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ABSTRACT 

'SMda of Lactuoa sati va L. var. Grand Rapid.a were uaed tor 

stud;ying the atfecta of n.rioua plant growth regulators upon hypocot)"l 

elongation. Thia st~ vaa undertaken to obaena r (l) t.be interaction 

between Tari.OU CClllbinationa ot ethionine, Jlltthionina, Ind g1bberell1o 

acid ,apon elongation of lettuoe Nt1J1ng bypoooty'l.J (2) the etteot■ ot 

blue, red, tar-red, and vhite light upon elongati on ot lettuce ec:lling 

hypocot:,lJ and (3) the ettect• of n.rioua inhibit ors or RHA. and protein 

synthesis upon elongation of lettuce dl 1ng bypocot.71. 

Seedlinge are allowd to elongate in cClllbi.n&tion with ftl1.ou 

treataents for a period of 48 houre , liter which the root. and bypoootyl.8 

wre •aaured. 

Results indicate that ethionine 18ftrely inhibits elongation of 

lettuce i,eedling hypocotyl , while addition or m t hion.ine t o e t hioni.ne ­

treated aeedlinge result s in an alaoet c late rewraal of ethionine-

induced inhibit ion of el ng t i o • Gib 

enhanceaant of bypocot yl •long t i on. 

gibberelli o-aoid trea d edlinge 

to dli.nga t re ted vi.th al 

llic acid cau.aee det.lni 

r , &ddit ion o! ethionine to 

ta in &n 1.nh.ib i ti Oil rJ • iaU 

n t.hionine 1a added to 

aee~a tre ted rlt.b ethion.inB and ca3, elongation 1a enhanced to a 

lewl a1Jli.la.r to edlinga t ated with Gl3 &lo • Addi tion of noe 

triphoaphate to thionine- t ated 

ra ver• the inhibitory etf19c 

dllnga 

ethionine inhibi t• protein eynt a o~ r 

a not s ignificantly 

by d8 1.ng t he 



o! adenoaine tripho•phate, poeaibly by inhibiting Mthylation ot 

tranater riboacl.eic acid. 

The ethionine inhibition and GA3 8tlllll.ation of lett11ce 8Ndling 

b:ypocotyl elongation 1a prenlent 1n reel, 'blua, and tar-red light u 

wll u darkneH. In all qulltiea ot light t.•ted, •thioDine 1• 

capable of reftrainc the ethionine 1nh1bition and restoring the GA3 

8timlation of b;Jpocotyl elongation which had been rml.U.tied by 

ethionine treataent. 

Seedlings treated with tar-red light ahowed hypocotyl elongat.ion 

aiailar to that o! aeedl~s grown 1n d.arlcneaa. L1lanr1ae, aeedlings 

grown 1n red light elongated to a l.ewl siJlil&r to those treated with 

blue light. The e!teot ot d.ar'kDHs and tar-Nd li&bt upon bypooot7'1 

elongation vu dilti~ dittereirt. troa edlinga treated with bl'i» and 

red light. 

The studies with actinoa;Toin-D shoved that bypooot7l elo~ation 

1a wt M'f8rely 1nh1b1 d at a oonoentration ot 75 lliarogrw per 

ailliliter. The threshold oonoentration ot inhibi tion 1a 25 aicn-ogr 

per llil.llliter. 

The degree o! inhibition exarted by 5-nuorouracil 1a only 

slight u ocmpa.red to that ot cyclohex1 ■1 de and 6-•thylpurine • Thia 

uy suggest that Q'D hew ot all R DOt • ntial tor n growth 

to occur. The senre 1.nhibition of n,pocot7l elongation by OTC].oMrl•1de 

and 6-•tb.Tlpurine are oon.aiatent with tbe idila t.bat protein IJlrt,be 1a 

and some RNA syntbe 1a 1a ne saary tor cell elongati to occur. 
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CHAPTER I 

INTRODUCTION 

Lettuce aaeda repre•nt a unique a;ystena for studJ'ing the e!tect 

of various plant grovth aubatanoaa upon gel"llination and nbaequeat 

growth. Recent interest in tbe :pbyaiolog;r or lettw nedJ1ng elonga­

tion bas been Jll&inl.y conoernad with the action or 1llhibitor■ ani 

pr<a0tera on bypocotyl elongation. Oib'berellic acid great~ Btilml.atea 

tbe e longation of the lettuce edling bypocotyl (1'l"ankland and Wareing, 

1960). While the genrl.nation of the lettuce 88 da baa probably 

receiwd aore attention, their aub■equent elongation is o! utaoet 

illportance tor Btudiaa with plant growth regulators. 

Thia atud;y was undertaken to ob erw t (1) the interaction 

betV88n ftriou oaabinationa of ethionina, aethionine, gil:>berell1c 

aoid upon elongation of Grand Rapids lettuce aeedlinga; (2) tba etfeota 

of red, far-red, 1-1 e , and vbite light 11p0n lettuce 88&dl1ng hypocotyl 

elongation; &rd (.3) the ertects ot various inhibitors of ribonucleic 

acid (RNA.) and protein aynt heaia upon lettuoe dl1ng ~cotyl along -

tion. 

1 



CHA.P'l'llt II 

REVIEW OF LrmtA.'l'URE 

Ethionine, tbl eth7l a.,alogue at methionine, bas been widely 

Wl8d u a caapetitiw inhibitor in atudiea or •thionine •taboliea. 

Boll (1960) reported that ethionine inhibition ot the growth ot exciaed 

t oaat.o roots vaa reliewd by' Mthionine. Schrank (1956) report.ad that 

el ongation of A.wna coleoptU waa 1.nhibited by 50 percent with 

ethionina, but. athionim vu ohovn to campletely re rae the 1Jlb1bi t.1on. 

He sgggeated that tb9 etbionine m.ght 1nterte with the utilisation at 

118thionina for protein B)'nthe 8 whiob are required tor elongation ot 

the ~ coleoptili. 

Cleland (l96o) in at1gated two poasibilitiea of ethionine 

action in inhibiting elongation or Avena coleoptile■ s (a ) blocking 

protein synthesi.8 and (b ) inhibit~ tranaf r of th;rl groups troa 

•thion:ine to the bot-water-a lllb traction of oell wall. H 

eeparated total alongat1 n of the ooleoptila into re ibla and 

irrewraible components and tound that ethio oaHd an 1Dll84:Late 

t11n11rA'\Ki1.,., a period or 3-6 hours had 

to elap88 befora 1rre ible longatic:m 1.Dhibi • lsland 

suggested that the innibition of thylation vu 

ot Nwraible longation, '1hila protein s,nt 

C of inhibition 

1Dh1.bition wu respona-

i ble t or inhibition of 1.rrewr 1 l longation.. iltbougb he d.id not 

specifical.l.y consider a by wi h pr tein aynthe ia v 

inhibited by thionine, C eland c ncl d th t. tbionine act by 

a.ttect1ng 80Dl8 tacet of t 1.onine t.abol • 

2 
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While atudT,lng tbs ettecta or ethionine upon rat linr, Shull 

(1962) obNrwd that adenoaine tri""''"'-pba•- (•'TP) 
~ . ..a a concentration in tbe 

liwr vu greatly decreuad vi.thin a few houra after injection of 

etbionina • Villa-Trev1no ~ al. (1963) attempted to explain a possible 

relationship betWHn tbs decreaNd lewl o! A.TP and the inhibition of 

protein synthesis induced b7 ethionine. Tbeir data aggeated that the 

priJlarY effect of ethionine 1a on the oellul.ar ATP level and that 

inhibition of' protein ayntbaaia ia aecondary. 

Methionine reaota vi.th A.TP to tol'll S-adano111Mthionine Tia the 

enayae •thionine adenoqltrana.ferue (Shapiro and Scblenk, 1960). 

Shapiro and Schlenk (1960) alao reported that ethionina 1a a aubatrate 

tor this enzYJ19 and reaota with ATP to tora S-adanoaylethionine. h.rber 

(1963) reported that S-adenosylethionine 1a not u readily utilized u 

S-adeno&y'].llethionine. It vu further saggeated b7' Saith and Salaon 

(1965) that an illb&l.ance betWHn the rates or torMtion and of breakdown 

of S-adenoaylethioni.ne aq occur in tha ethionine-traat.ed rat and a, 

lead to an acolJIIUl&tion of thia 1ntemediate in the liwr. Two mod.ea 

of action concern!Dg the exceu S-adenoqlethionine have been postulated. 

