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SECTION T

CHEMOTHERAPY OF HIGH TEMPERATURE INHIBITION
OF PLANT GROWTH
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INTRODUCTION

£y

The measure of a plantis adaptation is the efficiency
with which 1t converts 1light energy into fixed chemical energy.
The umd@riyimg mechanism of thisg conversion 18 a complex of
hicchemical reactions, each possessing genetically controlled
reaction norms whose speclific characteristiecs have developed
in regponse to natural selection. A plant grown in an environ-
mant which is marginal for one or more of its component
metabolic processes shows, a relatlively inefficilent fixing of
light energy.

Most variables of the enviromment have been brought
largely under contrel, but temperabture variation is sgtill a
major limiting factor of energy {fixaetion. RBeecause of the day~
to-day and season-to-zeagon vari&timn in temperature, preclse
adaptation of a genotype is improbable, Hence, even in the
region where a2 plant is saild te be "fully adspted,” marginal
conditions must arise from time to time for some of ite com-
ponent procegses.

Although the higher plant has always been considered an
aubobtrophle organisn, there exisis the possibility of velieving
temperature-induced blochemical stresses by %h@’aypli@ati@m of
appropriate organie nutrients (1). By the use of sueh nutri-
ents, it may be possible to improve yields of crops in thelir
present areas of cultivation, and perhaps also to extend these

areas into marginal regions. This concept of the chemical
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cure of climatic lesions may even be extended to the replace-
ment of specific temperature effects in plant differentiation,
such as in floral induction.

In the work reported here, attention will be confined to
the chemotherapy of growbth inhlbition by unfavorably high
temperatures. However, work on the substitubtion of chemical
treatments for the specific temperature regquirements of floral

induetion will be discussed in the literature review.
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LITERATURE REVIEW

The first section of the review is devoted %o studies
made with biochemical temperature sensitive mutants found in
microorganisms, eSpecially thoge occurring in Neurospora.:

The second section of the review deals with published
and unpublished reports of successful chemotherapy of tempera-
ture effects on the growth of higher plants,and with the cases
of chemically directed differentlatlion involved in flower for-
mation, which are normally dependent upon speeific temperature

atimulli,

Temperature Sensitive Mutants in Microorganisms

In the course of study of bilochemical mutants in
Neurospora crassa and Escherichia coll, a number of mutants
were found which displaved a prototrophle phenotype at low
tempera%urea; but needed s@e@ifia biochemical ﬁ@p@l@m@mté for
normal growth at higher temperatures, These mutants were
called temperature-sengitive nmutants.

The first such mutant was reported in 1946 (2). It
showed normal growth at temperatures up to 28°C, but did not
grow at all above this temperature. Growth at high tempers-
tures was partially resitored by the addition of adenine to Sthe
medium, Complete restoration of normal growith was dependent
vpon the gsimultaneous addition of adenine, histidine, and
methionine. The latter two substances were completely inef-

fective when supplied slingly or together in the absence of
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adenine. This case is particularly interesting in that it
shows that even a single lesion may have a complex require-
ment for a complete cure,

4 riboflavin-requiring temperature sensitive mutant (3),
gave an unusual temperature riboflavin dose growth response
interaction. The growth response to a limiting dose of ribo-
flavin decreased with increasing temperature to 30°C, then
increased to a maximum response at 37°C. Furthermore, this
mutant proved to be only partially blocked for riboflavin
synthesis a2t high tewperatures; 1t could synthesize its own
riboflavin when supplemented with riboflavin,

A temperature sensitive uracil-reguiring mutant has been
isolated (4). Two other uracll requiring mutants occur at
the same locus, but these are complete blocks with respect
to uracil requirement.

In E. coli, a pantothenate-requiring temperature sensi-
tive mutant was isolated. The enzyme catalyzing the conden-
sation of B-alanine with pantolec acid to form pantothenic acid
in this mutant was more heat lablle than the normal engyme,

The interpretation of the temperature sensitivity of the
adenine and the uracil auxotrophs in Neurospora would be
consonant with the production of a heat labile enzyme., The
case of the riboflavin temperature sensitive auxotroph seems
to be more complex., One interprebtation could be that Neuros-
pora possesses two genes for the production of riboflavin,

one which is active over one temperature range, and the other
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which is operative over another temperature range. The
switch from one template to the other is under the control
of a temperature modulated switeh gene., The mubant is visu-

alized as a defect in this switch control gene,

Chemotherapy of the effects of unfavorable temperatures on

growth and survival in plants

The partial removal of low temperature growth inhibition
in Cosmos by thiamine, reported in 1943 (6), is the first re-
corded instance of a successful chemical cure of a climatic
lesion. Here thiamine elicited a significent growth response
only in plants grown at t@ﬁperatufaﬁ below the optimum for
éasmos. At temperatures where the dry welght accumulation of
the plants was 5% of comparable plants grown under optimal
temperature conditions, the application of thiamine stimulated
a 40% increase in dry weight yield. At temperatures where the
dry weight yleld was one half maximum, thiamine stimulated a
20% increase,

The maximum poesible response to the chemical alleviation
of a specific low %temperature induced deficiency is limited
by the overall slowing down of the metabolism by low tempera-
tures. Thus the thiamine treatment may}wall have effected a
complete cure at the halfl maximum temperature,

The removal of the high temperature inhibition of exten-
gion growth in excised pea stem sections by adenine has been

studied (7). Again a temperature-adenine growth response



interaction was obtained. The adenine stimulated growth incre-
ment at the optimal temperature (30“6} was half the increment
obtained at 35°C. These results indicate that high tempera-
ture growth inhibition in whole pea plants may be in part due
o an adenine defliciency. However, further studles on pea
growth (8) in the temperature controlled facilities of Earhart
Laboratory gave very little, if any, indication that adenine
is effective in relieving high temperature growth inhibition.
In this experiment, the day temperature was kept constant and
the night temperature was variled from low to high levels. Per-
haps adenine liwmitation is a lesion of high day temperatures,
In another experiment with the same pea variety (9), a
different system of temperature trestments, wherein the night
temperature was 6°C lower than the day temperature, was unable
to eiicit any growth response to adenine at any temperature
level, Despite these negative results with whole plant studies,
the adenine effect may have some significance, in that the
total adenine level of a high temperature tolerant pea strain
increases with increasing growing temperature, whilst the
total adenine level of a high temperature sensitive strain
decreases with increasing growing btemperature (10). OFf course,
thege changes in adenine level may merely reflect changes in
RNA status assoclated with meristematic activity, which are
the result, and not the cause of the primary lesion., In the
whole plant studies, other high temperature induced limitations

could be occurring, which would preclude the detection of an



adenine effect unless these other limitations wefe also re-
moved,

Adenosine and guanosine were found %o be effective in
preventing high temperabture death in Lemna minor cultured
at 20°C (11), This result has unforbtunately not been repeated.

4 genobtype dependent auxzin limitation in two corn vari-
eties was shown %o be affected by temperature {8)., At 20°C
day/14°C night, the "silkless" variety gave a 50% elongation
responge to applied indole acetic acld, whereas the "normal™
variety gave no response, However at 26°C day/20°C night,
the "gilkless” variety showed no response to the applied auxin,
whilst the "normal” variety gave a 16% slongation response.

Glbberellin applled to Alasks peas growing at high tempera-
tures has a striking effect in delaying the high temperature
accelerated senescence which accompanies the onsget of matur-
1ty (9).

A very clear cubt case of elffective chemotherapy of high
tempergture growth and development inhibition hag heen re-
ported (12). In this case, & spontaneocus mutant of Arabidopsis
thalliana, which shows arrvested growth and abnormal develop-
ment above 27°C, showed a restoration of normal gwéwt% and
development when supplemented with 20 pz of choline per plant,
This case is completely asnalogous to the cases of bempaerabure

senslitive mutants in Neurosporsas,
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Temperature mimetlc chemicals in {loral induction

The cell elongation hormone, gibberellin, has recently
been Tound o be involved in the temperature response mechan-
ism for floral induction. Bilennial long day plants, such as
Hyoscyamug niger, reguire a perilod of low temperature ex-
posure in order to initiate floral differentiation. The ap-
plication of gibberellin to Hyoscyamus grown in warm tempera-

t ures under short day conditions, regults in belting, but no
flowering {(13). I the experiment is conducted under long

day conditions, flowering cccurs. Thus gibberellin replaces
the need for a low temperature exposure normally essentiasl for
induction of stem elongation., Other bilennials, such as Daucus,
Samolus, and Crepis species (14) also respond to gibberellin
application by flowering durlng warm temperature and long déyﬁa

Vernalization factors have been extracted from spring
rye and vernalized winter rye (10). These extracts,when ap-
plied to unvernalized winter rye, replace its vernallzation
requirement for flowering. Cytidine and guanosine, although
not identified with natural vernallization factors, show ver-
nalization aetivity when applled to cold-regulring péa varieties.

These results constitute a start in the understanding of
the chemical basis of temperature mediated differentiation
procesges in plants, and should eventually provide a fruitful
field in ﬁhe chemlcal control of éiffereﬁﬁiatiaa-~an agpeect of

the overall problem of the chemical cure of climatic lesions,
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PROBLEM OUTLINE

At this early stage @f the problem, the seeking of evi-
dence concerning the chemical basglis of unfavorable teumperature
damage to plants must necessarily be empirical in approach,

It was declded to study high temperature lesions rather
than low temperature lesiong, in order to avoild the complica-
tion of the overall depression of metabolic rate by low tempers-
tures and the consequent reduction of the potentlal response
rAnge .

Trifolium subterransum was chogen as the assay mabterial,
It has the advantage of belng an obligete inbreeder, and
genetlic variation is thus reduced to a minimum, It ig also a
gmall plant with hirsute leaflets ideally suited t0 rebalning
gpray droplets.

