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Introduction
This year has seen the initiation of several new projects. These deal with plant-fungal
relationships, intermediary nitrogen metabolism, factors affecting protein syntlesis in
developing seeds, and studies with tissue cultures. Few results are as yet available;
much time has been spent in planning objectives, establishing methods and doing
prcliminary experiments.

Many of the r€sults reported below arc preliminary, but significant progress has b€sn
achieved in certain areas, notably in thc discovery of an alternative route of nitrogen
assimilation in highcf plants.

Hoct phnt pottog€tr relotioEhips
Modiffcation of pot to vins€s by o{uitroDc& The rcaction of Potato Virus X @VX)
with enzfmically gcncratcd o-quinones is likely to occur in infected senescing leaves
and to produce a modified but iDfectivc form of the virus. We have continued to investi-
gate the chemistry of the r€action, and have started to examine other strains of the virus
to see if the ability to retain infectivity after modification is related to the ease with which
these strains sunive and spread in the ficld.

There are over 1000 protein subunits per particle ofPVX, and each contains approxi-
mately 1l lysine residues. Previous cvidcncc suggests that one or, at the most, two lysine
arnino groups pcr subunit react with chlorogenoquinone. It has now been shown that
of the ll amino groups onc rc.cts more rcadily than the others with trinitrobenzene
sulphonic acid and, contrary to an earlier inpression, only one residue reacts with
pyridoxal s'-phosphate (PLP). It is not clear whether it is the same amino group that is
most reactive with these threc rcagcnts and most accessible to the proteolytic enzyme
trypsin. Competition expcrimcnts suggest tlat quinone and PLP react with the same
residuc; thus, bound quinonc morc than halves the amount of PLP that reacts with the
virus. Moreover, PlP-treat d PVX is not split by trypsin, suggesting that the modified
amino group is the one recognised by the enzyme. However, other facts, such as the
susceptibility of quinone-treatcd PYX to trypsin, argue that the quinone has reacted
with a differcnt amino group. Attcmpts are being madc to resolve this question by
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examining ('mapping') the peptide.s in tryptic digests of virus modffied by the different
reagents.

A strain of PYX (Kilfs2) which affects different varieties of potato than does X1{,

and which is rarely isolated from the fiel4 also reacts with chlorogenoquinone. It is not
inactivated, although its I-IV spectrum, its fluorescence and its electrophoretic mobility
are altered. Attempts arc b€ing made to detect its formation in infected leaves. (Ireland,
Jewer and Pierpoint)

Phnt-fmgrt relationshlps, There is evidcnce that the pathogenicity of diferent strains
of some fungi is correlated with the production of cell wall degrading enzymes' Isolates
of Gaanmannomyces gr@ninis are being tested to s€c whether a similar correlation holds
for the take-all fungus. The fungus has been grown in liquid culture under various
conditions and the extracellular activity of the enzymes Polygalacturonase and cellulase
determined by viscometric methods. An isolate of G. gruminis Yar. ,rirrci excreted
polygalacturonase in response to the presence of pectin in the Srowth medium, whereas

in isolate of var. avenae has so far only produced traces of activity under all conditions
tested. An isolate o f Phialophora radicicala, which may be the imperfect state of a variety
of G. graminis, produced polygalacturonase as it started to grow, lvhether or not p€ctin

was present. However, the activity diminished rapidly, particularly in shaken cultures,
and at the period of incubation when thc var. ,ririci isolate had maximal activity there
was none detectable in th6 culture fluid of the Phialophora isolate' A rangE of other
isolates is now being tested.

The polygalacturonasc from var. ,rirrci has an optimum pH near 5'5 with pectic acid
as substrate and is a very stable enzyme.

Preliminary experiments suggest that none of the isolates so far tested excrctes signifi-
cant amounts of an enzyme that will rcduco the viscosity of carboxymethyl cellulose
solutions (i.e. cellulase).

