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AB STRACT 

e t uc e s eedlings (L actuc a sati va var . "Grand 

Rapids " ) were studie d to determine t he ef f ect s o f anti -

iotic s , glucos ami ne and vanadate upon the gibberel l i n 

enh an c em ent of hy poco t yl elongation and upon root growth . 

Th ee f ect s of do l ich yl phosphate upon root elongation 

and upon bacitracin reversal of GA stimulation of lettuce 

s eedl i ng hy pocot yl growth were also examined . 

Bac itracin , tunicamycin , monensin , glucosamine and 

vanada te all reversed the ho rm one - enhanced elongation of 

let t uce hypocotyls . They also significantly inhibited 

roo t gr owth . Bacitracin was most effective in inhibiting 

r oot el ongation and in reversing the gibberellin stim 

ul ati on of lettuce hypocotyl growth . 

Oo lich yl phosphate reversed the bacitracin negation 

of gibberellin enhancement of lettuce hypocotyl growth . 

This pho sph or ylated polyprenol also significantly inhib 

ited lettuce s eedling root elongation . 
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Chapter I 

I R0OUCTIO 

Interest in the phy si ology o l et uc e seedling 

elongati on has been concerned main y i ' h he ac ion of 

prom oter s and inhibi ors upon bo 
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various exo ge nou sl y applied i nh ibit ors upon root el ong 

ation . Malca ~ .§...L:_ ( 1967 ) reported that glucosamine 

(Gl cN ), galactose and mannose are to xic above certain 

conc entrations and will inhibit root growth ; the y also 

not ed that this i nh ibiti on could be re versed with the 

appli cation o f gl uco s e t o the tissue. 

2 

The objectives of t his stud y were to determine the : 

( l ) effects of fi ve inhibitors of various metabolic path

wa ys upo n t he gi bberell in sti mulation of hy pocot yl elong

ation i n Grand Rapids let t uc e seedlings , ( 2) e ff ects of 

th e se i nh i bit ors upon lettuc e seed l ing root e long ati on 

and (3) e ff ec ts of dolic hyl pho sphate ( Dol - P) upon th e 

ba citr acin re ve r sal o f gibb erellin s t imulatio n of le t tuce 

hy pocot yl gr owth and upon e tt uce s ee dli ng roo t elong 

ation . 



Chapter II 

REVIEW OF THE LITERATURE 

Gibberellic acid is a natural plant growth substance 

which was identified by Kurosawa (1926) and was first 

isolated from a Fusarium heterosporum culture by Brian et 

al . in 1955 . Phinney et al. (1 957 ) demonstrated that 

gibberellins occur in higher plants and that they play an 

important role in the contr ol of plant growth and de vel 

op ment. Gibberelli c acid has been observed to promote 

stem elongation, especiall y in dwarf plants (B rian and 

Hemming, 195 5; Arne y and Mancinelli , 1966 ; Kende and 

Lang, 1964; Sachs tl .§..L_, 1959) , and to reverse some of 

the in hibitory effects o light (Lockha rt, 1956) . Ce ll 

division and cell enlarge ment in leaves hav e been not ed 

to incre ase upon appli cation of GA (C eland , 1964 ; 

Wheeler, 1960) ; however this substance rarely ha s any 

significant e ff ect upon oat growth ( ertz , 1966 ; 

Cleland , 196 9 ; Tor r ey , 1976) . Eagles and Wa reing (1964) 

rep ort ed that GA is capable of substituting for cold or 

light treatments resulting i n restored growth cap acity in 

buds of birch and sycamore . Gibberellins also rest ore 

gro wth capacit y in dormant seeds (Am en , 1968 ; Bla ck and 

Naylor, 1959 ) , may cause certain t ypes of plants to flo w

er (L ang, 1957; Lang and Re inhard, 961 ) and can mod i fy 



the se x of flowers (Galun , 1959) . Another growth effect 

of GA is its ability to cause parthenocarpic growth of 

fruits (Crane , 1964) . 
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It has been reported that the particular biochem 

