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BIOCHEMISTRY DEPARTMENT
N. W. PInrc

Marjorie Byers and A. J. Clarke joined the dePartment, and M. V.
Tracey has been given leave of absence to accept a Royal Society and
Nuffield Foundation Commonwealth Bursary. He wi[[ be workiag
in the \\'ool Textile Laboratory oI the Commonwealth Industrial
and Scientific Research Organization at Melbourne. Five members
of the department attended the Third Ilternational Congress o{
Biochemislry in Brussels, and N. W- Pirie attended the World
Symposium on -{pplied Solar Energy in -{rizona.

Pr-e:t ExzYues

Ribonuclease (W. S. Pierpoint)
\tr'ork on the characterization of leaf ribonuclease has been con-

tinued. It has proved possible to obtain. by a process of gradient
elution chromatigraphy on a cation-exchange resin, a dilute but
purified preparati6n if the enzl'rne free from phosphatase activity
ieainst ATP, metaphosphate and p-glycerophosphate. This con-
firms the previous suggestion that the enz!'rne, like the Pancreatic
ribonuclease, is a specific phosphodiesterase.

A number of properties of t}te enz1rme have been described and a
number of compounds tested against it as possible inhibitors. A
speci6c inhibitoi of ribonuclease could possibly be of great help in the
iiolation of unaltered nucleoproteins from plant leaves and in
elucidating the physiological role of the enzyme. The compouads
tested inctuded some antiviral compounds which are structural
analogues of the naturauy occurring purines and pyrimidines, and a
numbir of antibiotics which inhibit Protein s5,'r:thesis. However,
no specific inhibition was observed.

MetaPhosphatase (\Y. S. Pierpoint)
One of the enzyme activities present in the pealeaf extracts ,,r'hich

is difficult to remove from the ribonuclease is metaphosphatase.
MetaDhosphate itself has not been detected in the higher plants,
dtholgh'it seems to form a very large Frcentage of the toial
phosohr-oms of some moulds and fungi, and to be very active meta-
botcillv. A number of observations have therefore been made on
the meiaphosphatase activity of the pea extracts.

Some'evidlnce ha-s been obtained which suggests that the meta-
phosphatase activity is associated with an unspecific acid phos-
bhorionoesterase. Thus the ratio of activity towards meta-
ohosphate and B-glycerophosphate was lound to be constant in a
*ide'ranse of pea-teaf exiracts, ald is not significartly altered by
various iroteiir fractionation treatments, including precipitation,
heat denaturation and adsorption' AttemPts \ ere made to Pre-
oare a purified sa.mple of this enzlrme by gradient elution chromato-
lraohrr on an ion-excba-nqe resil. The enz}'rne is eluted, however,
In t*,j distinct p€aks, both with the same ratio of metaphosphatase
to gtycerophosphatase activity. \'hether these Peaks rePresent

80

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-77 pp 3

8l

difierent euzymes or are different forms of the same enzyme has not
been determined.

Amine oxidase anl arxin Jormation (P. J. G. Mam)
There is much evidence that 3-indolylacetic acid (IAA) is formed

in tbe plant lrom trS4rtophan, but the metabolic pathway is not yet
estabtished. It has been suggested that the route is by way of
try?tamine and 3-indolylacetaldehyde (IAc) or 3-indolylpyruvic acid
and IAc. We have already reported preliminary evidence suggest-
ing that the oxidation of tryptamine to IAc is catalysed by plant
amine oxidase, This work has been contiaued, and it has now been
established (by A. J. Clarke) that the primary oxidation product is
IAc. It has also been shown that the eDzlme catalyses the oxida-
tion of 5-hydroxytry?tamine. There is evidence that this com-
pound, as well as tryptamine itself, occurs in plants. A method has
been worked out for the estimation oI IAc. This depends on the
oxidation of IAc to IAA rvith silver oxide. The IAA formed is then
estimated. Using this method, the conditions favouring the
accumulation of IAc in the eaz1,,rne-catalysed oxidation of
try?tamine have been investigated. At pH 7 the IAc found is
about 80 per cent of theory, provided the reactior time is short and
the tryptamhe concentration is low, Under alkaline conditions the
yield is lower, possibly owing to pollnnerization of the aldehyde.
At high trptamine concentrations the low yield appears to be due
to the combination of the aldehyde with unchanged tryptamine.