Parallel studies on the composition of the cell walls of wheat roots have been initiated'
Analysis has been made of soluble polysaccharide of weck-old coleoptiles and roots;
fructosan represented half of this polysaccharide in the coleoptiles but was absent from
the roots. (Festenstein and Holden)

Nitogen netabolkm of crop Plrnts
htermediary nitroger m€tlbotim" Between applying nitrogen fertiliser to the soil and
harvesting the prorcin in ccreal and legume sccds, a range of complex biochemical tranv
formations involving nitrogen occur in the crop plant. The cost of nitrogen fertilisers
and the cost of importing protein feeding stuffs for animals require that thesc processes

occur efficiently. The department is concerned in increasing the understan'liflg of thes€

transformations with the eventual aim of developing crop plants and agronomic
techdques that maximise nitrogen utilisation.

Enty of nitrogen irto otglric cornbha ioru. The manner in which inorganic aitrogen
is incorporated into the organic form as amino acids, prior to movement through the
plant and incorporation into proteiff, is of Primary importance. This route has generally
been considered to be via glutamatc dehydrogpnasc, desPite many rescrYations about the
suitability of this reaction (scs Paper l2). We have now shown that plants hav€ an
alternative pathway available in both leaves and roots in which ammonia is incorporated
into glutamine via the action of glutanine synthetase, an enzyme showing a much higher
afrnity for ammonia than glutamatc dehydrogpnase. Rcaction:

L-glutamate f NHr * ATP Md-> 
r-glutamine * ADP * Pi

l8
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The amido nitrogetr thus formed is then transferred by the enzyme glutamine-c-
oxoglutarate amino transferase (GOGAT) to d-oxoglutarate;

L-glutamine a o-oxoglutarate 
(D> 

2 L-glutamate
One of the molecules of glutamate produced is recyclcd to accept another molecule of
amrnonia, and the second is available for transamination to form other amino acids.
GOGAT activity in cbloroplasts is unique in that it utilises reduced ferredoxin rather
than reduced pyridine nucleotides as the elechon donor. The enzlnne is also present in
roots, where it is also located in the plastids. The enzyme from both sources is specific
for glutamine as the amido nitrogen donor and a-oxoglutarate as ac{eptor. This mode
of nitrogen assimilation has the advantage of operating at and maintaining low ammonia
mn@ntrations, and it is irreversible. Nitrate is the major form of nitrogen present in
the soil. Three of the key enzymes involved in its utilisation, nitrite reductase, glutamine
synthetase and GOGAT, are all present in the plastids which suggests that the plastids
are important in the synthesis of organic nitrogen. Other workers have found glutamine
synthetase and GOGAT in the bacteroids of root nodules in addition to their presence
in the root, and it is thercfore probable that this pathway is of primary importance in
thc assimilation of the products of nitrogen fixation.

Route of mides ia aitogcn rmDitr y. Glutamine plays an essential role in the transport
ald transformation ofnitrogen compounds in plants. Besides the formation ofglutamate,
the amido nitrogen of glutaminc can be transferred to a wide range of compounds in-
cluding asparagine (see below). Glutamine and asparagine are the majoi nitrogen
constituents of the xylem fluid of most plants. They are emcient transporters in that
they carry two nitrogens per molecule. On arrival in the developing apex or seed, the
amido nitrogen must be transferred to keto acids to form amitro aiids for protein
synthesis. Although we have described a glutamine amido nitrogen transferase, as yet
little is known about the transfer ofthe amido nitrogen of aspa.ragine. We are continuing
to search for possible enzymic mcchanisms.

