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Abstract approve

A study was made orr the effect of CCC (2-chloroethyl)-trlmethyl-

ammonium chloride), a ptr-ant growth retardant, on the RM (rlbonucletc

acld) content of wheat plants, It was found that the Rl{A content of

wheat leaves generalLy decreased with increasing leveLs of CCC up to

1x1.0-5U" Thereafter, the R}IA content again increased untiL the

threshold of toxiclty to wheaE for thls compound was reached. Very

low levels, Lx10-8t't., of CCC tended to slightly lncrease the Rl{A

content of the same tissue"

There lras a qualltative difference in the Rl{A of treated plants

as compared to the non-treated check. Thls qualltative difference

was demonstrat,ed by an alteratlon of the maxLmun absorbing wave

length in the uItra-vlolet region of the spectrum. The non-treated

materiaL had the greatest optical. density at 256.1 mpr treatments of

1x10-81t. and Lx10-7!1. CCC had a maximum optical denslty at 257 rlrp,
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while the treatments of 1x10-QM" to 1x10-4M" CCC had an absorptlon

peak at 257,75 np.

The radio tracer data suggested there was Less RILA-Cl4 Present

in the leaves of the plants treated at 1x10-5M. CCC compared to

those of the non-treated in the Period of thirty to thirty-three

hours after the Lnitial exposure to CL4OZ" Thereafter, the labeled

RM appeared in nearly equal &mounts in both tlssues" The RM-C14

level of the non-treated plants was almost constant in aLL of the

harves8s after the thirty-six hour period, whereas Ehat of the

treated materlal was quite vartable" This daEa ls lnterpreted as

evldence of a cyclic synthesis and degradation of RlilA, the perlodi-

clty of the cycle is a multiple of elght hours (the perlod between

harvests) " The CCC treated material also appeared to have a cycle.

Ilowever, Ehis cycle was out of phase with that of the normaL plant.

The cycllc nature of the RM content ltas also determined spectro-

photometrtcally. Xt was also appar+:nt that the rate of RtilA degrada-

tlon was greatest in the planus treaied with CCC"

Ihe RlilA content data precented ,rlf "irnllar to that, Presented

by other workers studying {:lie effecE oi 2,4-D on the R}dA contenE
i,

of corn mesocotyl tissue. , fa is reported elsewhere that CCC

applicatlons lncrease the auxin content. When the data presented
{

here were conside[ed withlthat of the 2,4-D and other CCC work, the
I

hypothesis that C(C increases the diffusi.ble auxln content of

treated tLssue is supported.
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INTRODUCTION

In recent years there has deveLoped an extraordinary lnterest

in plant growth regulatlon. A host of chemical compounds are now

in commercial use as agents to control various facets of plant

growth" the most cosuton of the plant growth regulators are the

herbicldes used selectively to kill vegetation" In addition to

induclng the act,ual death of a p1ant, growth regulators are used

to prevent sprouting of stored tubers or root croPs, defoliatlon

or dessicatlon of crops such as cotEon and legumes, to aid the

harvest operatlons, for the i.nduction of frult set or to cause

fruit thinning, lnitiate the flower and root, and for the regu-

latlon of fruit and plant slze.

In this study, some of the physiologlcal lnfluences on plants

of the gro$rth retardant CCC (Z-chloroethyltrinethylamtonlum

chtoride) are examined. Agrlcultural workers became interested

ln CCC when it was demonstrated to dwarf various species of crop

pLants. One possible use for this compound which ls belng ex-

plored by agrlcultural workers ls for the reductlon of lodging ln

long stemed cereal varieties. It has found commercial acceptance

ln the dwarflng of poinsettias. Thts same coupound has been ob-

served to modlfy several pLant responses to envlronment such as

increasing resistance t,o high and low temperatures and tolerance

to drought" Reports also indlcate higher tolerance to salt eontent,



decreased desirablllty of treated plants to certain insects and

increased tolerance to some pathogens.

Because there ls no apparent relatlonehip between the various

observed influences of GCC upon plants, it mlght be assumed that

a fundamentaL metabollc process 1s affected. Therefore, an

attempt was made to examine the effect of CCC on the content of

ribonucLelc acids in wheat leaves.



REVIET{ OF TIIE LITERATURE

2-chloroethylammonfu.rm chlorlde (CCC) is an analogue of

choline and ls classed as a member of the quaternary aumonir:m

compounds. This famlly has Iong been known for lts bioLoglcal

actlvity whlch was first reported in the early twentieth century.

Wlrwll.lte and Mltchell (43) studled other guanternary ammonlum

compounds and reported their growth retarding Propertles. In

L954, CCC was studied in aniuraL physiology a8 an lnhlbitor of

the acetyL cholinesterase system (11). Lt was not untll work

by Tolbert, Wlttwer and co-workers !ilas reported in 1960 that

very much interest wae shown in CCC by agricultural scientists.

Tolbert, Wittwer and their colleagues (22, 38, 39, 40, 46)

reported that CCC caused wheat, polnsettlas and chrysanthemumg

to be dwarfed. Treated wheat plants were not only stunted, but

possessed a much darker green color and thicker follage (3). No

reductlon in yield or root, growth resulted; however, in some

cases CCC aLtered the Eime of flowering (45, 46) " Ttrls compound

also lncreaees the plantte tolerance to some harsh environnental

conditlons such as drought (14), solls of hlgh salt or fertilizer

content (27, 3O), low temperatures (2), hlgh temperatures (37),

and decreages water and phosphate uptake and translocatlon (12).

It also may prevent insect attack (1).

Phosfon D (trlbutyL-Z,4-dLchlorobenzylphosphonitm chlorlde)
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and Amo 16 18 ( 2- lsopropyl -4-dtmethylamlno- S-methylphenyl' 1. -p lperl-

dlne carboxylate methochlorlde) cause the same reePonBea on Plantg

a6 the fact,ors that have been measured and lt ls assumed would show

slmllar responees ln the nor-m€8aured crlterla. Although CCC does

not equal either Arno 1618 or Phosfon ln the effect on some species

It generally has a wlder 4ctivity spectrun (9). There is evidence

that these materlaLs aLso have growth inhtbiting propertles with

respect to aome bacteria (36).

The actual mode of actlon of these compounde has not yet been

determined. Tolbert (38, 39) Buggests thst CCC ls speclflc for a

particular enz)me site and that the trimethylarrmonium group ls

responeible for the actlvtty. Tolbert (38) further proposes that

there ls a two-point attachment tnvolved, the ethyl grouP belng

the optlmr.rm length for the facllitatlon of the two-polnt attach-

ment and the trtmethyLamuronium group belng mandatory.

The nature of the enz)rme system ls stlll ln doubtl however,

tt is thought by most of the workers that the enz)me systen must

be lnvolved wlth the gibberelLlc acid growth scheme (10, 24,38,

44, 45, 46). Fockhart (24) proposes that CCC and glbberellic

acid do not compete for the same enzJme slte due to the lack of

moLecul.ar slnllarlty; however, he proposes that CCC upsets the

equlllbrium of one reaction aseoclated with the glbberelllc acid

promotlng scheme. Ano 1.618 is belleved to be a mitotlc poison

acting tn the same area aB the endogenous gibberelllns (10). CCC
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lnhibits the growth stimulatlon of IAA (lndoleacetlc acld) ln

Avena coleoptllesl however, the inhibitlon ls overcone by the

addition of exogenous glbberel.lin (46), Kurashi and Mulr (20, 2L)

report that CCC reduces the diffusible auxln content in pea plants

by one-sixth; this agrees with some unpublished observattons of

Gould and Baldwin. As a result of these observations, Kurashi

and Muir propose that CCC is actualLy an antl-auxin. If one

subscribes to the proposal of Kefford and Goldacre (15), it is

really of little i.mportance whether a materlal is an anti-

gibberellin, an anti-auxln or an anti-kinen, as these three groups

of plant growth regul.ators are intimateLy lnterdependent and in a

delicate balance for any given stage of the plantrs development.