Having thus established that the first stage in the postulated
pathway from tqaptamine to IAA is catalysed by plant amhe
oxidase, we have begun a study of the second stage-the oxidation
of IAc to IAA. Much o{ the previous work on this reaction has been
doue with a heterogeneous material coutaining only 2 per cent IAc
made by treatiag tryptophan with ninhydrin or isatia or by the use oI
plart extracts containing IAc. While a chemical method of
slmthesis is now available by which pure IAc can be obtained, the
procedure is difficult, and for this reason, and also because of the
instability of the compound, the enz]'rnic method of preparation has
obr.ious adva-ntages. \\'ork in this department has already shown
that the oxidation of phenylacetaldehyde is catalysed by plant saps.
The system in pea-seedling sap catalysing this reaction was found to
consist of a peroxidase together with a thermostable factor which
can be partially replaced by manganous ions. It has now been
shown that the oxidation of IAc is catalysed by plant saps and by
peroxidase, particularly in presence of Mns+. By analogy with the
phenylacetaldehyde reaction 3-indolylaldehyde would be expected
as the product of such oxidation. However, small amouats of IAA
accumulate during the oxidation, despite the fact that the plant saps
catalyse the oxidation of IA*{. It is possible therefore that a
significaat part oI the I-\c is oxidized to IAA either by the Froxidase
system or by another system as yet unidentified.

Amine oxidase and. alhaloid formalion (A. J. Clarke and P. J. G.
IIann)
We have reported that the oxidation o{ putrescine and cadaverine,

catalysed by plant-amine oxidase, results in the formation of A'-
pyrroline and A'-piperideine compounds. It was suggested that
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these ring compounds are formed by spontaneous cyclization of the
aldehydes (7-aminobutyraldehyde and E-aminovaleraldehyde), or of
the aldimires, rvhich are the probable products of the enz,'rne-
catalysed reactions. The suggestion has been made lhat, in virc,
the only enzyrnatic reactions directly concemed in the formation of
certain pyrrolidine and piperidine alkaloids are those producing
y-aminobutgaldehyde and D-aminovaleraldehyde and that the
alkaloids result from the spontaneous condensation of these
aldehydes with plant metabolites. II alkaloids are waste products
of metabolism it seems likely that they might be formed by such a
non-specific mechanism. We have therefore begun a series of experi-
ments to test rvhether alkaloids are Iormed u'hen the amine oxidase-
catalysed oxidation oI putrescine or cadaverine is carried out in the
presence oI the appropriate reactive methylene compounds.

The enz1'rne-catalysed oxidation of putrescine and cadaverine
takes place without CO. formation; however, with acetoacetate or
acetonedicarboxylate present in the reaction mixture the O. uptake
is accompanied by a CO, output. The CO, arises from the reactire
meth)lene compound, the concentration of u'hich decreases during
the reaction. This is not a simple decarboxylation of these com-
pounds, Thus acetoacetate gives acetone olr decarboxylation, but
only traces oI acetone are found in the reaction mixture, and there is
little or no CO, output if the amine is omitted from the reaction
mixtures or if boiled enzl.,me is used in the complete reaction
mixtures. These results suggest that the CO, arises {rom a reaction
betPeen the reactive methylene compounds ard the products oI the
amine oxidase reaction. In reaction mixtures containing both
amines and reactive methylene compounds the A'-pproline and
A'-piperideine compounds. which are the products of the oxidation
of the amines, do not accumulate. Nerv compounds are present
which resemble pyrrolidine and piperidine. The results therefore
suggest that condensation has taken place between the oxidation
products of the amines and the reactive methylene compounds.
Such condensations should result in the formation oi norhygrine
and norcuscohygrine from putrescine and ,'sopeUetierine from
cadaverine, Further chemical evidence is required to establish
conclusively the nature of the products,