According to Stekol et al. (1960), the :z:ceu S-adenosylethionine 

inhibit• 111toohondr1.al oxidation and oxid tiw phosphorylation with a 

resulting decreue .in the rate of syntheaia of ATP troa ADP. According 

to a aeoorxl hypotheeie (Stekol, 1963), ATP react.a with ethionine to tom 

S•adenosylethioni.DII at a taster rate than tbl cell can s,ntheaiM ATP 

tro11 available pracursor■• This results in the convoraion of ATP to a 

llllch leea reaoti w fona and thereby etf ct.iwly trapa increasing uounta 

of adenine u an adenosine derivative. Shull ~ al. (1966 ) report8d 

that the injeotion of ethionine into rat liwr sulted in a deCNU9 of 



4 
ATP concentration to a le1'9l. of 20 percent o.r the oontrol . Tba7 turther 

aboV9d that a1tochondr1&1. reepiration mi OXidatift phosphorylation are 

intact vh8n MU\l.Nd 1n isolated aitoohondri& or in other ayateu ~ 

~ obtained fro. ethionina-treated aniaal.a. Shull !1 !!• (1966) t.nu 

concluded that the pria&r7 effect or ethionine 1a to trap adanoaine u 

S-adsno.,-letbionine by reacting With ATP. Thia adenine trapping etf'ect 

had previO\lSly been ahovn 1n yeast (Sclm.dt _l al., 1956). 

Norria (1964) &lao npporta the concept that ethionine exarta 

its inhibitory e.rteot by' interference with ATP metabolia. He preaanted 

data which showed that 0.01 aolar (M) ethionina inhibited elongation of 

~ colaoptile Npienta by 70 peroant, but tba appllcation of ATP at 

concentrations of 0.25 miJJ:hlOl (JIM) and o.5 JIM atimulated tbe growth 

of the coleoptile aactiona and part1al.ly re r d t.he ethionine-1.nmaoed 

inhibition of their longation. 

Ona should keep in mind that ot.her pouibilitiea tor 

aechanism or athionine-inducad inhibition atill exist. Dann ~ _. (1966) 

found that the Mthylated )Jllr1ne and )JTr1a1dine a which occur u 

components in nucleic acids are l ocalized prillarily 1n transfer RHA. 

(t-RNA). Peterlcofaky (1964), working with acbariahia coli and yeut, 

investigated tha role ot •tl'tyl ated s 1n conmction with 

acid trans.far functior, of t -RNA. ia data bcNed that the ! • 22!! 

enzyma of the 811li.no acid leucine (leuoyl-T-R ) succe hllJr 

attached the leucine to t.-RNA re ardle s of e,ther or not it con ined 

the math,ylated buaa . Bove r the ye t em,m v non-tuneti in 

tba absence of 1111thyla d buea. terkofaky furtbc oonal.udad that 

aeth:yl.&tion bas 

t-RNA.. Moore amt 

prc,found ! f G t on t codon cognition propert1B1 of' 

th r 969) pNlM d avidanoe t, :t, thionim exert,; 
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its inhibitor., effect by preventing •th,Ylation of t -RNA. Their NfNl.ts 

show that S-adenoaylethionina (2 o x 10-l&M) "-i...a'bited inc 
• .,.uu.&, orporation of 

11Sthyl groups into t -RNA b7 66 percent in bacteria, while in rat liwr, 

total inhibition of methylation occurred. Thie work seems to be in 

agree.111Bnt w1th the earlier suggestion of Cleland (1960), who stated that 

ethionine inhibition of growth waa due, at least in part, to a preven­

tion of cell wall •thylation. 

Although both method.a of ethioni.ne inhibition could preeentl.y be 

accepted aa valid evidence, rurt.her work 1a necessary to determine which 

one plays the 11ajor role in the inhibition of plant growth. 

The germination ot ~ seeds 1a affected b7 light. Borthwick 

et al. (1952) made obeern.tiona which led thea to poetulate tbe existence 

of what 1a now known aa tba red, far-red revareible pigaent system. 

Many aspects of growth and developnent are affected by thia red, far-red 

interaction. Soma of these, u reported by Hendricke and Borthwick 

(1967), are flower initiation and devalo}'.lllent, germination of seeds mi 

spores, and enlargement of atructuree such u ateu and laa'flta. Dawna 

(1956) reported that flowering of Xanthiua pennazl vanicua vu enhanced by 

red radiation and inhibited by tar-red radiation. 

The pigment respoll81ble for this rewr1ible ayste11, now called 

phytochrome, 1s a bl ue or bl uish-green pr otein that exists in two forms 

(Borthwick and Hendricks, 1960). These t wo fonaa are interconvertible 

by light, with 600 nan001eter (nm.) and 730 • being the absorption 

maxima of each form. Form P.130 i s the active form of phytochrolle, 

<:hanging 1n darkness t o the inactive form P66(). 
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Tbe .. cban1n by which pbyt,ochr 

act.ion t.akas place bu not 

been narr0119d to a 111.ngl.e •ode ot action. Hendriclcs and Borthwick 

(1967) obNrwd a IIIUlber ot plant reaponae8 which indicate that J>b7to­

abrall8 aota on oell P81'11aabllit7 aa an early step in its control ot 

plant growth and developaent. Mohr (1966) propoaed that aaae or the 

actions of P!\rtochroaa are due to gene actbation, vhich enhanoea new 

RMA. and protein -,ntheaia and BW>Nquently raauJ.ta 1n d1fterent.1ation 

and develoi-ent. However, the effacta tor which Mohr•• •~ban1a bu 

been propoaed occ:v eewral hour• art.er the firat light expo8U1"8, and it 

1a well known that aany ettect.11 attributable to phytocbrcaa are detect­

able within an hour or eo. 

The reaponaea ot plant.a t.o light giwn at hi«b intenaitiea tor 

several hours bi.w trequent.17 shown 2 vaw length r.giona of •n­
ef'fectiwneu. Ona 1a in blue trOII 420-480 •• and one 1n tar-red tr<II 

700 to about 7SO na. Mobr and Wahrlmg (1960) ill trated this bigb 

energy light react.ion by da110nstrating that hypocot.11, lengt,bening of 

Oram Rapid.a lettu eeecllinga vu 111.ghtly influenced 07 red radiation, 

while the action ot vhit.e, blM, and tar-red light strongly inhil>ited 

hypocotyl lengthening in the 919dl.1nga. Tbe7 conclwd that a lae, 

tar-red n»action 97ate11., v · endi9nce ot a eecond light reaction other 

than pb:ytoohrcae. 

Turner and Vince (1968), working with l ttuoe •~ hypocotyla, 

reported that both blue and d li&ht aoditied reaponH to tar-red 

1n a a:i•iJar JllallMr, and prior irradiation with eit r wu shown to 

reduce the effect of subaeqo.errt far-red t ataeat. Tha dif'ference in 

h-t•h-e -rgr o nditiona indica: d the reaponae to blue and rar-rad under ~ 

_ invol wd. Tbe at.hons concludad tbat a 
that two Nparate re ctions ..... 
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d.iatinct 'b.lue ligAt abaorbing Picaent wu Pl"9Nnt and. tb&t thia 

pipeDt aediated a react.ion 1nhib1t.oey t.o eloqgatian. 

Eeaahi and Od1 (l966) INgpsted that tbe actiw t11net1on of tbe 

dual effect of bl• am tar- red light ued vu not related vit.h the 

pt,p,ocbr01111 reaction. Thie blue, tar-red reaction .,-at.ea can be 

pb78iolog1cally daonatrated only 'b7 high enal'O' irradiation. Thu tar 

1 t baa been referred to u the "high energy reaction 11 (Mohr, 1962). 

Mohr (1962) atrongly npporta t.bt theG17 ot phytochrGlla and ~h 

enera reaction u l»eing two entirely clitterent raaction qateaa. Ria 

1nwatigationa of the acmment■ or the plunlar book of Orand Rapida 

lettuoe eeecllinga at.rengtbamd thia concept. While no appreciable 

plwml.ar hook 1a tomed on dark-grown eeedlin&a, it can be i.Dduoed 'bJ' 

red light. 'l'ha tol'll&tion ot the hook by red ]Jght can rw-t.her be 

nullified D7 :lmediate tar-red irradiation, thu ahOll'i.qg the ettect ot 

pb1'toohro•. The book vhioh had been oloaecl by' red light vu abolm to 

open only wben bl.lie or tar-reel li&ht vu applied at hi&h int.ensit,-. 