The temperature control facilitiss are restricted to those
providad by the Harhart Plant Research Laboratory (15).

The chemicals for the spraying program were chosen to
cover a wilde range of metabolically important subgtances., The
chemicals were applied as mixtures., Ideally, one should first
apply a h@ampleﬁe” mixture; then, 1f a cure is obtained, the
chemical or chemicals responsible for the cure can be asgsayed
for by application of the whole range of Ycomplete minus one

ingredient” mixtures. In the experiments rveported here, ithe

~t
{

mixtures used were casein hydrolysate (a8 a complete amino

acid source), water soluble vitamins, and nucleosides,
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Gibberellin was applied in
r solul Fltaming were us

of amino acids and o
in cazes where regponses to the complete mixbtures were ob-

tained,
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MATERIALS AND METHODS

Description of plant material

Trifolium subterraneum L. consists of numerous self-
pollinating varieties which show a wide morphological and
ohysiological diversity. The natural habltat of the species

s the Medlterranean region, the Iberian peninsula, France

M

and the British Isles. Many varieties from these areas were
Jintroduced to Australia and flourished there in the Mediter-
ranean climate of the southern part of the continent {(15).
Classgification of the Australian varieties was made by
naming the varieties after the locality where they were first
recognized, Varietal classification of T. subterraneum col-
lected in Burope and Africa was made by naming the varieties
after the country of origin and adding a collecting number,
Physiological studies (17) show that all varieties are
Fint@r anmuals, whose [lowering is accelerated by long davs,
vernalization, and low night temperatures. The physiological
requirement for long days and low temperature varies enormously
among the varieties, ranging from a mild acceleration of
Tlowering time to an absolute reguirement for flowering. The
inbreeding hablt of the specles ensures both homozygosity and
genetic uniformity within any variety which has been recently

urdified by single plant pedigreeing., A1) material used in

ko]

the experiments reported here is derived by single nlant

pedigreeing no more than one generation prior Lo the generation



actually grown.
Five varieties, Wenlgup, Mt. Barker, Clare, Dwalganup,
and Portugal 10464, were studied. They are all prostrate in
habit, with a compressed central axis. The experiments were
terminated before the development of lateral runners. The
varieties' physiological traits, as far as they are known, are
~listed below
Dwalganup: EBarly flowering, with no cold requlrement,
and no long day requirement for flowering {13)
Clare ¢ Barly flowering, with no cold requirement,
and no long day requirement for flowering (17)
Mt . Barker: Mid-season to late flowering, with a pro-
nounced cold reguirement for floral Initiation,
and accelerated flowering under long days (18)
Wenigup ¢ Late flowering, with a slight cold requirement,
and a pronounced long day requirement for
flowering (17).

Portuzs
10%92

The physalological regquirements for flowering
have not been determined. It was chosen for
this study because it developed leafl damage when
grown in non-alilr conditioned glasshouse in sum-
mer, The leaf damage was presumed to be a

high temperature effect; i1t consisted of
a2 promfessive chlorosis commencing at the
leaflet margin, followed by progressive

&

necIrosiLs



The varieties Wenigup, Mt. BParker and Portugal 19464 were
used in the majority of the high temperature studies. Dwalganup

and Clare were studied in one experiment only.

Temperature control facllitles

A1l the experiments were conducted in the Earhart Plant
Research Laboratory. Three types of temperature controlled
facilities were used (15).

1, Air conditioned greenhouses: These have a diurnal
temperature control pattern. From 0800 hours to 1600 hours, a
constant Lemperature is maintained and is designated the day
temperature, At 1000 hours the temperature i1s lowered to a
new consbant temperabture, which is maintained until 0800
nours and is designated the night temperature. Natural day-
light supplies the light energy for photosynthesis; the photo-
periocd is maintained at 16 hours by artificial lighting, Three
greenhouses were used: 30°C day/24°C mig@ﬁﬁ% 26°C day/20°C
night, and 23°C day/17°C night.

2. Artificial 1ight rooms: These rooms run at & con-

stant Cemperature. In all experiments performed in These

o
5

rooms, the plants were grown under long day conditions (16

onstant temperature levels

¢

hours light, 8 hours dark). Three
were used, 20°C, 23°C, and 20°C.

3. Modified artificial light room: This room wag fltted

#
This was changed to 23°C night alfter April 3, 1958,
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with two adjustable thermostats with time controlled actustion.
This arrangement permitted a two level temperature pattern
on a 24 hour cycle, whereln both the temperatures of each
level and their perliod eculd be set at will, All experiments

here were under long day conditions.

Growing methods

Seed selection and preparation: Seed o be used in the
experinents were hand-graded for uniformity, theilr htestas
icked to permit imblbition and germinated.

- Germination.--In general, germination at room Semperabure

was falrly irvegular. To cope with this irregularity two
methods were used,

In one method, a large excéss of seeds was sown on wet
filter paper in petri dishes and allowed to Imbibe for two to
four hours alt room temperature. Imbibed seeds were then sown
in plastic cups containing the potiing mizture. Two seeds
were sown per cup, and about a 50% excess of cups was K sown
above the number needed for the experiment. By means of a
combined selection of plants and cups, a unilform batch of
germinated seedlings could be obtained for the experiment,

In the other method, the imbibed seeds were pgermlinated
at 4°C for periods varying from one to seven days prior to

transplantatlion to the plastic cups. This cold treatment both

s

acecelerated germination and removed the lrrvegularity in

germination time. The specific germination technique used
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for each experiment 1s described in the Experimental Detaills

~

Growing condlitlo ﬁ&.“»gﬁﬁyiﬁﬁﬁém seeds were btransplanted
ouns

into glagtic & conbaining a 1:1 mixture of gravel and
vermiculite. One plant per cup was used in all experiments.
For some experiments the plants were grown under the experi-
mental temperature conditions from the time of transplantation,
In other experiments the plants were grown for variable

G

ot

periods at optimal temperatures belore belng transferred
the experimental temperabure conditions. The latter course

was adopted in order to select for uniformity at the sesedling
stage, prior to the random allcocation of the plants to the
various treatment groups. The planits were fed H@&gl&ﬁé*m
nutrient solution every morning and watered every aflternoon
with de-~ionized water, It should be noted that the tempera-
ture of these solubions was not adjusted to the tenmperature

of the growth chambers., Thus in many instances the temperabure
of the watering solubtion was as much as 10°C below bthe air

temperature of the high temperature growth chambe

Application of chemicals

A11 chemicals used were made up as agueous solutlons
with de-ionized water and were 0,01% with respect o Tween 20
{polyoxyethylene sorbitan monclaurate) as a wetting agent
The solutions were applied as a fine mist, generated by a

compressed alr sprayer., The planbts were sprayed once gvery
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two days during the treatment period, They were transferred
from the greenhouses or ariificial light rooms to a gpraying
room for thelr spray treatment, and were absent from thelr
experimental growing conditions for about twenty minutes.

¥

The unspraved control plants were also removed from their

experimental growing conditions for an egulvalent perilod.

<

Formulation of spray solutions

The sprays used can be classified into four general
types--anino acids, water soluble vitamins, ribonucleosides,
and gibberellic acid. The formulation of the varlous spray
golutlions ms@ﬁyar@ shown in Table 1-I, The vitamin solutlion
"Complete Vitamin Sclution minug Ascorbic acid” showed pre-
gipitabion on standing; thus, the concentrations of vitamings

&

in Vitamin Solutions I, II, and III were reduced,

Plant messurements

Whole plant dry welghts were used to deltermine the el-
fects of temperature on growih and the regponse o the applied
chemicals. Plants were harvésteé, washed free of roofing
medium, and placed in kraft bags for drying. Drying was
effected in a forced draught drying oven at 70°C for 24 hours.

In scme instances, the number of expanded leaves per plant

was recorded at harvesi.

was computed for each plant at harvest. The lesion index was

derived in the following manner: each expanded leafl on a
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plant was given a grade ranging from 0O through 5 for leaf

injury, where the grade 5 indicates total necrosis. These
grades were gsummed over the whole plant and the sum divided
by the total number of expanded leaves for that plant. This

mean value constitutes the lesion index.

Analysis of resultis

The dry weight data and the lesion index data were %treated
by the analysis of varlance technigue for spray ireatment ef-
fects on each variety within each temperature condition. Where
The analysis of varlance indicated significant spray treatment
effects, the means of each spray treatment within each experi-
ment were tabulated,and their 95% and 99% fiducial semi-~
intervals calculated from the error variance estimate derived
from the appropriate analysis of variance. Twilce the value of
these 95% and 99% semi-intervals were used as a guide %o the
significance of treaﬁment effects.

In using these values as a guide to the statistical sig-
nificance of any difference between a chemical spray treatment
and an ungprayed or water-sprayed control it should be realized
that in an experiment involving n such comparisons, the prob-
ability that any 1 of the differences will exceed the 5% or 1%
confidence value is approximately 1 - (0.95)% or 1 - (0.99)"

regpectively.
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Pregentation of resulis

Y,

Por simplicity of presentatlion, the data for each variety
have been collected and are presented for each variety in
turn. As some of the experiments were run with more than
one variety, a complete outline of the experimental procedure
involved in each experiment is given below. In the course of
reporting the results for each varlety, reference will be made

by experiment number to these experimental detalls.

- Experimental details

Experiment l.--Seeds of the varietles Wenlgup and Mt.

Barker were scarified, imblbed at room temperature, and then
sown directly into the growing cups on 1/19/57, The>cups were
smmediately transferred to the experimental Temperature con-
ditions, viz. the 30°C/23°C, the 26°C/20°C and the 23°C/17°C
greenhouses., On 1/27/57, the seedlings were randomly allo-
cated to four treatment groups of ten seedlings each, in each
of the greenhouses. The four treatments were: 1) unsprayed
control, 2) 0.025% casein hydrolysate (vitamin free) enzymati-
cally digested, 3) complete vitamin solution minus ascorbilc
acid, and 4) 0,1% ascorbic acid. Spraying commenced 1/28/57,
and was repeated every two days until 2/20/57. The plants
were harvested on 2/22/57, 34 days after sowing. Leaf counts
and dry weights were recorded.