ical action of GA in vol ves its control of the synthesis 

of certain enz ymes, the most thoroughl y investigated case 

being the secretion of ~-am ylase in barle y endosperm 

(Paleg, 19 60 ; Yomo , 1960 ; Moll and Jon es, 1983) . Gibber 

ellic acid has also been noted to cont ro l the synthesis 

of ,)Cf - 1,3 - glu cana se (Taiz and Jones , 1970) , protease 

(Jaco bsen and Var ne r, 1967) and ribonuclease (Ch rispeels 

·and Var ner, 1967) . Through further e xperiment ation it 

has been observed that GA controls enzyme levels by reg

ulating the synthesis of specific species of mRNA 

(H i gg i ns et .§....L, 1976) . There ore substances wh ich in 

hib i t RNA and protei n synthesis have been noted to pre 

vent the producti on of enzymes in plants ( Key , 1964 ; 

Varner and Chandra , 1964) . It has been postulated that 

the control of the s yn thesis of particular enzymes is th e 

universal mode of action of gibberellins in plant growth 

r egulation (Moo re, 1981) . 

Gibberellic acid also stimulates he activity of 

glycosylation r eactions i n plant tissue , therefore affec 

ting the production of glycoproteins (Schwaig er and 

Tanne r, 1979) . Glycoproteins are widel y distr ib uted in 

both plant and animal cells (Sharon and Lis , 1979) . It 
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has r ece ntl y bee n obse r ved that th os e gl yc opr otein s wh i ch 

have an N- ac et ylglucosamine - asparagine linked oligo 

saccha ri de chain a r e synthesized by means of lipid-linked 

sacch aride i nte rmediates (E lbein, 1979 ; Ericson and 

Delmer , 1977; Forsee and Elbein, 1975) . Since plants 

contain vario us lectins and storage proteins, some of 

which are gl yco proteins, it is likel y that the s ynthesis 

of some of these molecules in vo l ves lipid - linked s accha 

ride intermediates (Hori and Elbein, 1981). 

Hormo ne stimulation of el ongati on growth re sults 

from a temporary weakening or rela xing of the cell wall 

(Cleland , 1971) . There i s cons iderab le evidence that pH 

5 catalyzes the rela xation of the wall i n a manner sim

ilar to that ca t alyzed by hormones (Adams ~ al . , 1973 ; 

Ray le, 1973; Ni tsch and Nitsch , 1956 ; Rayle and Cle land, 

1970) . Gibbere lli ns may acti vate ion pumps within the 

cell memb ra ne , thereby lowering the pH of the wa ll 

(C lel and , 1971; Fisher and Albers heim , 197 4 ; Hage r et 

~' 1971) . It is possible that the direct action of 

plant hormones is on the cell membrane and that the 

reactions within the cell wall which permit elongation 

take place most efficientl y at pH 5 . Howe ver it is mo re 

likely that elongation is catal yzed by wall loosening 

enz ymes which are most effecti ve at pH 5 (A lbersheim , 

197 6 ) . Albersheim (1976 ) has also suggested that the 

enz yme in the plant cell wall which catal yzes cell growth 

is likely t o be a n e ndotr an s gl yco lase , transferring a 
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po rti on o f a po l ysacch a r ide to it s el f . 

Bacit r ac i n i s a pol ypeptide antibiotic produ ced by 

st r ains of Bac illus li cheniformis (Johnson tl .§l...:_, 1945 ) . 

Th e co mmercial form is a mixture of at least nine baci 

t r acins, the main component of which is bac i tracin A 

( Stone and Strominger , 1971) . It is an inhibitor of the 

glycosyl transfers of phosphory l ated po l yprenols invo l ved 

in cell wall synthesis in bacteria (Siewert and 

Strominger , 1967) , as wel l as in plants (Ericson et~' 

1978 ; Montezinos and Delmer , 1980) . In experiments by 

Stone (1980 and 1981), this antibiotic was observed to 

reverse the hormone - stimulated elongation of pea epi 

cot yls, oat coleoptiles and lettuce seedling hypocotyls . 