Asparagine appears to act as a sccondary nitrogen store at times of nitrogen excess
and of carbohydrate deficiency, and this tends to delay or prevent the build up of high
concentrations of ammonia. The mechanism of the synthesis of asparagine has been
studied, and 1 gluramins.dependent asparagine synthetase from lupin seediings has been
partially purified and characteriscd. This enzryme carries out the following reaction:

L-aspartate + L-grutaminc -1-, err -$,l-asparagine + L-glutamate + Ar,tr, + ppt

The enzfme is also able to utilise ammonia as the nitrogen donor, although the K11 for
glutqminc is much lower, indicating that glutamine is the probable physiological suh.
strate. I! crude plant extracts the synthesis of asparagine is inhibited by o-oxoglutarate,
due to the competition for aspartate as a substratc for aspartat€ transaminase. possibly,
when the plant has a plentiful supply of carbon, c-keto acids will prevent the formation
of asparagine iz yiya Howcvcr, at times of low carbohydrate and high nitrogen levels
the keto acids will be convcrted to amino acids atrd the glutamha emidjdtrogsn
transferrcd to asparagine.

Elzyncs d andno ac l biosyrr uritt. Work has been concentrated on the synthesis
of the aspartate family of ernino aqids. Attcmpts to purify and characterise aipartate
kinase (the first key cnzyme of the pathway) from barley and peas, using thi same
techniques as developed for maize (Cheshire & Mif,in, Piytochemitry, it the press) have
not yet proved successful, due to very low levels in the tissues. Further atteDpts wiu be
madr using efrnity_chr_oqltography to inprove the isolation of enzym.es prescnt in only
small amounts. Dihydrodipicolinate synthase activity has bcen demonstrated in crudi
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extracts of a number of plants, and is particularly active in extracts of field bean seedlings.

This enzyme, like aspartat€ kinase, is subject to feedback control by lysine. Diamino-
pimelate decarboxylase, which catalyses the final step in lysine biosynthesis in plants, is
ilso present and reasonably active. These enzymic studies, together with labelling experi-

ments from other laboratories (Moller, B. L, Plant Physiology (1974) *,638) con-firm

that platrts, as well as bacteria, utilise the diaminopimelate pathway of lysine biosynthesis.
This is in contrast to fungi, most of which use the c-am.inoadipic pathway. Enzymes of
the fungal pathway have also been studied with Particular attention to saccharopine
dehydrogenase, the enzyme rcsponsible for the last reaction in the pathway.

saccharopine * NAD* + L-lysine + d-oxoglutarate + NADH + H+

This enzyme has b€en extracted and partly purified from the mycelium of the rice blast

furrgls (Pyricularia oryzae\. The enzyme reaction is reversible and has two distinct pH
optima, 6:8 when assayed in the saccharopine forming direction, and 9'7 for the opposite
direction. It is highly specific with respect to substrates and coenzymes. Substrate

analogues inhibit the reaction.
Giovanelli and co.workers @atko, Giovanelli & Mudd, Jo umal of Biological Chemisfiy

(lg73), 49, ll39) suggcsted that the pathway to methionine branches from that to
threonine and isoleucine aflcr the production of O-phosphohomoserine. In methionine
synthesis phosphohomoscrine condenscs with cysteine to form cystathionine, a pre-

cursor of methionine. Alternatively phosphohomoserine is cleaved to yield threonine.
Studies have been initiated on the formation and utilisation of phosphohomoserine in
plants, and attempts were made to synthesise it enzymically from ATP and homoserine,
using homoserine kinase prepared from baker's yeast. Initially there was difficulty in
reproducing the published methods, probably due to the nature of the supplies of yeast

available. Howevcr, by rupturing the cells with liquid nitrogen and maintaining the pH
at 7'5 the yield of homoserine kinase was improved; such preparations were stable for
at least fivC months. Inclusion of small amounts of NHI+ in the reaction mixture increased

the formation of phosphohomoserine to >751. raC studies show all the radioactivity
to be coincident with O-phosphohomoserine on TLC plates. Attempts were made to
establish the conditions requircd for aftnity chrcmatography of homoserine kinase

from yeast and plant sources. Threonine was coupled to aminopropyl silica gel, using a

glutaraldehyde spacer. This complex completely removes all homoserine kinase activity
irom the yeast preparations, but so far the activity has not been recovered.