Mohr tau preesnted evidence t.h&t the •high enera reaction" vu pre•nt. 

CoDWrael,7, aa one qht expect, tbere are those who are not. in 

agreeaent with the theory- of Mohr. Regardleu of the validit7 of Mohr's 

proposal, his work waa a major contrib•tion toward a better under8tandinl 

or pb;rtochrcae and its relatefl proce ... ,. 

The dewlopaarrt. ot cbloroi,b7ll 1a lig}lt- pendent and requires 

a lag period during which the oonwr ion of protochloropl:J.rllide to 

chloropb,yll occura, !ollovod 'b7 a period of rapid chloropbTll 8J11tha•i.a 

(Gaaa&n and Bogorad, 1967). It baa been propoe d that light ind ce 

the ayntbsaia ot emyaa• nece••&rT for chloropbTll production (Jllarcnaa, 

1960). 
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A.fter working with varioua inhibitors ot protein and RNA 

synthesis, Gaasaan and Bogorad (1967) conc.1--...a-d t\.-t cl 
- JM& nu eic acid and 

protein synthesis are eaaential for normal, ohloropeyll production. They 

further suggeated that light regulates chlorophyll ayntheai.8 by 

controlling the availability o! guaa.-aainolevul.1nic acid, poaaibly by 

causing the formation of an enzyme which regulates the syntheaia of 

uu.nolewlinic acid. 

Rad light stimulates chlorophyll synthesis, while tar-red light 

rewrses the effeot of red light (Price and llein, 1961) . It waa 

suggested by Augustinuasen and Madsen (1965) that the effect or red on 

chlorophyll synthesis 18 probably due to an effect on protochlorophyllide 

resynthesia which follows the phototranafomation of the pigment to 

chlorophyll. 

The application of gibberell1c acid (0A3) results 1n a signifi­

cant increase of plant growth. Frankl.and and Wareing (1960) found 

substantial sti.nlu.lation of the growth of lettuce aeedling hypoooty'ls 

with increasing concentrations of OA.3 up to 100 parts per llillion (ppm.). 

While the re ie no doubt that growth of plants is enhanced by GA 3, the 

mechanism by which it exerts its affect is not clearcut. 

Recent studies on the incorporation in vivo of labeled aino 

acids into proteins of aleurone layers of barley suggest de !!2.!2-

synthesis of at-amylase in response to added OA3 (Varner, 1964; Varner 

and Ram Chandra, 1964). It was shown by Va.mer and Ram Chandra (1964) 

that actinomycin-D, an inhibitor of deox;yribonuclaic acid (DNA)­

dependant RNA synthesis' inhibits the GA3-depende t formation of 

GC-aJey'la.ee in isolated alaurone layers. The authors suggested that OA3 

ific messenger RNA (m- RNA) for is involved in the formation of a spec 
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°' -ur;rlaN. Further work by Chriape le and Varner (1967) showed that 

addition ot tha protein ayntheaia 1.nhibitor 1 '---.. -~ 
010 o,--..,.,u..de rapidly and 

completely' inhibi~ a;rlaae &Yntheeia, rega.rcU.eea of when QA.) vu 

added. If added before or at the aaae time u GA.), aotinoaycin-D al.a 

prevented uv-lue formation. Howewr, when actinoar.,cin-D vaa added 

after 4 hours ot OA.3 treataent, a reduced effect on aavlaae syntbB aia 

vu obserwd. After 8 hours ot OA.3 treatment actin011Vcin-D addition vu 

without effect . Ewn ao, RNA aynthaeia vu inhibited 65 peroent during 

the 4-hour interval Which followed the addition of 100 lllicrograa per 

llilliliter (pga./al.) of actinoaycin-D at 8 hOllra. 

Johri and Varner (1968) showed that nuclei iaolatad froa dwarf 

pea and incubated 1n the presence ot GA.3 (10-~) incorporated up to 80 

percent 110re 3H-nucleotide int o RNA than control nuclei. The later GA.3 

was added during the isolation, the aaller the response. The failure 

of purified nuclei to respond to GA.3 waa apparently" caused by the 1088 

during isolat ion of some essential horaone-aenaitive factor. The mecb­

ani811l for tbe GA.3 stimulation of RNA. qntheaia 1n nuclei 1a not known, 

al.though Jorhi and Varner sugge d that it could be due to an incra 

in template sit.es on DNA or due to an increua in RNA polymerue 

activity. Sillilarly, Jarvis et al. (1968) attributed the breaking ot 

dormancy in seeds of Hazel (Corzlua avellana ) by OA3 to an increase in 

RNA pol.y'llerue activity and incre d DNA ts plate availability. 

Inh1b tora of RNA and protein ayntheai ued in this study 

aotin011,1ci.n- D, 5-nuorouracil, cyclohax1mide, and 6 thylpurine. 

Probably the t, used inhibitor of RNA syntheaut ia actinOfflYcin~D~ 

Ooldbez-g and Reich (1964) po tu.lated that the antibiotic f orms a complex 

eiM in DNA thua Bpecifica.11.y with th amino gNUP of oxyguano , 
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pre'Nnt.ing Dill-dependent RNA. SJnt.hlaia. Ka:, (1964) obaerved that vben 

•ationa o! 901bean lv'Pocotyl. •re incubated 1n eolutiona containing 

10 )JP•/al • aotinca7cin-D, oeU elongation proceeded at abwt go percent 

of tbll nol'll&l. rate tor 2 hours. Howwr, after 4 boura, bypocotyl. 

elongation vu inhibited 75-85 percent. RNA. Qntheaie vu 1.nhibited 60 

percent during tbe initial 2 houre and reached 90-95 percent within 4 

hoUre. "87 8t.ated that • part ot the del.&7 in growth inhibition b7 

actinclqcin-D vu du to the tiae required tor the antibiotic to penetrate 

the ti.Aue. He aleo postulated that part ot tha delay' 1n inhibition by 

aoti.nolqcin-D was possibly a reault o1 the tiae required to deplete the 

supply of unstable t«ap] •te RHA. Peney and Galeton (1966), working vi.th 

green pea stems, reached the saw concluions. After addition of 

actinQI\Ycin-D, a lag phue of 2 hours vu required before ignif'icant 

growth inhibition could be detected. Panny and Galston (1966) concluded 

that the cell can store enough RNA tor its abort-term growth needs. 

Although not inhibiting protein synthesis directly, act~cin-D leads 

to an inhibition of protein synthesis which 1.ncre s with an increase 

in ti.111 (Lin and If.eJ', 1968 ) . 

Tha t:1.raing of 1nhibition of cell longation by &Ctinomycin°D in 

exciNd t sues vari ea from oie to cie ,. Co&rtne7 !1 !!.• (1967) 

qgested that the degree of inhibition of cell elongation corralatAs 

poeitiwly with inhibition of' RNA ayntMaio. 'While growing at constant 

rate , oell @longation of soybean ~cotyi w inhibi d by actinCllll.Y in-D 

after a lag of 1 - 2 hour , with the degree of inhibition depending upon 

the concentration ot actinoi\'Ycin-D (Key, 1964) 0 

Key and Ingle (1964) aho d that ctinia:IIYcin-D, up to oonoentr -

it.ed RNA. iJYntb sia and call longation tiona of 04'2 JJWA -. / ml.1 inh1b 



u 
siJlilarly • It ia tbua cl.ear, as ll\lgge8ted b7 lay- (1964), that 

actiJlt-.TCin- D 1nhibit■ RNA. Qntheai■ prior to its 1.nh:1.bition ot oell 

elongation. 

The observation that growth can occ::ur while 801119 RNA ayntheai■ 

18 inhibited ha■ been turther eaphaeised by the w,e of s-nuorovacu. 