Manganese oxidation in lhe fea llant (Pisum Sativum, L.) (R. H.
Kenten and P- J. G. Mann)
It has been suggested that the physiological effects of manganese

may, in part, be due to its capacity for valency change. We have
previously shown that trIn2- is oxidized by peroxidase systems and
by illuminated chloroplasts and have reported the results of pre-
Iiminary experiments demonstrating the accumulation of higher
oxides of malganese in the stems of pea plants grown in water culture
at high Mn,- concentrations. This t'ork ot in oivo mangatrese
oxidation has been continued. A method of extracting the higher
oxides of manganese from the plant stems has been worked out.
The tissue was washed first with orthophosphate to remove inter-
fering substances. then the manganese higher oxides were dissolved
in pyrophosphate and estimated spectrophotometrically. It rvas
only possible to demonstrate accumulation oI higher oxides of
manganese in the plant stems under conditions oI manganese
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toxiciti,. Ihus the lowest concentration of manganese in the culture
solutio"n with which such accumulation could- be clearly demon-
strated was 22 p.p.m. L'nder conditions of severe mirn€Janese
toxicity (110 p.p.m. Mn2- in the culture solution) relatively large
amourts of higher manganese oxides accumulated in the tissue
equivalent to l0G-20O pg. Ifnr+/9. fresh weight. \Ye have shown
that with peroxidase systems the oxidatior. in oitro takes place with
physiological concentrations of Mns+. It is probable therefore, that
ia tluo, under normal conditions of manganese suppty, the oxidized
mangiurese is reduced by plant metabolites as Jast as it is formed.
This would involve the manganese in an oxidation-reduction cycle.
Under conditions of mangarese toxicity, part of the oxidized
manganese escapes reduction and accumulates in the plant tissues.

Enzymes oJ brachen (R. H. Kenten)
Nork has continued on the enz,,rnes of bracken, and attention has

been largely confined to the eozl,.me thiaminase. This enzyme is
present in bracken, but has been reported absent from a large
number of species of higher plants. A study of the inhibitors and
substrate specificity of this enzlrne may lead to the development of
specific bracken-killing agents. For this work thia.minase prepara-
tions have to be made, and a simpler method for estimating
thiaminase activity thar that used hitherto would be valuable.
Some progress along these l.ines has been made. The estimation of
thiaminase activity involves the determination of small quantities of
thiamine. As the known methods are subiect to interference from
a variety ol substances, it is usual to separate the thiamine from other
materials by absorption and elution from a column of suitable
absorbent. Attempts to modify an existirg method to avoid this
time-consuming step have been partially successful, and we can now
obtain reasonable results with some partially purified thia.minase
oreoarations, It is of interest that this modified method was satis-
iaciory with crude thiaminase preparations obtaiaed from young
bracken fronds, but failed with similar preparations from older
fronds. \rltrile it is knourr that methods Iound to be satislactory
with one species oI plant may not be suitable with another, it is not
generally recognized that a similar situation may exist with tissues
from the same species o[ plant in different physiological states.

The oxidation of indolepropionic arl id.olebutyric acids by peroxidase
syslern s (R. H. Kenten)

A knowledge ofthe systems which are responsible for the metabolism
of substances with growth-hormone properties may throw light on
their mechanism of action in the plant. Work on the oxidation of
indoleacetic acid (IAA) by plart extracts and peroxidase systems
has already been reported. Two homologues of IAA, namely
indolepropionic acid (IPA) and indolebutyric acid (IBA), are also
oxidized by peroxidase systems. Both IPA and IBA have growth-
homone prop€rties, and a study oI their oxidation has been made,
partly on account of interest in systems which may be responsible
for tbeir metabolism, and partly because the results might help to
elucidate the mechaaism of oxidation of IAA.