Experiment 2,--Imbibed seeds of Mt. Barker were sown into

growing cups on 3/1/57 and transferred immediately to the
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23°C/17°C greenhouse, where they germinated and grew until
3/15/57. The seedlings were selected for uniformlity and
randomly allocated to three treatment groups of nine plants
each and then transferred to the 30°C/23°C greenhouse. The
three treatments were: 1) unsprayed control, 2) water and

3) 0.1% casein hydrolysate (vitamin free)-enzymatically di-
gested. Spraying commenced 3/15/57 and was repeated every two
days until 4/0/57. The plants were harvested on 4/11/E7$ ih]
id&ys after sowing. ry weights were recorded.

Experiment 3.--Imbibed seeds of Wenigup were sown on

dampened filter paper in petri dishes on 3/15/57, and cold
treated for seven days at &‘C. The germinated seeds were then
transplanted into gr@@ing cups, and randomly allocated to
three treatment groups of nine plants each for both the 30°C/
EBfC and the 26°C/20°C greenhouses., The three iLreatments were
thé same as in Experiment 2. Spraying commenced 3/29/57 and
was repeated every two days until 4/17/57. Plants were visu-
ally inspected for high temperature growth inhibition and
growth response to the treatments,

Experiment 4.--Imbibed seeds of the varieties Wenigup and

Portugal 19464 were sown into growing cups on 8/23/57, and
trangferred to the modified artificial light room (see Tempera-
ture Control Facilities), where the plants were grown at 23°C
under 16 hours light per day until 9/14/57. Then the tempera-
tupe was raised to 35°C for 3 hours at the eighth hour of the

light period. This temperature regime was maintained until the
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vlants were harvested on 9/26/57. Prior to raising the tem-
perature, the plants were randomly allcoccated to eight treat-
ment groups of 5 plants each for Portugzal 19464 and 9 plants
each for Wenigup. One treaiment group for each variety was
transferred to an adjacent 23°C artificlal light room when

the temperature was raised. This group constituted an unsprayved
normal temperature control. The other seven groups remained

in the high temperature room. The seven treatments were:

1) unsprayed control, 2) water, 3) 0.025% casein hydrolysate
(vitamin free) enzymatically digested, 4) ribonucleosides,

5) complete vitamin solution B plus ascorbic zcid, 6) gibberel-
lic acid, and 7) comblunation of all ingredients at the same
concentration as Iin the Iindividual spray solutions (see

Table 1-I). Spyayinglcommenceﬁ 9/14/57 and was repeated every
two days until 9/2&/37. At harvest, dry welghts were recorded
for Wenlgup, and leaf numbers, lesion indices, and dry welghts
were recorded for Portugal 19464,

Bxperiment 5.--Imbibed seeds of Wenigup, Portugal 19464,

Clare, and Dwalganup were cold treated for 24 hours at 4°C

on 10/4/57 and sown into growing cups in the modified aritil-
ficial light roowm running at 20°C with a 16 hour light period
per day. On 10/15/57 the plants were randomly allocated to
5ix treatment groups and the temperature raised to 23°C, with
a three hour period at 35°C commencing at the eighth hour of
the light period. The six treatments were: 1) unspraved

control, 2) water, 3) 0.025% casein hydrolysate {vitamin free)
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enzymatically digested, 4) amino acid solution I, 5) amino
acid solution II, and 6) amino acild solution III {see Table
1-1). Spraying commenced 10/15/57. As the variety Portugal
1045L was not showing any signs of developing leaf injury,

the 23°C temperature was raised to 25°C on 11/4/57. Spraying
ceased on 11/12/57, and the plants were harvested &two days
later, 39 daye after sowing. Dry weighbts were recorded for all
vvarﬁe@iesg and lesion indices were recorded for the varilety
Portugal 19464,

Experiment 5.--Imbibed seeds of Portugal 19464 were cold

treated at 4°C for 24 hours on 2/16/58 and then sown into
growlng cups in each of three constant tewperature artificlal
light rooms, viz. 26°C, 23°C and 20°C under 16 hours light per
day, Within each room the plants were allocated at random to
four treatment groups of nine plants each, The four Crestments
weres 1) ﬁa%erg 2) 0.025% casein hydrolysate (vitamin free)
engymatically digested, 3) as in 2 but minus Tween 20, 4) 0.025%
cagein hydrolysate (vitamin free) HCl digested, Spraying com-
menced 3/3/58 and was repeated every two days until 4/4/58, and
the plants were harvesited ree days later--i47 days after sow-
ing. During this experiment the plants suifered from fumigation
damage. Dry welghts and lesion indices were recorded. In the
case of the latber, the high temperature damage could be dis-
tinguished from fumigation damage except in the 20°C room where

funigation damage was most severe,
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Experiment 7.--Imbibed seeds of Wenigup were cold treated

at 4°C for two days and then transferred to the 23°C/17°C
greenhouse on 4/11/58, 1In this case the seeds were sown

in vermiculite-gravel mixture in seedling trays. On 4/27/58

the seedlings were selected for uniformifty and transplanted

to growing cups, The plants were randomly allocated to six
treatment groups of nine plants each for each of two Tempera-
ture conditions., The two temperaturs conditions were 30°C/
23°¢ and 23°C/17°C respectively, where the higher temperabure
for each condition was obtained from 0800 hours-1600 hours in
the appropriate greenhouse, and the lower temperature for each
econdition was obtained from 1600 hours-0800 hours in the ap-
propriate dark room., Thus, unlike the other experiments re-
ported, this one was conducted under short day conditions.

The six btreatments were: 1) water, 2) 0.025% casein hydrolysate
(vitamin free) enzymatically digested, 3) vitamin solution I,

4) vitamin solution II, 5) vitamin solution Izi, and 6) complete
vitamin solution A plus 0.025% casein hydrolysate. Spraying
commenced 5/2/58 and was repeated every two days. The plants
were harvested on 5/14/58--35 days after sowing. Dry weights
and leaf numbers were recorded. |

Experiment 8,--A batech of seeds from each of the two

varieties Mt. Barker and Wenigup was. germinated at 4°C for
6 days, commencing 2/27/59. A second batch of seeds was im-
bibed and sown directly into plastic cups in the 30°C/23°C

and the 26°C/20°C greenhouses on 3/4/59. The cold-treated
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seeds were sown out into the two greenhouses on 3/6/50, In
each greenhouse, both cold-treated and non-cold-treated plants
were selected for uniformity and randomly allocated to 3 treat-
ment groups on 3/12/59., The three spray treatments were

1) water, 2) 0.025% enzyme dipested vitamin free casein
hydrolvsate, and 3) complete vitamin solution A, Spraying

commenced on 3/12/56 and was repeated every 2 days. The plants

were harvested on 3/28/59, dried, and weighed,



RESULTS

i, tudieg with the Mount riter variety

Bxperiment 1l.--In this experiment, the seeds were sown

directly into the experimental temperature conditlons without
any ¢cold treatment.

The analyses of variance for treatment effects on whole
plant dry welght for each of the three temperature conditions
are shown in Table 2-I. The treatment group means for dry
welght, and leaf number per plant are shown in Table 3-I. The
treatment effects are very highly significant in the 30°C/24°C
greenhouse, are significant at the 1% level in the 26°C/20°C
greenhouse, and are nob significant in the 23°C/17°C green-
house.

Unsprayed plants grown at 30°C/24°C produced 11.5% asg
mach dry matter, and had fewer and smaller leaves than plants
grown at 26°C/20°C, which was the optimum temperature in this
gxperiment. All the spray treatments gave large irnicreases
in vield, leaf size, and leaf numbers for the plants grown
at 30°C/24°C., No positive spray responses were obtained in
" elther of the other two temperature conditions.

The casein hydrolysate spray {(0.025% solution) gave the
largest increase in dry matter yield (350% increase over the
unsprayed control), The vitamin mixture spray zave a 310%
vield increase, and the Vitamin C spray gave a 195% increase,

These results strongly suggest that the applied chemicals had
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Analyses of Variance of Dry Weight Yields

of Mt. Barker {Experiment 1)

Source of Degrees of Mean sums

Growth temperature wvariation fresdom of squares B
B4

30°C day, Between treatuments 3 12,982 55
23°C night Error 35 236
26°C day, Between treatments 3 7,768 6.3
20°C night Error 35 1,238
23°0 day, - Between treatments 3 1,960 2.8"
17°C night Error 22 713

"Not significant.
wi .
Significant at 1% level of confidence.

t %
o Very highly significant,
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a therapeutic effect in relleving hi
There 1s however the possibility

some effect.

Experiment 2.--Thls experiment

gpeatablility of fhe caseln hydrolysate effect obtain
the 30°C/24°C greenhouse in experiment 1. The plants were
germinated and grown in the 23°C/17°C greenhocuse for 14 days

pricr to their transfer to the 30°C/24°C greenhouse. The re-

sults are shown in Table 4-I. No spray effects were obhained.

Experiment 8.--This experiment was designed to investi-

gate the effect of germination temperature on the plant's sub-

seguent tempergture gensitivity, and thus on their response

patterns to the spray treatments which were used in experi-

Completely unexpected results were obtained., No high

el

ment 1.

temperature in tion was observed in the 30°C/23°C green-

house--in fact, the dry weight yields for all spray seed treatb-

ment subgroups were higher in the 30°C/23°C greenhouse. This

game result was alsc obgerved for Wenigup grown in the same
naeriment., No spray effects were observed in either of the

temperature conditicns, whether the seeds were cold treabed

or not cold treated during germination (see Table 5-I). The

only known differences between the conditlons of experiment 1

and this experiment were the time of year {January-February
versus March), and the 1°C lower night temperature in experi-

ment 8.
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II. Studies with the Wenizup varietly

Experiment 1l.-~-The seeds were sown directly into the three

experimental temperature conditions without any cold ireatment.