Chemical synthes€s of O-phosphohomoserine have becn attempted. The best results
were obtained by reacting the anhydrous copp€r chelate of homoserine witb phosphorus

oxychloride, removing ex@ss reagent by evaporation at low pressure, followed by
hydrolysis with saturated sodium bicarbonate solution. Yields were never b€tter than
25% of theorclic2'l.

Non-proreit aniru ac ls h plaas. Plans produce nany otler amino acids than
those incorporatcd into proteins. These amino acids are of interest because, first they are

often analo es of the protein amino acids and can be used in probing the biochemical

reactions ofthe latter; iecondly they can be uscd as selection agents for isolating desired

mutants (see below); and thirdly the unusual amino acids produced in plants are often
toxic to other species of plants, micro-organisms and animals and possibly act as a
natural defence mechanism.

The glutamine analogucs, albizziine, :naserine and methionine sulphoximine, have

been uied in studies on the ,nido-nitroS€n transfer reac'tions mentioned above.

Albizziine has been shown to inhibit asparagine synthetase from lupins' However, lhe
enzyme isolated ftom Acacia famesiou seeds, which contain the analogue in high

m
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concentrations, is far less susceptible. GOGAT is also inhibited by the analogues and is
most sensitive to azaserine, followed by albizziine and methionine sulphoximine.

Recent studies by workers at the Food Rescarch Institute (Mbadiwe & Synge), and
in Belginm (Dardenne) (persoaal comnunications) have shown that the tropical legume
Pentaclethra maoopiyl/a, found widely in Zaire, contained a novel amino acid 3(R)-U,-
(S)-amino-carboxymethylp-pyrrolidone-5(S)-carboxylic acid. This compound can-be
split in acid to give 2,ldiamino.3-carboxyadipic acid, a structural analogue of a-amino-
ldipic acid, which is a key intermediate in the fungal biosynthesis of lysine (see above).
In attempts to obtain new analogues, Shewry, who represented Rothamsted on lhe Zake
River Expedition (supported by the Scientific Exploration Society), has collected a range
of seeds and pods from members of the Leguminosae family growing adjacent to the
Zaire fuver. The Upper Shaba region was particularly suitable due to the presence of
the Miombo woodland dominated by tree legumes, especially of the genera Bia chystegia,
Julbernardia and Isoberlinia, These are all members of the subfamily Caesalpinoideae
and have not been previously investigated biochemically to any extent.

Recent work in aninals has suggested that pyrrolidone-s-carboxylic acid plays an
important role in the transport of amino acids. This compound has consistently been
reported io plant extracts but is generally considered as an artifact of isolation. prelimi-
nary evidence, suggesting that it might be a normal plant metabolite, has now been
obtained: an enzyme capable of catalysing the ATP-dependent hydrolysis of pyrrolidone
carboxylic acid to glutamate has been found in field bean seedling extracts. (Fowden,
Hill, Lea, Mazelis, Miflin, Pratt, Shewry, Wade and Wallsgrove)

Protein synth€sis itr cer€.I s€eds. Erperiments to establish a raoge of suitable analytical
techniques have been carried out. Thesc have included taking samples of the xylem
contents of deyeloping wheat plants; adding 2mino acids to the xylem stream of develop
ing.ears on the plant; feeding radioactive tracers to excised ears; extracting, hydrolysing
and analysing the amino acid content of seed proteins; and extracting and analysing
the naturc of the proteins formed during seed development.

Extraction ofpotehlrom whoh milled whcat graiz. A technique has been established
for extracting protein from the grain of individual ears of wheat. Milled grain was
shaken with O'0IN-NaOH, at 4'C, for I h (20 ml NaOH/0.5 g sample). Of the total N8l remained insoluble, 82f was precipitable from the NaOH extract by trichloroacetic
acid, leaving a final l0l in solution. This was the optimum concentration of NaOH for
protein extraction. Lower concentrations left more N insoluble and higher ones increased
protein hydrolysis. The addition of detergents did not increase extractiotr.

The amino acid composition ofthe NaOH insoluble residue and the TcA-precipitable
protein differed considerably. In particular the amount of lysine (as compared to the
other amino acids) in the residue was double that found in the extracted protein; however,
this is not necessarily nutritionally available.