In contrast to the results obtuined with the peroxidase-catalysed
oxidation of IAA by Or, where the presence oI monophenols, maleic
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hydrazide or Mnz+ increased the rate of oxidation, it was found that
peroxidase catalysed the direct oxidation of IPA or IBA only when
Mn3+ was present. The oxidation of IPA or IBA by peroxidase
plus Mn2+ was usually preceded by a lag period which could be over-
come by the addition of small amouats of HrOr. The addition of
catalase stopped the reaction, suggesting that it was accompalied
by, and depended on, the formation of Hpr.

The oxidation of IPA takes place without the Iormation of COr,
and proceeds at concentrations of peroxidase and M#+ commor y
eucountered in plant extracts- These facts, together with other
evidence, suggest that the oxidation of IPA by plant extracts
observed by other workers was due to the presence of peroxidase and
Mnr+ in the extracts.

.A.lthough the oxidation products of IAA, IPA and IBA were not
characterized, Irom the results obtained in these and other investiga-
tions it is likely that the indole nucleus is the site of peroxidase
attack.

Sruorrs oN soME LEAF CoMPo\ENTS

The suscebtibilibt of French beans to infections uitlt lnbrcco necrosis
drus (G. H. Wiltshire)
The studies of the change in concentration oI organic acids in

leaves, ircluded ir the Reports for 1953 and 1954, were extended and
completed. In addition to citric, malic and ascorbic acid, French
bean leaves contain isocitric, glycolic, malonic, fumaric, succinic
and one as yet uridentified acid. The content of each of these acids
can be altered by darkening the whole plant or leaves detached from
it, by infiltration with the potassium salts of these and other acids
or by ptacing the plant in an atmosphere containing little carbon
dioxide. Changes in composition bave been compared $ith changes
in susceptibility to infection. The largest chaages in acid composi-
tion were produced by darkening (increase in citric and decrease of
malic and other acids) , whereas the largest alteration in susceptibility
(a decrease) was produced by detaching the leaf. There was no
correlation between concentration of any one acid artd susceptibility
to tobacco necrosis virus, and none of the acids infiltrated into
detached leaves altered susceptibility as much as did chaages in the
environment. It rvas conirmed that plants darkened or placed in
an atmosphere containing little carbon dioxide {or 2 days before
inoculation ate sometimes more susceptible than control plants, but
at other times they are not. Some progress was made towards
defining conditions under which the response is reproducible.

Prcperties oJ fraclions from leaues infected uith labacco mnsaic t:irus
(N. \Y. Pirie)
From tobacco plants infected with tobacco mosaic virrs many

preparations have now been made of a non-infective antigen related
to the virus but with a much smaller particle size. This resembles
tle virus ilr many ways; thus it contains firmly bound ribonucleic
acid, it is not digested by the common proteolytic enzymes and it
aggregates readily ia uillo to glve rods very similar to those of the
virus. It contains only a tlird to a tenth as much nucleic acid a-s the
rirus, and much efiort has gone irrto verifying that some nucleic
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acid is invariably present regardless of the strain of vims used or the
conditions under which the host plaats axe grown. During the past
few years we have found much less slowly sedimentable material in
extracts from infected leaves than we found ten years ago, and have
no explanation of this. We confirm our old observation that the
lraction of virus that is only liberated from the leaf fibre by fine
grindirrg is less infective than the fraction that comes away more
easily, but in other respects the trro fractions are similar. (With
F. C. Bawden.)

\\'ork on the non-infective aatigen produced an abundant supply
of fresh centrifugally isolated rirus, and the opportuaity was there-
Iore taken to co-ordinate the scattered observations made during the
last ten J,-ears. All preparations, made from fresh sap, that have
not been incubated contain labile nitrogen and phosphorus. This is
mainly split ofi by incubation with citrate or phosphate, especially
in the presence of trypsin or nuclease, but its removal is accompanied
by changes in the virus. particularly in its behaviour on precipitation
rvith antiserum or ammonium acetate. This behaviour is probably
due to the presence of normal leaf nucleoprotein in virus prepara-
tions made by gentle methods. These preparations also contain
ribonuclease, and the experience gained nith this enz5rme (described
in earlier Annual Reports) has been of great value in controlling
its assay and removal.