The analyses of variance {for treatment effects on whole
plant dry welght for each of the three temperature conditions
are shown in Table 6-I1. The treatment group means for dry weight
aadvleaf number per plant are shown in Teble 7-1. The treatment
effects are very highly significant in the 30°C/24°C green-
house, Just significant at the 5% level in the 20°C/20°C green-
houge, and not significant in the 23°C/17°C greenhouse, |

-~ Plants grown in the 30°C/24°C greenhouse were 85.5% lower

in dry matter yield, and had 55% fewer leaves than plants
grown at 26°C/20°C {(the optimal temperature for growth in this
experiment).

A1l the spray treatments had large positive effects on
the growth of plants in the highest temperature condition., Neo
positive responses were observed in either of the two lower
temperature conditions,

The vitanmin mixture spray gave the largest increase in
dry matter yield (438% over the unsprayed control). The casein
hydrolysate sprayed plants were 3056% higher in yileld than the
ungprayed controls, and the vitamin C sprayved plants were 197%
nigher in yield. The yield increases were expressed in larvger
leaves, petioles, rooting systems and leaf numbers.

Thus, as in the case of Mount Barker grown in the same



TABLE 6 - I

Analyses of Varlence of Dry Welght Tields

of Wenigup (Experiment 1)

Source of Degrees of Hean sums

Growth temperature variation frecdon of scuares ¥
30°C day, Betwesn treatmenis 3 94,067 27.5
£3°C night Erroy 33 3,417
26°C day, Between treatments 3 29,687 5.7
20°C night Error 31 5.004

§ ety

-3

23°0 dayv, Between treatments 3 3,529 0.7
17°C night Error %2 4,967 ‘

®
Not significant.

%
Significant at 5% level of confidence.

i}:‘ \%A &% d L3 L3 r
Very highly significant.
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experiment, large responses to the applied chemicals were ob-
talned in the high temperature condition.

Experiment 3.--This experiment was designed to further

investigate the casein hydrolysate effect obtained in the
30°C/24°C greenhouse, reported in experiment 1. In contrast
to experiment 1, the imblbed seeds were germinated at 4°C for
7 days prior to sowing them out inte the 30°C/24°C greenhouse,
The plants showed much more vigorous growth in this experi-
ment than in experiment 1. No growth differences were observed
among the 3 spray treatments {unsprayved, water, and casein
hydrolysate) after eighteen days of treatment. The experi-
ment was discontinued and the plants discarded. The reason
for the absence of high temperature growth inhibition could
possibly be atitributed either to a difference in solar irradl-
ation or to the cold treatment during germination.

Experiment 4.--This experiment was conducted in an arti-

fieial light room to remove the radiation variable possibly
responsible for the non-repeatability of high temperature
lesion induction in the previously conducted greenhouse experi-
ments. The plants were germinated at 23°C and grown at this
temperature until they were 22 days old. One group of plants
| was then transferred to an adjacent 23°C artificial light
room, and the other 7 groups were subjected to the high tem-
perature treatment as described in Materials and Methods.

The analysis of variance for spray treatments in the high

temperature condition (Table 8-I)shows a significant effect of



TABLE 8 =~ I

Analyveis of Variance of Dry Weight Yields

of Wenigup (Bxperiment 4)

Source of Degrees of lMean sums

Growth temperature -wvariation freedom of squares F
23°C (3 nours ) "
at 35°C) Between treatments 6 84,635 6.97

Ervox 56 12,145
’K"

o3

Significant 2t 1% level of confidence.



btreatments, The mean dry weights for the treatment groups

in the high temperature condition and the mean dry welght

for the unsprayed group in the 23°C room are shown in Table 9T,
The unsprayed high temperature group was 34% inhibited in

dry matter yield relative to the group of plants grown con-
tinuously at 23°C. At the high temperature, the water sprayed
“group 1is not slgnificantly larger than %herumsprayed Zroup.,
Both the vitamin mixture spray and the combined spray groups
gave 36% greater yields than the water sprayed group. The
casein hydrolysate sprayed plants gave 156.5% higher yvields
than the water sprayed plants. The ribonucleoside spray and
the gibberellin spray were ineffective. Although the yield
increases obtained with the vitamin mixture, combined, and
casein hydrolysate sprays cannot be considered individually
gtatistically significant, these results, when comblned with
those from the high tempeﬁatﬁfe condition in experiment 1,

are highly suggestive of real chemotherapeutic effects.

Experiment 5.--The conditions of this experiment were

designed for investigations with the variety Portugal 19464
however, as space was avallable, the opportunity was taken to
study Wenigup further. The seeds were cold treated for 24
hours durlng germination and grown at 20°C for 10 days in the
artificial 1light room priocr to the high temperature treatment.
The experiment was designed to do a preliminary crude analysis
of the casein hydrolysate effect suggested by the results of

experiments 1 and 4., Twenty amino acids were divided into
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three spray mixtures ag shown in Table 1-I, These three anino

ixtures, 0.025% casein hydrolysate, and water, con-

feoln
2
E

@

s

gtitubted the 5 spravs assayed in
tion, one group of plants was left unsprayved. The analysis
of variance for dry welght yields (Table 10-I) demonstrated

significant spray ireabtment effects at the 1% level of confi-

)

et

dence. The mean dry welghts for each btreatment group are

shown in Table 11i-I. Again the casein hydrolysate elicited a

r:’“*

positive growth response (222 greater vields than the water
spraved group). In addibtion, the aminc scid mixture II

1 the water spraved

;w

sprayed group was 18.5% higher in vield tha

group. However nelther of these positive respongses .1 statis-

[ s

.»2:

tically significant, The difference between the wabter gprayed
plants and the unsprayed plants is unusuvally large, bub this
is unlikely to be a real effect, as such differences were not
obtained in any other experiment in which positive chemical
spray effects were obtained.

Experiment 7.--In this experiment, the positive vibanmin

mixture effects obtained in experiments 1 and 5 were further
investigated. The vitamins used in the mixture were divided
into three spray mixbtures, as shown in Table 1-I. These three
miztures, caseln hydrolysate, a combined mixture of all the
vitaming plus caselin hydrolysate, and water constibtuted the

6 spray treatments used, The imbibed seeds were cold treated

& $ 40 e P oy e “ S ey N » & 3 2 wwmer )
Tor 40 hours and grown for 10 days at 23°C for O hours in the

creenhouse, and 16 hours at 17°C in the darkvoom. Hal? the
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plants were then transferred
the same short day schedule,

The analyses of variance of dry welght yields for the
goray treatments are shown in Table 12-I, Significant treat-
ment effects were observed in the 30°C/23°C condition only |,
The mean dry weight yields for spray treatments at each tem-
perature are shown in Table 13-I. There are no significant
positive responses %o the applied chemicals. However, the 28%
nigher yields obtained with the combined vitamin and casein
hydrolysate spray, and the 15.5% increase obtained with the
caseln hydrolysate spray, are in accord with the results of
experiments 1, 4 and 5. Nene of the vitamin submixtures gave
regponses meriting attention.

Experiment O.--The variability experienced in generation

of the high temperature lesion could possibly be due o
variation in btemperature condltions experienced by the germi-~
nating seeds. For instance, in exgeriments'l and 4, in which
the sceds were not subjected to a cold treatment, high
ture growth inhlbition and positive chemotherapeullec responses
were obtained., Plants grown in experiments 3, 5, and 7, in
which the seeds were cold treated to various extents in order
to improve germinatlion, eifther exhibited no growth inhibition
by high temperatures, asg in experiments 3 and 7, or exhibited
too small an inhibition to permit the detection of statisti-
eally significant chemctherapeutlice effects, Experiment 5 was

degsigned To test the efiect of germination temperature on the
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subseguent temperature responses of the plants., The experi-
ment was conducted in the 30°C/23°C and 26°C/20°C greenhouses,
one group of seeds being cold treated at 4°C for 6 days prior
to planting out, and the other group being sown directly in
the two greenhouses.

The mean dry weights for each spray btreatment group for
each germination treatment in each greenhouse are shown in
Table 14-I. Analyses of varlance for gpray treatments within
secd breatment groups at each temperature condition revealed
no spray effects. Furthermore, the yileld for each seed treat-
ment spray subgroup was higher in the 30°C/23°C greenhouse
than in the 25°C/20°C greénhause. This completely unexpected
result is unexplainable and renders the experiment uninforma-

tive,
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I1II, Studies with Portumal 194064

Experiment 4.--Since the optimal temperature and high

temperature sengitivity of this variety were unknown, some
pvreliminary temperature studies were made in the artificial
light rooms to 2id in the subgeguent cholce of a sultable high
temperalture condition for assay of the chemotherapesutic proper-
ties of applied organic supplements. Six consbant temperature
conditions were tested: 14°C, 17°C, 20°C, 23°C, 26°C, and
35°C, All these artificial light rooms were operated on a
16 hour photeperiod. Leaf injury occurred to a similar ex-
tent in all the temperature conditions from 20°C and higher
except at 35°C where all the plants died. The optimal growth
temperature for dry weight yield was 17°C. For experiment 4,
a temperature regime of 23°C with a three hour period at 35°C
{in the middle of the photoperiod) was chosen as the high tem-
perature treatment., Unfortunately, space was available to
run an unsprayed control group only at 23°C., The seeds were
germinated at 23°C and grown at this temperature for 22 days
prior to sublecting the plants to the high temperature, and to
the spray treatments.

The analyses of variance for treatment effects on both
dry welght vield and lesion index were significant at the 1%
level (Table 15-I).