It is lnteresting to note these two views as there have been re-

ports of a CCC-lIke material lsolated from plant tissue (28, 29)

and from a plant pathogen (.I1,1.1S!.i9, sp.) (31). The symptoms of

liflgEia sp. infection are much the same as those of CCC treat-

ments" These data whlch lndlcate there are endogenous quaternary

amonium compounds, suggest that CCC may exert ite infl.uence by

alterlng the effective concentration of a natural compound.

Due to the fact that the plant growth regulators are actlve

at very low concentratLons and that they affect a multitude of

systems, one is led to belleve that these materials are actually

a trlggering mechanism for some system that is comnon to alL celIs

lnvo1ved. Bonner and co-workers (6) suggest that growth regulators
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are actually the messengers dlrectlng gene activity.

Bonnerrs group has shown the existence of a hlstone sheath

about Dl{A (deoxyrlbonucletc acid) and cites evidence that this

histone sheath is removed durlng tirires of high plant growth actlvlty

such as flowering, at whieh tlmes there is also a hlgh concentra-

tion of auxin. The histone sheath Is believed t,o act as a physical

barrier to the R![A nucleotides, thus preventlng the DM molecules

from acting as a template to syntheslze messenger RtiIA (ribonucleic

acid) " Bonner (6) sugBests that the plant growth regulators induce

the removal of the histone sheath from the Dli[A rnolecule"

There has been other evidence presented whlch EuPPortB the

hypothesis for a di-rect relationshlp between the growth regulators

and the nucleic acids. The appllcation of auxin increases the

rate of phosphorus incorporation into the nucleic actd fractlon

(5). Ilowever, this incorporation was not followed in the nucleic

acids per se but rather the synthesized nucleotides. With the

applicatlon of low levels of 2,4-D (2,4-dichlorophenoxyacetic

acid), a herbicide with auxi.n-like activity, the R!{A content of

the treated tissue was observed to increase and to be altered in

the base rat,ios (18, 42) " lJest (42) has shown that it is the RUA

of the mlcrosomal fraction which increases. However, this is not

a reflectlon of gene activation according to the results of

Brenner et a1. (7).

Etiolated buds whlch have a higher auxin content than normal
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buds, also have a lower RNA content (41). However, ln the etio-

lated buds the DlilA content has been shown to increase. Thi"s

srrggests a greater number of cells per unit weight.

The maintenance of a normaL content of IAA, which in this

case can be replaced by 2r4-D, tends to prevent the tissue from

aglng (4) presumabl.y by preventing the degradation of protein and

Rt{4" trt has been shown that the RI'IA content of pLant tissue in-

creases untll uracur{,ty, at thich time the RM content decreases

(L6, 26t, while RldAase acti.vity increases af ter tissue mat,urity

has been maintatned (16).

IE ls nor^r a commerclal practice to prevent the aging of some

harvested crops by the appJ.lcation of a kinen material" It is

probabl.y that the kinen interacts with an lndogenous auxin Lo pre-

vent seni1ity, in contrast to the applicatLons of auxln-like com-

pounds where the endogenous kinens are invoLved. The addition of

boEh kinens and auxins to Nicotiana lnduces the formation of

ttunors (33). This lndlcates there is an alteratlon of the RI{A

systen, or perhaps an abnormal.ity formed wlthin the Dt{A molecule.

Ihe former appears to be more plausible.

Since the ribonucleLc acid fraction of the plant will be a

maJor concern in thls study, the llterature on RtilA ls revlewed on

the role of Rt{A in cellular metabollsm. The function of this

material is two-fold, the first being a transfer agent for the

coded informatlon of the gene to the site of protein synthesis
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and the second providing the site for protein synthesls.

There are three types of BM, messenger RNA (mRlIA) , soluble

or amino acid acceptor RI.IA (sRM) and ribosomal R![A; the latter

forms the bulk of the RI.IA present (9, 13, 34).

I8 ls noh, generally accepted that DtiIA ls the material respon-

slble for lnformation storage and the contlnuity of the species

from generation to generation. DtiIA molecules are long chains of

four bases Jolned by sugar and phosphate ester linkages. lVo

complimenEary strands of DM come together and with the aid of

hydrogen bonds form a double helix. In the double helix adenine

must hydrogen bond with thymine and guanine must bond to cytoeine.

It is not yet understood how the RliIA derives lts configura-

t,ion from DtiIA. It ls postulated that the mRliIA becomes associated

with the DI{A and by means of a rrrepllcaser' (23) gains the compll-

mentary configuration with respect to tenplate DtilA. It is not

known whether the DtiIA molecuLe disassociates into two single

strands; however, it is apparent that RtiIA copies only a portion

of one strand.

At a given time, a regulred portion of the DtiIA stored lnfor-

mation becomes avalLable and the correspondlng mRNA ts synthesized"

Bonner (6), as already mentioned, suggests that the timlng ls

carrted out by the selective removal of a histone sheath which en-

clrcles the DtiIA molecule.
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Ribosornal RliIA is also synthesized ln the nucleus -- lt is

presumed Ehat lt is al.so a DI,IA dependent RtilA. However, after

synthesis lt migrates to the nucl.eolus where it apparently directs

the synthesis of a protein material and then conjugates with this

same protein to form the ribosomes (6). The rlbosomes then ml-

grate to the endoplasmlc reticulum.

The recently synthesized mRtilA nigrates from the nucleus to

the ribosomes where the raR.M forms an apparent loose assoclation

with the rlbosomal R}{A. The J.atter ls reported to pLay a passlve

role in the subsequent protein synthesis (23). It ls at thls slte

that the amino acld acceptor, or sRM, Jolns wlth the activated

amino aclds (23) " The exact amlno acid attached to the sRt{A

depends on the configuration of the sRt{A lnvolved (34). The

sRtiIA, with the attached amino acids, then becomes associated with

the mRlilA restlng on the ribosomes. It is here that Protein syn-

thesis is believed to occur. Immedlately after the polypeptide

chain is synthesized, the mRt;[A degrades and the bases return to

the purine-pyriuridlne pool (23).

RibosornaL R}'IA makes up about 80% of the RI.IA fractlon. It

is therefore dlfftcult to imagine that it plays only a passlve

roLe. CanelLakls (8) reports there ls a relationship between

the total Rti[A content of an organlsm and its growth rate, more

rapid grolrth occurs with a hlgher R}{A content, perhaps hlgher

RliIA content infers to more numbers of ribosomes ln the ceIl,
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which in turn provide more sites for enz)rure synthesls" Thls re-

sults ln a htgher concentration of enzymes or in a rapid turn-

over rate of transmltting informatlon from DliIA; thus growth pro-

cesaes are facil.ltated.

In examining the llterature, lt seems quite evldent a re-

lationship exlsts between the growth regulating chemicals, both

natural and synthetic, and the nuclelc acid systems. It is stiLl

unknown lrhat the exact roLe of IAA is ln nuclele acid netabollsm.