Conlnrison ol hyeolysis merlrodt fot cued gruhs. To minimise the formation of
humin and the destruction of certain amino acids, samples with a large carbohydrate
content are usually prepared for amino acid analysis in a large volume of mineral acid,
I : 500 being a comrnonly used ratio. A comparison of hydrolysis methods and the
ratio of sample to acid was made to find which offered most advantages.

Diferent amoutrts of milled wheat grain (var. Kleiber), ranging from l0 to 500 mg,
were treated with redistilled 6N-HCI (sample to acid ratio ranging from I : 100 io
I : 1000) and hydrolysed by refluxing in air, refluxing under nitrogen, heating in a sealed
evacuatd tube, or heating in a tube filled with nitrogen following evacuation.

2t
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Serine, threonine and lysine seemed unaffectcd cithcr by the sample to acid ratio or
by the method of hydrolysis. The maximum amount of cystine and methionine was

found in evacuated tube hydrolysates (at all sample to acid ratios), followed by those
refluxed under nitrogen (provided the acid was boilcd under nitrogen before adding the
sample to remove dissolved air); results from nitroggn-fillcd tubes were somewhat lower.
Destruction of ,S-containing amino acids occurred in air hydrolysates, but surprisingly
methionine was more afected than cystine. In evacuated tube hydrolysates methionine
and is sulphoxide (in about equal amounts) represent only one-half to twothirds of
the original methionine.

Choice of hydrolysis conditions dcpends on wNch amino acid(s) are of most interest.
A nitrogen-filled tube should be satisfacory for all except the ,S-amino acids. For the
latter, an evacuated tube is still recommended.

Factorc atecting proteh syttthcsis h tlcteloping seeds. Studies arc in progress on the
possible effects on protein composition of altering the flo1Y of amino asids to the develop
ing grain by feeding various combinations and contents of amino acids into the top
intemode of growing wheat plants by means of wicks. Single wheat ears have taken up
,,t-8 rng nitrogen, as diferent amino acids, which is equivalent to lVzO% of the final
nitrogen content of the grain. The protcin derived from ears fed in this manner is aow
being worked up for analysis.

In collaboration with Talibudeen (Chemistry Department), we have sampled the
xylem contents and the seed protein of wheat plants grown in the greenhouse with
different levels, and times of application, of N and K fertilisers. This is part of a larger
project to investigate the efects of environmetrtal conditions on the quantity and quality
of seed protein in cereals, in part supported by the Home Growa Cereals Authority.
Some 600 samples of Cappelle vheat and Julia barley, with widely ditrerent protein
contents, have been taken from Broadbalk and other field experiments and selected

samples are being analysed.
In a related project the interaction of sulphur and nitrogon fertilisation on the amino

acid composition of wheat proteins has been analysed. Previously the Chemistry Depart-
ment (see Bolton, Rorhantsted Report for 197i, Part l, 5l) determined the ratio of straw
to grain, and the total N and total S contctrt in each, of wheat (var. Kleibcr) grown with
differing amounts ofN and S fertilirr. Grain from plants receiving both N and S, at all
levels, had an S : N ratio of about 0'066, while the ratio in grain from plants receiving
only N decreased to 0'032 as applied N inqcas€d. Our interest was in the efect ofN and
S fertilisers on the amino acid composition of whole grain.

Gliadin, one of the storage proteins of wheat, contains morc glutamic acid and proline
and less lysine than other protein fractions making up the endosperm' Its synthesis is
known to be stimulated by applying N fertiliscr at the appropriatc growing stage. When
the seed plants given no sulphur werc analysed large amounts of glutamic acid and
proline and less lysine were found, as expectcd, in the plants receiving most nitrogen.
However, they also contained around 50f less cystine and methionine than the plants

receiving the least nitrogen. Adding S fertiliser at high levels of N restored the methiodne
and cystine contents, but caused no significant increase at low levels of N.