Bacitracin inhibition of mannose incorporation into 

lipid - linked saccharides has been re versed at high con 

centrations of dolich yl phosphate; however an unexplained 

stimulation was obser ved in the tiss ue ( Spencer tl al . , 

1978) . 

Tun i camycin is a glucosamine - containing antibiotic 

which was isolated from a Strept omyces bacterium 

( Takatsuki et al. , 19 71) . It is an inhibitor of the gly 

cos ylation o f asparagine - lin ked gl yc opr oteins and it spe 

c ificall y bloc ks the first step in t he lipid - linked sugar 

pat hw a y ( Hori §1 ~' 19 85 ) . This antibi otic has been 

s hown t o inhibit the forma t i on of N- acet ylglucosamine 

l ipi d i n pa rticula t e enz yme preparati on s from mung bean 
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seed lings (J ames and Elbein, 1980) , cott on boll s (Er i cson 

tl ~ ' l97 7 ) , cultured so ybean cells ( Hori and El bein, 

1981) and barle y (S chwaiger and Tanner, 1979). 

Mo nensin is a carbox ylic ionophore that is known to 

slo w down the proteolytic processing of lectin in de vel

oping rice embryos and the glycolytic processing of 

ph ytohemagglutinin in develop ing bean cotyledons 

(Stinissen rt~' 1985). It disrupts the normal struc

ture of the Golgi apparatus of plant cells (Mollenhauer 

rt al ., 1982 ; Morre' tl ~' 1983), resulting in an 

inhibition of protein transport from the cisternae to 

the transport vesicles (Chrispeels , 1983; Stinissen et 

~' 1984) . 

Glucosamine is a specific precursor of amino sugar 

components of gl ycoproteins ( Roberts, 1970) and arises 

naturally in germinating seedlings. Above certain con 

centrations .exogenous GlcN is toxic and inhibits growth 

in plant tissues, including roots ( Malca et .§.L, 1967) 

and coleoptiles (Roberts tl .§..L:_, 197 1). It has been 

postulated that the c ytotoxic effects of Glc N may be due 

to the inhibiti on of enz ymes of carb ohyd rat e metabolism 

by its phosphate esters (B er nh ei m an d Oo brog osz, 1970), 

or t o t he fact that the mono s acc haride s t hemsel ves ma y 

be t ox i c agents (Ro ber t s tl .§.L, 1971 ) . 

So dium ort hov anad a te (va nadate ) is an inhi bitor of 

cation - s ti mu late d ATPa s e a s s ocia t ed wi th co rn leaf plasma 
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Chapter III 

MATERIA LS AND METHODS 

Seedling Preparation 

Lettuce seeds (Lactuca sativa L. va r . "Grand 

Rapids " ) were obta1· ned f r om th F e er r y- Mo r se Seed Company , 

Mountain View , Cal i forn i a and were sto r ed at 9 . 0°C until 

utilized in the study . Seeds were imbibed in distilled 

water fo r t wo hours before being sown under white light 

in 100xl5 mm Petri dishes lined with Fisher 9 . 0 cm coarse 

filter paper moistened with 5 . 0 ml of distilled water . 

The Petri plates were then wrapped in aluminum foil and 

the seeds allowed to germinate on the shelves of a Gen 

eral Electric Precision Sc ienti f i c Model 805 growth 

chamber maintained at 25+1°C for 20 h . Afte r this incu 

bation period, seedlings with approximately 1 . 0 mm of the 

radicle protruding from t he seed coat we re remo ved from 

the growth chamber and i mmediately placed in the respec 

tive test solutions .-

Se edling Growth 

t l 12 to 15 Se edlings we re re moved from Approxima e y 

th e first germination dishes using a small paintbrush to 

l t These we re then scattered reduce damage to the pans . 

· di.shes 11· ned with coa rse filter into 100x25 mm Petri 
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paper which had been saturated with 5 . 0 ml of either the 

co ntrol solution (doub l y distilled t ) th wa er or e appro -

priate concent ration of experimental solution . All 
series of experiments were performed in duplicate with 

either two or three runs being e xecuted for each portion 

of the study . The di shes were placed in a Precis i on 

Scientific growth chamber, 15 . 2 cm below two 15 - watt 

fluorescent l ights , and maintained at 25+1°C for 48 h . 