However, one mlght assrme that the natural.ly occurring analogue

of CCC nodlfles the actlon of IAA ln this sphere.
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STUDIES ON THE ETFECT OF CCC ON

THE RIBONUCLEIC ACIDS OF WHEAT PI,ANTS

(a) The Effect of CCC on the To-tal-RM Content

AstudywascarriedoutinwhichthetotalRliIAcontentof

wheat leaves, subjected to various levels of CCC, Idas estimated

spectrophotometrically" The concentrations of ccc used in this

study ranged from the maximum concentration where visible effects

were not evident (txtO-8}t.) to the threshold of CCC toxicity for

the tesr species (fxtO-31t.). Lt was decided that a logarithnic

rather Ehan an arlthmetlc progression of rates would be employed

so that a greater range of concentrations could be examtned.

llgterlals and l,lethods. The test mat,erial used throughout

was Druchamp wheat obtalned from the cereal breedlng project of

Oregon StaEe Universtty" The wheat sras soern in rrPyrextt baking

dishes containing one-half strength Hoaglandrs, or Whiters solu-

tion and the various molar concentrations of CCC. The tops of

the wheat plants were harvested ten days after seeding, when the

material was in the two leaf stage, harvested nateriaL was slowly

dried ln an oven with a temperature of 40-45oC.

The dried leaves were powdered in a l{i).ey Mill and then

passed through a 40-mesh 6creen. The dried powder lras then stored

in a refrigerator untl1 used.
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Ihe method for estlnatlng R![A generally fol.].owed that outlined

by Srnil1le and Krotkov (35) and was only modified in that the RM

was estimated dlrectLy by ultra-vlolet absorptlon, rather than es-

tirratlng the ribose content. Thls modiflcatlon had no effect on

the rellablLity of the method. The defatt.ed materlal, referred to

as residue C by Surillie and Krotkov, rdas used as the basis of ex-

pressing RI.IA content in this experi.ment. It was found that extreme

difficuLty was encountered in obtaining a uniform yield of the de-

fatted material from the drled sampLe; thus, RM exPre66ed on a

total dry weight base may have led to erroneous concluslons. It

rf,as assumed that the lipid materials and the acid soluble phosphates

which lrere removed occurred ln equal quantities in the treaEed and

non-treated matertal" Ihls assumptlon ls supported by the recovery

data, which although highly variable, dld not show any indication

of a pattern of variation.

Welghed portions of the defatted materlal were placed in 50

nilliLiter beakers, to which 25 mlLLiliters of 0.3 normal potassium

hydroxide was added. the beakers were then covered with aluminr:m

foil to prevent an increase of potasslum hydroxlde normallty by

evaporatlon, and then placed ln a low temPerature oven (35-40oC)

for sixteen hours to hydrolyze the RM fractlon.

At the end of the sixteen hour hydrolysis period, the beakers

were placed in an ice bath. When the mat,erial had reached a tempera-

ture equilibrium with the ice bath, magnesir:n chlorlde was added to
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bring the solution to 0.001. molar with respect to the magnesiurn

chlorlde" The pH was then adJusted to about 2.0 wlth the addition

of perchloric acid. One voLume ot 957" ethanol rras then added to

each beaker and the materiaL again left to equllibriate the tem-

perature with the ice bath. The materlal was centrifuged at 51000

times gravity for ten minutes, the supernant saved and the pellet

washed with 20 nilliliters of 1% perchloric acld, which was again

centrifuged at 5,000 times gravity for ten minutes. The super-

natants of these two steps were bulked.

The comblned supernatants were then adjusted to plt 8 wlth

dllute potasslum hydroxide and then plaeed in an lce bath for at

least one-haLf hour to precipitate the potasslum perchlorate which

was removed by centrifugatlon. The crude RliIA solutton was then

stored in the refrigerator until the ion exchange columuns were

prepared.

Dowex 1- x 8, 50 - 100 mesh, was washed in hot, one normal

hydrochlorlc acid, rinsed trith distlLl.ed water until a negative

test for hydrogen ions lras obtained wlth lltmus paper and then

placed in 50 nilliliter funnels to a depth of 5.0 centimeters.

The bed voLr:me of these columns was 0.3L25 cublc centimeters.

The crude RM preparatlon rras then added to the respect,l.ve col_umns,

the coh:mns washed with 20 mtl.liliters of 0.01 normaL sodium

chl.oride and then eluted wtth 25 n111i1lters of a solution con-

talnlng 5.6 grams of sodium chloride, 20 url11illters of concentrated
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hydrochloric acid and 240 miLlillters of distllled water" The

elutant was received ln 25 mi.lLlLlter vol"umetrlc fLasks whlch

insured a constant volume between samples at, the end of the

eluting process.

IE was found that greater than 80% of the RI'IA was eluted with

25 mtl.Liliters of eLuting solution, It was decided to sacrifice

some Rl{A in order EhaE the total volume might be kept at a low

leveL (see Figure n).

The RtdA preparati.on prior to eLution through the Dowex-l

column, had a very broad absorptton peak wlth the maxLmum at a

wave length of 270 mlLLimicrons, and an absorptlon mlnimum at

252 mlllimicrons. Thls crude preParation contalned a materlal

whlch absorbed very strongly below 252 milLlmlcrons" The materiaL

which passed through the Dowex-L column had onLy one absorpti.on

pe&k, that belng near 260 millimicrons (see Figute 2) "

The esEimation of the RM was rnade by measuring Ehe absorp:

tion of the solutlon at 260 milllmicrons lrith a spectrophotometer

and comparing it to a purlfied sample of liver RtiIA obtained from

NutritionaL Blochemicals Lnc. The quantitative measurerBnts srere

made using the formula:

optical densitv sampLe x concentrgEion - @
optical denslty standard 1

A Linear relatlonehip was found between the opticaL denslty and the

concentration of RI.IA (see Ftgure 3). The optleal density



Figure 1.

The recovery of Rl{A from the Dowex-l column.

ltore than 80% of the Rl{A is eluted with 25

rnill"iliters of the llCL-l{aCl-water solutlon.



L6

10

lltlLll.lters of IIC1-NaC1



Figure 2.

The effect of the Dowex-l coltrmn on the absorptlon

Bpectrum of the RM sampl.e.

Sample No. I has been eluted fro'm the Dowex-l

col"rsrn wlth a HCL - NaCI - II20 solutlon, sampLe

nr:mber 2 le the crude preparatlon.
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measurements were made with a Beckman Model DU spectrophotometer

and with a llltachl Perkln-Elmer model 139 spectrophotometer.

Results. The total R}iIA content of wheat leaves is altered

wlth treatments of CCC. The extent and manner of the modifications

vary with the particular concentrations of CCC to which the

plants were exposed. These data are presented ln TabLe L.

At the l0west concentrat,ion of ccc used in these studles

(txtO-8U.), there is an apparent slight lncrease in the total

R}iIA content as compared to the untreated check. The leve1s of

CCC whlch exceed 1x10-8M. tend to decrease the Rt{A content until'

a mtnlmum Rli|A content ls expressed in the Pl-ants grown in the

1x10'51t" CCC solution. Hlgh levels of CCC, such as LxI0-tM. and

1x10-3U., tend to increase the level of RllA ln Ehe plant, the

latter being greater than that of the non-treated material.

These data are expressed graphically in Figure 4.

Table L

Molar concentratlon
of CCC

0.00
1x10-8
1x10- 7

Lxl.0-6
Lxl0-5
1xl0-4
lxI0-3

Micrograms of Rl{A per
ng. of defatted tlesue

67.2
75,5
63:e
s8.3
55. 1

57 .7
70.6



The

RI{A

Figure 3

curve relatlng optical density and

concentration in test soLution.
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Figure 4

Graph lllustrating the

total RldA content with

of CCC

alEeratlon of

appllcatlons
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There ls a great deal. of varlatlon between repl.icatlons in

the data, the causes of which wilL be dlscussed below" However,

the differences between treatments are quite consistent in relative

values and are stgnlflcant at the 5% Level"

The guestion arose as to wheEher or not the increase of RlilA

content continued at higher levels of CCC. In TabLe 2 the results

of four experiments show thaf there is an apparent increase of

RttIA content up to the toxic concentration of CCC. Ttris increase

is not, however, signlficant at the 5% level. (see Flgure 5).

Table 2

Molar concentrati.on 
#:':?r:H":l"Hr:::.