Larye-scale lroduction ol leal ?rotein (l[. Byers, D. Fairclough and
N. \V. Pirie)
The dry summer did not seriously affect work on protein extrac-

tion. Even during the drought period, rvhen the dry-matter content
of some of the harvested crops rose to 36 per cent, protein precipitates
contained 60 per cent protein rvith an extraction of 30-40 1ler cent
of the original crop nitrogen. This was obtained by adding water or
dilute alkali to the leases during pulping and adjusting the degree of
pulping by varying the speed and pitch of the pulper hammers.
The results have emphasized the findings oI earlier work in that the
degree of pulping, controtled by mears of variable speed and pitch
of the pulper ha"mmers, affects the quartity and quality of the
extracted protein from suitable raw materials. A typical example
is given in the table on page 86.

Here samples of the same batch of kale were pulped at four different
speeds, and at each speed the same two settings of the hammers
were used. The coarse setting gives rapid movement through the
pulper, and the firte setting slo\r'er movement, so that putping is
more complete. Obviously this increases the extraction without
necessarily increasing the power consumption. Other experiments
have shorm that the precise distribution of the two tJapes of hammer
in the pulper afiects the power consumption when other factors are
kept the same. The ultimate economics of the process depend on
our being able to find a set of optimum speeds and settings for each
tlpe oI crop.

The new conveyor press installed in 1954 works well, both for
protein extraction ard for dewatering steamed crops. The water
ratio of grass and other crops can be reduced from 6: I to J: I
quite easily after steamiag, Ior the expenditure of I h.p. on the press
motor, at a throughput of I0 cwt.,hour.
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A continuous process of protein precipitation has been developed
to replace the batch method used hitherto. Live steam is injected
along the bottom oI a vertical U-tube through which juice flows.
The steam mixes with the cold juices, giving an almost instantaneous
rise in juice temperature. A thermostat bulb near the discharge
point of the hot juice at the top of the " up " leg controls a flow
valve for the cold juices entering the " down " leg of the U, and so
keeps the temperature of the discharge at 80" C. This steaming unit
simplifies the whole operation, and the coagulum filters much rnore
easily than that produced by slorver batch heating.

The efecl of t)arling the s|eed and. pilch of lhe Puryel
hammets

Pulper
speed
r.P.m.

653

Through-
put per

Ilammer hour,
settitrSs cwt./hr.
Coa.se 17.5
Fine 17.5

Coars€ 20
Fhe 17.5

ExtractioE
otNiD
Juices.
lst Ex-
tract.

Powe, r€- Total N
quired per as a per-

totr pulp centage of
kw.hr./totr crop N

4.6 4.t2
7.O 4.69

Protein
N libei-

ated from
fbre ex-

pressed as Protein
g.Nlrom N liber-
I ton pulp ated per
(4.075 kw-hr. used
kC.N) otr pulFr
8ms. gms.

128 21.a
138.5 r9.8

760 Coarse 21.8
Fine 15.6

Coars€ 14.5
Fine l2.o

8.O 10.2 325 40
5.8 l0.B 541 93

s.l 17.8 505 63
7.8 21-3 829 106

r4.8 ls.2 5ll 34.5
16.0 2t-5 505 35.4

Rou mat.rial ,scil-Kale. l5.4Ixr cent D.lI.
5 October 1955. 2.91 per cent N otr D.\I.

After steaming, the juices are poured into vertical calico or nylon
tubes 5 feet long and 5 inches in diameter. Quick-fitting clamps
seal one end, and snap holders secure the other end to a filter funnel.
lS-20 gal. are handled in a Iew minutes. More juice is pressed out
of the protein paste by twisting the tubes in an automatic unit that
keeps the torque on them constant as the juice comes away. Finalty,
the tubes are put under a beam press which gets the water content
dorm to 50 per cent. ID order to purify the protein still Iurther,
the coagulum cake is shredded, rrashed in vr'ater and filtered once
more.

