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ABSTRACT

Seeds of Lactuca sativa L. var, Grand Rapids were used for

studying the effects of various plant growth regulators upon hypocotyl
elongation, This study was undertaken to observe: (1) the intersction
between various combinations of ethionine, methionine, and gibberellic
acid wpon elongation of lsttuce seedling hypocotyl; (2) the effects of
blus, red, far-red, and white light upon elongation of lettuce ssedling
hypocotyl; and (3) the effects of various inhibitors of RNA and protein
synthesis upon elongation of lettuce sesdling hypocotyl.

Seedlings were allowed to elongate in combination with various
treatments for a pericd of LB hours, after which the roots and hypocotyls
were measured.

Results indicats that ethionins severely inhibits elongation of
lettuce seedling hypocotyl, while addition of methionins to ethionine-
treated seedlings results in an almost complste reversal of ethionine-
induoed inhibition of elongation. Gibberellic acid causes a definite
enhancemsnt of hypocotyl elongation, However, addition of ethionine to
gibberellic-acid treated seedlings results in an inhibition very similar
to seedlings treated with ethionine alons. When methionine is added to
seedlings treated with ethionins and GAj, elongation is enhanced to a
level similar to seedlings treated with GA; alone. Addition of adenosins
triphosphate to ethionine-treated seedlings does not significantly
reverse the inhibitory effect of ethiocnine. It 1s coucluded that

ethionins inhibits protein syathesis othsr ihan by decreasing gyathesis



of adenosine triphesphate, possibly by inhibiting methylation of
transfer ribonucleic acid.

The ethionine inhibition and GA3 stimmlation of lettuce seedling
hypocotyl elongation is prevalent in red, blue, and far-red light as
well as darkness. In all qualities of light tested, methionine is
capable of reversing the ethionine inhibition and restoring the GAj
stimulation of hypocotyl elongation which had been nullified by
ethionine treatment.

Seedlings treated with far-red light showed hypocotyl elongation
similar to that of seedlings grown in darkness. Likewise, seedlings
grown in red light elongated to a level similar to those treated with
blus light. The effect of darkness and far-red light upon hypocotyl
elongation was distinctly different from seedlings treated with blue and
red light.

The studies with actinomycin-D showed that hypocotyl elongation
is most severely inhibited at a concentration of 75 micrograms per
milliliter., The threshold concentration of inhibition is 25 micrograms
per milliliter,

The degree of inhibition exsrted by 5-fluorouracil is only
slight as compared to that of cycloheximide and 6-methylpurine. This
may suggest that synthesis of all RNAs is not essential for normal growth
to occur. The severe inhibition of hypocotyl elongatiom by cycloheximide
and 6-methylpurine are consistent with the idea that protein synthesis

and some RNA synthesis is necessary for cell elongation to ocour.
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CHAPTER I

INTRODUCTION

Iettuce seeds repressnt a unique system for studying the effect
of various plant growth substances upon germination and subsequent

growth, Rscent interest in the physiology of lettuce seedling elonga-
tion has been mainly concerned with the action of inhibitors and
pramoters on hypocotyl elongation. Gibberellic acid greatly stimulates
the elongation of the letiuce seedling hypocotyl (Frankland and Wareing,
1960). While the germination of the lsttuce sseds has probably
received more attention, their subsequent elongation is of utmost
importance for studiss with plant growth regulators,

This study was undertaken to observe: (1) the interaction
between various cambinations of ethionins, methionine, and gibberellic
acid upon elongation of Grand Rapids lettuce seedlings; (2) the effects
of red, far-red, blue, and white 1light upon lettuce sesedling hypocotyl
elongation; and (3) the effects of various inhibitors of ribomuclsic
acid (RNA) and protein synthesis upon lettuce sesdling hypocotyl elonga-

tion,



CHAPTER IT
REVIEW OF LITERATURE

Ethionine, the ethyl analogue of methionine, has been widely
used as & competitive inhibitor in studiss of methionine mwetabolisa,
Boll (1960) reported that ethionine inhibition of the growth of exclsed
tomato roots was relieved by methionine. Schrank (1956) reported that
elongation of Avena coleoptiles was inhibited by 50 percent with
ethionine, but methionine was shown to completsly reverse the inhibition,
He suggested that ths ethionins might interfere with the utiliszation of
mothionine for protein syntheses which are required for elongation of
the Avena colsoptile.

Cleland (1960) investigated two possibilities of ethionins
action in inhibiting elongation of Avena coleoptiles: (a) blocking
protein synthesis and (b) inhibiting transfer of methyl groups from
methionins to the hot-water-soluble fraction of ths ocell wall. He
separated total elongation of the colsoptiles into reversible and
irreversible components and found that ethionine caused sn immsediate
inhibition of reversible elongation. However, & period of 3-6 hours had
to elapse before irreversibls elongation was inhibited. Cleland thus
suggested that the innibition of methylation was the cause of inhibition
of reversible elongation, whils protein symtbesis inhibition was respons-
ible for inhibition of irreversible elongation. Although he did not
spacifically consider a mechanism by which proteln synthesis was
inhibited by ethionine, Cleland concluded that ethionine acts by
affecting some facet of msthionins motabolisa.

2



While studying the effects of ethionine upon rat liver, Shull
(1962) observed that adenosine triphosphate (ATP) concentration in the

liver was greatly decreassd within a few hours after injection of

ethionine, Villa-Trevino et al. (1963) attempted to explain a possible

relationship between the decreased level of ATP and the inhibition of
protein synthesis induced by ethionine, Their data suggested that the
primary effect of ethionine is on the ocellular ATP level and that
inhibition of protein synthesis is secondary.