Plants grown in the high temperature condition gave 43%

iess dry matter yield than the unsprayed contrel plants grown
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at 23%°C; the high temperature grown plants also showed greater

rols {Table 15-I). Examination

=
L'

lea? injury than the 23°C cor
of She specific spray treatment effects 1listed in Tabhle 16-I
shows that the casein hydrolysate spray may have been the only
one Lo exert a real chemotherapeutic effect., The casein
hydrolysate sprayed plants were 1209 heavier than the water

sprayved plants at the same temperature condition, They even

exceeded the unspraved 23°C control plants by 25.5¢. In addi-
tion to the increase in yleld, the casein hydrolysate sprayved

i
41
£

clants showed 78% less leaf injury than the wabter spraj
plants, However, the combined spray treatment failed to stimu-
late a significant increase in yileld, desplte the presence of
cagein hydrolysate, and in fact, this group of planis showed
the highest degree of leaf injury in the whole experiment,
Perhaps the other components in the combination spray inter-
fered with the casein hydrolysate effect.

Experiment 5.~--The results of the previous experiment

strongly suggest that caseln hydrolysate may have a real ef-
fect in relleving high temperature growtn inhibition and leaf
injury. Experiment 5 was designed to investigate further the
caselin hydrolysate effect under conditions similar to those
of experiment 4. In addition an attempt was made to narrow
down the range of possgible amino acids responsible for the
caselin hydrolysate eflfect by assaying 3 different aminc acid

mixtures, described in Table 1-I, In this experiment, owlng

b
o

to the irregular germination of Poritugal 10464 in experiment
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the imbibed seeds were cold treated at 4°C prior %o planting.
The plants were grown for 1C days at 20°C before being sub-
Jected to the experimental Lemperature regime, After 20 days
growth a2t the high temperature, no signs of leaf Injury were
observed, so the 23°C period of the temperature regime was
increased to 25°C for a further 10 days., The plants were
then harvested and scored.

The degree of leaf injury in thigrexperimeﬁt wag only
half that of experiment 4. In addition, the spray treatments
had ne significant effect on the degree of leaf injury {(Table
17~1), Despite the absence of treatment effects on leal

wy, slgnif icant spray treatment effects were agaln observed

o~

ing
for dry weight vield (Table 17-I1).

As in experiment 4, the casein hydrolysate sprayed plants
gave the highest yield (Table 18-I). They were 242 larvger
than the water sprayed group. Even though this response is not
statistically significant for thils experiment alone, when 1t
is considered in conjunction with the results of experiment 4,
there 18 a considerable chance that the effect is real. The
smaller positive vield responses obtained with amino acid
mixtures I and II also lend confidence to this conclusion,

Experiment 6.--Three groups of imbibed seed were vold

treated at 4°C for 2U hours and sown in each of .the following
constant temperature artificial light rooms--20°%C, 23°C, and

20°C, Two types of casgeln hydrolysate were investligabed:
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1) acid-digested and 2) engymatically digested. The latte

hydrelysate was made up into 2 spray soclutions--one containing

Tween 20 and the other without 1t. No significant svray re-
gponse was obtained for either dry welght yield or leafl injury
in any of the temperature conditions (Tables 19-I and 20-1).
Yet obvious growth inhibition was obbained at 20°C and 23°C,
where the mean dry welght yields for the walter sprayed groups

were respectively 27% wmg and 267 mg, compared to 594 mg for

the 20°C group.
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IV, Studies with the Clare variety

Experiment 5.~-This variety was studied concurrently

with Portugal 194864 in an experiment in which the effects
of cagein hydrolysate and of the three amino acid mixtures
(Table 1-1) were investigated. The imbibed seeds were cold
treated for 24 hours prior to sowing. Results are shown in
Table 21-I.

Spray treatments had a significant effect on dry welght
yield, the casein hydrolysate spray causing the largest posi-
tive effect (33% larger yield than the water spraved group).
The vield Increases observed for the amino acld sprays were
20% for mixture I, 11.5% for mixture II, and 8% for mizture
III. Even though these responses are not individually signi-
ficant; considered together as a non-specified amino acid ef-

fect, they arve highly significant.
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V. Studies with the Dwalgsnup variety

)

Exveriment 5.--The experimental condiltions for this

variety were identical to those for Portugal 10454 and Clarve
studied in the same experiment.

The analysis of variance for spray treatment effect on
dry weight yields’iﬂdicated a significant effect at the 1%
level (Table 22-1I)., Only the amino acid mixture I gave an
appreciable increase in yield (61% higher than the water
sprayed plants). This response is significant at the 5% level.
However, 1ittle confidence can be placed in such an lsclated

result, and further investigation is needed to test the

reality of this effect.
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DISCUSSION AND CONCLUSIONS

In all, 14 investigations were made on the effect of
organic supplements on the alleviation of high temperature
growthh inhibition, Of the O experiments which possessed con-
trol groups of plants grown under optimal temperature condi-
tions, 5 experiments showed growth inhibition in the high
temperature. Significant spray effects were observed in the

»

high btemperature condition in 4 of these 5 experiments., In

the 5 experiments which lacked an optimal temperature control,
4 pave significant spray effects.

The results are discussed in furn Tor each varlety
below.

it, Barker.~--Hlgh temperature growth inhibition was ob-

cined only in experiment 1, The spray supplement effects
were very large, and were resbtricted to the plants grown in
the 30°C/24°C greenhouse. The temperature dependence of f
supplement effects suggests that at least one metabolic reac-

ion is particulafly high temperature gensitlve. The fact

<

that each of the 3 types of supplement (casein hydrolysate,
viﬁaﬁim mixture, and vitamin C) caused larger yields than the
control does not imply that more than one reaction was limit-
ing growth. The supplements could have overlapping functions,
alleviating a particular metabolic block induced by the high

temperature treatment.



Wenigup variety.-~Large, highly significant chemothera-

peutic respenses were obtalned in experiment 1., In contrast
to the results with ML, Barker, the vitamin mixture spray was
more effective than the caseln hydrolysate spray. The vitamin
mixture spray was again more effective in experiment 4, and
the combined vitamin mixture and casein hydrolysate sprayv was
more effective than the casein hydrolysate spray alone in
experiment 7. This consistent superlority of the vitamin
mixture spray 1s evidence for the reslity of 1ts chemothera-
peutlec properties. In experiments 1, 4, 5, and 7, casein
hydrolysate gave positive yield increases in the high tempera-
ture conditlon, indicating that one or more amino acids are
erfective chemotherapeutic agents For high temperature inhibi-
tion. This indication is confirmed by the results of experi-
ment 5, in which amino acid mixture II caused a yield increase,

Portugal 10464, --Again a chemotherapeutic effect may be

é%t?i%ute@ to amino acids, In experiment 4, casein hydroclysate
is 3 times wmore effective than the vitamin mixture., VWhether
this 1s a real superiority or not, cannot be Judged from this
single experiment. If the responses to casein hydrolysate

and the three amino acid mixtures are considered a general
aminoc acld effect, the data of experiment 5 indicate a chemo-
%ﬁerapeutic effect for amino acids,

Dwalganup 10464, --No explanation can be offered for the

9

anomalous results obtained with this varlety in experiment 5,

Here a significant yileld increase was observed in the plants
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spraved with amino acid mixture I, whereas no increase was
2550 g e vy e LN v o o S o, Y gy P N PP T s
observed for the casein hydrolysate spraved group.

three amino acid mixtures gave small positive growih responses,
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which, considered together as a g

Generation of the high temperature lesion

Considerable difficulty was encountered in the attempt
to obtain repeatable high temperabture inhibition of growth or
lea? damage. This was especially true for the experiments

conducted in the greenhouses. In partlcular, the striking

high temperature effect obtalned in experiment 1, for the

i

experi-

Fe B
ble in

03

varieties Mt. Barker and Wenlgup, was nobt repeatb
ments 2, 3, and &, In experiments 1 and 8, in which both
varieties were being studled simultaneously, bobh varietlies
responded similarly within each experiment. This suzgested

1,

high temperature

o
P
]
[
w3
gl
o]
#a
o

that the source of veriablility in obt
lesgion may have been sone enviroumental factor which varied

between experiments.

&3

The night temperature was 1°C lower in experiment 8, and
this may in pari account for the different temperabure response
between the 2 experiments. In experiments 2 and 3 the night
temperature was the same as in experiment 1; yet no high Sem-

perature leslon was apparent in these 2 experiments. However,

the seed used in experiments 2 and 3 were cold freated at 4°C



£
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during germination. Perhaps the cold treatment affects the
temperature response pattern in subseguent growth., Vernali-
zation 1s known to increase the high temperature tolerance of
peas (10). This possibility was not borne oub by the resulis
of experiment 8, in which the effect of cold treatment was

specifically investigated. However, experiment & may not

o F

have been a valid test, owing %o the confounding ﬁnfluence_of
the 1°C difference in night temperature.

Other factors way be responsible for the non-repeatabllity
of the high temperature ini i"itieﬁ. For instance, plant tem-
perature is a function of light intensity as well as the am-
bient air temperature, and differences in light intensity

veltween experiments could be resronsible for the variation in

growsth x espamse under conditions of co olled ambient tempera-
ture,

In the artificial light rooms, where the variation in
light intensity b&ﬁwé@n experiments is much less than in the
naturally lighted greenhouses, the repeatability was still
poor (see experiments 4 and 5 for the variety Porbugal 10464),
Here agaln the variation in germination conditions and the pre-
experimental growth temperatures may be raspom ible for the

ariability in temperature response,

Conclusions

The overall impression gathered from the foregolng re-

sults indlecates that high temperature induced derangenents of

ad
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plant metabolism are amenable to some degree of repailr by
the exogenous supply of blochemical supplements.

