain mutant lines of barley accumulate smaller amounts of hordein in the grain
which thus have a higher lysine content. We have used our characterized clones to attempt
to identify the nature ofthe mutation. In Riso 56, a 7-ray induced mutant of Carlsberg II,
the amount of 'B' hordein is reduced and this is due to the absence of the major class II
and III hordein polypeptides present in Carlsberg II (there are no known class I poly-
peptides in this cultivar). Correlated with the lack of polypeptides, we have been unable
to find any evideDce for mRNAs for these polypeptides despite using a number of different
RNA fractions and techniques. Analysis of the genomic DNA of Carlsberg II and
fuss 56, shows that about 100 kilobases of DNA, which in Carlsberg II hybridizes with
DNA from 'B'-hordein rclated clones, is missing from the mutant. We therefore conclude
that the highJysine phenotype of Riso 56 is due to a major structural mutation in the
Hor-2 locus.

Riss 1508 is due to a r€cessive mutation /ys 3a located on a separate cbromosome from
the IIor loci. The major effect is the absence of 'C' hordeins and of 'B' hordein belonging
to class I; there is less efect on class III'B' hordeins and no eflect on'D'hordein. Again,
analysis of ttre mRNA populations in the mutant, using iz ,irro translation and different
nucleic acid hybridization techniques with our characterized cDNA clones, suggests
that the changes in the amounts of polypeptides reflect changes in the populations of
endosperm mRNA. However, we have not found any differences in the genomic organi-
zation of lbe Hor-2locus. Our results therefore suggest that the /ys 3a mutation probably
acts by differentially affecting the transcription of the ly'or loci or the subsequent proces-
sing of the RNA transcripts. There is no information as to how this may occur.

The expr€ssioD of the hordeh genes dEing endmperm developmetrt. we have studied
the accumulation ofthe di.fferent hordein polypeptides ofcv. Sundance during endosperm
development in the field. As a group the hordeins accumulate relatively late in comparison
to other proteins and continue to accumulate until the gain ceases to grow. Within the
hordeins the 'C'-hordeins form a greater proportion of the total hordein early (22 days
after anthesis) than they do at maturity. Furthermore the 'B' hordeins do not all accumu-
late at the same rate; those poll,peptides belonging to class I make up a larger fraction
of 'B' hordein as development proceeds. Because hordeins do not appear to turn over
we have equated rate of synthesis with rate of accumulation and suggest that the expres-
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sion of the hordein loci is modulated both within and between loci during gra.in develop
ment. To gain further information we have again used the characterized cDNA clones
and have also translated various RNA fractions iz ,irro. All of the approaches sugg€st
that changes in the relative amount of the hordein proteins are due primarily to changps
in the relative amounts of the diflerent mRNAs. These results suggest that the controls
on the absolute and relative rates of hordein s)'nthesis operate at the level of Hor gene
transcription, although we cannot yet rule out the possibility of alterations in tumover
rate of the different mRNAs-

Plant growth regulators

Gibberellins in developing whert grairc. The capacity of developing wheat graim to
synthesize gibberellins was investigat€d by culturing detached wheat ears in a defined
medium without added growth substances (Rothamsted Report for 1980, Part 1, 55-50.
Wheat ears (var. Maris Huntsman) were harvested from the field 2 weeks post anthesis
and cultured for I week. Grains of similar age and size were also harvested from intact
plants. Gibberellins (GA's) were purified by ion exchange column chromatography and
reverse-phase partition high performance liquid chromatography (HPLC) and collected
fractions were assayed using the barley endosperm and dwarf rice assays. The GA's
of combined HPLC fractions were examined by combined gas chromatography-mass
spectrometry (GC-MS) using fused silica capillary columns. The very low amounts of
GA's present in grains at week 2 were insufficient for characterization by combined
GC-MS. However, after I week in culture the following compounds were conclusively
identified in respe.t to relative retention time and reference MS; GAss, GAeo, GAm,
GA61, GA62, GAre, GAsn, GAaa. In addition, the 3-"pi isomer of GAsl, 2F-OH GAsl
and its 3-epi isomer were tentatively identified. This spectrum of GA's was similar
qualitatively to those from grains of intact plants. Thus detached wheat ears have the
capacity to synthesize endogenous CA's. Preliminary experiments showed that feeding
the plant growth retardant, ancymidol, to detached wheat ears reduced the content of
biologically-active GA's in developing grains. (Appleford, Lenton, Millard and Radley,
with Professor J. MacMillan, University of Bristol)