Msthionine reacts with ATP to form S-adenosylmethionins via the
enzyws methionins adenosyltransferase (Shapiro and Schlenk, 1960).
Shapiro and Schlenk (1960) also reported that ethionine is a substrate
for this enzyme and reasts with ATP to form S-adenosylethionine., Farber
(1963) reported that S-adenosylethionine is not as readily utilized as
S-adenosylmethionine. It was further suggested by Smith and Salmon
(1965) that an imbalance between the rates of formation and of breakdown
of S-adenosylethionine may occur in the ethionine-treated rat and may
lead to an accumlation of this intermsdiate in the liver. Two modes
of action concerning the excess S-adenosylethionine have been postulated.
According to Stekol et al. (1960), the excess S-adenosylethionine
inhibits mitochondrial oxidation and oxidative phosphorylation with a
resulting decrease in the rate of synthesis of ATP frow ADP. According
to a second hypothesis (Stekol, 1963), ATP reacts with ethionine to form
S-adenosylethionine at a faster rate than the cell can synthesize ATP
from available precursors. This results in the conversion of ATP to a
mich less reactive form and thereby effectively traps increasing amounts
of adenine as an adenosine derivative., Shull et al. (1966) reported

that the injection of ethionine into rat liver resulted in a decreass of



k

They further
showed that mitochondrial respiration and oxidative phosphorylation are

ATP conceniration to a level of 20 percent of the control

intact when measured in isolated mitochondria or in other aystems in

vitro obtained from ethionins-treated aninals, Shull et al, (1966) thus

concluded that the primary effect of ethionine is to trap adenosine as
S-adenosylethionine by reacting with ATP, This adenine trapping effect
had previously been shown in yeast (Schmidt et al., 1956).

Norris (196L4) also supports the concept that ethionine exsrts
its inhibitory effect by interference with ATP metabolism, He presented
data which showed that 0,01 wolar (M) ethionine inhibited elongation of
Avena coleoptile segments by 70 perceat, but ths application of ATP at
concentrations of 0.25 millimole (mM) and 0.5 mM stimulated the growth
of the coleoptile sections and partially reversed the ethionine-induced
inhibition of their elongation,

Ons should leep in mind that other possibilities for the
mschanism of ethionine-induced inhibition still exist. Dunn et al. (1966)
found that the methylated purins and pyrimidine bases which occur as
components in rmucleic acids are localized primarily in transfer RNA

(t-RNA), Peterkofsky (1964), working with Eschsiichis coli and yeast,

investigated the role of methylated bases in connsction with the amino
acid transfer function of t-RNA. His data showed that the E. coli
enzyme of the amino acid leucins (leucyl-T-RNA synthetase) successfully
attached the leucine to t-RNA regardless of whether or not it contained
the methylated bases. However, the yeast enzyms was non-functional in
the sbsence of methylated bases. Psterkofsky further concluded that
methylation has a profound effect on the codoa recognition properties of

t-RNA. Moore and Smitn (1969) presented evidence that ethionins exeris



5

its inhibitory effect by preventing metiylation of t-RNA., Their results

show that S-adenosylethionine (2.0 x 10-bM) inhibiteq incorporation of

methyl groups into t-RNA by 66 percent in bacteria, while in rat liver,

total inhibition of methylation occurred., This work ssems to be in

agreement with the earlier suggestion of Cleland (1960), who stated that

ethionine inhibition of growth was due, at least in part, to a Preven-

tion of cell wall methylation,

Although both methods of ethionins inhibition could presently be
accepted as valid evidence, further work is nscessary to determine which
one plays the major role in the inhibition of plant growth,

The germination of many seeds is affected by light. Borthwick
et al. (1952) made observations which led them to postulate the existence
of what is now known as the red, far-red reversible pigment system.

Many aspects of growih and development are affected by this red, far-red
interaction, Some of these, as reported by Hendricks and Borthwick
(1967), are flower initiation and development, germination of seeds and
spores, and enlargement of structures such as stems and leaves. Downs

(1956) reported that flowering of Xanthium pennsylvanicum was enhanced by

red radiation and inhibited by far-red radiation.

The pigment rasponsible for this reversible system, now called
phytochrome, is a blue or bluish-green protein that exists in two forms
(Borthwick and Hendricks, 1960). These two forms are interconvertible
by light, with 660 nanometers (nm.) and 730 mm. being the absorption

maxima of each form. Form Py30 is the active form of phytochrome,

changing in darkness to the inactive form P660«
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The mechaniem by which Phytochroms action takes place has not

been narrowed to a single mode of action, Hendricks and Borthwick

(1967) observed a mumber of plant responses which indicate that phyto-

chrome acts on cell permeability as an early step in its control of

plant growth and development. Mohr (1966) proposed that some of the

actions of phytochroms are dus to gene activation, which enhances new
RNA and protein synthesis and subsequently results in differentiation
and development., However, the effects for which Mohr's mechanism has
been proposed occur several hours after the first light exposure, and it
is well known that many effects attributabls to phytochrome are dstect-
able within an hour or so,

The responses of plants to light given at high intensities for
several hours have frequently shown 2 wave length regions of maximum
effectivensss., Ons is in blue from 420-450 nm. and one in far-red from
700 to about 750 mm. Mohr and Wehrung (1960) illustrated this high
enargy light reaction by demonstrating that hypocotyl lengthening of
Grand Rapids lettuce seedlings was slightly influenced by red radiation,
while the action of white, blue, and far-red light strongly inhibited
hypocotyl lengthening in the seedlings., They concluded that a '“blus,
far-red reaction system* was evidence of a sscond light reaction other
than phytochroms.

Turner and Vince (1968), working with lettuce seedling hypocotyls,
reported that both blus and red light modified the response Lo far-red
in a similar manner, and a prior irradiation with either was shown to
reduce the effect of subssquent far-red treatment, The differences in

conditions indicated
the response to blue and far-red under high-8nargy

luded that a
that two separate reactions were involved. The authors conc



distinct blue light absorbing pigment was present and that this
pignent mediated a reaction inhibitory to elongatien.

Esashi and 0di (1966) suggested that the active function of the
dual effect of blue and far-red light used was not related with the
phytochrome reaction. This blue, far-red reaction system can be
physiologically demonstrated only by high energy irradistion. Thus far
it has been referred to as the "high energy reaction® (Mohr, 1962).

Mohr (1962) strongly supports the theory of phytochrome and high
energy reaction as being two entirely different reaction systems., His
investigations of the movements of the plumular hook of Grand Rapids
lsttuce seedlings strengthened this concept. While no appreciable
plumilar hook is formed on dark-grown seedlings, it can be induced by
red light., The formatiom of the hook by red light can further be
millified by immediate far-red irradiation, thus showing the effect of
phytochrome. The hook which had been closed by red light was shown to
open only when blue or far-red light was applied at high intensity.

Mohr thus presented evidence that the "high energy reaction" was present,

Conversely, as one might expect, there are those who are not in
agreement with the theory of Mohr. Regardless cf the validity of Mohr's
proposal, his work was a major contribution tward a betier understanding
of phytochrome and its related processes.