At this stage, no information is avallable on the spe~
cifie nature of the high temperature lesion. However, the
results suggest that the relatlive effectiveness of the amilno
acid supplements on the one hand, and the vitamin mixture
supplement on the other, varies with the genotype. This
genotype~supplement interaction may Indicate Specific differ-
ences in the metabolic site of the high temperature lesion
for different genotypes. This possibility is also suggested
by the genotype-amino acld mixture interactlions observed in
experiment 5.

The results Jjustify further investigation of the problem
of the chemical cure of climatic lesions. However a much
better system is required, both in terms of more precise en-
vironmental control and a larger degree of flexibility in the

temperature control facilities,

Some theoretical considerations

To say that unfavorable temperature effects on plant
metabolism may be relieved by apecific metabollites, implies
that the temperature effect is analogous to the effect of a
biochemical mutation. It is possible that this type of tempera-
ture effect may occur in some cases, bubt there is no a priori
reagson to expect 1it, since temperature influences all vreactions,

However, if Blackman's model {19) for metabolic rate
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control by & single rate-llmiting reaction is correct, the
temperature effect would be restricted to a rate-~limiting
reaction whose gpecific nature is a function of the tempera-
ture, Bul the valldity of this wmodel is questionable in
relation to the effect of temperature on the relative avail-
ability of endogenous metabolites. The model was developed
from studies made on the influence of temperature on the rate
of utilization of CO, and light in photosynthesis {20}, Thus
the atudy was concerned with the interactﬁon between exo-
genously supplied requlrements and the overall effect of
temperature on plant metabolism,

An extension of the Blackman theory by Crozier (reviewed
in {21)) may be more applicable, for it was derived from
gtudlies on the effect of temperature on the rate of various
physiological processes when other exogenous variables were
held constant. The kinetics obtained were interpreted as
functions of changes in the nature of the rate-limiting reac-
tion,

Arrhenius plots of the log of the reaction rate against
the reciprocal of the absolute temperature, for the majority
of the physiologlical processes studled,were linear with sharp
changes in slope. It was assumed that a single specific
reaction is limiting over & temperature range which shows
constant slope. Each change in slope then Indicates a transi-
tion to a different rate-limiting reactlon with a different

actlvation energy.



The assumptions of the interpretation seem oversimpli-
Tied. I each of a seguence of many limiting reactions wmay
have similar activation energles, then the entire seguence

over the Cewmperature range would also give an Arrhenius plotb

of consbant slope. Purthermore fltting a line of constant
slope to the experimental points and assuming their deviations

These deviations may be due to the operation of a seguence of

rate~liniting reactlions of varying sctivaitlion energies., Thus,
& L) & 5

there i3 no a priorl reason to expect a speclific reaction bo

be rate limlting over temperaturs ranges which give a linear

Arrheniug plot of constant slope

)
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Even though the concept of the temperature-dependent,

ng reaction may be correct, the effective range
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of temperature over which any one reactlon way be rate limit-

ing could be s8¢0 small as to render the concept practilcally
useless. The more extreme the temperature conditlons, the
greater the accumulation of potentlial rate-liniting reactions,

all, or most of which, would have to be relleved by specific
supplements in order to obtalin a reascnable restoration of

growth rate.

3 3

Evolutlonary considerations would lead one %to surnise that
natural selection would tend to develop some system of regula-
£ Lon)

tion for the reaction rate potentials of all the metabolic

steps, in order Lo maximize metabolic efficiency. If this

were the case, 1t would be unlikely that any one reacition
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would be especially limiting over the range of temperature
normally encountered by the plant in its natural environment,
However, for plants which are the recent nroducts of hybridi-
zation, and unusual selectlion pressures, this metabolic bal-
ance may be disturbed. In this case, cne, or a few of the
reaction steps, may be especially sensitive to temperabure
changes, and thus be amenable %o effective chemotherapy.

At this stage, our knowledge of the integration and
regulation of metabolism is insufficient to make any firm
praedictions aboutbt the feasgibility of chemotherapy for fem-
perature lesions., Instead, one may look fto experimental
chemotherapy as a technigue for providing information on the
organization of plant metabolism under varying temperature

conditions,
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SECTION IIX

STUDIES ON THE RELATIONSHIP BETWEEN TOBACCO MOSAIC VIRUS
NFECTION AND THE DNA METABOLISM OF TOBACCO LEAVES



-T2
INTRODUCTION

Current hypotheses concerning the perpetuation and con-
trol of biological specificity envisage a transfer of lanforma-
tion from DNA through RNA to protein; by a sequence of template
mechanisms (1). The specificity transfer and replication pro-
cesses are seen as identical., DNA is usuvally consldered the
only molecule in the hierarchy capable of self replication,
and the specificity transfer is thought to be unidirectional,

To this hypothesis, the RNA viruses present a paradox,
Either viral RNA is capable of self-replication, or the speci-
ficlity trangfer is not unidirectional. The latter possibility
implies that the RNA should produce a specific DNA, which would
in turn act as a template to replicate viral RNA, The experi-
ments reported here attempt to determline 1L DNA is involved
in THV Infection of tobacco leaves,

Three experimental approaches to the problem were used,

In all three, young, fully expanded leaves were chosen as the
host material, since at this stage of leaf development, cell

division has ceased (2), and host DNA synthesis should there-
fore be minimal.

The first experiment compared the DNA metabolisms of TMV
infected and healthy excised leaves, using Psgnorthoghagphate
incorporation as the measure of metabolic activity. The second
experiment investigated the effect on virus production of a
specific inhibitor of DNA synthesis, 5-fluoroc-uracil (3). The
third experiment atbtempted to test the possible influvence of

deoxyribonuclease (DNAase) on TMV multiplication,
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PART 1

o
PY“-ORTHOPHOSPHATE INCORPCRATION INTO DNA OF HEALTHY AND TMV-

INFECTED TOBACCO LEAVES

The effect of TMV infection on the metabolism of DNA has
been Investigated by the incorporation of radicactive phos-
phorus, supplied as corthophosphate to infected and uninfected
excised leaves at the time of inoculation. The DNA metabolism
in infected and uninfected leaves has been compared by measur-

ing the specific activity of the isolated DHA nucleotides.
MATERIALS AND METHODS

A modified version of the Schmidt-Tannhauser procedure (4)
was used to isoclate the DHA free of other phosphorus-containing
components. The isolated DNA was then subjected %0 successlve
enzymatic hydrolysis by DNAzse and phosphodiesterase, to release
the nucleotides (5). Fin&lly, the DNA nucleotides were separ-
ated from the other constituents of the enzyme digest by
electrophoresis (6), and thelr specific activity determined.

Details of the methods used are given below,

Four leaves {approximately 15 cm long at the midvein),
of matched area and similar physiclogical age were selected
from a group of 3 month old Nicotiana tabacum var. Samsun
rlants. Two leaves were inoculated at zero time with the U 1

2

strain of TMV (10 ° mg virus per ml in 0.06 M phosphate buf-

fer, pH 7.0), using 400 mesh carborundum as an abrasive. The



~7h-

other two leaves served as uninoculated controls., The leaves
were then excised from thé plants, and 2 5 mm section of
thelr petloles cub off {under water, to ensure the absence
of air blocks in the xylem vessels). One hour after inocu-
lation, each leafl was transferred to a separate vial contain-
ing 0.28 me of P32 as neutralized orthophosphate, in 10 ml
of 0.001 M phosphate buffer, The specific activity of the
phosphorus in the solution was 0.17 mc per umole. The leaves
were incubated under fluorescent lights (450 foot-candles) at
roon temperature (206°C). The liguid level in the vials was
periocdically replenished with distilled water. Leaves tran-
spired 1-2 ml of water per hour.

At tlimes 25.5 hours and 145.5 hours, one TMV-inoculated
leal and one uninoculated leafl were removed from the vials

and killed by & 2 minute immersion in boiling 80% ethyl alcohol.

Isolation of DNa

The alcohol-killed leaves were further extracted with
cold, 80% ethyl alconol until all traces of leaf plgment were
removed. The leaves were then dried in a 70°C oven, and sub-
segquently homogenized with sea sand and 0.3 M KOH in a mortar
and pesgtle. ZERach homogenate was made up to 30 ml with 0.3 M
KOH and incubated at 30°C for 21 hours.

The alkaline digest was centrifuged at S000 rpm in the
Servall SS~1 for 20 min to remove leaf debris. Three centri-

fuged washings of the pellet were combined with the original
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incubated 12 hours at 37°C; the preparations from the 149.5
hour leaves were incubated 7 hours. After the reaction had
been stopped with O.1N HCL, the enzyme digests were evapor-

ated o dryness under VACUUM.

Electrophoretic separation of the DNA nucleotides

The Spinco Durrum Mcdel R Series D paper slectrophoresis

apparatus was used to separate the DHA nucleotides from other

I

£

digest, An aliguot of each digest

@

wmaterials in the enzym
was applled 3 em from the cathode end of separate 30 cm long
Whatman no. 3 filter paper strips. In addition, an aliquot

of F3?~arthmphosgha@@ solution was apprlied to a separate sirip,.
The samples were electrophoresed in C.05 M formate buffer,

pH 3.5 for 10-11.5 hours at & volts per em. At pH 3.5, all
nucleotides possess a net negative charge; and the differences
among thelr electrophoretic mobilitles are maximal (6). After
electrophoresis, the strips were dried and inspected for
ultraviolet absorbing areas, which indicated the loecation of
nucleotide materdial, The strip was then scanned for radlio-

2

activity, in & Nuclear-Chicago Actizgraph fitted with a Model

oY

D47 Micromil gas-flow counter.