The intensit y of incident light at shelf level was 290 

foot - candles . After incubation the hypocot yl and root of 

each plant were measured to the nearest 0 . 5 mm with the 

aid of a standard centimeter ruler . 

The following hormone and chemicals were obtained 

f rom the Sigma Chemical Company , Saint Lou is, Missouri : 

bacitracin , dolichyl phosphate, gibberellic acid , glucos 

amine , monensin, sodi um ortho vanadate and tunicamyc in . 

Except for monensin, va nadate and Dol - P , all were di 

luted to the appropriate concentrations with doubly dis 

tilled water. The monensin and vanadate were f'rst dis 

solved in 1 . 0 ml of 95 % et hanol before the proper amounts 

bf distilled water were added . The Dol - P was mixed with 

2.0 ml of methanol and was heated to steaming before the 

app r opriate amount of distille d water wa s added . 

Duncan 1s multiple - ra nge test (S teele and Torrie, 

1960) was used to determine significant differences among 

experimental treatments at the 5% le vel. Treatment means 
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that are not sign i ficantly different at the 5% le vel are 

denoted by an asterisk in the tables . 
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Table I . Effects of var yi ng concen ra ans of bacitracin 

upon gibberellin stimula ion of et ce seeding ypo -

cotyls after 48 hours growth . 

sets of replicate exper · me s . 

Treatm ent 

10 µg / ml GA 

5 µM bacit r ac · 

10 M ba c r ac in 

25 µ bac i acin 

50 µ bac i r ac 

10 µ g/ 1 G • 5 µ Dac:: : a~:~ 

10 ug / l ,;. 

10 µg / ml G.J\ 

0 µ / 
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seedling hypocotyls , both with and wi ' hout GA , are de -

picted in Figure 2 . In these experiments t e ef ects of 

va r ying concentrations o tunica ycin a o e differed 

little from the contra o s·g i ica n ere ces were 

found amon an y 0 
~ 1. ese va ic a ye: 1. 

L es . L e 

presence o f GA re versed e o :- e st · u_a 0 a on-
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with 20 µg / ml of this ionopho re reversed the hormone 

en hancement of elongation to that of control le vel . 

Concentrat ions less than 20 1 1 . µgm monens1n had no 

signific ant effect upon lettuce seedli"ng root growth 

(Figure 5 ) . At 20 ~g /m l this antibiotic significantly 

inhibited root elongation in the presence and absence of 

GA . 

Effects of Glucosamine and Gibberellic Acid 

The effects of GlcN and GA upon the growth of intact 

lettuce seedlings are listed in Tables II and III . No 

significant differences were observed among treatments 

of 10 to 200 µg/ml GlcN alone and the control . Experi 

mental treatments of GlcN at or above 20 µg / ml were suf

ficient to negate the gibberellin stimulation of lettuce 

hypocotyl elongation . Treatments of 75 to 200 µg / ml GlcN 

and GA were not significantly different f rom the control . 

All treatment s of GlcN (10 to 200 µg/ ml) were observed 

to significantly inhibit root elongation with and without 

GA . 

Effects of Vanadate and Gibberelli c Acid 

The effe cts of vanadate upon the gibberellin stim-

ulation of lettuce seedling hypocot yl elongation after 

48 hours growth are sho wn in Figure 6 . Vanadate alone 

Up on hypocot yl growth ; however had no significant ef f ect 
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Table II . Effects of varying concentrations of glucos 

amine upon gibberellin t· simulation of lettuce seedling 

hypoco tyl growth afte r 48 hours i ncubat i on . Data are 

averages of th r ee sets of replicate experiments . 