The development of chlorophyll is light-dependent and requires
a lag period during which the conversion of protochlorophyllide to
chlorophyll occurs, followed by & period of rapid chlorophyll synthesis
(Gassman and Bogorad, 1967). It has been proposed that light induces

the gynthesis of enzymss necessary for chlerophyll production (Marcus,
1960),



After working with various inhibitors of protein and RNA

synthesis, Gassman and Bogorad (1967) concluded that nucleic acid and

protein synthesis are essential for normal chlorophyll production

further suggested that light

They
regulates chlorophyll syntheais by
controlling the availability of gamma-aminolevalinic acid, possibly by

causing the formation of an enzyme which regulates the synthesis of
aminolevulinic acid.

Red light stimulates chlorophyll synthesis, while far-red light
reverses the effect of red light (Price and Klein, 1961). Tt was
suggested by Augustinussen and Madsen (1965) that the effect of red on
chlorophyll synthesis is probably due to an effect on protochlorophyllide
resynthesis which follows the phototransformation of the pigment to
chlorophyll.

The application of gibberellic acid (GA3) results in a signifi-
cant increase of plant growth., Frankland and Wareing (1960) found
substantial stimulation of the growth of lettuce ssedling hypocotyls
with increasing concentrations of GA3 up to 100 parts per million (ppm.).
While there is no doubt that growth of plants is enhanced by GA3, the
mechanism by which it exerts its affect is not clearcut.

Recent studies on the incorporation in vivo of labeled amino
acids into proteins of aleurone layers of barley suggest de novo
synthesis of «-amylase in response to added GAj (Varner, 196L; Varner
and Ram Chandra, 1964). It was shown by Varner and Ram Chandra (196h)
that actinomycin-D, an inhibitor of deoxyribonucleic acid (DNA) -

dependent RNA synthesis, inhibits the GAj-dependeit formation of

«-amylase in isolated alsurone layers. The authors sugge stad sl Ghy

18 involved in the formation of a specific messenger RNA BN B



o« -amylase. Further work by Chrispeels and Varner (1967) showed that

addition of the protein synthesis inhibitor cycloheximide rapidly and

completely inhibited amylase &ynthesis, regardless of when GA3 was

added. If added before or at the same time as GA3, actinomycin-D also

prevented amylase formation, However, when actinomycin-D was added

after 4 hours of GA3 treatment, a reduced effect on amylase synthesis
was observed. After 8 hours of GA3 treatment actinomycin-D addition was
without effect. Even so, RNA synthesis was inhibited 65 percent during

the L-hour interval which followed the addition of 100 micrograms per
milliliter (pgm./ml.) of actinomycin-D at 8 hours.

Johri and Varner (1968) showed that rnuclei isolated from dwarf
pea and incubated in the presence of GA; (10~3M) incorporated up to 80
percent more H-nucleotide into RNA than control muclei. The later GAj
was added during the isolation, the smaller the response., The failure
of purified miclei to respond to GA3 was apparently caused by the loss
during isolation of some essential hormons-gsnsitive factor. The mech-
anism for the GA3 stimulation of RNA synthesis in nuclei is not known,
although Jorhi and Varner suggested that it could be dus to an increase
in template sites on DNA or dus to an increase in RNA polymerase
activity. Similarly, Jarvis et al. (1968) attributed the breaking of

dormancy in seeds of Hazel (Corylus avellana) by GA3 to an increase in

RMA polymerass activity and increased DNA template availability.
Inhibitors of RNA and protein syathesis used in this study were
actinomycin-D, S-fluorouracil, cycloheximide, and 6-mathylpurine.
Probably the most used inhibitor of RNA synthesic is actinomycin-D.
Goldberg and Reich (196L) postulated that the antibiotic forms a complex

- ' hus
specifically with the amino group of decxyguanosins in DNA, ¢
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preventing DNA-dependent RNA synthesis, Key (196L) cbserved that when

sections of soybean hypocotyl were incubated in solutions containing
10)‘8"/‘1' actinomycin-D, cell
of the normal rate for 2 hours,

elongation procesded at about 90 percent
However, after 4 hours, hypocotyl

elongation was inhibited 75-85 percent., RNA eynthesis was inhibited 60

percent during the initial 2 hours and reached 90-95 percent within U
hours. Key stated that a part of the delay in growth inhibition by
actinosycin-D was due to the time required for the antibiotic to pemetrate
the tissue. He also postulated that part of the delsy in inhibition by
actinomycin-D was poseibly a result of the time required to depletse the
supply of unstable template RNA. Penny and Galston (1966), working with
green pea stems, reached the same conclusions. After addition of
actinomycin-D, & lag phase of 2 hours was required before significant
growth inhibition could be detected. Penny and Galston (1966) concluded
that the cell can store enough RNA for its short-term growth nseds.
Although not inhibiting proteia synthesis directly, actinomycin-D leads
to an inhibition of protein synthesis which increases with an increase
in time (Lin and Key, 1968).

The timing of inhibition of cell elongation by actincaycin-D in
excised tissues varies from species to epecies. Coartney et al. (1967)
saggested that the degres of imhibition of cell elongation correlates
positively with inhibition of RNA aynthesis. While growing ab & constaut
rate, oell elongation of svybean hypocotyl was inhibited by actincaycin-D
after a lag of 1-2 hours, with the degree of inhibition depending upon
the concentration of actincmycin-D (Key, 196k)e

Key and Ingle (196k) showed that actinomycin-D, up to concentra-

tions of 0.2 ugm./ ml., inhibited RNA synvhesis and L SRR



similarly. It 18 thus clear, as suggested by Koy (156L), that

actinomycin-D inhibits RNA synthegia Prior to its inhibition of cell

elongation.

The observation that growth can occur while some RNA synthesis
is inhibited has been further emphasized by the use of S-fluorouracil,
A possible mechanism of this pyrimidine analogue has been suggested by
Horawitz et al. (1960). They suggest that it is incorporated into m-RNA
as a substitute for a pyrimidine base (probably uracil), and the result-
ing modified messenger RNAs serve as templates in producing proteins
having abnormal amino acid sequences. Nooden (1968) found that
5-fluorouracil did not inhibit cell enlargewent in the presence of auxin,
while ssvere inhibition of RNA synthesis occurred. Along the same line,
Key and Ingle (1964) showed that the growth of soybean hypocotyl was not
affected by 5-fluorouracil, while total RNA synthesis was inhibited by
50 percent, Inhibition of ribosomal RNA (r-RNA) was 90 percent, transfer
RNA (t-RNA) 75 pereent, and messenger RNA (m-RNA) inhibition amounted to
only 10 percent. Due to the almost complete inhibition of r-RNA and
little or no inhibition of m-KNi, Key and Ingle concluded that the
synthesis of nsw riboscmes, and possibly t-RNA as well, is not required
during continmed cell elongaticn of excised and intact plant tissues.
Koy and Ingle (196kL) further concluded that synthesis of m-RNA is
essential for growth.