Determinatlion of specifie activity of nuclectides

An eguivalent section of each electrovhoresis strip con-
taining radiocactive and UV-absorbing material was eluted with
pH 8.5 ammonia water and made up to 3 ml. The UV absorpiion

gpectrum of each eluate was read in a Spinco Model DU Spectro-
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photometer against an equivalent eluate obtalned from & blank

e lectrophoresis strip. An aliguot of each eluste was plated
out in an aluminum planchet and assayed for radicactivity in

a Nuclear-Chicago Model DU7 Micromil gas-flow counter, equipped
with a Model 181 scalar and automatic sample changer. The
sounting efficiency was 30%; the thin samples regquired no
correction for self-absorption. The speciflc activity of the
UV absorbing substance was expressed in counts per minute per

-

optical density unit at 205 mu.

b

<

RESULTS

The 25,5 hour sample
oy

Similar patterns of UV absorbing materlal were observed
on the eleebtrophoretograms of the DNA nucleotides from the
uninfected and infected leaf. The UV absorbing material was
located in a single broad band extending three to ten cm {row
the origlin toward the ancde. The absence of discrete bands
of UV absorbing material vossibly indicated the incomplet
degradation of the DNA fto mononucleotides.

Ninety percent of the radioactivily on the electrophoreto-
grams was assoclated with this UV absorbing material, A small,
discrete peak of radiocactivity remained at the origin. Another
small peak of radiocactivity occurred 13 Lo 17 em from the
origin. No UV absorbing material could be detected in this
reglon of the elec%rgphcr@tag?am, and 1t was assumed that this

peak was free vhosphate, hydrolyzed from the nuclectides by
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rigration in the sample electrophoretograms.
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The ultraviolet specira of the two 3 ml eluabes Trom a

4 em section of each electrophoretogram, commencing © em from

tae origin, ave shown in Filg. 1-II. The spectra do nol pre-

cigely correspond to any of the nucleolbid specbra reported

in {7). This is not surprising, since the eluate probably con-
&

taing & mixbture of ollgonucleotides. However, the specitra are

gufficiently similar tc one anocther to Justify the caleculation

ic activity of the DNA-nucleotide phosphorus,
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on the basis of optilecal density neasurements at 205 mu.

The radicactivity of the 0.5 ml glliguots from the two
eluates {corrected r 30% counting efficiency and backsround)
were 140 + 7 cpm for the uninfected leaf DNA nucleotides,
and 143 + 7 cpm for the virus-infected leaf DNA nucleotides,

specific activities were 2206 + 10 cpm and 212 + 10 cpm

fScTm
L0

(5‘

par @.3‘2553 respectively. Thus, there seems to be no di

erence between the rates of PBQ incorporation into DNA of
TiV-infected and uninfected tobaceo leaves, f@rv%he period
up to 25.5 hours after lnogulation.

& very approximate minimal estimate of the extent of

r
1
@

DNA metabolism can be derived from the previous data.

Ay

fic activity of the supplied orthophosphate was

§
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Fig. 1-II. Absorption spectra of 3 ml eluates (pH 8.5)
from electrophoretograms of the hydrolyzed DNA preparations
from TMV infected and uninfected control tobacco leaves.
Leaves harvested for extraction 25.5 hours after infection.
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3.8 x 107 epm per umole P. Assuming a melar exbinction co-
efficient of 10,000 for the nucleotide material in the eluate,
the mean speeiflc activity of the P in the leaf nucleotides
was 5,300 cpm per wmole P (corrected for p3e decay). Thus,
a minimum of 0.0014% increase or turncver of leaf DNA must

have occurred in 24.5 hours,

The 149.5 hour sample

During this lonz period of incubation, considerable
difrficulty was encountered in maintaining the turgor of the
ieaves. The xylem became perilodically dblocked. Sections of
the peticle were excised to relieve the block. The leaves
showed visible degeneration after the third day. It is unlikely
that the results obtalned from these leaves wlll be very wean-
ingful, because of this degeneration and the possibility of
bacterial contamination.

No UV absorbing material could be observed on the dried
@lectr Oph@f@b@g?dmﬁ of either the virus infected or the un-
infected leaf DNA nucleotide preparations. The radloactivity
distribubtions on the paper strips were similar for the two
leaf preparations, Apart from a small peak of radloactivity
at the origin, the radicactivity was distributed fairly uni-
formly from 3 cm to 17 cm from the origin in the direction of
the anode., The radloactivity peak in a parallel ?32~erthe~
p hesphate elsctrophoretogram were Ecca ted between 20 and 24 cm

from the origin.
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The spectra of the 3 ml eluates obtalined from the sec-
tion of each electrophoretogram 8 to 17 e¢m from the origin
are shown in Pig. 2-II1. The concentration of the UV absorb-
ing material was very low., At this level of concentration,
errors due to differences in the cuvettes and sensitivity of
the spectrophotometer approach the magnitude of the reading.
Hence, the specific activities calculated from these data can
only give an approximate indication of the status of the leaf
DNA melabolisu,

The radiocactivity of the 0.2 ml alliguots frowm the two
eluates {corrected for 30% counting efficlency and background )

were 5,900 + 300 cpm for the uninfected leaf and 4,500 + 230

cpm For the TMV infected leaf DHNA nucleotides. The specifice
activities were 118,000 + 5,900 cpm and 88,000 + 4,400 cpm
per Q. Q,Eﬁrp regpectively Owing to the low accuracy involved
in the determination of the UV spectra, little confidence can
be placed in these figures. However, there is no indlcation
of increased DNA metabolism in the TMV infected leaf.

An approximate minimal estimate of the extent of the
DNA mebabolism in the uninfected leaf during the 148.5 hour
incubation in the presence of ?BE can be derived from the
previous data. Correcting for ng decay, the specific activity

% k3 N -3 £, 6
of the P incorporated into DNA nucleotides was 4 x 107 cpm

per umole P. This incorporation is eguivalent to a minimum of
1% increase or turnover of the leaf DNA. The possibility that
this figure includes a contribution from the DNA metabolism of

gannot

@

microorganisms growing in the degenerating leafl tlassu
£ £

X il -, P
be ignored,
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Fig. 2-II. Absorption spectra of 3 ml eluates (pH 8.5)

from electrophoretograms of the hydrolyzed DNA preparations
from TMV infected and uninfected control tobaeco leaves.
Leaves harvested for extraction 149.5 hours after infection.
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PART 2

THE INFLUENCE OF 5-FLUOROURACIL O¥ TOBACCO-MOSAIC VIRUS
PRODUCTION IN TOBACCO-LEAF DISCS



The influence of 5-fluorouracil on Tobacco-Mosaic Virus
production in tobacco-leaf discs

ELSEVIER PUBLISHING COMPANY

AMSTERDAM LONDON NEW YORK PRINCETON
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Biochim. Biophys. Acta
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The influence of 5-fluorouracil on Tobacco-Mosaic Virus
production in tobacco-leaf discs

In harmony with the concept of template replication as involved in the formation of deoxyribo-
nucleic acid (DNA), ribonucleic acid (RNA), and protein, one could envisage that the multiplication
of an RNA-virus in host tissue is basically a template process. Among the various possibilities
is that the virus may act as an inducer of new template activity in the host. In particular, the
RNA-virus, upon entry into the plant, might evoke the synthesis of a new DNA template by the
host. This possibility has been subjected to a preliminary test by use of the metabolite antagonist,
5-fluorouracil (5-FU). 5-FU inhibits the formation of thymidine in Ehrlich-ascites-tumor cells of
micel? and in human-tumor transplants® presumably by suppression of the methylation of
deoxyuridine to thymidine',%%. Growth inhibition by 5-FU is reversed by thymidine in the case of
Lactobacillus leuchmanniits>. This is not true, however, for the case of Escherichia coli, strain
K-12, in which 5-FU-induced inhibition of growth of the organism is not reversed by thymidine
although it is reversible by uracil®. Thus, although 5-FU can clearly act as an inhibitor of DNA
synthesis, it is not evident that 5-FU always exerts its inhibition in this way.

The influence of 5-FU on multiplication of tobacco-mosaic virus (TMV) has been studied in
excised tobacco-leaf discs. Half-expanded leaves of Nicotiana tabacum var. Samsun were inoculated,
while still attached to the plant, with the common strain of TMV (U-2). In one case, Expt. 2, leaves
were inoculated after excision. Following inoculation, leaf discs 12 mm in diameter were punched
from the leaves, washed in distilled water, and floated on the treatment solution in covered petri
dishes. The solutions were made up in half-strength Hoagland’s solution and adjusted to pH 6.5.
The discs were then incubated at 26° in continuous light and harvested as indicated below. At the
end of the incubation period the discs were washed and frozen until use. The virus was then
extracted by the method of ScHNEIDER® and assayed spectrophotometrically.

The data of Table I show that virus production is inhibited by 5-FU at concentrations of 10~2
and 1073 M but not at 10~* M. This inhibition is not reversed by thymidine supplied at concen-
trations equal to or greater (10x) than that of the 5-FU. Uracil also is ineffective in reversal of the
5-FU-induced inhibition of virus multiplication (Table II). It would appear, therefore, that the
inhibition of virus production in tobacco leaves by 5-FU is not to be attributed to effects of 5-FU
on the DNA metabolism of the host, but to other and more general inhibitory effects of the
substance. Thus, 5-FU at a concentration of 10~2 J{ is clearly unfavorable for tobacco discs since
it induces a marked chlorosis of the tissue, beginning at about the third day of incubation.

That the biological properties of the virus are affected directly by 5-FU is also clear. The
specific infectivity of virus produced in the presence of 3-FU has been compared with that of normal
virus produced in the absence of the inhibitor. Specific infectivity was assayed in all cases by local
lesion counts on the primary leaves of pinto beans. The specific infectivity of virus produced in the
presence of 1072 M 5-FU but not in the presence of 1073 M 5-FU is significantly lower than that of
normal virus.
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TABLE I
EFFECT OF 5-FU oN TMV PRODUCTION BY LEAF DISCS INCUBATED AT 26°, CONTINUOUS ILLUMINATION

The discs were incubated in l4-strength Hoagland’s solution with or without 5-FU. The values
given are the means of two measurements of the absorbance at 260 my of aqueous aliquots of
TMV. Differences > 0.14 are significant at 59, level.