21 

Treatment Percent of Control 

10 ,ug/ml GA 324 . 2 

10 µg / ml glucosamine* 99 . 0 

20 µg/ml glucosamine* 96 . 8 

50 µg /ml glucosamine* 80 . 0 

75 ,ug / ml glucosami ne* 76 . 8 

100 ,ug / ml glucosamine* 93 . 7 

200 µg / ml glucosamine* 80 . 0 

10 µg / ml GA + 10 µg /ml glucosam · ne 3 5 . 3 

10 µ g/ml GA + 20 µg /m l glucosam · ne 269 . 8 

10 µg / ml GA + 50 µg / ml g ucosamine 229 . 5 

10 µ g/ml GA + 75 µg /ml glucosamine _39 . 0 

10 µg / ml GA + 00 µg/ ml glucosami e* 13 . 7 

10 µg / ml GA + 200 µg / ml glucosam · ne * 

* De notes treatments not signi ican l · ai erent rom the 

cont r ol at the 5% leve as dete mi ned using D ncan 's mul -

tiple - range test . 
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Table III . Effects of glucosamine and gibberellic acid 

upon lettuce seedling root ft s a er 48 hours growth . Data 

are averages of three sets of replicate experiments . 

Treatment Percent of Cont r ol 

10 µg / ml GA* 104 . l 

10 µg / ml glucosamine 36 . 5 

20 µg / ml glucosami ne 7 . 9 

50 µg / ml glucosamine 12 . 3 

75 µg /m l glucosamine 9 . 2 

100 µg / ml glucosamine 5 . 9 

200 µg/rnl glucosarni ne 5 . 1 

10 µg / ml GA + 10 µg / ml gluc os am i ne 40 . 7 

10 µ g/ ml GA + 20 µg / ml gluco sa m· ne 18 . 

10 µg / ml GA + 50 µg / ml glucosam i e 3 . 1 

10 µ g/ ml GA + 75 µ g/ ml glucos amine 3 . 1 

10 µg / ml GA + 100 µg/ ml gluco s ami ne 8 . 2 

10 µg / ml GA + 200 µg / m gluco s a in e 5 . 

* Denotes treatments not s i gn i f i ca n y d: e r en t f r om the 

cont r ol at the 5% le ve l a s de t e r mined s ing Dunc an ' s mul -

tiple - range test . 
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it negated the hormone stimulati on of his tiss ue at a 

mi n im um concentrati on 0 50 µM. co ncent ra i on 0 00 

µM vanadate re verse d th e A e 
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Table I V. Effect of dolichyl phosphate upon the baci 

traci n negation of gibberellin enhancement of lettuce 

hy poc ot yl elo ngation after 4 8 hours gr owt h . Data are 

averages of two sets of replicate experi ments . 
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Treatmen t Pe r cen t of Cont r ol 

10 µg/ ml GA 

10 µM ba c i t r aci n* 

50 µg /m l 0o l - P* 

100 µg/ml 0ol - P 

10 µg/m l GA+ 10 µM bacitraci n* 

10 µg/ ml GA+ 50 µg /ml Dol - P 

10 )Jg / ml GA + 10 0 µg / ml Dol - P 

10 µM bacitracin + 50 g/ml Dol - P 

10 µM bacitracin + l00 · µg / l Dol - P 

10 µg / ml GA+ 10 µ bacitraci 
50 µg / ml 0ol - P 

+ 

10 µg / ml GA+ 10 µM baci 
100 µg /m l 0ol - P* 

acin + 

S ig · fica * Denotes trea ments not 

280 . 0 

88 . 3 

90 . 0 

50 . 0 

94 . 0 

52 . 

5 . 7 

76 . 7 

3 . 3 

18 . 0 

0 . 7 

y di fere f r om the 

cont r ol at the 5% leve as eter inea usi g uncan ' s u -

tiple - range test . 

berellic acid . 

0ol - P= do ich y osp ate an GA= g·b -
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Table V. Effects of dolichyl phosphate, bacitracin and 

gibberellic acid upon lettuce seedling roots after 48 

hours growth . Dat a are averages of two sets of replicate 

experiments . 