Gyclobeximide (actidone) s an effective iahibitor of protein

Synthesis., It was shown by Siegel and Sislsr (1965) that this inhibitor

prevents the transfer of amino acids {rom t-RNA to protein, thus causing

a direct inhibition of peptide formation. They concluded that amino acid
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activation and synthesis of aminoacyl-t-RNA are not affected by

cyclobeximide. While working with soybean hypocotyl, Key (1966) showed
that cyclobeximids markedly inhibited sccummlation of r-RNA, but that
gynthesis of r-RNA, per se, was not inhibited, The accunalation of
pewly synthesized m-RNA was only slightly affected by cycloheximide.,
These results showed that the inhibition of cell elongation by cyclo-
heximide correlates with the inhibition of protein synthesis, but not
with the effect on RNA metabolism.

Another frequently used inhibitor of RNA synthesis is 6-methyl-
purine. This purine analogue was shown by Key (1966) to effectively

inhibit growth, RNA synthesis, and protein synthesis of soybean hypocotyl.



CHAPTER III
MATERTALS AND METHODS

s‘ggd_lﬂ Growth

Seeds used for germination and subsequent seedling growth were

of lactuca sativa variety Grand Rapids, obtained from Joseph Harris Seed
Company, Rochester, New York,
Seeds were allowed to germinate in 9 centimeter (ca.) petrie

dishes containing Type D filter paper (Matheson Scisntific Inc.) moist-

ened with 4 milliliters (ml.) of distilled water. After 18 hours in

contimious light, germinated seedlings with radicles approximately 1
millimeter (mm.) in length were removed and transferred into petri dishes
containing 4 ml. of the various experimental treatments. Unless stated
otherwise, seedlings were allowed to elongate in contimnuous light at a
temperature of 25 ¥ 2° C for a period of LB hours. At the end of the
LB-hour period ths hypocotyls and roots were measured to cbserve the
effects of the various substances upon elongation. There were 20 seed-
lings per treatment. Replicates were run for each treatment.

The various chemicals used were obtained from the following
sources: D-L ethionine from Sigma Chemical Company, St. Louis, Missouri;
L-methionine from Aoeto Chemical Company, Flushing, New York; gibbersllic
acid (0A3) from Eastman Organic Chemicals, Rochester, New York;
5-fluorouracil from Hoffman-LaRoche Incorporated, Nutley, New Jerssys
6-methylpurine, cycloheximids, and edenosins triphosphate (ATP) all from

Mitritional Biochemical Corporation, Gleweland, Ohio; snd actincmycin-h

from Merck, Sharp, and Dohme Research Laboratory, Rahway, New Jersey.
’ ’

13
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Incorporation of Blue, Red, and Far-Red Light

The effects of blue, red and far-red light upon hypocotyl
elongation were studied by attaching a plastic filter to the top of a
1ight-tight box. Par-red light was obtained by using Carolina Biological
swpply (CBS) plastic filter No. 750, red by GBS filter No. 650, and blue
by CBS filter No. L50. The filters were 31 cm. above the level of the
peedlings. The light source was an incandescent 150-watt bulb attached
by a clamp on a ring stand 73 om. above the level of the seedlings,
After LB hours of growth the roots and hypocotyls were measured., The
‘temperature at the level of the filters was 25 % 20 ¢,

Cnlorophyll Extraction

Approximately 100 seedlings per treatment were extracted for
estimation of chlorophyll. The seedlings were removed from the petri
dishes after the normal LB8-hour growth period and were boiled briefly in
two 4 ml. portions of 80 percent ethanol. The extracts were adjusted to
S ml, with 80 percent ethanol and their absorbancies read at 660
nanometers (nm.). This method is similar to that of Aspinall et al.

(1967).



CHAFTE 1.
RESULTS

The Interaction Between Various Combinations of Ethionine, Msthionine >

and Gibbereliic Acid Upon Hypocotyl Elongation of Grand Rapids Lettuoce
See 2

The results of various combinations of ethionine » mathionine,
and gibberellic acid upon lettuce ssedling hypocotyl and root elongation
are given in tables I and II,

The data indicate that at all concentrations used, ethionine
greatly inhibits the elongation of both hypocotyl and root, while
addition of methionine to ethionine-treated ssedlings results in almost
complete reversal of ethionins-induced inhibition. The reversal of this
ethionine-induced inhibition by methionine agrees with the data of Boll
(1960) and Schrank (1956), who also reported reversal of ethionine-
induced inhibition after addition of methionine.

When seedlings are aliowed to elongate in the presence of GA3,
an enhancement of root and hypocotyl elongation to a level greater than
the control is cbserved, as indicated by tables I and II. Addition of
ethionine along with GA3 indicates an imhibition of elongation very
similar to seedlings treated with ethionins alone. This would suggest
that GAy has little if any effect on ethionine-induced inhibition. How-
ever, addition of methionine to seedlings trested with GA3 and ethionine
indicates a very definite reversal of the ianhibition exvrted by
ethionine, Here again, the apility of methionine to reverse the
ethionine-induced inhibition 1is shown.