1x0.00 45.4
a

0.5x10-' 46.0

t "0x1o-3 46.0

2.0x10-3 40.7

4" 0xl-o-3 4t .4

8.0x10-3 50.8

It was not possible to harvest enough naterial from the

-)1.0x10 -M. treatment to estimate the RI'IA content. There was no

germination at hlgher concentrations of CCC.



Figure 5

A bar graph showing the tendency of the Rl{A

content to lncrease when the plants are grown

in a nutrlent solutl.on contalning hlgh levels

of CCC.
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(b) The Eff-ect -of CCC on tlre Absorptlon Spectrtts Rl{A

The questlon was ratsed hy the change of total RliIA content

whether the alteratlon of Rl{A roas qtralitative as weLl as quanti-

tative. To examine this question experimentall.y, the absorption

at different vrave lengthse near 260 mp, was scrutinized to check

the wave length whieh exhi.btted the maximr:m opti.cal density.

MateriaLs and Metbods" The isolation of the fractlon was

carried out as described prevf.ously" The measurements of optical

density were made with a Hitachi Perkin-Elmer model 139 spectro-

photometer" To prevent erroneous readings due to degradation of

the Rl{A, samples were scanned from boEh ends of the spectrum and

the results compared.

Results" A definlte shift was found ln the wave Length ex-

htblting the maximum absorption with treatments of CCC (see Table

3 and Figure 6). The shift of absorptlon uaxima lras quite striking"

I{lth a very 1ow level of CCC (lxfO-8 - txtO-7M.) the maximum ab-

sorptlon wave length was increased frqn 256.1 *p to 257.0 mp" The

hlgher leveLs of CCC, 1xL0-6 to 1x10-41t., tended to further increase

the wave length to near 257.75 mp, while agaln at the hlgher con-

centration of 1x10*3M. CCC, there appears to be a reductlon in the

wave length, although lt did not approach the wave length with

maximum optical denslty displ.ayed by the non-treated tissue.



.---

Fi"gure 6

The effect of various 1evels of CCC on

the absorption spectrum of RNA.

Soiuble liver RNA (Nutri.ti.onal Bi"ochemicals Inc.)

exhibi"ts a maxi.rnum absorption at 260 mp"
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Figure 7

A demonstration of the negligible effect that the

shift of the maximum absorption rrave length has on

the estirnatton of the totaL Rl{A" The marks on the

curve represent 256, 258 and 260 mp.

This particular curve is absorptlon spectrum of the

RlilA extracted fro& plants treated with LxlO-fo" CCC.
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TabLe 3

l.Iolar concentration Average wave length e:rhiblting

, of CCC

1x0.0

lxl0-8
1xL0-7

Lxl0-6

lx10-5

LxL0-4

1xL0-3

256.1

257.0

257.0

257.75

257.75

257.75

257.3

The alteration of the wave length extrlbltlng maxlmum absorP-

tlon would not be responsible for the differences that were ob-

served in the total RM content' Thls effect ls assumed to be

negliglble as the oPtlcal denslty at 256 1P to 260 ny ls not

greatty different (see Ftgure 7)' If the estimatlon of RtilA at

260ryr.lnsteadofatt,hewavel'engthexhibltlngmaximr:moptlca].

density was a signlflcant fact'or' lt' would in fact accentuate

the differences that have been reported'
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(c) The Effect of. CCC o_n -the. Synthesis a

It is evident that a decrease of total RNA ls the result of

elther a decrease in Rti[A synthesis or an increase tn the degrada-

tion of RtilA. In an attempt to elucidate this question, Druchamp

wheat plants lsere grorf,n in an atmosphere containing radio-active

carbon dioxide (labe1ed wittr C14) 
"

Mat_e_rials glld M.ethods, The wheat p1ants nere germinated and

groriln to the one leaf stage in I'Pyrext'dishes contalning Hoaglandrs

nutrient soLutton as descrlbed in section (a). l{tren the plants

were in the one leaf st,age, they rrere taken from the nPyrextt

dishes, the roots washed thoroughly and placed ln 50 mlLLillter

erlenmeyer flasks containLng Hoaglandrs nutrlent solution wlth

either CCC present ar 1x10-51{. or without. The plants lrere

placed in the erlenrneyer flasks so that the roots were imnersed

in the nutrient soLution and the foS.iage was entirely above the

neck of the fLask. This was accomplished by wrapping the seed of

the germinated wheat plant in absorbant cotton, which lras very

satisfactory in keeping the plant in position. The plants rdere

then Left to grow to the early two Leaf stage at which tlme they

were placed ln a ten gall.on glass aquarium. The aquarium was

equipped wlth a two-hoLed gl-ass plate lid whlch formed an alrtight

seal on the rlm of the aquarium with the ald of a stop-cock

33



grease. The sides of

to prevent any sfray

by photosynthesis.

The aquarium was

- 34

the aquari.um were covered wlth aluminum folL

Llght from entering and causing C14 fixation

equi.pped with an external air cirulating

system so that the unusea C1402 coul"d be trapped in potassium hy*

droxide prior to openi.ng ttre system for harvesting (see Figure 8).

When the plants were in the fulL two leaf stage, a blanket

was placed over the glass lid to exclude all light from the plant,s,

thus preventing any fi.xation of CL4OZ" One hundred microcuries of

barium carbonate-Cl4 was placed in a suction flask, whlch waa a

part of the cl.osed air circulating system. CL4OZ was released by

the addition of 10% perchLorle acld to the suction flask. The air

uras circulaeed for four hours with the clrculating putrlp; however,

to insure cornplete dispersion of the CL4OZ, the blanket was left

tn place for sixteen hours,

Upon removaL of the blanket, the pLants kere subjected to a

twelve hour light period, eight hours of darkness followed by a

nine hour period of llght"

The excess C1402 $ras trapped in a solution of potassLum

hydroxide by flushing the alr from the aquarir:m and bubbllng the

exhaust through the basic solution"

The plants rrere harvested at.20,33,36, 38, 40,48, 56, 64

srrd 72 hours after the initi"al. exposure to l"ight in the radio-active

atmosphere. Immediately upon harvesting, the plants $rere furunersed



-I!F

|5

in boiling lrater so that alL enzymatic acti.vlty wouLd cease.

After k11.Ling, the tissue lras dried at 40oC in an o\ren"

The dri.ed material \ras Sround in a mortar and pestle until a

fine powder had been obtained" Weighed portions of the dried

material were placed on pLanchets and counted on a Phll1ips model

PW 4032 counter and scaLer.

The defatted pe[let was ot'tained ln the manner that has been

described above. I{eighed portions of this material was checked

for c14 content"

The defatted pellet was placed in 0.3 normal potassium hydroxide

for slxteen hours to hydrolize out the RNA fracEj"on. The Rl{A

fraction was then puri"fJ"ed with the use of the Dowex-l column,

and then one mi.Li.iliter of the elutant was placed on planchets,

drled and exami.ned for radiation" fhe Presence of the RI.IA in the

eluEant was confirmed speccrophotometrically.

Resglts. The detection of C14 tn the Rl{A fraction Iras very

difflcult. It was for.ind that g,reater than twenty-four hours ex-

posure to 500 pc was required before RI.IA labeled with C14 could

be isolated. The radi.o activity of RIrIA in the treated material is

much less than the non-treated up to thirty-sLx hours after the

initiaL expos!,rre. Thereafter, there is an apparent relncorpora-

tion of the LabeLed products by- the purine and pyrimidine sal.vage

scheme. This ls indieated as both the treated and non-Ereated

tissue have about the same 1evel of C14 present (see Figure 9).
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Flgure 8

A dlagram of the apparatus used to lncorporate

@rbon 14 into the wheat plants by photosynthesis -

(a) light source (lncandescent & fluorescent)

(b) plate g1.ass lid

(c) alr pump

(d) aquarir:m

(e) c14oz generator

(f) valves for directlng alr flow

(e) KOE solutlon for trapping the excess CL4OZ
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Figure 9

Itre degree of incorporatlon of c14 lnto RI.IA,

per unlt welght of defatted pLant tleeue, at

dlfferent periods of time from the initlal

exPosure to c1202.