Treatment 

10 µg / ml GA* 

10 µM bacit r acin* 

50 µg/ml Ool - P 

10 0 µg/ ml Ool - P 

10 µg /m l GA + 10 µM bacit r aci n* 

10 µg / ml GA + 50 µg / ml Ool - P 

10 µg / ml GA + 100 ,u g/ ml Dol - P 

10 µM bac i trac i n + 50 ,u g/ m Do - P 

10 µM bac itr aci n + 100 µg/ ml Dol - P 

10 µg / ml GA + 10 µ M ba c i t r acin + 

50 µg / ml Ool - P 

10 µg / ml GA + 10 µ M bac i t r aci n + 

100 µg / ml Oo l - P 

t si gn i i cant * De notes tre at ment s no 

cont r ol at t he 5% le ve l as de te r ~ned 

Percent of Contr ol 

105 . 0 

88 . 5 

48 . 0 

16 . 3 

89 . 0 

5 . 0 

3 . 5 

2 . 6 

5 . 0 

6 . 

di ~erent f _om t he 

si g Dunc an ' s mu -

t i pl e - ra ng e t e s t . 

ber ell i c ac i d . 

Oo l - P= do ic Y- P os . a ea a 
A= gi b-



mo r e inh i bit or y than treatments containing 50 µg / ml 

Oo l - P . 
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Chapter v 

DISCUSS IO 

The data obtained in this st udy i d · ca e at 10 

µg / ml GA stimulates elongation o Gra 

seedling hy pocotyls incubated und er 

a s e t uce 

for 48 ho urs . This has been obse ve by a y o er 

in ves tigat ors , alt houg he e pe e a_ ara e ers 

var i ed wit h re sp ec o in c uba o e e a e 

C a e ce use amount o light and pa 

(F r ankland and Warei n 

St one , 19 8 1 ) . 

. 96 s· i< a d o es . 7 5 · 

The r e a r e con C n e o r s a s e s ca ce 

o gi bbe e11 · n af ec 

l 6 ; Tor ey , 9 6) . 

µg/ ml GA had no s 

when t he p an s e e 

' 8 hour s . 

i g e ac ~ tha 

l · mi e 

co cen a on 

. f i C a 

0 

i ber el i n en an e e~ 

t : s st c a t~ ea t e · ~. 

ec t ::) ,., .... . e :o. a · en t e I.; - . - " 

, :. : e ~ ' ..., '"' .. a ') ',.. · o . 
n un e . ,, - .. .... \,. - I.; 

e s 0 
•• 
• I. . 

ow'" t ot e lee i t e : o : : ~-
S: ne 

98 1 ) a so e ns r a e 
oco 

t i e i negati ng 0 ore 
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elongation . Since bacitracin is an inhibitor of the gly 

cosyl transfers of phosphorylated polyprenols involved 

in cell wall synthesis (Siewert and Strominger, 1967) , it 

is possible that its mode of action is to a ~ect the GA 

stimulation of glycosylati on reacti on s n pan t ·ss ue 

(Ho ri and Elbein, 1981 ; Schwaiger and anne 979 ) . n 

t his way bacitracin could limi ce l a le onga i on and 

hy poc oty l growth hroug h the eversa o en ace e 

of gl ycoprotei n s ynthesis . 

Bac itracin alone ad no si n ca e e u 0 

hypocoty l elonga t i on , ye s ca n e 00 

growth at concen ra ions be een 5 an SJ (Fi ur e ) . 

It is known a t t GA as no e""e c 0 oo e o a o 

( To rr ey , 976 ; Cle an T e se a: a e e ec s of 96 ) . 

bacitracin upon le t uce y oc t1:s a :- oats cou e ue 

t o some ph ysi ol ogi ca 

enzyme s yn hes · s or o o e 

: c :o r :s 

chus · nhi bit · ng ce ,. a 

Tun i ca ycin a o...,e 

el onga ion, ho e e:- a 

wg / ml i si ni - ica , 

o le tuce seed in h 

control (Fig ure 2) . S.:. 

to in ibit t ' e 0 

several ypes 0 D an · s 

tl ~' 197 
' 

Sc aiger 

0 s 

:e::ss ·e . 

ac: .., a e ·"ec: 

a :J 

!" e e :- se~ t e 

a : ~ I 

: • e 

e _..., : :a 

_:; a es a '-- - - e : 

e. ;; -
3 a I ::, 

- .. :s o:- obab e 
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t hat t his action may contribute to th . 
e negation of 

gibberellin stimulation of hypocotyl growth in some way . 