15



TABLE I

EFFECTS OF VARIOUS COMBINATIO

B8 OF ETHIONINE, MRTH
AND GIBEERELLIC ACID UPON ELONGATION 0F iErruce
SEEDLIR} KYPOGOTYL

Treatment Concentration
-0IN  .005M  .0025M  .00125M

Percent of Control

Ethionine [ 38 31 L7
Methionine 89 97 90 79
Ethionine + Methionine 96 85 89 89
GA3 27k 209 295 139
GAy + Ethionine L8 bl 1O k6
GAB + Ethionins + Mathionine 187 220 248 216

Hypocotyls were measured after the peedlings had elongatsd for
L8 hours in combination with the various treatments. A total of 20
seedlings were conteinad in sach treatment, with replicatss being rumn
for each treatment, Rssults represent mesan hypocotyl lengths ongn'od
with a water control. The comcentration of gibberellic ascid (GA;) was
10 parts per million (ppm.). Dsta are awerage of duplicate expefiments.
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TABIE II

EFFECTS OF VARIOUS COMBINATIONS

OF ETHIONINE
GIBBERELLIC ACID UPON ELONGATION OF LETTUCE SEEDLiNg nior™

—— Conocentration
«01M -005M «0025M .00125M
Percent of Control

Ethionine A1 18 31 36
Methioninse 101 110 88 98
Ethionine + Msthionine 104 123 96 95

0A3 136 Ly 16k 1

GA3 + Ethionine 33 a2 36 N

GA; + Ethionine + Methionine 83 76 81 86
—_— — e e e

Roots were measured after the ssedlings had elongated for LB
hours in combination with the various treatmenta, A total of 20 seedlings
were contained in each treatment. Results represent mean root lengths
compared with a water control. Replicates were run for each treatment.
Data are average of duplicate experiments. Concentration of GA3 was

10 Ppai.
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Revar
sal of ethionine-induced inhibition by addition of ATP

was reported by Norris (1964) and Villa-Trevino et al (1963). An

experiment was performed to observe thng results of ATP addition to

ethionine-treated lettuce esedling hypocotyls., The results of sguch
. such an

ATP at varying concentrations wag
added to ethionine and water-treated ssedlings.

experiment are shown in figure 1,

Although a slight

stimulation of mean hypocotyl length is indicated, eéspecially at concsn-

trations of O.1 mM and 0,01 mM, the enhancemsnt carmot be accspted as

significant bacause the controls (water and ethionine) show an over-
lapping of standard deviations with the seedlings treated with ATP.

Thus, the data in figurs 1 indicate that ATP does not reverse the
ethionine-induced inhibition of elongation in lsttuce seedling hypoootyls.,
These results do not agree with those obtainsd by Norris (1964) and
Villa-Treviac et al, (1963).

A study was made of the elongation of lsttuce ssedling hypocotyl
after addition of ethionine at various time intervals. Results of this
work are shown in table III. The data indicate that if ethionine is
added at any time between O and 8 hours, there is only a alight change
in inhibition (L4 to 51 percent control). Apparently the critical time
at which the ethionine must bs present in the tissue for maximum
inhibition is betwesn O and 12 houra. After the addition at 12 hours,
sthionine is less inhibitory to hypocotyl elomgation. Addition at 36

hours shows an inhibition of only 21 percent. The data indicate that

ethionine-induced inhibition of lsttuce secdling hypocotyls is greatest
when added between O and 12 hours, Thus ethlonine apparently 1is

inhibiting biochemical procsssés that occur 1a the sarly stages of

hypocotyl elongation.
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Figure 1. Influsace of ATP on elongation of lettuce sesdling

hypocotyl in ethionins (0.0025M) and in

Standard deviatiocns and mean hypocotyl 1o

There were 20 secdl
each concentration.

ings for each oconcen
Data are averags ©
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TABLE 1711

EFFECT OF ETHIONINE AT ViR : |
ELONGATION OF 10US TIME INTERVALS UPON

LETTUCE SEEDLING HYPOGOTYL

20 o e —

N

Tamw el Percent of Control
0-L8 Hra. m

3-48 Hrs. W6

6-hB Hra. K9

8-L48 Hras. 51

12-48 Hrs. 65
16-48 Hrs. 70

24-LB Hra. 70

36-L48 Hra. 79

= —

Hypocotyls were measured after a L8-hour growth period. The
m8an hypocsotyl length of each treatment was compared with a water
control. Replicstes were run for each treatmsnt. Concantration of
ethionine was .0025M., Data are average of duplicate experimsnts.
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Effects of Hed, Blus, Far-red, and White Light
of Red Tar-red, and t Upon Lsttuce Seedling
==Luce

Hypocotyl Elongation

The lettuce seedling hypocotyl shows sharply defined regions of

while red 1light has 1little direct
This blue/far-red response of the

response to blue and far-red light,
effect (Vince and Turner, 1968),
lettuce seedling was studied in detail by Mohr and Wehrung (1960) and by
vVince and Turner (1968),

Vince and Turner (1968) showed that red 1light increased hypo-
cotyl elongation when used alone over g long period of time. Far-red
light was inhibitory for hypocotyls up to 36 hours old, after which the
inhibitory effect was relieved. Blue light was inhibitory throughout
the entire growth period.

Grand Rapid lettuce seedlings were allowed to elongate under the
influence of red, blue, and far-red light in variocus treatments for W48
hours. Seedlings allowsd to slongate in darkness were used as controls,
Results of this experiment are presented in figure 2, In all treatments
except GA3, the mean hypocotyl lsngths of seedlings under the influence
of red 1light show an increase over those treated with far-red light.
This compares favorsbly with the data of Vince and Turner, who observed
that enhancement of hypocotyl elongation was greater in seedlings
treated with red light than those with far-red., The data also indicate

that in 3 of the treatments (water control, methionine, methionine +

ethionine), the mean hypocotyl length 1s greater in the presence of blus

light than in the presence of red light. However, this enhancemsnt is

devia-
not significant becsuse there is an overlapping of the standard

that in all
tions of the mean hypocotyl length. Figure 2 also indicates th
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Figure 2, Effects of darkness, blue, red, and far-red light
upon elongation of lettuce seediing hypoootyl.

Mean hypocotyl lengths and standard deviations are showm,
Seedlings elongated under influence of light treatments for hB‘hnrt.
There were 20 seedlings for each treatment, with replicates being run
for each treatmant. Msan hypocoiyl lengths are averages of duplicate
experiments., Concentration of ethionine (Eth) and ssthionins (Msth)
was 0,0025M, GCA concentration was 10 pps. Seedlings allowed to
elongate in darknsss and wsler gerved as reference controls.
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2
except 2 treatments (GA3 and QA3 + ’

ethionine + wmethionine), far-red

1ight has an effect upon elongation ve
Ty similar to seedlings
grown in

darkness.
The interaction between msthionine, ethionine, and GA3 was

prevalent, regardless of the quality of light wused.

An attempt was made to study the effects of continuous white

1ight on lettuce seedling hypocotyl elongation in various treatments of

ethionine, methionine, and GA3. The results of this experiment are shown

in figure 3. Seedlings allowsd to elongate in darkmess served as refer-
ence controls, The data show that GA3-treated hypocotyls are enhanced
greatly in comparison with the water control, while the ethionine-
treated hypocotyls are inhibited greatly, as are those with ethionine +
GA3.