Stafr and Yisitors

Ootslde support and collaboration The Department gratefully acknowledges the
financial support for personnel and materials that have been provided by the Home-
Grown Cereals Authority, Shell Research Ltd, the Potato Marketing Board, Directorates
DG VI (Agriculture) and DG XII (Education and Science) of the EEC, Sigma Chemical
Company and NATO. We have also shared SERC/CASE research students with the
Universities of Leeds, St Andrews, Liverpool, Newcastle and Bath. As well as numerous
collaborations within the ARS we also recognize the value of the collaboration that we
have received with members of Birkbeck and Queen Elizabeth Colleges, and the Middlesex
Hospital Medical School, University of London, the University College of North Wales;
the Un.iversities of Nottitrgham, Cambridge, Kent, Essex, Bristol; the University of
Seville, Spain; the University of Ottawa, Canada; the University of Oslo, Norway;
the Swedish University of Agricultural Sciences, Svalov, Sweden; the Vrije Universiteit,
Brussels, Belgium; the Department of Agriculture, Northern Ireland; the Imperial
Cancer Research Fund Laboratories ; Rothwell Plant Breeders ; Riso National Laboratory,
Denmark; the Department of Physiology, Carlsberg Laboratory, Copenhagen, Denmark;
and the USDA Western Reg.ional Research Centre, Albany, USA.
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Visitors During the year the Department was pleased to welcome for extended visits:
Dr P. Amrda, Universidade Estadual de Campinas, Unicamp, Brazil; Dr T. Bryngelsson,
The Swedish University of Agricultural Sciences, Svalov, Sweden; Dr J. Boccon-Gibod,
ENITAH, Angers, France; Dr I. Jonassen, Carlsberg Laboratory, Copenhagen,
Denmark; Prof. M. Mazelis, University of Califomia, Davis, USA; Mr I. Pervez,
UCI.IW, Bangor; Dr S. Rogtres, University of Oslo, Norway; Ms Ingrid Verbruggen,
Vrije Universiteit, Brussels, Belgium.

Yisits sbroad. Members of the Department att€nded the following conferences or
visited overseas universities as indicated; 5th International Congress of Plant Tissue
and C€ll Culture, Tokyo, Japan (S. W. J. Bright); lst Intemational Symposium on the
Molecular Biology of the Plant Bacteria Interaction, Bielefeld, Germany (Julie Cullimore);
Meeting of Coordinators of the OECD Photosynthesis Programme, Paris, France
(A. J. Keys); Phytochemical Society North America Meeting on 'N{obilization in Germi-
nation', Ottawa, Canada @. J. I*a); Engineering of Plants Conference, University of
California, Davis, USA (8. J, Miflin); Norwegian Biochemical Society Meeting, Norway
(B. J. Miflin); ASPP Meeting, Urbana, USA (B. J. Miflio); NATO/FEBS Meeting on
Genome Organisation, Portes€, Italy (B. G. Forde, B. J. Miflin); NATO Conference
on Genetic Engineering in Eukaryotes, Pullman, USA (G. Ooms); SEB Meeting, Leiden,
the Netherlands (Julie Cullimore, P. J. Lea, B. J. Miflin, G. Ooms); Universities of
Washington, Seattle, USA, and of Leiden and Wageningen, the Netherlands (G. Ooms),
Florida and Mitrnesota, USA (Sheila Maddock), Iriden, the Netherlands (Angela
Karp); I-ouvain-la-Neuve, Belgium (M. Kreis), Toronto and Ottawa, Canada and Milan,
Italy (8. J. Miflin), Carleton, Ottawa, Canada and Khartoum, Sudan (P. J. Lea); Riss
National l-aboratory, Roskilde, Denmark and Carlsberg Research Laboratory, Copen-
hagen, Denmark (Angela Karp, M. Kreis); Swedish University of Agricultural Sciences,
Svalov, Sweden (Angela Karp) ; Zentralinstitut fiir Genetik und Kulturpflanzenforschung,
Gatersleben and Institut fiir Biochemie der Pflanzen, Halle, DDR (A. J. Keys); ARCO
Plant Cell Research Institute, Dublin, USA (G. Ooms); Istituto Sperimentale per la
Cerealicoltura, Bergamo, Italy @. J. Miflin); A. N. Bach Institute of Biochemistry and
K. A. Timiriazev Institute of Plant Physiology, Moscow, Institute of Plant Breeding and
Genetics, Odessa, USSR (P. R. Shewry); IAEA Research coordination meeting, Vienna,
Austria (P. R. Shewry).

Sttff. I. F. Bird was appointed as full-time Station Safety Officer from I December.
During the year Audrey Faulks, Valerie Jarrett and A. Strowman left, and N. Bunce
(from Queen Elizabeth College, London), D. Foulger (from University College, London),
R. Fry (from the University of Essex), M. G. K. Jones (from the WPBS) and A. Tatham
(from University of Essex) joined the Biochemistry Department. M. Kreis transferred
to the permanent staff from an EEc-supported post. M. Burrell transferred to the
Department from Insecticides and Fungicides. Myra Dunlop, R. Mayne, S. Rahman and
G. Scbmidt completed their Ph.D's.

hblicetim

Boor

(IrBwus, F. A., NozzoE rr, C.) & LE^, P. J., Eds. (1983') Recefi advq ces in phyto-
chemisrry, Yol. 17. Mobilization of resenes in geminorion New York, Plenum.
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