Further biochemical research on the effects of this anti 

biotic on gl ycoprotein synthesis is needed be fore any 

conclusions can be drawn . 

Tunicamycin also inhibited Grand Rapids lettuce 

seedling root elongation at concentrati on s of 25 t o 50 

µg / ml ( Figure 3) . This ma y be a res ult of th e i nh i bi t i on 

of some aspect of pr otei n glycosylat i on and there ore 

cell wall elongation (Hori~~' 1985 ) , or a res u of 

the in hibition of r oot gr owth by the gl ucosa mi ne com po 

nent o f tunica myci n (Malca et~ ' 967) . 

Mo ne ns in alone ha d no e ec upon ypoco yl el on ga -

ti on at concent r a t i on s less han 20 g/ (F · g re ) . A 

a concentration of 20 µg / m , hi s an · o · ot · c si gn 

i cantly i nh i bited hypocot yl gr o h . c · bbe e · n enh ance -

ment of hypocotyl el ong at i on as a so eversed o e 

level of the contr ol wi th 2 ~g/ 

able tha t its acti on pant e Go 

for the i nhi biti on of hy pocoty 

onens · n . is pr ob -

aopara JS accounts 

r o at ni 

l 982 ·, 1 o : e ' ~ a · tions ( Mo llenhauer et~ , 

co ce 

98 3) . 

Its effect upon prote a yti c pr ocess 9 as escr i oe by 

Stin i ssen ~ .§..L_ ( 1985 ) most 

wh i ch mon ens i n acts to nega e gi bb er e 

s t e ec ani sm by 

in s'"· mu a i on . 

0 e ire t o mon ensi n · as 3 s -co nce ntration of 20 ~g / m 

a -

s i gn i ficantl y t · on (Fi g re 5) . sin · nh 1. bit r oot el nga l 
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the case of its effect pan ypoco y gro e ac ion 

of this ionophore upon t e Go gi ap ara s ay resu i 

growth inhibition at concen ' . ra 0 s of a eas - 2 Im 
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functions as a pr oto n pum p. Hormone - s t imulated elong 

ation of hypocot yls has been proposed to be a res ult of a 

change in pH due to stimulati on of an ion pump (Cleland, 

1971 ; Fisher and Albersheim , 1974 ; Hag er et al. , 1971) . 

Therefore it is possib l e that the actio o vanadat e 

could block a specific ion pump tha may be cata yzed by 

GA . It has also been obs erved t a va ada "e i ' bit s 
mitochondrial and gl ycol yt ic ene gy e a 0 s (D e as e s 

and Mitche ll, 1973 ; Velou s e a . 9 5 ) . s ay a so 

cont rib ute t o the nega ion e a e e o f e ~uce 

hypocotyl elongati on . 

Vanad a e was ·ob s e r ed t o i- - e • - ce see ; 

r oot gr ow h with r ea 5 CO La i 2 0 

this s ubstance (Figu e ) . a e case y 

the inhibiti on o 0 

gy metab oli sm , 

bloc king g ycopr o e 

t . I"' y 

sy tnes:s . 

Mola r effec · veness 

reat ens er e conp a e 0 

cent r a ti on r e uire 0 :- e e r se 

· to ypoco yl el onga ion 

0 of 25 

. e :- e'_ .:. .., s: .:. .. "'_a:.:.o _::) 

I c -

racin at a concen a 

i n re ve r sing or. o e- e 

co yls ; Cle ( 75 µg / l 

negating gibberellin 

concentrations of he 

r - .:: 3 I ~r ' 1' as 

, i n i 

t e r s bs - an e s ,.., te :- e e se 
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the hormone en hancement of gr th 
ow were : 20 µg / ml (29 µM ) 

monensin , 50 µM va nadate and 50 
µg/ml (60 µM) tun i camy -

cin. 