1 posdble ae"-haP1 n of thia pyrimicU.ne analogue hu been suggeated b7 

Horarltz ~ !!• (196o) • They aqgeat that it 1a incorporated into •-RNA. 

u a substitute for a pyr1Jnid1.na baae (probably uracil), and the result-

ing :modified aassenger RNA.a Ma a.a templates in producing pi-oteins 

having abno-naal udno acid saquencea. Nooden (1968) found that 

5-nuorouracil d.1d not inhibit cell enlargUll!lnt 1n the praaence or auxin, 

while aewre inhibition of RNA. ayntbesie occurred. Along the ..., line, 

Key- and Ingle (1964) showed that the growth ot soybean hypocotyl WU not 

affected by .S-nuorouracil, while total RNA. synthesis was inhibited by 

SO percent. Inhibition of ribosomal. RNA (r-RNl ) was 90 percent, t.raneter 

RNA. (t-RNA) 75 peroent., and w1uenger RNl (a-RNA) inhibition amounted to 

only 10 percent. Due to t ala.oat c ~te inhibition of r -RN.l and 

little or no inhibition of - RNi, 1&7 and Ingle concluded t t the 

ayntheeia o:t nav ribos , and poeaibly t -RNA 

during continued oell elong tion of exc d 

ll, is not required 

intact plant tiuuea. 

Kay and Ingle (1964) further concluded th t qntll:} iu (.)f a .. Rn 

eaaential for growtho 

Cyclohex1m1de (a.ctidone) 1a an effect,i inhibitor or protein 

s,ntheaia. It was shown by Siegel and Sisler (1965 ) that this inhibitor 

Pl"8Wnta the transfer of amino ac from t -RNA to protElin, th causillg 

i Th9v concluded that a direct inhibition of peptide t ormat on~ ~ 
acid 
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actifft1on and aynt.beaia of aainoacyl- t -RNl are not a.t'tected DY' 

arcuober1■1de ~ While working vi.th soybean hypocotyl, ley (1966) ahowd 

t,h&t. cyclobaxillide aark:edly inhibited &CCUIIDlation at r-RNl, but that 

lflltbeai..s o! r-RNA, per ae, vu not inh1.bited. The acClDlnlla.tion ot 

newlY synthesized • - RNA vu only slightly affected 'by cycl.obexiaide. 

T})ese result• showed that the inhibition of cell elongation by CJ"Clo­

heXillide correlates 111th the 1.nhibition ot protein 8Jlltheaie, but. not 

with the effect on RNA •tabolia. 

An.other frecpiently used inhibitor of RD. synt,heaia 1a 6-•tb;rl­

purtne. Thia purine anal.ogue vu ahovn by lay (1966) to ef'tectiwly 

inhibit growth, RNA. ayntbB is, and protein ayntheaia of aoybean bypocotyl. 



CHAP'mt III 

MA.TBBULS AND METHODS 

Seedling Growth 

Seeds used tor g raination and sub quent Medling growth ware 

of Lactuca sati va variety Grand Rapida, obtained .froa Joseph Harri.a Seed 

CCIIIJ)&l'IY, Rochester, Naw York. 

Seed.a were allowed to germinate in 9 centilleter ( ca. ) petri.a 

dishes containing Type D tilter paper (Mathe on Scientific Inc.) aoiat­

ened with 4 ■1J1U1tera (al.) ot distilled water. After 18 hours in 

continuous light, germinated 8Ndl.inga with radiclee approxiutely l 

ailliMter <-•) in length were reaoTitd and trana.t d into petri diabea 

containing 4 al. of the Y&rioua :xper nt t ataente. Unleea atated 

otherwiae, aaedlinge were allowed to long te in co tinuoua light at a 

tellperature of 25 :t 2° C for a per iod of 48 hour • At he o.f the 

48-hour period t hypoco yla and roots ve aeasu.red to obae th 

effects of the various sub t a.ncea upon e l ongation. There were 20 aeed-

11.ngs per treatment. Repli c a we run for ch tra 111.tnlent. 

The various chemic s w, d re d fr the .fol.lowing 

C souri; 
aourcesi D-L ethionine fr S 

L-aethionine fr A to C C 
C pa.ny, F'l.llahi g, w York; gib rellic 

Eaataan organic Ch aical , Roe st.er, New York; 

5-nu.orouracil from Hoff La.Ro he Incorpor tad, Nutley, Nev Jereey; 

6-11ethylpu.rine, cyclohexiR1 de, 

tlltritional Bi ochemic&l C rpor ti 

fr011 Merck , Sharp, and Dobme 

13 

ar 
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rncorporation of Blue, Red, ~ !'.!!-~ ~ 

The errect.a of blue, red and .tar-red light upon hypocotyl 

elongation ware studied by attaching a plaatic filter to the top o£ a 

light-tight box. Far- red light vu obtained by using Carolina Biologic&l. 

supply (CBS) plut.ic filter No. 7So, red by CBS filter No. 6So, and bl'Q8 

by CBS filter No. 450. The filters vere 31 ca. abow the le-.el or tbe 

seedlings. The light source was an incandaacent 150-watt bulb attached 

by a clallp on a ring stand 73 ca. abo-.e the lewl of the aeed.linga. 

A.fter 48 hours of growth the roots and hypocotyla were J11Baaured. The 

· temperature at the lewl of the filters wu 25 ± 2° c. 

(2llorophYll &xtraction 

Approxillately 100 aeedlinga per treataent wre extracted tor 

estillation of ahloroph311. Tbe aeedl.inp re reaoved troa the petri 

diahea art.er the noraal 48-hour growth period and wre boiled 'briefly in 

two 4 Ill.. portiona of 8o percent ethanol. The extracts wre adjuted to 

Sal. vitb 8o percent ethanol and their abaorbanciea read at 6&:J 

nanmetera (na. ). Tbia •thod ia ■1•1Jar to that o! A.apinall et al. 

(1967 ). 



CHA.1-'r&. , V 

RJ:SULTS 

TI!!. Interaction Bet w e n Variow, inaticma 2!'.. Ethic 1na, Methionine, 

~ Oil>berellic ~ ~ JbJ>ocotyl Elongation 2!. ~ Rapida Lattuoe 

Seedl.inga 

The result• of varioua c0111binati one ot thionine., methionine , 

and gibberell1c acid upon l ettuce 

are giwn in tables I and I I. 

dling bypocot;yl 

The data indicate th& t at all. oonce :tratio 

root elongation 

, ethionine 

grea'ily inhibits the e longation of both hypocot7l and root , while 

811lts 1n &laoat 

complete NNe &al o! etl'don.ina-1:lG.UAcea inhil>i tion. re'fen of thia 

ethionine- indu.oed 1nh1 itio by • thionina • vi h the ta of Boll 

(1960) and Schrank (1956), 

induced inhibition after addition of • t hionina. 

When aeedlinga are all.awed to lo 1n tbt reaence ot <ll3, 

an enhance n of root and bypocot7l l ongation to a l ewl. at.er than 

the control 1B ob ned, u ind.ic ted bJ' t lea I and II. Addition of 

ethionine along with GA.j indi te an inhibitio o! elongation ?ery 

sil1lilar t o edlinga treated with hioninll al • ia would St.gg8 

_. on ethio 1.ne-indu d inhibition. Row· that GA3 has 1ttle if artT e ..,.., 

Her, additi on of .et hionine to 

1.ndicatea a very definite wr 

dling• t ra-.t.ea wi h <a3 and e thioni.ne 

oft inhibition 

ethi onine . Here i.gain, the ability of • 

ethionine -ind ced inhi.bition 1B u • 

s 

rtod by 

r1'8 the 



TABLE I 

E~ OF VARIOUS OONBINATIOE OF RTHIOHI , 
AHO (lIBBKRIJ,LIC ACID lJPO ELOIOA:TIO"' NE• MK.l"HIOMI • 

SUDLI HYP0coTIL 111 OF Lrl"l'UCE 

Treat.ant 
Co ntration 

.002511 .00125M 

Ethionine 4S 38 31 47 
Methionine 69 97 90 79 

Ethicmine + Methionina 96 85 89 89 

OA3 274 209 295 139 

OA3 + Ethionine 48 bO 1£6 

ca3 + lthioniM + Mat.hioniol 187 220 2la8 216 

Rypocotyl.8 wre •UUNd after tbe UQ"ll"-LA..~ had elcmga d tor 
48 hours in c 1Jlation vi A t otal ot 20 

edllnga wre oontairuld 1n tre , 1 
for each trea.ment. Result nt. •an )l;n>ocotyl la 
with a water control . Tbe ntraticm o 
10 part,• per Dillion (ppa.) . D&t. are 1c 