Curve g represents the check, curve-b 1x10-5u. CCc
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ResgLlEs. The detection of C14 tn the R116 fractlon !f,as very

di.fflcuLt. It was found thsq greater than twenty-four hours ex-

posure to 500 yc was requlred before RNlt labeled with C14 could

be isoLated. The radlo activity of RM ln the treated materlal

is much less than the non-treated uP to thlrty-slx hours after

the lnitial exposure. Thereafter, there is an aPParent reincor-

poration of the labeled products by the purlne and pyrimidine

saLvage scheme. This ls indicated as both the treated and non-

treaged tissue have about the same level. of C14 present (see

Figure 9).

When the specific activlty ls constdered, the dats is somewhat

confusing due to the variable resuLts. It ls apparent that the

specific acttvity of the RM from treated tlssue ls less than that

of che non-treated (see Tab1e 5).

TabLe 5

cpm/ng. of Rt{A

Check CCC

30
33
36
38
40
48
56
64
72

27
L71
458
26L
L47
L37
L46
136
143

201
L22L

70
52

L72
105
170

77
135

after
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It would appear from the speclfic activity data that there is

a more rapld degradation of the treated tissuets Rli[A when compared

with the Bon-treated and that the lower total Rl{A content that is

experlenced by treated tissue may be the result of a more rapid

degradatlon. It may be noted ln Table 6 that at 30 and 33 hotrrs

after initlaL exposure to the CL4OZ, the radlo activlty of the CCC

treated RtiIA was greatly above that of the non-treated, whereas at

the end of thtrty-six hours, the reverse situation seems to hold.

Wtren the above data, or related data which appear ln the

appendix, are expressed graphically, it suggests that the Rt{A

metsbolism is cyclic and that thi6 cycle ls disrupted with CCC

applications. Thls same cycle of Rt{A synthesis and degradation

is also evldent with the spectrophotometrLc data which is ex-

pressed ln the followlng table:

Table 6

Tlme
(hours after initlaL exposure
to Light ln C140^ atmosphere)

RM/mb. defatted pellet

Check CCC-

30
33
36
38
40
48
56
64
72

28s.6
LL4.6

38.2
46.8

42.6 154.1
37.L 94.0

15s.I L34.0
L29,5 2L9.2
LLz,9 80.9
108.7 L46.2
1.81.8 98,7
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When one compares the lncorporatlon of C14 lnto the R1111 to

the actLvity of the defatted pellet from whence the R}|[ w8s €x-

tracted, the cycllc effect ls epparent to a Llmlted degree.

However, the rapld lncorporation and degradatlon of the R}.|[ ln

the CCC treated samples is evident (see Table 7).

4Z

Table 7

cpm/ne. RN4
cPm/mg. fat

Check

free materiaL

ccc

Tlme
(houre after lnitlal
exoosure)

0.012
0.031
0. l_10
0.092
0 033
0.054
0. 055
0.076
0. 088

When one examines the incorPoration of c14 into

plant wlth the defatted material a cyclic phenomena

for the CCC treated materlal apparently out of phase

normal cycle (see Table 8),

30
33
36
38
40
48
56
64
72

0.081
0.874
0.046
0.024
0. 120
0.04s
0.067
0.062
o.062

the total

is observed

wlth the



Tlme
(hours after
lnitial exPosure)

30
33
36
38
40
48
56
64
72

In a prellminary

sive enough to provide

the material examined

--7

Table 8

cpm/mg.
dry tlssue

Check CCC

2504 2668
L724 L684
2387 t324
1645 L324
2005 2L24
301_t 1515
L233 1983
1490 2336
2067 2088

trial, the exPosure to

any radlo actlvity in

slx and one-half houre

43

cpm/mg.
defatted tlssue

Check 
-CCC

2333 2480
5s61 L397
4L73 1513
2836 2L64
44L4 L435
2526 2344
2660 2535
1780 1252
1.620 2L6L

cL4Oz was not inten-

the Rl{,A fractlon, yet

after the lnitlaL ex-

posure to C1402 again exhi.blted the cycllc metaboltc effect in the

total dried plant and the defatted tissue. The trial showed very

clearly the rapid loss of the C14 from the defatted materlali how-

ever, this is not necessarily related to the loss of RI.IA by

degradatlon.

It ls apparent from thls experlmental serles that the reduc-

tion of Rt{A ln leaves of CCC treated wheat leaves is a refLection

of a decrease in tota[ Rt{[ being maintalned by the system. There

ls more evldence that the Lack of total Rt{A ls the resuLt of a more

rapid degradatlon Process. This serLee of experLments also suggeste

that CCC treatmente lnterrupf the tining mechantsm for a natural
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rhythm of synthesis and degradation withln the p1ant. The syn-

Ehesis and degradation scheme is not evldent. However, lt appears

that there is a carbon pool which is an integral part of the

system and chat this carbon pool ls lablle under conditions of

the experiment.
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DISCUSSION AND CONCLUSIONS

(a) The Effect of CCC on the Total Rl{A Content

The results of this experlment have shown that CCC has a

definite influence on the Rl{A metabolism of wheat plants.

The reduetion of total RI.IA content of the pLants seems to be

dependent on the concentration of CCC in the nutrient solution"

The maximun reduction of RliIA occurs at a concentration of 1x10-51t.

CCC. At CCC concentrations exceeding Lx10-51t. the Rl{A content

agairr i"ncreases up to Sxt0-3}t", whlch was the hlghest concentra-

tion tested which pernitted growth.

This experLment did not examtne whlch RliIA fraction was in-

fLuenced" trt has been assumed that primarily the ribosomal RM

is involved"

It is tempting to thlnk that the reduction of total Rt{A would

result in a reduction of protein synthesis, thus the metabolism of

the treated pLant wouLd be reduced, due to a decrease in enz)rme

activity" This could resuLt in a minlature plant which is identlcal

in aLl respects, excePt quantity of constituents, to the normal

plant.

Woodstock and Skoog (47) have evldence which shows a dLrect

relationship between the growth rate and the RliIA content of corn

roots. The effect of CCC ls not this simple, however, as evldence

45
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presented suggests that the quality of the RIIA is also lnfLuenced.

It ls lnteresting to note that as the concentratton of ccc

exceeds txL0-51t., there is apparent]y a different effect on the

RtilA content. The increase of RM ae the ccc concentration

approaches the toxlc level is simlLar to the effect of 2,4-D

(2,4-dichlorophenoxyacetic acid) on the Rl{l\ of corn mesocotyl"

tlssue (19)" Key suggests that 1ow rates of 2,4-D enhance the

degradation of R}ilA, whereas the higher rate of 500 parts per

milLion of 2,4-D (about 2.3x10-21t.) prevents the degradation

process, thus RliIA accumulateE.

The fact that 2,4-D and CCC both tend to cau6e a decrease in

the RtiIA content at lOw concentratlons and an lncrease at higher

concentrations may be slgnlftcant ln that lt ls reported that CCC

Lncreases the diffustbLe auxln content of treated ttssue (20,

21) " One would expect an application of 2r4'D, a compound with

auxin-like activit,les, to cause the same responses as high levels

of endogenous auxln.