Bacitracin was al b so O served to be most effective in 

inhibiting root elongation of lettuce seedlings . A con -

centration of only 5 11M sign 1·f 1· cantly · 
~ i nhibited root 

growth as compa r ed to the co nt r ol . Co ncent r ations of 20 

µg / ml ( 29 µM) monensin, 25 µg / ml (30 µM) tunicam ycin and 

10 µg / ml (46 µM) GlcN were moderatel y effecti ve in inhib 

iting root growth . Vanadate at a concentration of 200 µM 

wa s least effecti ve in inhibit ing lett uce seedling root 

elongation . 

Dolichyl phosphate was ob ser ve d to re ve rse the baci 

tracin negation of gibberellin stimulation of lettuce 

hypocotyl elongation at a concentration of 50 ~g / ml 

( Table IV) . Ericson e t al . (1978) and Mont ezinos and 

De lmer (1980) have repor ted that bacitracin is an inhib 

itor of the gl ycosy l transfers of phosphorylated poly 

pren ol s in vo l ved in cell wall s ynthes is in plan ts . Dol i 

chyl phosphate is a phosphor ylated pol yp renol know n to be 

invol ved in the synthesis of glycoproteins in higher 

75 L hl and Tanner, 1975) . plants ( Forsee and Elbein, 19 ; e e 

Glycosyl 

known to 

transfer reacti ons i n castor beans are also 

be dependent upon Dol - P (M arri ott and Tanner , 

197 9) . It is ver y li kely that bacit ra cin may be in vo l ved 

in the inh i bit i on of the gl ycosyl transfer of this 
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particular phosphorylated polyprenol . Addition of Dol - P 

t o the GA/bacitracin treatment may allow the gl ycos yla 

tion reactions to continue and therefore allow cell wall 

elongation to proceed as usual . A concentration of 100 

ug/ml Dol - P accompanied by 10 uM bacitracin and 10 ug / ml 

GA did not reverse the bacitracin negation of ho r mon e

stimulated hypocotyl growth . It is possible that this 

high concentration was slightly t oxic t o e iss ue, 

since othe r treatments conta in i ng 00 ug / m Dol - P si g

nificantly inhibited hypoc oty l e onga on . Tee i s a 

possibility that the ac cu mu ation of 

cell membrane may con tri bu e o he g o 

is 

s 

id n e 

ress on . 

A treat ment contai ning on y 5 ug/ 

ni f i cant effect upon ypoc o y e onga 

Do - 0 ad nos g

is po s u-

lat ed th at t hi s co ncentra i on d ' no con ai enoug 

lipid t o s i gn i i cantl y i hib · t ce : a e onga on n 

t he l e tt uce hy poco y . 

Oo li chy l ph osp ha e as a'so O se 

ett uc e s eed i ng . co e'onga ~ o cant y inh'bi t 

tr e a tments conta ' ni ng 50 

i -

a 

s 

poss i ble that le uc e r oo s a e mo e sens e o conc en-

tr a ti ons of Dol - P t han a e 

in t his st ud y i nd i ca e 

Dol - P signi f i can t Y 

e f fect up on hypocot y gr o 

a 

e ce 

oo : e 

s . e a ta 

5 I 

u a 0 



Chapter VI 

SUMMARY 

Th is study was under ake n od e er 

fects of baci raci n , un · ca yc i , o e s 

and vanadate upon t e gi bbe:e ins 

Rapids le tu ce se edl ing y oc e 

e 
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Oolichyl phosphate was observed to reverse the baci 

tracin negation of GA enhancement of lettuce ypocotyl 

growth at a concentration of 50 ~g/m 

ylated polyprenol also in h "b"Led et 

elongation at concentra io s f o 

roots treated with 100 µg /ml Do - P 

shorer than those rea ed 

hou rs growth . 

I 5 

s phosp or -

ce seed g roo 

I 5 a 

ere s · g · rica y 

g/ ;)o :> af er 
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