16 



TABLE II 

Emm-s OF VARIOW catBIM!TIONS o 
OIBBERELLIC ACID UPON ILOIGATIO: &?OFff;~T'l'NINK, METHIONINE, A.ND 

- Uc& SBltDLI o ROOT 

Treat.ant Conoentrat.ion 

.Olli .OOSM .0025M .00125M 

Peraent !!_ Control 

Ethion.1.na 41 16 .31 )6 

Methionine 101 llO 68 98 

Ethionine + Methionine 104 12.3 96 95 

OA3 136 144 164 lll 

GA3 + Ethionine .33 22 )6 41 

GA) + Ethionine + Jt.tJi1on1 oe 83 76 81 86 

Root■ were •a.sured atter the cllinga had elongated tor 48 
hours in COJDination vi.th the 'ftri trea ta. A. tot.al o! 20 dl.inga 
were contained in each t ata,nt. RaAlta J)l"8 nt Man root langtba 
OOlllp&l"8d with a water control. Jwplicate re 1"Wl or •&ab tre :taent. 
Data are awrage of duplic :t.e experillent.a. Oonoentration of 013 vu 
10 pi;a. 

17 
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Reversal of e t hionine-induced inhibition b:, addition of A.TP 

vas reported by Norri.a (1964) and V1lla-Trev1no !1 a1. (l
9
6J) . An 

experillent was performed to ob M& tba raeulta of ATP addition t.o 

ethionine-treated. lettuce edling hypocotyl a . The result.a of oh an 

experiJlent aro shown 1n t~ l. ATP at Yary'1ng 0 ncentrationa was 

added to e thionine and water-treated dling. Although a alight 

st,iJDU,lation of mean bypocotyl length is indioated., eapeci.&lly at co cen­

trat ioWI of O. l mM and 0 . 01 IIM, the enban.cemnt cannot. be accepted u 

s ignificant because the contro (v ter e hionine) show an over-

lapping of standard deviations With the aeedlinga t "":J,t."'lC'I with ATP. 

Thus, t he data in figure l ind.1 & that A'I· dooa not req 

ethion.ine-induoed inhibition of longation lettu aeecll.ing hypoootyla. 

'nlese results do not ag e with those obtaina by No (1964) 

Villa- Tren,no et al. (1963). 

A study WU JU.de o! t 

after addition of ethionine t 

work are shown in table II. 

lo~ tio of 

ious t 

ttuoe a<iling hypocoty'l. 

ta of this 

data indioa.t that if ethionim is 

added at any time betwe n O a.7d 8 hour , there 1 only a alight cbaoge 

in inhibit ion (44 to 51 pe ~nt ao trol) . Appare ,tl:, the a iti t 

at which the ethioni!le be re nt 

inhibition is between O and 12 hour • 

ethionine a 

hours ahowd 

sa inhihitory to hypoco yl 

inhib i tion of only 21 pe 

ethionine -induoed i.nhibi i on f 1 tt oe 

Whsn added betw en O and 12 .CNr • ' 

t 

d.l 

t 2bour, 

~aditi t 36 

nd.i te t 

~ th t ccur in the ar 1Y at. inhibiting biochemical pr a 
of 

hn>ocotyl elo,16 tion. 

t 
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Control 
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o.s 
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~ff Conae4t ration ( ) 

Figu.ra l . Iafl~n of ATP on elongation of l t.tuce se dling 

hypocot7l in et.hionine (0 .0025) and in t.er. 

Standard do tio 
There 20 ell i.ngD 
each oonoentrat.ion.. D.i 

-, by},00 tyl 
ach aonoant.ratio • 

are aw r o! duplic 
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ngth8 are o-.m. 
Rapl i cates were 

xpe nt.8. 
tor 



TABU III 

EJPP'ECT OF ETHIONINE AT VARIOUS TIME 
ELOtllA.TION OF LETTUCE SUDLING := UPON 

T:iJla Added 
Percent or Co11trol 

o-48 Hra. 44 
3-48 Hra . 46 
6-48 Hr s . 49 
8-48 Hra . 51 

12-48 Hrs. 65 

16-48 Hrs. 70 

24-48 Hrs .. 74 

36- 48 Hra o 79 

Hypoootyl a were •uured afte a 48-bour s h period. T 
an hypoootyl length of a h tre r•t vu comp&r9d vi th water 

control . Repliaatea w nm tor each treataent Con nt~ ti n o 
ethioni.ne v .0025M. Dat are a rage ot chl.pli ate experi.Dnta. 

20 



&ffects of Red, Blue, !!!:_• red, and White r.-1 ii-ht 
- - ::D::.:. ~ Lettuce Seedling 

!tYJ>Ocotzl Elongation 

21 

The lettuce see dling hypocotyl ah harp °"8 8 ly defined regions ot 
response to blue and f ar-red light while red light ""--

' •- little direct 
effect (Vince and Turner, 1968). Thia bla.e/~ar ---d 

• - .. v response or the 

lettuce seedling wu studied in det ail by Mohr and Wehrung (l960 ) am b7 

Vince and Turner (1968). 

Vince and Turner (1968) showed that red light increaaed hypo­

cotyl elongation when used al.one over a long period of tire. Far-red 

light waa inhibitory for l\Ypocotyla up to 36 hours old, af't.er vhich the 

inhibitory effect wu rellewd. Blue light w inhibitory throughout 

the entire growth period . 

Grand Rapid lett uce to elo te r 

influence of red, blue, and tar- d l~bt 1n vari treataenta tor 48 

Results of this experiment are presented 1n r 

except GA3, the mean hypoootyl l ngt,bn of 

of red l ~ht show an 1.ncre Oftr th e trea 

2. In all tre nta 

er infl11BDO 

wit h tar- d ll&ht. 

Thia 001pArea favorably vi.th tbe data of Vinoe and Turner, vho ob "9d 

that enhance nt of h;ypo otyl elong tian vu gre ter i n a 1.ng 

treated with red light than those with tar- • d ta also 1.ndicate 

that in J of tm treatments (water oont.rol, thioninB, • t hionine + 

ethionine) , the mean hypooOtyl le~h greater in the P oe of blue 

light than in t.he preaenae o! red light. Howe99r, this enban nt 1a 

t t .. _ ia an o rl&pping of the standard deTi&-no aignif1cant beo uu 

, _ ...... _h tH ..,...._ 2 also indic tee that in all 
tiona of tbe an ~cot7l .....,, .... • A""'-6--
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Figura 2. ltfeot.a ot darlml••• blue, 
upon elongation ot lettuoe -~1.41A tqpoootyl. 

, tar-

MIian bypocotyl. lengt.ba and atand&rd dan.ationa are shmm. 
Seec:ll.1nga elongated under intlunoe o! Ugh t a nts !or 48 llnr8. 
There n re 20 aeedll.nis tar ea.oh trea t, with plicate• ~ing ran 
tor each t re t.mnt. an hypoootyl la are ftr a of duplicate 
8XJl8riaents. Co~ntration o! etbioni.De (I ) and thionine (Mlt.h) 
•u 0.0025X. GA ooncentration was 10 PJII• dling allowed to 
elongate 1D da.rlmea• water rwd u ference oontrola. 

22 
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except 2 treatzaents (OA.3 and cu.3 + othi nine 

o + ll'IBthionine), far- red 
light bas an effect upon elongation "" -c-n 

r:, a.-..ar to Beedlings grown 1n 

darknBH• 

The interact.ion between • t hionine ethi--c _ , ..,.&.Um, and GA3 was 

prevalent, regardl.eas of the qualit7 of light ued. 

An attempt was IIBde to study t he atfecta of continuous Vhite 

ligllt on lettuoe aeed.11.ng bypocotyl el ongation 1n ftl'iou.e treat.aenta ot 

ethionine, J1eth1onine, and 0A3• The reaul.ta ot thia experiment are ah.own 

in figure J . Seedlings al.lowed to elongate in darknHa eened u refer­

ence oontrola. 'l1le data ahov that <lArtrea d hypocotyla are enhanoed 

greatl:, in oompariaon wit h the water control, vhile the ethionine­

treated to,>ocotyla are inhibited gra t ~, u &N thoee wit h ethionina + 

When methionine 1a added to etnionine, an enhanoe•nt ot 

hypocotyl elongation 1B ahown allloat to the lewl ot eeedl1nga t reated 

vith 119thionine al.one. Thia occurs in both darkneu and light. 