When methionine is added to ethionine, an enhancement of
hypocotyl elongation is shown almost to the level of seedlings treated
with methionine alone. This occurs in both darkness and light.

Lockhart (1956) has shown that light treatment results in marked
inhibition of growth in Alaska pea seedlings. This inhibition was
completely reversed by treating the seedlings with GAj. His data show
that 013-t1'oataod plants in light and darkness grow to almost identical
heights, whereas the untreated dark-grown plaats show a greater var iation
in growth rate. Lockhart concluded that some factor in the plant, which
may be replaced by gibberellin, controls the relative rate of stem

elongation in light and darkness. The enhancement of lettuce seedling

ioes not
hypocotyl elongation by addition of GA3, a8 shown in figure 3, d

_grown seedlings tre
agree with data obtained by Lockhart. e NS B

i ioher than the light-
s GA3 are enhanced to & level significantly higher
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16 L
Dark Light

12 L

104 {

Hypocotyl Length (mm.)

T !

A I S N N B | [ B |
Water Eth Meth Eth GA GA
+

GA

+

Math Eth Eth
“

Treatment

Figure 3, Effect of darkness snd coutinuous light upon lettuce
®sedling hypocotyl elongation.

Mean hypocotyl lengths and standard deviations are given. Water
treatment was used as control. Thsre were 20 seedlings per treatment,
with replicates being run for each treatamsnt. Data are average of
duplicate experiments. Seedlings elongated in various treatments for LS
hours, Concentration of ethionine (Eth) and methionine (Meth) was
0,0025M, Goncentration of gibberellic acid (GA) was 10 ppa.
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The increase in elongation of dark-
seedlings treated with g
A3 over dark-grown seedlings in water is
very similar to the increase of (A5

- ings tre
seedling ated with GAB.

-treated seedlings in contimious

1ight over those of the light-treated water control, The data also

jndicate that the light-grown 8eedlings trested with GA3 are not

stimlated significantly more than dark-grown seedlings of the water
control.

A further study was made of the effects of darkness and contin-
uous light upon chlorophyll synthesis in lsttuce seedlings treated with
various combinations of ethionins, methionine, and GA3. Results of such
an experiment are shown in figure L. It is evident from the data
presented that the absorbance readings, and thus the amount of chloro-
phyll synthesis, are indeed higher in &ll treatments in which light is
present, This indicates the necessity of light for normal chlorophyll
synthesis to take placs.

Seadlings treatsd with GA3 have the highest absorbance reading
in the presence of light, while ethionine-treated ssedlings are lowest.
Seedlings treated with uA3 and ethionine show almost ihe same absorbance
as ethionine alons, while methionine sddition increases the reading very
near the lavel of seadlings treated with methionins alone. The
methionine-treatsd seedlings in light are very near the level of those in
the water contcrol. As the data indicate, the amount of chlorophyll
Syntheeis is negligabls in darkness in all treatments, as compared to

, sis in
those in lignt. The data further indicate that chlorophyll synthes

) . o pawe ocan be said
ethionine-treated seedlings i3 greably sl

. 3 ilings
GAz. The treausent of seed
of seedlings treated wiih einioniné and GA3

16k Ga ase in the amouat of
reass in t ount ©
th 3 alons apparently resulta in an inc
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Figare 4., Effects of durkiess and contimuous light upon
chlorophyll syuthesis in latiuce peedlings.

Ses siracted after a growth pericd of LB hours in
St fa ith rarioin traatments, & total of 100 sesdlizes Wess
contained in each treatmeat. Replicates were run fm:‘_ea,oh treatment.
Data are average of duplicals sipeciments, Conceatraiion o{o
Methionine ard ethior.ii'w was .0025M. GA concentration was P,
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chlorophyll being eynthesized in 1ignt,

‘“itim of methionine to

ethionine -indnced inhibition
while the inhibition resulting from seedlings
treated with GA3 and ethionine is almost complately reversed by
methionine addition.

ethionine indicates a partial réversal of
of chlorophyll synthesis,

Bffect of Various Inhibitors of RNA and Protein Synthesis Upon Lettuce
Seedling Hypocotyl Elongation

The results of varying concentrations of actinowyein-D wpon
lettuce seedling hypocotyl elongation are presented in figure 5,
Actinomycin-D is indicated to have only a slight effect upon lettuce
seedling hypocotyl elongation at concentrations of 5 jagm./ml. and 15
pga./ml. Actinomycin-D, at 25 mgm./ml., appears to be the threshold
concentration for inhibition of hypocotyl elongation, since increasing
concentrations result in only a slight increase in inhibition,

Key and Ingle (1964) showed actinomycin-D to inhibit soybean
hypocotyl growth by 70 percent at a concentration of 10 ugm./ml. This
does not agree with the amount of imhibition observed in the lettuce
seedling hypocotyl at such a low conceniration.

Key and Ingle also showed 5-fluorcuracil to inhibit RHA synthosis
by 50 percent, while having no effect on growth. However, the data in
table IV indicate a definite effect on growth by this pyriaidine
analogue. At all concentrations of 5-fluorouracil uged, hypocotyl

inhibited.
elongation of lettuce ssedlings is indicated to be alightly

le
Here again, this does not agred with the dsta obtained by Key and Ing

(1964),

ttuce
The effects of cyclohsximide and 6-me thylpurine upon lettu

n table IV, The
88edling hypocotyl elongation are also presented in
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10

] I R S
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Goncentration of Actincaycin-D (ugm./il.)

Figure 5, Effect of acstincmycin-D wpon eloagaticn of lettuce
Seedling hypocotyl in ocontinuous light.

Each plotted point represents the wsan hypocotyl langth
SXpressed as percent inkibition as compared with & water control., There
were 20 seediings contained in each trestment, with replicates being run
for each concentration. Sesdlings were allowsd to elongate for k8 hours
After transferal to regpsctive concenirations, Data are average ol

duplicate experimsnts.
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TABLE Iy
EFFECT8 OF 5- CIL I ]
v CYCLOKEX IMIDE . Al
6-METHYLPURTNE UPON ELONGATION OF Let1yis.
SEEDLING HYPOCOTYL,

— w
Treatment
Peroent of Coatrol

5-Fluorouracil (50 pgm./ml.)