The number of sulphydryl groups and disulphide bonds present in flour protein is an
important factor in bread making. There is evidencc that the composition and properties

of gluten from S-deficient wh€t are differcnt from those of wheat grown with adequate
S fertiliser. Because of the large amounts ofN fertiliser curr€ntly used to increase protein
yields in the gra.in it would now seem necessary to Gnsurc that adequate S is also
available.

Samples of barley mutants have bcen obtained from Riso, and studies of protein and

22
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amino acid metabolism in the developing grain, particularly in the high lysine mutant
1508, are in progress. (Byers, Kirknan, Ira, Miflin, pratt and Shewry)

Tisme culture studies

Estrblishme of cult[res. Sterile cultures growing on defined media have been initiated
from-barley (H-ordeum vulgare, vzrs- Julia, Hiproly and Riss 1508), pea, (pisun sativwm,
var. Meteor), field tnan (Yicia faba, var. Minor), and carrot (Daucus caiota).

Sel€cdon of mutalt litr€s. In bacterial systems strains of bacrcria have been selected on
the basis of their resistance to analogues of the protein amino acids. On analysis these
are often, but not necessarily, found to overproduce the protein amino acid. Strains
isolated in this way have been used for thc commercial production of amino acids.
Similar selection experiments have been initiated using carrot cells, and these will be
extended to the other tissue cultures mentioned above, So far lines resistant to the two
lysine analogues, S-2-lqinoethyl-r-cysteine (AEC) and c-aminocaprylic acid (ACA) have
been selected. Five cell lines of carrot have been isolated which are resistant to 0.3 rrru-
AEC. A further 40 resistant lines have been produced after treating carrot cclls with
0. I 5 f solutions of the mutagen ethyl methatre sulphonate. Two carroi cell lines resistant
to ACA have also been isolated. The basis of the resistarce in these cell lines is being
investigated by amino acid analysis and gowth experiments, but so far no evidence oi
res,istance_ que to the over production of lysine has been obtained. (Bright, Miflin,
Pallet and Restall)

Ctlomphyll degredetion studies
Recen! york by McKinney and co-worters (Agrictitwal and Food Chemistry (1973),
2,1, 279-281) has suggested that when chlorophyll breaks down during leaf sineicence
the porph-yrin ring may split into fragments with the phytyl side-chain lgmainilg attached
to oae of them. With a view to investigating this, methods are being developed for
determining phytol.

It seemed possible that megnesiu.i mighl likewis€ remain attached to one of the frag-
ments ofthe ring, but work done in collaboration with v. Cosimini showed no eviden&
for this. The, ether-soluble magnesium of fresh leaves of several species corresponded
exactly with the chlorophyll content of the fraction as determined spectrophotomefocally.
When the green pipent disappeared 1[s magnesium and chloroplyfl wire lost from the
ether fraction at the same rate, indicating conversioa of magnesium from an organic
to an inorganic form. (Holden)

Staff end vi$ting worhers
New staf appointed to the d€partment during the year were S. W. J. Bright (previously
at.the University of Cambridge), IVI. A. Kirkman (previously at the Norweigian Agi-
cultural Research Centre), and P. R. Shewry (prcviously at WestEeld College,-Londo=n).
Professor M. Mazelis, from the Department of Food Science and Technolog!, Universiiy
of California, Davis, is spending one year in the laboratory. H. M. Davils and R. j.
Ireland joined the department as Ph.D. students, supported by the ARC and potato
Marketing Board respectively. During the year P. Jewer, K. E. pallet and C. Restall
worked as sandwich students. Monica Newman reptaced Victoria Green as secretary.

, B. J. Miflin was invited to give a paper at the .International Workshop on Genetic
Improvement of Seed Proteins' in Washingon, USA, in March 1974, p-. J. Lea, M.
Mazelis and B. J. Miflin gave invited papen at the phytochemical Society International
Symposium on 'Nitrogenous compounds of current intercst in plant biochemistry' at
the University College of Swansea in September t974.
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