Lockhart ( 1956 ) ha abown that light t.reat.aent reaul ts 1n 

inhibition ot growth in Alaska pea ing8o Thia inhibit ion WU 

completely rewraed by treating t he • dling with 013. His dat a abov 

that GA3-treated plants in light and darkneaa grow to alaoat identical 

heights, whereas t he untre ted dark- grown pl.ante a gre ter Yariation 

in growth rate. Lockhart conoludad that f actor in t he plant, which 

Illy' be replaced by gibbe 111n, cont rol.a the relati r ate ot 

elongation in l ight and darlcne■e . The enhan 
nt o! 1 ttuos dling 

in figu1"9 J does not 
hypoaotyl elong t ion by addition of 0A3 , aa shown ' 

k- rown 89 dl 1ng e t re a. ted 
agree With data obt ined by Lockhart • 'the g 

tly h~her tb&n the light­
Vith GA.3 are e nhanced to a l e 1 ignifican 
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.s I ~ 8 
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I f f f 2 
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TNataent 

Figure ) . &ffeot of d.arknlH 
•edliog )Q'pocotyl. elongation. 

I 

Et h ca ca 
♦ ♦ ♦ 

Mith Ith ltb 
♦ 

Mean lV'J>ocotyl lengt and st.&nd&rd Yiat.1 are giwn. Water 
t reataent va., uaed as control. The •re lJJ edling• pe trea t, 
With replicates being run for tre& nt. Dat.a are awrap ot 
chiplicat,e expo nt.a. Seedling• loogated in variows treatwmte tor 48 
hours. Conce tration of thionina (Eth) •thi (Meth) wu 
0.0025M. Concentration of gib llic acid (GA) vu 10 PJII• 
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1n elong t on o! dark-

grOlffl Nedlinga treated vi th O.l) 0 ._. k - own eclltnga 1n vat.r 1■ 
yery aiailar to the incre e ot OA.J-t. · - d 

a"" Nedlinga 1n oont.irm.oua 

light o r thoae ot the llght-tre ted w ter control. 
The data alao 

!niicate tbat the light- grown edJ. 4 ...... 8 t at d 
.... -& th OA.3 are not 

5tiJIU,lated a~nifioantly' ao t.han dark-grown &eedlinga ot the water 

control. 

A turther study vu made of the effect.a or d&rkne 8 and contin­

uo\18 l~ht upon chloropeyll synthesis in lettuce aeedlinge treated vi.th 

wriou.a c inationa of thionine., methionina, and 043 • Ramil.ta or IN.Ch 

an experiJDent are ahovn in f'igure 4. It 18 e nt tram the data 

presented that the absorbanc-:t adinga, and thus tha U10Unt of cbloro-

phyll aynthe 1a, are indeed higher in all t:i.-e nta in which light 

preaent . Thia indicates t na ity of light for norna.l chloropb;yll 

syntooais to ta.kB pl.ace. 

Seed.lings treated vi.th GA3 ha t higha t absorbance ading 

in the presence of light, while ethionine-t:m11t.e,c1 dlings are lo at. 

Seedlings treated with · 3 et.bionirie ahow 61.lmost he abaorbance 

aa ethionine lone, while aethionine addition 1 creases the reading ry 

near t he laval of aeadli~ treated with methl.o· alone. The 

methionine -treat.od aeedling in light are 

t he water oontrol. As t d t.a indicate, 

y near the level f tho e in 

r.ollllt f chloroplql.1 

.-vrithe i ab in ..1 ._-~ ... . in all tN tment:J, as cOJIIPa:ted to -,J .. • a 1a neg11g le u.:w.--..,..., ... 

t hose 1n light• Tbe data turt,Pr indicate t t chlorophyll 8'1 tJw iB 1n 

et hionine-t dl ii 
gre :t,ly' inbibi • T 81.UoMJ oan be 

of 88 dlings reated vit.b t.niOniM d G.!3• 

Wit.h GA.3 alone apparently r-c,;rul.ta in an inc 

he t a 

ntha 
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1:1.gv.re 4. Ef f ecta ot darlmaH and oonti rmows l ight upon 
chloropb_yll •ynthe 1.n l t tuce 

See d s weN oxt cted aft.er growth iod ol 48 hour• in 
COl'lhin&tion with yarious trestasnt .. A total of 100 eed.linge re 
~: Ullld 1n act, t at.:,,·,,,t. plic ta l'Un tor oooh tre -nt. 
a are vu·.-g t:>! ruulio e..i.perl.icent • 0uncoitn:"1on or 

th1on1.na &r • t1 .0025Ma GA c.J • tr t.ion w 10 PJD• 

26 



chlorop~ll i.ng ayntheai d 1n light ldditi 
• on or aet hionine to 

27 

•t.hionine ind.icat.ea a partial 
ftrhl. ot ethionina-1.nduced inhibition 

of ohlorop 11 ayrrtbeaia, While the -1 -'- .. '--iti -·" 
.uuu.u on re.~ting r -.dlinga 

treated vitb GA3 and •thionine 1a alaoat ~1-•-,-
-- .., -._, Nftraed by 

.won.1.na addition. 

Ufeot or Varioua Inhibitors of R'NA. and Protein ~- .. _ n-. .. =--- - -- - - - --..;;;.;. ~PIia .Mii ::c!!_ Lettuce 
Seedling R,Yp<>cotyl Elongation 

The results of Y&ry1.ng concentrationa or actinmvcin- D upon 

lettuce aeedling hypocotyl elongation are pre•nted 1n figure 5. 

Aotinoa,Ycin- D 1.nd1cated to w only' a aligh rtect upon lettuce 

eeed.ling hypocotyl elongation at concentrations of 5 JJl!JA./al. and 15 

pP./ml. Act1nm_yain-D, at 25 pPo/al., appears o be the threshold 

concentration ! or inhibition ot ~cot7l elongation, sinae increasing 

concentrations result in only' a alight increase in inhibit ion. 

Key am Ingle (1964) 

hypocotyl growth b7 70 percent at a concentration of 10 pga. /al. Thia 

does not agree vi.th the 

eeedllng hypocotyl at nch a low concentration. 

Key and Ingle alao ah 5-nuorour oil to inhibit RNA ayntbesia 

b1 50 percent, while having o e ct on growth. ~ver, the d&ta in 

table IV indicate a definite ett ct on growth by this pyriraidine 

&n&l.ogue. At all concentrations of 5-nuorouraoil d, hypooot7l 

elongation of lettuce seedling i s 1nd1 ted to be slightly inhibited. 

Here again, this does not ag 

(1964). 

"1th the d ta obtain8d by Kay and Ingle 

ar-1 6_ t,)lylpurl.00 upon lettuce 
The ef'f at• o! oycl«:1b9xir.dd.G 

a.leo presented in table IV• The 
&eed.ling hypocotyl elong t i on are 
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Figure 5. Effect of e.cti..nm.cycin .... n 1llP n elong&ticm of l&tt 
Ned.ling hypocotyl in oontinuous l ight . 

& ch plotte J>G,illt preMnb the L.'.9&n I: poc,ot7l l..lngth 
•XJ>reaaed a,, pe~cant inhibition oompa.rad with a w r controlo There 
were 20 BMdling contaimd in each tre t.ae t, wi b raplic s ooing run 
for each oonoent n.tion. Be dlinga al.lo d to longate tor 4B hours 
a.t'ter t r fer to reep6c:ti oot:103nt · tions Da aN wr of 
duplicate nri:-..,..1-nt•. 
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T LI n 
0 S- FUJOROIUJllcn CICLC)IW[l)fIDB 

H!'LPURilB UPOJf ILOtllATION OF LITTu' 11D 
DMWL!tl} JIIPOCoTn 

Treataent 

S-nW>roaraoil (50 N)A./al. ) 

s-nuorouracil (150 pga. / al. ) 

5-Fluoronraoil (250 pp. /al..) 

OyclohAx1 •1 de (10 l'P• /: • ) 

Cycloh-x:hdde ( 20 JJP./al.. ) 

6-Methylpnrine (10 IJP. /ml.) 