GouLd and Baldwln (unpublished data) have shorn that CCC and

IAA ln very low (1x10-71 equimoLar concentrations tend to have a

herblcidal action wlth respect to duckweed (Lemna urinor). It

could be that the addltion of CCC increased the free auxin content

to such a level that an addltlon of snaLl amounts of IAA lncreased

the level of total auxin beyond the toxic threshold..
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It ls reported that the pathogen fil_lgllg specles cause an

accumulatlon of a CCC-Like compound within the host plant (31) 
"

It wouLd be lnteresting to examine and compare the toLerance of

cereals infected and non-infected with TiLl.etia to 2,4'D or other

auxin-1ike herbicides.

The decrease of EotaL R}{A with low levels of CCC, with the

consequent increase of Rl{A wtth higher CCC Levels may be the re-

sult of increased auxin within the treated plant resultlng from

the presence of CCC"

(b) The Effect of CCC on_ the Absorption Spectrum of RIU

The shlft of wave length of the absorpt,ion maxlmum that is

shown wlth the various treatment,s of CCC suggests a qualitative

as welL as a guantltatlve effect on the RliIA.

The purine bases, under acld conditions, absorb more strongLy

below 260 m1.r, whereas under simiLar conditions the pyrimidines

absorb more strongly above 260 m1.l (32) " The shift of the absorp-

tLon maxlma from near 256 mp indicates that perhaps the RI{A of

treated tissue has a hlgher concentration of one or both of the

pyrimidlnes.

Kessler and Tishel (17) have reported that drought condttlons

induce an increase of RIdA content aE well as a favoring of the

presence of quanine plus cytadine as compared to adenine and
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uracil. These workers suggest that the change ln R}lA composition

is a protective mechanism for the plants agalnst drought. ccc, as

a seed soak of about 3xt0-21t. (30), ls capabLe of increasing the

plants hardlnese to physiological and probably physical drought.

The relative quantitles of the respective purines and pyrimidines

were not determined tn thls experlment. Ilowever, lt would be

interesting to make such a study ln Ehe future and compare the

effect of various chemicals which lnduce drought escaPe on the

RNl\ composltion wlth RM of plante that are capabLe of with-

sEanding boEh drought and non-drought condttions'

An alteration in the base rat,ios of RNl\ must be predeter-

mi.ned by the D}IA template. There is no evidence that CCC induces

mutations or ln any hray decreases the degree of stability of the

Dl{A molecules. It is therefore assrmred that the changes of RNA

bases may be due to abnormal timing of releastng D}lA stored ln*

formation.

Bonner (6) cltes the work of Glfford who has observed with

flower induction a rapid increase of auxin content with a con-

current toss of histone protein. The Loss of histone protein,

as described above, ls believed to resuLt in the release of D}|A

molecules for temPlate action.

This apparent change of R}IA bases whtch results from ccc

treatments, supports, in an indirect manner, the hypothesis that

CCC causes an increase of endogenous auxin" An increase of auxin
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lrould then, accordlng to Bonnerls proposal, stimtrLate the release

of hi.seone protei.n from the DNA, thus causing a DNA with a different

base seqtrence to act as a template. The RNA that is synthesized

on thi.s new Eemplate eould well have a different compositj.on than

that lrhich is normal for that period of growth.

(c) The Effe-c-t of CCC on tlLe Synthesis and De

The lncorporation of CL4OZ into the plants by photosynthesis

and the ultlmate LabeLing of the Rl{A dld not provide concrete

evLdence of what proeess the CCC actually aLt,ers"

The data indlcate that the CCC treated plants tend to have

a lower specific actlvity in the Rt{A than did the non-treated

materlal, as r*e1L as a lower radio aetivity in the Rt{A at the

30-36 hour perlod after the initial exposure to CL4OZ. After

thls pericd, both the treatments had nearly the same degree of

radio activity per unit weight of the defatted tlssue.

The equalization of the LeveLs of radio activlty in the two

t,reatments may be explained by the purlne and pyrlmidine salvage

rouEes of the nucleic acid metabolism. Ihe degraded Rl{A wou1d

have Ehe four bases in the free pool, they would then be reincor-

porated into Rl{A" As the two levels of RtiIA - CL4 are esgentially

the same, it is suggested that the total lncorporation of the C14

into R!{A from the photosynthate is not greatly different in the
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CCC treated and non-treated tlssues, certatnly not as great as

the spectrophotometric daEa suggests.

The total radio activlty ln the Rl{A per unlt welght of the

defatted matertal suggest very strongly that the Rt{A - C14

content of the totaL RM in the non-treated tissue is much hlgher

at the 30-33 hour period than that of the treated material and

that the rate of degradatlon is very rapid. The same data for

the treated materiaL suggests that it had a lower totaL Rl{A

content at 30 hours or tt had already degraded. The data after

36 hours suggests that the two levels of radlo actlvlty are

equal. Therefore, one woul"d assume that the inltial lncorpora-

tion of C14 tnto the Rl{A was essentially equal.

When the specific actlvity data are consldered, a rather con-

fuslng situation is presented. From the 30 hour to the 40 hour

period, the specific actlvi.ty of the RIIA in both treatBents apPears

cycl.ic; however, the data from the non-treated material after 40

hours appears to be rather constant; this situatlon does not hold

for the specific activity of the R!{A from treated tissue. The

cyclic nature of these daga lndlcate that the Rl{A ls resynthe-

slzed by the salvage route in a rhythmic manner; the constant

counts per rninute of the non-treated RliIA after 40 hours suggest

that the rhythn has a periodlclty of eight hours or a multiple
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thereof. The speclflc activlty of the treated R}|A also suggests

that a rhythm exlsts. However, this rhythm is out of phase with

that in the normal tissue.

The spectrophotometric data that is associated with the radio

acttve study also tndlcates that there is a rhythem of Rl{A concen-

trati.on, and that the CCC treatments cause the cycle to become out

of phase. The ratlo of the specific actlvity of the RNA to the

specific activlty of the defatted material suggests a cyclic effect

and aLso there is a rapid degradation of the R!{A in the treated

materlaL.

It is interesting that the rhythm effect appeared in the

enti.re pLant when lt was e:€mined prtor to extractton. Ihe

dlfferences are too great to be considered an error and this ob-

servation can best be lnterpreted as a reverslble reactton in which

one of the products or reactants ls labiIe under the condltlons of

this experiment.

It should be pointed out that the cycllc effect exlsts in the

non*extracted tissue, the defatt,ed tissue, the crude and the puri-

fied Rli[A fractions. There is a progressive lag between the peaks

and troughs of the varlous fractions. That ts to say, the maximum

radlo activity in the unproces6ed materla} precedes that of the

defatted materlal, which ln turn precedes that of the RlilA fractlon.

F" D. H. MacDowall (25) has shown the retardation of a sap

exudatlon rhythm wlth actlnomycin D, a compound that binds guanine,
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thus preventing the synthesis of DNA dependent RNA. He proposes

that endogenous rhythms are based on the synthesls of Dr{l\ depen-

dent RNA" [t fo].lows then, that if ccc disrupts RNA metabol-ism,

tt could aLso dtsrupt an endogenous rhythm.

The resuLts of the spectrophotometric analysls ln these ex-

periments ltere very variable, aLthough the preclslon of the tech-

nique lsas t tthln pJ"ts or minus fifteen Percent. During the bulk

of this research, no Ehought lilas given to a rhythmLc alteratLon

of the RldA coneentration. Thus, the test material was harvested

and dried at the most convenient time of the particular day. It

ls quite probable thaf Ehe results wouLd have been more consistent

if r,he besE materials of the different repLications t ere harvested

6,8 6i constanE time of daY.