A wide variety of raw materials have been used to produce
protein from a range of crops on the ore hand, and to study the
performance of the machinery on materials of different texture and
iomposition. These crops include grass from leys and permanent
pasture, lucerne, cereals, beans, kale, mustard, potato tops, sugar-
beet tops, artichoke tops, nettles. " fat hen ", etc. The final
product, alter partial removal of the fat, is pale green or fawn in
colour, tasteless and contains lG-I3 per cent N (ffio per cent
proteh).

The protein is got into a state in which it can be stored without
disinfectants by extracting the water ard part oI the l.ipid from it
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with methanol or acetone. We are not yet satisfied ll'ith our
arrangements Ior extracting the lipids and recovering the solvents,
but progress is being made. Difierent batches vary somewhat in
their digestibility by enzymes in citro. This is being investigated
thoroughly because it may give a partial explanation of the low
feeding value of some samples of leaf protein made in other
laboratories.

Zinc dislribution in leat:es (\t. S. Pierpoint)
\l'ork on the decomposition of normal leaf nucleoprotein by leaf

or pancreatic ribonuclease had suggested that some component of
the nucleoprotein was inhibiting the action of the leaf enz],'rne more
than that of the pancreatic one. This substance appeared to be
zinc, and consequently a number of estimations have been per-
formed to see if the nucleoprotein, or any other of the fractions of
tobacco leaves obtained during its preparation, is particularly rich
in this metal. There did not appear to be a concentration in any of
the fractions. This may represent the even distribution of the metal
in these fractions in uioo, or the di.ruption of some zinc-containing
organelles during the fractionation procedure. It was noticed,
incidentally, that old yellow tobacco leaves have a much higher zinc
content than younger green ones when expressed on a dry-weight
basis, but very little more on a u'et-rveight basis. This probably
mea.ns that tobacco leaves accumulate zinc during their gowth, but
do not lose it as rapidJl'as other materials during their decay. In
this respect they behale in a similar manner to certain cereals
(\Yood and Sibly (1949), Aust. J. Scl. Res.,3, l4).

Sorr

The properlies of rcsislanl parts o/ fungol mlcelium uhich , i1ht
accutnulale ir soi/s (M. \'. Tracey)
The mature puff-balJ mycelium has so far resisted all attempts to

induce its breakdown with-enztmes. It was reDorted last ve; that
a number of bacteria were being i.olated 1in collaboration ulitfr F. a.
Skinner of the Soil Microbiology Department) from a suspension of
mature pufi-bal1 mycelium in water that, after standing some
months, appeared to be undergoing fermentation. Trvo species oI
clostridia were isolated, one of u-hich produced eas withjn a iew davs
in anaerobic culture, with the myce[rim as sole"carbon and nitrog6n
source. At the same time the mtcelium lost some of its dark-brown
colour. 

- 
But neither species, alone or in the presence of any of three

aerobes isolated from the material, $as able to effect arly measuable
chemical chalge in the mycelium.

Further rvork on the chemical fractionat ion of the mature pull ball
mycelium shows that dichloroacetic acid may be of promise as a
solvent. It " dissolves " chitin, but it is possible to dialyse it arvay
Irom extracts using cellulose membranes. Dispersed riraterials of
high molecular weight can be recovered from thl solution, and the
dichloroacetic acid in the dialvsate may be removed by ether
extraction. Some degradation of .hitin io soluble non-diilysable
forms appears to occur under the conditions so far used, and the
conditions of use of dichloroacetic acid need further definition.

A number of papers have been prepared that relate to topics
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discussed in earlier reports, and these are now either Published or in
the press. The editing of Modern Methods oJ Pl,ant Analysis has
been completed, and the last volume should appear early in 1956.

The ?ototp-root eeluorm halching factor (G. H. WittshAe)
Some preliminar5r experiments have been done, ia collatroration

rvith the Nematology Department, on the isolation of the hatching
factor from potato--ioot diffusate. They con-6rm that the factor is
probably an'acid which can be adsorbdd on charcoal or on anion-
exchange resins.
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