6-Metbylpurine (20 JJ.P./ • ) 

Par nt ot Control 

77 

71 

61 

32 

29 

36 

28 

Peroentagea gi n rapreaent tbs an h;ypocot;yl length ae CC111p&1'8d 
vi th a water control. A total of 20 aeedl.inga w allowed to elongate 
in ccabination with a sp:,citio t a nt tar h8 boura. Boplicates wre 
ran tor ea.ch t. at.aont. :ta a ;.-age ot duplicate expermnta. 

29 
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et ec~ o! tbeN inhibit.or■ upon growth and protein ayntbeaia haft bMn 

Macri):)ed by l.ey (1966) • The dat.& 1n table IV 1.nd.icat.e that 'both 

e7clobex1 ■1de and 6-•thy'lporine grea ly 1.nhibit. •lcmgat.1on or attuoe 

• dling aypocot7l, regardleaa or vbi.ch concentration 1a uaed. Wbile 

6-ae~purine inhibit RIA. aynthaaia and c:yol.ohniaid.e inhibits protein 

eyntb&ai.a ( Jtey, 1966), there 1a no aign.1.tioant d.U'f'erance in t he amount 

of inhibition being e:mrted by t he inhibit.or■ • The data indicate that 

prot.ein synt aia ■-1' be ee ntial tor nomal cell e l ongation, u 

suggested by Noodan and TbiJlann (1963 ) . 

The 1.nh.1.bit ion of bypooot.yl long tion by 5-nuoroaracil 1B not 

nearly so eevere as that of 6-•t)qlpm-ine and cyolobex1111de. Thia •7 

indicate t.h&t 5-nuorouraeil doe not cause a 1gnificant decreue 1n 

grovth, aa suggested by Key and Ingle (1964) . 



iRV 

Dl.SCWSIO OF RESULTS 

Table■ I and II ahow that etbionine aeve 
11' inhibited. elonga-

t,ion o! the let tuoe enl " ,.,.,. .......__,otv1 ._... 
--..og --.,.,..,u .,. ..a.a root. Tbe addition ot 

rewraal o! the inhibition. Th agrees Vi h data obta.ined DJ' Boll 

(1960 ) and Schrank (19$6), who o ah d raal of eth1onine-11¥luoed 

inhibi t ion by thionine i tion. Hovewr, Whan OA3 &lo vu intro-

dllced to tba seedllnga, a ti.nit.a nhan 

obserwd. 

nt ot el.ongat i vu 

The .tiJlaulation of RNA pt Bia caued 'by GA3 bu been ngge.ted 

to be the result of an 1.ncreuo 1n DNA. taplate and RNA pol.ymarue 

activity ( Johri and Varner, 1968). U though no nlid. clata ie p •nted, 

tbe inabilit.y of ca3 to rewr the ethionioo-1.ndnoed inb1bition M7 

is e nt ial tor growth, 

Nooden and Tbiarmn (1963). 

Another poaaible e of aation or 013 is through 11eth;Yl&tion of 

pectic sub tances in th oell w.U and micl.eot.ide of RNA.. HOl5avar, if 

GA.3 enhances mateyl,at1on, it. does not interaat vitb ethion.ine in the PDB 

llanner as does thionine . Al ough no di.reat data 1a pra nted that 

non11&.1. aetl\, tion bila to be oporative foN O.A.3 c 
tbmlate elonga-

ethioninO-induced inhibition tion, the i.lw>i.lit;y or OA.3 to re~-1r-mn t 

~-- n·._... ~-" ~ w cope vi.th tbs £811"1,.t1.t7 of h onine 111.y aoggest t nat OA3 ~ ..,o ,i.1.&.ii-

Wu.b1t1on. 

31 



The addition of ATP to ethion 32 

dlinga did 
not rewrae the inhibition or t\n>oootyl elong tion, &l.thOllgb other 

110rkers (Norri.a, 1964; Vllla-'L'reVino !l !!.•, 1963) ha obtained data 

lfhicb suggest. 
tha

t ATP does 1nde d "Ver.a eth1onina- 1nduoed inhibit ion. 

'lbBN haw been 2 lilechanias Proi>oaed tor thionine- ind.uced inhibi tion 

-t tea. lettuce 

of protein synthssia. One 1a through decre of ATP, aa propoeed b
7 

Norris (1964) and Villa- Trev:ino _l !:!.• (196)), and t O r is t.be 

i,nhibition of protein syntheai via. inhibition or tb.y'lation, aa 

suggested by l't>ore and th (1969). Addition of' A.TP to ttuce 

11.ngs in thi twty <lid not ai.gnificantly tbion1ne-·1nd.uced 

inhibition. Since the d&t in.die te that thionina r raed et.hicmine 

inhibition and ATP did not, it 

interaction reeponsibl.e t or inbibiti 

protein syntbs ia. The t t tbat. 

t 

d 

coleoptiles ) could partiallyre1JD01~ib to 

tind1.nga. Tbe inabilit.7 GE ATP to 

inhibition 8U4iCaulSt that eth1onill9 

mi subsequent p otein 8J11the ia. 

11&1 be incorporated into pro 1na 

It 1a 

the ll0de or action 7 which etbiuu...u- &e , t 

that ethionine inhibiting 

the f irat 8 hours of elongation. 

Vince and Turner (1968) 

lettuce aeedling h;ypocot;yl al t ion up to 36 

ethio 

nt natea (_ 

hionine-indlw:el<i 

t i of t - RHA 

e 

• garcll Hof 

l.n le II 

tbat oc 

at 

dnrlng 

t inbil>i 

r vhi.Ch the 

inhibition w r l ie d. Blue light wu abovn by V 
(1968 ) 

e o 
to inhibit elong 1 n throug wt. t 

- us and Nd li ht , .J. the trea 
d ater 

nts ed int iJJ 
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enh,an08a8Dt of hypooot7l elongation than did t 

ar-red light. Thie 1a not 
in agree•nt with the data of Vince and 

Turner (1968), Who reported bl'IM 
].igbt to be 1nhibito17 throupout. Al though the 

7 reported tar-red t.o be 
i,nh1bitor., tor 36 hours, it appears that the t 

ar-red inhibition 1n . , 
relation to blue and red light 1n the 3 treatment 11h 

a own 1n figure 2, 

reaain8 preaent througbol.lt the entir9 48-hour -h 
.. v • ., period. Vinoe and 

TumSr (1968 ) suggested that a 118118UreMJlt aade at 1.Q h 
lil1 oura after light 

treataent began could rellUl t 1n conaiderable Y&riations. It 18 poeaible 

that an elongation period of' ac:re than 48 hours could reaul t 1n an 

enhancement of bypoootyle in tar-red light to a higher level than aeed-

11.nga treated with blue light. 

It vaa indicated 1n fiau,re 2 that bypocot7l elongation ot 

ethionine-treated IIMdling vu wrely' inhibited, regard.leas of which 

light treat.ant vu used. Addition ot Mthionine to ethionine-t.reated 

eeedlings resulted in complete rewrsal of eeedl.1.nge treated with tar­

red. The interaction between ethionine, t.hionine, and gib rell.1c 

acid remain operational, regardless of the light tre tment u.d. 

n«ure 4 ahowed that the addition of OA3 1n light reaulted 1n an 

enhance•nt of chloroplV'll syntbseia. Oaaeun and Bogorad (1967) 

suggested that 11-RNA prorldes information for the synthesis of • protein 

required f or the production ot guaa-udnoleval.i.nic acid, which 18 

partially responsible for chlorophyll aynthesi.8. If OA3 causes an 

increaae of m-RNA, as suggested by Ram Chandra and Varner <1965), th8
n 

d thesis of m-RNA i8 resulting 
the poaeibility exiata that the inoreaae syn 

in an enhancement of g -aminolevulinic acid, which further causes an 

n-gardleS8 of tha J118ohani81l invol d, 
incre1111e in ohl.oroph,Yll synthesis. ~ 
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a ..i ... finite enhancement ot chlo,..,,...."-'u 

UP _.,k'AY · synthesis ha.a been ahown 1n ed-

11.ng8 treated vith GA3. Thia 1a 11:imiJar t th8 
o effect that 0A3 baa upon 

~cot J'l elongation. The weight ot the &eedlings in each treatment vu 

not taken into consideration for estillation of ....... , ....,,. 
.... u.orop...,u. The aaount 

o! chlorophyll was based upon 100 seedlings per t tment. Ir the 

absorbance had been calcul ted per lllilligram (ag.) ot f'reah Wight, it 
18 

possible t hat the amou.nt ot chlorophyll eyntbaaia 1n each trea nt 111.ght 

have been different from t hat a.a abown 1n fi«u,re 4. 