This research has raised some questions which shouLd be sub-

jecEed to more detall"ed study. The first question is whether or

not there is a rhythm of Rt{a synthesis and degradatlon. The

effect of plant growth reguLating substances, such as IAl[, gibberelic

acid and the kinens, on this proposed rhythm should also be studled;

with this information a more complete understanding of the mode of

actton of CCC would be galned. The proposed Periodicity of the RI.IA

concentration could have important applications ln the timing of

treatmenLs of hormone-llke herblcldal sprays to galn maximum

effect and seLectlvitY.
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More detailed studles ehould be carrled out wlth the use of

radio acttve tracers. Future studles should use adenlne-Cl4 as

a marker in order that less C14 U" ln the ltagte naterLal and per-

haps cause contamlnatLon' The ernployment of rrsephadexrt would

also be useful ln the leolatlon of nnA-C14'
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SIJMMARY

A series of experiments were earried out to investtgate the

lnfluence of CCC (2-chloroethyltrtmethylarunonium chloride) on the

total RNA content of wheat plants. Exami.nations were made sPec-

trophotometricaLly of the Rl{A content" In addition, C14 was used

to study the rat,e of synthesis and degradation of the RNA. The

fol.lowing results were found.

1. CCC reduces che total RtiIA content on Ereated wheat leaves.

The decrease of Rt.iA is progressive wlth treatmenEs as

high as 1x10-511. CCC" Thereafter the RldA content tn-

ereases untiL the toxic threshold is reached.

2. Appllcatlons of CCC tend to increase the wave l.ength

showing the maximum absorpt,ion. This is probably a

refLecEion of an alterat,ion in RI{A quallty.

3. The isolati.on cf RI.IA-CI  is difflcult using c1402 "" .

source of c14" There is evidence whlch suggests that

ttre CCC treatments increase the rate of RNA degradatlon.

4. The radio active tracer data suggest that there is a

rhythmic synthesis and degradation of RtilA and that this

rhythm ls altered wlth treatments of CCC.

5. The experimentaL results of this research indlrectLy

support the hypothesis that CCC increases the diffusible

auxin content of treated t,lssue,
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Table A

The total RtilA content of wheat leaves treated with
various levels of CCC

Figures represent ug. of Rl{l\ per mg. of the defatted mat,erial

Molar Concentratton of GCC ln the Nutrient Solution

1o-4-8 . n-7 ,6r-6 1.t-5 1o*3

1

2

3
4
5
6
aI

8
9

10

Ave.

10. 7

66.3
50"0
60.4
23.3
38"7
vL "7

115.5
64.9
78.0

67.2

83"9
46.L
55.0
51.8
57.2
11.1
66.0

187. 6
61.1

1 35.4

75.5

75.2
43.8
56.9
47,8
30. 6
23.3
76.3

136.5
s2.4
96.5

63.9

59.0
42.3
45.3
45. 1

r"5.9
20.0
61.0

13s.0
53.9

105.9

58. 3

56.0
42.7
56.6
50. I
34.5
24.4
38.2

125.5
5s"4
67 "3

55. 1

57 "3 80.7
32"s 49.6
s5.0 63.2
47.7 54.0
33 "7 33 "420"3 13.6
49 "9 70 "2

lss " 1 168.8
45.6 4L"4
79 "5 131.4

57 "7 70"6

Analysls of varlance slgniftcant at the 5% level

Duncan's Multiple Ranrc

to-8 1o-3 0.0 1o- 7 10-6 to-4 1o-5

abc abc bc bcab
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Table B

The effects of hlgh levels of CCC on the total Rl{A content
of wheat leaves

Figures represent ug. of Rt{A Per mg. of defatted material

l.lolar Concentratlon of CCC in the Nutrient Solutlon

Rcs" O,O 0.5 1.9 2.0 4.0 8.0 (xL0-3\

1 70"0 49 "3 80.4 58"0
2 28.6 s0.9 27.6 39.3
3 40.7 37 .2 37 .0 31,6
4 4L.7 46 .6 39. I 34.2

51.3 5L.7
39.4 58.7
52.4 s0.8
46 "6 42.4

47.4 50.8

the 5% leve1

Ave" 45.4 46 "0 46"0 40.8

lfhese diff,erences are not signiflcant at

Table C

Tlae effect of CCC on the wave length exhiblting maximum absorptlon

The figures represent Optical Density X 1000

Molar Concentration of CCC in the Nutrient Solution
Wave
Length

246
248
250
252
253
2s4
255
256
25V
258
259
260
26L
262
264
266
268
270

L20
L24
L28
131
131
L32
133
133
r.33
L32
131
130
128
L26
L22
L16
1L3
r.05

9V
100
L02
105
105
107
1.08
108
109
107
106
105
104
103
100
96
92
87

101
r.05
109
r_14

115
116
118
120
119
r19
119
118
117
116
115
r.t1
106
103

46
48
48
49
50
52
52
52
51
51"

52
52
52
48
50
48
45
43

93
97

101
105
107
110
110
111
111
LL2
l.11
LL2
111
109
L07
104
L00

95

L27
133
r.39
L44
L46
L49
150
L52
L54
154
154
L53
L52
150
L46
L42
136
130

75
76
79
82
84
85
85
86
87
87
86
85
85
85
83
80
76
73



62

The effect of

the

Molar
wave
length

TableC-Partb

CCC on the wave Length exhlbitlng maximum absorption

flgures represent the OptlcaL Deneity X 1-000

Concentration of CCC in the Nutrient Solutlon

Llver

246.O
248 "0
250.0
252.0
253 "0
254. 0
255.0
256.O
256.5
2s7 "0
257 "s
258"0
2s8 "5
259.O
260.0
26L.0
262 "0
263 "0
264.0
266.O
268.0
270.0

205
2L8
232
243
247
2s4
259
262
262
263
263
262
262
260
258
255
253
250
243
233
22L
209

206
2L9
232
244
249
255
260
264
26s
266
266
266
265
265
265
263
26L
258
2s3
243
233
223

296
307
331.

342
349
3s8
362
368
368
369
370
369
368
368
365
361
359
352
348
332
320
306

276
293
306
325
331
338
345
348
349
350
350
350
340
348
347
344
34L
338
332
319
306
299

232
245
257
268
273
278
283
285
287
287
286
285
z8s
283
282
280
277
274
267
254
243
232

360
382
405
425
434
443
451
4s8
458
460
459
4s9
458
458
457
454
450
446
439
422
406
386

23L
245
259
27L
274
280
285
289
289
288
287
285
285
284
282
280
278
273
266
252
240
229

288
3L7
340
362
374
383
392
400
402
405
408
407
408
408
407
404
400
396
390
372
358
342

Table D

Preclslon of Technlque

Figures represent the ug. of Rl|/l\ Per mg. of defatted tlssue. All
samples are from the same pLant materlaL.

Sample No. ug. RllIA Sample No. ug. RtiIA

89. 60
85. 20

r.01.9s
tL6.73

standard deviatton 11.94

5
6

7

I

1

2
3
4

91"21
106.41
118. 11
103 " 07

Average 101- " 28,
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Tabl"e E

The recovery of Rt{A from the Dowex-l (chloride form)
coLumn \illth the NaC1-HCI eluting solution

l'lLS " of NaCl-HCl

L0
20
30
40
50

The Optlcal De-nsltv at 260 nu. X- 1000

108
76
31
t4
15

Table F

The effect of Phosfon D on the RtiIA content of wheat leaves"
(This information is not included in the thesis body as
there was only one replicatlon.)

3geetsryc.