5-Fluorouracil (150 ugm./ml.) 77:_
5-Fluorouracil (250 ngm./ml.) 61
Cycloheximids (10 mgm./wl.) 32
Cycloheximide (20 mgm./ml.) 29
6-Methylpurine (10 pgm./ml.) 36
6-Methylpurine (20 uga./ml.) 28

Percentages given représent the msan hypocotyl length as compared
with a water coutrol, A total of 20 seedlings were allowed to elongate
in combination with a spacific treatmsnt for LB hours. Replicates were
run for each treatment., Data are average of duplicate experimsnts.
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offocts of thess inhibitors upon growth and protein synthesis have been

gescribed by Key (1966). The data in table IV indicate that both
ayel oheximide and 6-methylpurine greatly inhibit elongation of lettuce
i1ing hypocotyl, regardless of which concentration is wsed. wnile

4-methylpurine inhibits RNA gynthesis and cycloheximide inhibits protein

gyntbesis (Key, 1966), there is no significant difference in the smount

of inhibition being exarted by the inhibitors. The data indicate that

protein synthesis may be essential for normal cell elongation, as
suggested by Noodsn and Thimann (1963).

Ths inhibition of hypocotyl elongation by S5-fluorouracil is not
nearly so severe as that of 6-methylpurine and cycloheximide., This may
jndicate that S5-fluorouracil does not cause a significant decrease in

growth, as suggested by Key and Ingle (196L).



CHAPTER Vv

DISCUSSION OF RESULTS

Tables I and II show that ethionine S8verely inhibited el
L] onga-

tion of the lettuce seedling nyposcotyl and root. The addition of

methionine to ethionins-treated soedlings resulted in almost complets

reversal of the inhibition. This agrees with data obtained by Boll

(1960) and Schrank (1956), who also showed reversal of ethionine-induced
inhibition by msthionine addition. However, when GA3 alons was intro-
duced to the seedlings, a definite enhancemsnt of elongation was
observed.

The stimulation of RNA syathssis caused by GA3 has been suggested
to be the result of an increase in DNA template and RNA polymerase
activity (Johri and Varner, 1968). Although no valid data is presented,
the inability of GA3 to reverse the ethionine-induced inhibition may
indicate that protein synthesis is essential for growth, as suggested by
Nooden and Thimann (1963).

Another possibls mode of action of GAy is through methylation of
Pectic substances in the cell wall and muclectides of RNA. Howsver, if
GA3 enhances methylation, it does not interast with ethionine in the same

manner as does msthionine. Although no direct data is pressnted that

normal methylation has to be operative before GA3 can stimilate sones

: - csd inhibition
tion, the insbility of GAy to reverss tha ethicnine~indu

SO i sverity of ethionine
Ray suggest that QAB is not able Lo coOpe with e 88 > 4

inhibitign,
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workers (Norris, 196L; Villa-Trevine et al., 1963) have obtained dg
—— em—— u

-induced inhibition
One 1s through a decrease of ATP, as proposad by
Norris (1964) and Villa-Trevino ot al. (1963),

of protein synthssis,
and the other is the

inhibition of protein synthesis via inhibition of wethylation, as

suggested by Moore and Smith (1969). Addition of ATP to lettuce ssed-

lings in this study did not significantly reverss the ethionine-induced
inhibition. Since the data indicate that methionins reversed ethionine
inhibition and ATP did not, it is possible that same ethionine-methionine
interaction is responsible for inhibition of plant growth and subssquent
protein synihssis., The fact that Norris used a different system (Avena
coleoptiles) could be partially responsible for the difference in the two
findings. The inability of ATP to reverss the ethionins-induced
inhibition may suggest that ethionins is preventing mstiylation of t-RNA
and subsequent protein synthesis. It is also possible that ethionine
may be incorporated into proteins instead of methionine. Regardless of
the mode of action by which ethionine acts, the data in table 111 suggest
that ethionins is inhibiting some biochemical process that occurs during
the first 8 hours of elongation.

Vince and Turner (1968) showed that far-red light bt

which the
lettuce seedling hypocotyl elongation up 30 i, KEPRE

' rurnsr (1968)
inhibition was relieved. Blus light was shown by Vince and T
i Wl ., In thres of
% innibit elongation throughout 116 entire growed period

_ . ight showed a greaier
the treatments used in tnis study, biue and red 1ignt o -
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This is not

enhancement of hypocotyl elongation than did far-req 11ght

45 agreement with the data of Vince and Tarne
T (1968), who re
ported blue

Although they reported far-red to be
ibitory for 36 hours, it appears that the far

1ight to be inhibitory throughout

| -red inhibition, in

relation to blue and red light in the 3 treatments shown in figure 2
9

remains present throughout the entire L8-hour growth period. Vinoe and

Turner (1968) suggested that a measurement made at LB hours after 1ight

treatment began could result in considerable variations. It is possible
that an elongation period of more than 4B hours could result in an
enhancement of hypocotyls in far-red light to a higher level than seed-
lings treated with blue light.

It was indicated in figure 2 that hypocotyl elongation of
ethionine-treated ssedlings was severely inhibited, regardless of which
light treatment was used. Addition of methionine to ethionine-treated
seedlings resulted in complete reversal of seedlings treated with far-
red. The interaction between ethionine, methionine, and gibberellic
acid remain operational, regardless of the light treatment used.

Figure | showed that the addition of GA3 in 1light resulted in an
enhancement of chlorophyll synthesis. Gassman and Bogorad (1967)
suggested that m-RNA provides information for the synthesis of a protein
required for the production of gamma-aminolevalinic acid, which is
Partially responsible for chlorophyll synthesis. If GA3 causes &%

increase of m-RNA, as suggested by Ram Chandra and Varner (1965), then

- ti
the possibility exists that the increased synthesis of m RNA is resulting

In an enhancement of gm-minolavulinic acid, which further causes an

ism involved
m“m in chlorophyll sy'ntheﬂiﬂo Regardless of ths mechan 9



a definite enhancement of chlorophyll 8yuthesis has be
en

shown in seed-
1ings treated with GAB.

This is simijar to the effect that GA3

nypocotyl elongation. The weight of the seedlings in 8ach treatment
atment was

not taken into consideration for estimation of chlorophyll, The
o amount,
of chlorophyll was based upon 100 seedlings per treatment If the

absorbance had been calculated per milligram (ug.) of fresh weight, it is
]

possible that the amount of chlorophyll synthesis in each treatment might

have been different from that as shown in figure L.