There is a possibilit y that chloropeyll could require tn.,lation 

for normal eyntheaia , poeaibly at posit ions 1, 3, or 5 of the porJ>h11'1n 

complex. However, further work ia ne ssa17 to rify t hie tbylaticn 

requirament . 

The data in figure 3 show d that dling bl b t h 

water and oA3 wra significantl7 nhanoed to a l ewl grea r than thoee 

in light. The inhibiti on of along tian 1n igbt agrees with data 

a in obta ined by Lockhart, who ob,i:o1r-v111d a 8.MII.I.~~· inhibition o! 

light. It is apparent f rom the data 1n f igure 3 that a r ctor in tha 

lettuce seedling , which :y be replaced by OA3, 1 controlling the 

relative rate of hypocotyl elongation 1n both light and • 

The addition of actin in-D at ca. co t ati ons ! 5 . / ... 

ct i-.-.ncoty: elong tion . 
and 15 }1¥}Ao/ ml. had only a slight effe upon ... ., "" 

Howevar, an increaae in the co1loent r ti.On to 5 ./: • i,ulted in an 

of the ar,t iotic 
inhibition of .58 percent ., rnoreaaing con t r tio 

--~..,t of inhibition. It 18 concluded 
caueed a slight inore&MJ in th& cuuv .... . 

.1-"-"bition s 2S pgm./ • that t he threshold concentration of .1..uJu.. 



Data acquired by- le:, and Ing 8 (1964) &ho 
d 001bean h1Pocot7l 

ation to be inhibi tad "'- 70 pe 
elong .,., rcent at a conoentr tion of o~ 

10 aunn./Jll. of act.incmycin-D. H1ova•gQr th _.....__ 
rcr- , 8 ._.,vaan h3'J>ocotyla re 

35 

..,asured a.ft.er an incubation period with act1n~ 1n 
-vC •D of Only 6 houra. 

Had Ytey and Ingle ta.ken the aaurements art.er a longer period ot incuba-

tion with actinomycin-D, it 1a llO&t probable t hat the 8IIOllnt ot inhibition 

would haw been leu. Howewr, the ab1J.it7 ot act~cin-D to penetrate 

the different lcind8 ot tis cannot be overlooked. Since actinml;ycin-D 

inhibits DNA-dependent RMA. syntheaia (Goldberg and Reich, 1964), i t 1a 

possible t hat at certain concentration& ot the antibiotic, nough RNA 

synthaaia ia occurring to low growth to pro d at near no rate. 

The Blight inhibition of lett ce dling hypocot;yl elongation 

th data of 7 and Ingl (1964), vbich 

shows no inhibition of soybean hypocot7l long tion, e hough RNl 

synthes is was inhibited 50 per nt. Here ain, aa with actinall;ycin-D, 

Ke7 and Ingle m.ea8U1'6d soybean edl1ng1 after only 8 hours of incw»ation 

with S-nuorouracil. They d Sl'1l a of riboe R (r- ) to 

be inhibited by 90 percent, t-RNA by 75 perce t, and -R inhibiti 

only 10 percent ., They further ooncl 

eaaential f' or growth 

that -RNA. 8)'1ltbeaia WU 

Cyclohaxil111de and 6.... thylpurine 

89edl1.ng hypocotyl elongation. Key (1966) 

effect. Although no direct dat ia pre nted, it 

01ol.ohexi•1d8 inhibit elongation of lettu 0 

to tJw 

ia awl.lt0&1~d t 

ing h;ypOOOtyl by 

Th~ .. ne a,sit y of prot.am f11r1 
inh1biting protein eyntbe is. ~ 

the for 

~ -~d~ 
y (1966 /; S:iJlil&rly' y 

1'lllal cell elong tion ha8 been suge-

(l966) BUggeated that RNA eyntl': eis iJi aJ,ao 8 f --u elongation. ntW or""" 
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t,he inhibition of hypoaotyl elongation bJ 6 •tl,,u'l " __ 

'['hut, • 11J puru-, agraea 

yitb the ide& that 80ln8 RNA. ayntheeia 1a e nti&l tor nol'llal. growth. 

The inhibition of h1J)ocotyl elongation by 5-nuoroura.oil vu 

sJ.ight as 00apared to that of de and 6- tbylpurine. Kay- and 

:rngle (1964) showed that 5-nuorouracil inhihits the eyntbeaia of r-RHA. 

bY 90 percent in soybean hypocotyl. They obeerm no inhibition or 

growth. I)Qe to only a light 1nh1 ition of elongat ion in tbe lettuce 

seedling by 5-fiuorouracil, it 1a ponible that nol"llll call elongati on 

.,_
1 

not require synthesis of r-RNA, while SJ'llthesie or •-RNA or t -RNl 

.a:/ be essential f or non.al cell elongation. 1 and Ingle (1964) ha 

also made this suggestion. 



CHAPrER VI 

SUMMARy 

Thia study waa undertaun to ob na: (1 ) the interacti on 

between varioua cad>inat iona ot tbionine , th1on1nl, and gibberellic 

•edllng hypocotiJ. J ( 2) tba etfeota or 
acid upon elongation of lettu 

blue, red., tar-red, and White light upon elong tion of lettuce •edllng 

bypOCOt7lJ and (3 ) t he et f ct of var1oua inhibitor■ ot RMl and protein 

S)'Dtblasia 11por1 el ongation of ttuoe cotyl. 

Results indi cate that ethi 

both lettuce aaedling bypocottl• and roots while ition of •thionine 

to etbionine-treated seedl sulta in an 

etbionine-induoed inhibit ion ot longation. OibbeNlllc aoid caue a 

detini te enhanC81118nt of hypocot7l an1 root el 

ot ethionine to gibberellic aoid-trea d 

tion. How r, addition 

sulta in an 

inhibition very a 

Addition of methionine to uv11::su.inga trea d with ethi nine and gibbe llic 

acid results in an enhancement a:1Jllilar to seedling t ated with 

gibbe llic acid alone. Addi ti n of adeuuo..-

treated seedlings does not significantly 
the 1.nhil>itor, ett ct 

of ethionine . I t 1a ooncluded that ethioninB inhibit.a protein aynt :1a 

•1anoeine t ipb ph& , po8 u,1,y 
other than by deare i.ng 8frlt ais of -

by inhibiting thy-lation of trans.ti r ril,onual.eic acid. 
tion f lettuce 

'nle ethionim i.nhibi ion and OA3 °" .. ~-

hypocot7l elong tion 1a prewlent in 
d, bl , and ar- d light 

weu aa d.arlcnesa • In all qualities f light te 

ing 



capable or reveraing the eth1onin inhibiti 
on and reetor1ng the OA3 

,ti,Jm].ation of hypocotyl longation which 1..-..a ....._ 

etbionine treatment. 
IICl,Q u..en nullitied b7 

38 

Seedlings treated With tar-red light Showed ho,.,_ 

•v }'UCot;yl elongat ion 
si.ail&l" t o that of eeedl.inga grown 1n darknese. Likeviae , edling 

grown in rad light elongated t o l.awl ailllUar to those tnated vi.th 

bl ue light . The effect of darkne a tar-red light upon hypocoty-l 

elongation was distinctly ditterent tr seedlings t ated with blue and 

rad light . 

The studies with ctincaycin-D showed that hypocot7l elong tion 

1s 110at sew.rely inhibi d at a concentration of 75 r 

ailliliter. The threshold concent tion of inhibition 1a 25 aicrogr 

per milliliter. 

The degree of inhibition exerted by S-n ronracil only' 

slight aa compared to that of cyclomx1a:2de and 6-metby'lparine. 'ftti.a 

u.y suggest that qnthesis of all RNAa 1a mt 

to occur. The eewre inhibition of b;ypocotJ']. 

ntial tor DOl"ll8l growth 

and 6-•t hylpurine are consistent vith ide that prate in aynthea 

and 80lll!t RNl syntheais 1a es nt tor u elongation to occur. 
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