Not treated
1 X LO-6M CCC

1 x 1o-8M Ph.
L x t0-6M Ph.

us. RtlA Der ms. of defatted tlssue

LLz.9
73.9

106.9
s6.9
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TableG-parta

The Specific Activlty of Treated and Non-Treated Tissue
Trial /11

Hotrrs since
tnlti.al exDosure
ao cl4oz

Counts per minute per
milligram of dried
tissue

to-5t't Non-
CCC

Counts per minute per
mllligram of defatted
maEerlal

to-5u Non-
Treated CCC Treated

5"5
9"5

L2"5
15"s
r.8"5
2L.5
24.5
27,s
51"5*
91.5*

123 " 5*
159.5*
195 " 5:+

*g14 **r detected

1,010
1 ,880
1 ,039

8L8
815
766
74L
527
568
632
539
326
272

in the RI{A

L,678
1, 188
L,397
1,25L

867
L,259

950
1, 160

733
489
35L
445
536

s38
1 ,315

672
689
902
858
894
732
601
v76
607
394
323

1 r010
83s

L,26L
L,232

879
L 1236
1, 11.9

1 ,601
8s2
665
404
465
649

fraction at these times"
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Tabl.eG-partb

The Spectfic Activity of Treated and Non-Treated Tissue
Tti.a]- ll2

Hours since
lnittal exDosure
to c1402

Counts per mlnute per
milllgram of dried
tissue

Non-
Treated

Counts per mlnute
per mil1lgram of
defatted materlal

to-5u1o-51,1
ccc

Non-
CCC Treated

45
50
56
68
74
98

L22
146

3,4L9
4,2O9
2,489
3,165
3,255
3,282
2,948
3,118

3,544
3 ,085
2,O85
2)572
5,002
4,931
3,306
4,O73

3,52L
4,457
2,683
3 ,089
2,507
2,287
2,253
2,573

3,380
3,560
2,L07
2,853
3, LLo
2,667
2,779
3,L44



The Specific Activity

Part a.

Ilours after
initial exposure
to c1402

Table H

of Various Fractions of Treated and

Counts per minute per mg. of dried

Non-Treated Tissue

tlssue

1x10-5tt
ccc Non-treated

Rr Rr Ave.

30
33
36
38
40
48
56
64
72

2,584
1 ,658
I ,553

558
2,500
1r700
1 ,658
2,755
2,522

2,668
1 ,684
I,324
L,261
2,L24
1 r515
1r983
2,336
2,088

L,674
2,A4A
2,282

97L
2,232
3,L74
1,184

84L
1,881

3,334
L,4O9
2,492
2,3L9
L1778
2,849
Lr2B2
2,L4O
2,253

2,5O4
1,724
2,387
L,645
2,005
3 ,011
L,233
1,490
2,067

Rr Re Ave"

2,7 53
L,7LL
r ,095
L,934
1,748
1 ,330
2,3O9
L,9L7
L,654

o\
o\



Table H

The Speclfic Activity of Various Fractions of Treated and Non-Treated Tissue

mg. of defatted tlssueCounts per minute PerPart b.

Ilours after
initial exposure
to c1402

3,742
L,255
I ,573
3,229
L,439
2,249
3 ,071
L,435
2,246

lxlo-5lt
ccc

R2

L.2L9
1,539
L,454
1 ,099
I ,431
2,439
L,999
1,070
2,O77

2r48O
L 1397
1 ,513
2,L64
L,435
2,344
2,535
L,252
2,L6L

1.978
4,350
6,89't
I ,556
5,195
4,085
3,287
L,367
2,2L2

2,688
6,772
1,450
4,tl7
3,633

967
2,033
2,L93
1,028

2,333
5,561
4,L73
2,836
4,4L4
2,526
2,660
1 ,780
1,620

R1

Non-treated

R2 Ave.

30
33
36
38
40
4B
56
64
72

o\{



The Specific ActivitY of

Part c.

llours after
tnlti.al exposure
to c14oz

Table H

Various Fract.Lons

Counts per minute

1x1o-5tt
ccc

of Treated and Non-Treated Tissue

per mg. of Rl{A*

R1R2R1 Ave.

Non-treated

R2 Ave.

30
33
36
38
40
48
56
54
72

266
26
28
56

203
L45
185
108
1.00

L37
2,4L7

123
48

141
65

155
46

L7A

201
L,22L

70
52

L72
1.05
170

77
1.35

37
257
202
169
255
204
L97
2L4
196

L7
86

7L5
354

39
7L
95
58
91

27
171
4s8
26L
L47
L37
L46
136
L43

*Ttre RUA estlmated spectrophotometrica11y.

o\o



Table I

the Radioactivity of RNA per Uni.t Weight of the Defatted Tissue

Counts per mlnute per mg. of defatted tissue

llours after
tnltial exDosure
to c1402

Lxl0-5u
ccc

R.1 R2 Ave.

Non-treated

R2 Ave.R1

30
33
36
38
40
48
56
64
72

97.s
5.8

30"0
32.6
6s.6
86. L

69.L
51.8
4s.2

8s.4
62"L
42"3
25 "L
81..4
90. 5
96.3
35.9
59. L

9L"4
33 "9
36.2
28.8
73"5
88.3
82.7
43.8
52.2

7"9
210"0
1L8.0
40"9
86.4
81.9

130.0
62.L
64.5

45 "2
64"6
59. s
19.5
55.5
7L.3
49.L
64.6

106. 1

26 "5
137.3
88"7
30.2
70 "9
75 "6
89.5
63.2
85.3

o\\o



trncorporation

Table J

of C14 lnto the Defateed Tlssue From the Dried PLant

Counts per minut,ejer- mg" defatsed tissqe--
Counts per minute per mg" dried total plant

Hours after
initial exposure
to c14oz

lxlo-5lt
ccc

RZ Ave. R1

Non-treated

R2 Ave.R1

30
33
36
38
40
48
56
64
72

1.359
0. 733
L.436
L. 701
o.823
L "69L
1.330
0.749
I .358

o "472
0.928
0.936
1 .869
0 "572
r..435
L"206
0.388
o "824

a.929
0"830
1. 143
L "7L6
o.676
L.547
L,278
0. 536
1.035

1"182
2.L32
3 "A22
L.602
2.327
t.287
2.776
L,625
L.t76

0. 806
4. 806
o"592
L.775
2"043
0. 339
1.586
1.025
o "456

0.932
3.226
L "748
L"724
2.20L
0.839
2.L57
r.. l_95
o "784

\to



Table K

IncorporaEion of C14 lnto the Rl{A Fraction !'rom the Defatred TLssue

Counts per mlnute per mg. RI\IA*

Hours after
lnitial exposure
to c1402

1xl0-5u
ccc

R2 Ave.R1

Non-treated

R1 R2 Ave"

30
33
36
3B
40
48
56
64
72

0.071
0. 021
0"018
0.017
0. 141
0"064
0.060
0.075
0.045

0.112
1.571
0"085
0.044
0.098
0.427
0. Q77
0.043
0"082

0.081
o "874
0.046
o"024
0. 120
0.045
0.067
0"062
0"052

0. 019
0"059
0. 029
0" 109
0"049
0.050
0.060
0" 157
0. 089

0. 006
0"013
0.490
0"086
0.011
0" 073
o.047
0.026
0"089

0.012
0.031
0. 110
0. 092
0.033
0.054
0.055
0.076
0.089

{
H



The

llours after

Tab1e L

Effect of time on the Total RliIA Content of Wheat Leaves

llicrograms of R!{,A Per mg. of defatted tissue

lnitlaL exposure
to c14oz

lxl0-fo
ccc

R2 Ave.

Non-treated

R2 Ave.R1 R1

30
33
36
38
40
48
56
64
72

63.0
46"8

L97.6
99,4
9L.7
96.6
40.2
73.9
s6. 5

1.35 " 0
3.8

130. 7

88. 6

176,4
34L.9
LzL"6
2L8.6
141.0

99"0
25 "3

L64.L
94.O

134.0
2L9,2
80. 9

L46.2
98,7

33.3
84.3
72"4
34"L
43.8
78.7
54,2
35. 8
57.6

538.0
145.0
12"8
40. L

267,9
180.4
L87 "6
181. 7

306. 1

285.6
tL4.6

42"6
37,L

155.8
L29,5
LLz,9
108. 7
181.8

N)