There is a possibility that chlorophyll could require methylation
for normal synthesis, possibly at positions 1, 3, or 5 of the porphyrin
complex. However, further work is necessary to verify this methylation
requirement .

The data in figure 3 showed that dark-grown eeedlings in both
water and GA3 were wignificantly enhanced to a level greater than those
in light. The inhibition of elongation in light agrees with data
obtainsed by lockhart, who observed a similar inhibition of pea stems in
light. Tt is apparent from the data in figure 3 that some factor in the
lettuce seediing, which may be replaced by GA3, 1is controlling the
relative rate of hypocotyl elongaticn in both light and darkness.

The addition of actinamycin-D at concentrations of 5 pga./ul
and 15 ugm,/ml. had only a slight effect upon hypocotyl elongation.

However, an increase in the concentration to 25 pga./ml. resulted in an

‘ ' ic
inhibition of 58 percent. Increasing concentrations of the antibiot

ncluded
Caused a slight increase in the amount of inhibitiom. It 1s co

. ° mlo
that the threshold concentration of inhibition 13 25 pa./
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Data acquired by Key and Ingle (196)) Shoved soybean hypocot
¥l
& concantration of enly

the soybean hypocotyls wore
neasured after an incubation peried with actinomycin-p of only 8 ho
Urs.

elongation to be inhibited by 70 percent at

10 Pg’“/‘l’ of actinomycin-D, However,

fHad Key and Ingle taken the wmeasurements after a longer Period of incuba

tion with actinomycin-D, it is most probable that the mmount of inhibiti
on

vould have been less. However, the ability of actinomycin-D to penstrate

the different kinds of tissue cannot be overlooked, Since actinomycin-D
inhibits DNA-dependent RNA synthesis (Goldberg and Reich, 1964), it 1s
possible that at certain concentrations of the antibiotic, enough RNA
synthesis is occurring to allow growth to proceed at a near normal rate.

The slight inhibition of lsttuce sesdling hypocotyl elongation
by 5-fluorcuracil does not agree with data of Key and Ingle (196L), which
shows no inhibition of soybean hypocotyl elongation, even though RNA
synthesis was inhibited 50 percent. Here again, as with actinomycin-D,
ey and Ingle measured soybsan seedlings after only 8 hours of incubation
with 5-fluorouracil, They showed synthesis of ribosomal RHA (r-RNA) to
be inhibited by 90 percent, t-RNA by 75 percent, and m-HNA inhibition was
only 10 percent. They furthsr concluded that m-RNA synthesis was
essential for growth.

Cycloheximide and 6-msthylpurine ghow severs inhibition of lettuce
medling hypocotyl elongation. Key (1966) also showed data to this

T d that
effect. Although no direct data is presemted, it 18 suggoste

of letiuce peedling hypocotyl by
of protein synthesis for

%yoloheximide inhibits elongation

iting protein synthesis. This nocesaity .
X o Similarly Yy
formal cell elongation has been suggested by Koy (1966) ’ o
S cell elongatlion.
[966) suggested that RNA eyntlssis is also espential for
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hus, the inhibition of hypocotyl elongation by 6-msthylpurine agrees

/it the idea thal some RNA synthesis is essential for normal growth.
The inhibition of hypocotyl elongation by S-fluorouracil was
sight 88 compared to that of cycloheximide and 6-msthylpurine, Key and
[ngle (196L) showed that 5-fluorouracil inhibits the synthesis of r-RNA
by 90 percent in soybean hypocotyl. They cbserved no inhibition of
growthe Due to only a slight inhibition of elongation in the lettuce
geedling by g-fluorouracil, it is possible that normal cell elongation
pay Dot require synthesis of r-RNA, while synthesis of m-RNA or t-RNA

nay be essential for normal cell elongation. Key and Ingle (196k) have
also made this suggestion,



CHAPTER VI

This study was undertaken to observes (1) the interaction

petween various combinations of ethionine » Wethionine, and gibberel1s
(+]

acid upon elongation of lettuce seedling hypocotyl; (2) the effects of

blue, red, far-red, and white light upon elongation of lsttuce seedling

nypocotyl; and (3) the effects of various inhibitors of RNA and protein
synthesis upon elongation of lettuce ssadling hypocotyl.,

Results indicate that ethionins esverely inhibits elongation of
both lettuce ssedling hypocotyls and roots while addition of methionine
to ethionine-treated seedlings results in an almost complste reversal of
ethionine-induced inhibition of elongation. (ibberellic acid causes a
definite enhancemsnt of hypocotyl and root elongation, However, addition
of ethionine to gibberellic acid-treated seedlings results in an
inhibition very similar to seedlings treated with ethicnine alone.
Addition of methionine to seedlings treated with ethionins and gibberellic
acid results in an enhancement similar to sesdlings treated with
gibberellic acid alone. Addition of sdenosine triphosphate to ethionine-
treated seedlings does not significantly reversse the inhibitory effect
of ethionine. Tt is concluded that ethionine inhibits protein synthesis
Other than by decreasing aynthosis of adenosins triphosphate, possibly

by inhibiting methylation of transfer ribomucleic acid.

) ing
The ethionine inhibition and GA3 stimalation of lsttuce seedl

} -red light as
h’mm!l elongation is prevalent in red, blus, and far

sted ionine 1s
"Ll a5 dariness, In all qualities of 1ight LefteD mies

vy



of reversing the ethionine inhibition ang rebtoring 38
capable or the QA
gtimlation of hypocotyl elongation wWhich had been ’

mllified p
ethionine treatment . 7

Seedlings treated with far-req light showed hypocotyl elongati
ation

gimilar to that of seedlings grown ip darkness. Likewige 8eedling
2 8

grom in red 1ight elongated to a level gimilar to those treated with

plue light. The effect of darkness and far-req light upon hypocotyl
elongation was distinctly different from seedlings

treated with blue and

The studiss with actinomycin-D showed that hypocotyl elongation
is most severely inhibited at a concentration of 75 micrograms per

milliliter. The threshold concentration of inhibition is 25 micrograms
per milliliter,

The degree of inhibition exerted by S5-fluorcuracil is only
slight as compared to that of cycloheximide and 6-methylpurine. This
may suggest that synthesis of all RNAs is not essential for normal growth
to occur, The severe inhibition of hypocotyl elongation by cycloheximide
and 6-methylpurine are consistent with the idea that protein synthesis

and some RNA synthesis is essential for cell elongation to occur.
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