Experiment No. I 2
Time incubation commenced “Ij 4 Z /tt-” to gn 1>7'z'o‘ffw
Days incubated in
treatmzent soé;uetions 7:5 7
A. Vivus inoculated
I. No 5-FU 0.450 0.510
II. 1072 M 5-FU 0.045 0.150
III. 1073 M 5-FU 0.205 0.300
IV.107* M 5-FU 0.370 0.450
B. Healthy leaf discs
No 5-FU 0.005 0.020
TABLE II

EFFECT OF THYMIDINE AND URACIL ON THE 5-FU INHIBITION oF TMV PRODUCTION

Leaves inoculated on plant 7 h before harvesting discs and floating them on treatment solutions.

Results expressed as absorbance at 260 my of aqueous virus aliquots. The values are the means of

two measurements. Differences >>0.30 are significant at 5% level. All solutions made up in
Vo-strength Hoagland’s solution. Incubated for 7 days

10— M 5-FU No 5-FU
Basal solution 0.440 0.880
102 M uracil 0.455 0.795
103 M uracil 0.520 0.825
102 M thymidine 0.520 1.495
1078 thymidine 0.525 0.840

The high concentration of 5-FU needed to affect inhibition of TMV multiplication in leaf discs,
coupled with the obvious 5-FU-induced derangement of host tissue metabolism, indicates that the
mechanism of inhibition may lie in some general and unfavorable disturbance of the host tissue.
The fact that this inhibition is not reversed by either uracil or thymidine appears to rule out the
possibility that the mechanism involves a block in the formation of thymidine. It may be tenta
tively concluded that the mechanism of 5-FU inhibition of TMV multiplication is not directly
concerned with DNA synthesis.

The authors are indebted to the Hoffman-LaRoche Co., Nutley, New Jersey for a generous

gift of 5-fluorouracil.
C. I. DaverN”™

Division of Biology, California Institute of Technology, Pasadena, Calif. (U.S.A.) JamEs BONNER
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PART 3

INVESTIGATIONS QF THE EFFECT OF DNAase ON THE MULTIPLICATION

OF TMV IN TORACCO LEAF DISCS

The possibility that DHNA iz involved as a bemplate in

the multipnlication of THMV could be tested by specifically

-

rior Lo infection,

o
&
o
<3
ot
P
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hel

destroying the DNA in the
Dibase, if it could penetrate into the cell nucleus, should
be & sultable destructive agent with the desired specificity.

tobacoo leal discs to DNAase,

ol

The permeablllity of intac

and the possible influence of this enzyme on THV multiplica-

tion, were investigated.

a. Influence of DNiasse on the DNA of Intact PTobacco Leal Discs

The Feulgen stailning technique (8) was used to assay for
the penetration of actlve DNAase inbo the nuclel of intact

tobacco leafl discs.
MATERIALS AND METHODS

Dises 1 om in diameber were punched out of fully expanded
leaves of three-month 0ild plants, Nicotlana tobacum, var,
Samsun, One group of leaf discs was cytolyzed in ether for
two minutes. Cyvtolyzed and Intact leafd discs were then di-
vided into two treatment groups. One group of leaf discs was
vacuum infilltrated with a buffered Dlfase solution (1 mg per

£ L0

al DNAase in 0.01 M phosphate buffer, pH 7, 0.01 W nagnesium
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chloride). The other group of leal discs was vacuum infil-
trated with the buffer only., After vacuum infiltration, the
leal dises were incubated for 10 hours in their respec
treatment golutions, All tests were performed in duplicatbe.
AT the end of the incubation perlod, the discs were Pixed in
Carnoy's fluld and stalned by the Feulgen procedure, Subsee

A

guently, the leafl discs were macerated, mounted in glycerol

Lo

P o 3 2 g e, - 2 H ot
and inspected microscopically, at 440x,

Cytologlcal observations were restricted to the enidermal
zuard cells, since their nuclel were the least obscured by
other cellular components., The nuclel of the DNAase infil-
trated, ether-cytolyzed leafl discs were FPeulgen negative; all
other treatments gave Peulgen positive nuclel.

Thus, active DNAase cannct penetrate inbo intact cells

of tobacco leafl dlscs.

b. Influence of DNAase Treatment on TMV Developmens

Although intact leaf tlssue is lupermeable %o DilAasze,
DiAase way be able to penetrate injured cells by the same
paths taken by invading TMV. Therefore the eflect of Diliase

pplication before and after inocculation with TMV was studied.

Dxperiment 1 - DNAasge treabment prior to TMV inoculation,--

Twenty leafl discs were vacuum infiltraSed with the DNAase

solubtlon., Ancther twenbty were inflltrated with buffer only.



The discs were then placed on damp Tilter paver to allow thenm

2%

to lose the solution from thelr intercelliular spaces. Eighteen
hours after infiltration they were incculated wiith THV, strain
Ui {0.1 ng per wml), using 5600 wmesh Cellte as an abrasive. The
dises were incubated on half-sirength Hoagland's scolution In
Petri dishes for 145 houwrs, illuminated by 400 feo Iluorescent

1 . 3
1 T

by = - ey [2% S ot 4oy 1 P R TS I S S I B 3
The discs were then harvested, washed with distlilled

o T P 1 A gy e PO B EY s ] N ALY . .

of Schneider {9). The total yield of purified THV was sus-
N R - % " 8 S ey A B ; P B a2 A e . o e S T Ldacd
pended in 10 ml of distilled water, and tlter assayed by W
o oy, Ao 8 O YA

absorption at 200 mp.

2.

Experiment 2 - DiAase treatment after TMV incculatlion,--

Freshly exclsed tobacco leaves, with their petiocles lummersed
in half-strength Hoagland's solubion, were inoculated with
THV as above, Discs were punched fron these leaves 15.5 hours

later and divided into two groups of 20 discs each., One

s

i

ced wich DiAase, and the other with

i
)
¢

group was vacuum infiltral
buffer only, 17.5 hours after lnoculation. Leafl discs were

incubated under fluovescent light, as before, for 101.5

hours, TMV was then isolated from the leaf discs and assayed,

b

ag in experiment 1.

,‘fi

The yvields of virus from the DNAzse and buffer infll-

trated leaf dises are shown in Table 1~-II. There was no
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CENERAL DISCUSSION

o

Further studies on the inhibition of TMV developrment by
1 8

o ) ; ~ ot L e A I e pet 5
S.7inorouracil (10) have demonstrated that 5-fluorcuracil

&

extensively incorperated into the TMV RHA., This may in part

o

explain the inhibition. However, it is strange that uracil
does not alleviate the inhibitilion. Since thymidine was also
ineffective, it is unlikely that blocking of DNA synthesis
i8 the cause of the observed inhibition of vilrus mﬁ ciplication,

This conclusion is consistent with the results of the
ngwﬁytﬂaph rhate experiment, in which no increase in the
DA metabolism was observed in mmgm nfected leaves.

1

dence that DNA may be implilcated in normal

;“;,

8 v

@
foeta

Ther
RNA synthesis, For example, the inabilit
poetabularia {11) and enucleated amoeba {12

#9

thelr large cyboplasmic RWA concentrations,

;wza

Lo

RHA,

n

espi
indilecates thet the nucleus is esgentlal for RNA gynthesis, and
that eytoplasmiec RNA is incapable of sell-rep l1lcation. These
resulbs, together with others (13,14,15,15,17) which suggest
that RNA 1s synthesized in the nucleus and later moves Lo

the eyboplasm, have been conslidered as evidence for the im-

nlication of the nuecleus as the sole site of BNA gynthesls in
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INTRODUCTION

P

Recent radioazctive tracer studies on the metabolic status
of various macromolecular fractions in exponentially growing
cultures of micro-orgenisms have demonstrated repeatedly that
these fractions conserve their incorporated tracer (1,2,3,4).
These findings cast doubt on the Schoenheiner concept of "The
dynanic state of cellular constituentsY (5), in which the cell
is considered t0 be in a steady state such that its functional
integrity is conserved while its macromoleculsy components are
gubjected to & continuing metabolic breakdown and synthesis,
While casting doubt, these tracer studies do not disprove the
dynamnic state concept, for metabolic furnover coupled with an
efficient mechanism for salvaging breakdown products for use
in reosynthesis would lesd to the observed resull of conservie
tion of label, However such a scheme would lead to the redise-
trivution of the label smong the molecules of the macromolecular
fraction.

The existence of such a redistribution of label can now be
experimentally detected by the use of heavy isotope labeling in
conjunction with a subsecuent analysis of the density distribu~
tion of the macromolecules by the method of ecuilibriunm
dengity-gradient sedimentation (6). This method has been used
to study the distribution of the heavy nitrogen isotope Elg
amon:: the molecules of DHA after the transfer of a2 uniformly

1 . e . - . .
N Z Jabeled, exponentially growing E. coli population to a



trangfer experiment, designed to lnvestigate the
ility of high molecular weilsht (microsomzl) RlA
in an @zaonﬁﬂtlﬁify growing E. coll D culture.
In a constant centrifugzal Tield, the concentration distrie

bution of a single macromolecular species of uniform density,
2t equilibrium in & constent density gredient, is CGoussian,
The distribution is centered zbout that polnt in the gradient
where the density of the solution, and the buoyant density of
the macromolecule are equal (6). Because it is labeled with
heavy isotope, the RNA synthesized up to the time of transfer
will band at a higher density in the gradient than RNA synthe-
sized from light isotope precursors. Thus the population of
pre-transfer REA molecules, 1f conserved after the transfer of
the bacterial culture to light isotope substrates, will be
distinguishable from the poprulation of RNA molecules synthe-

ized during the post-transfer period by vzwtae of their higher

i’ﬁ

£

ensitys

In the previously nentioned DNA fransfer experinent, the
G d d