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ABSTRACT 

Lactuca sativa L. va riety Mesa seeds were irradiated with 

far-red and r ed light to determine if photosensitivity could be induced 

in thes e dark ge rminating se eds. The effects of various inhibitors of 

e l ectr on transp ort and inhibitors plus ATP on the induction of photo­

sensitivity were observed. A study was made of the interrelationship 

between pr otein synthesis and the induction of photosensitivity. 

R e sults indicate that a far-red, red photosensitivity wa s 

induced in the Mesa lettuce se e ds. Gibberellic acid and thiourea 

r eve rs e d the effec ts of far-red light and stimulated germination. At 

ce rtain concentrations DCMU, hydroxylamine, phenazine methano­

sulfate, and dinitrophe nol caused a reversal of the induction of photo­

sensitivity. Howeve r , wh en s eeds were irradiate d with far-red light, 

DCMU, hydr oxylamine o r phenazine m e thanosulfate plus 10 pM ATP, 

there wa s a r e instatement of induced photosensitivity. The results of 

14C-leucine incorporation into pr ote in did not indicate that the various 

inhibitors of electron transport act to influence prot e in synthes is. The 

data fr om these experiments se em to indicate that there is an el ectron 

trans p ort system that acts to influence germination in the Mes a variety 

of l e ttuce seeds. 
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CHAPTER I 

INTRODUCTION 

Many seeds such as Lactuca sativa variety Grand Rapids 

(Borthwick et a., 1954) and Nicotiana tabacum (Boucher, 1956) require 

light in order to germinate. Lactuca sativa variety New York and va­

riety Mesa, however, are not dependent upon light and germinate quite 

well in darkness. Experimentation by Borthwick et al., (1952) indi­

cated that germination in Grand Rapids lettuce seeds could be controlled 

by red and far-red light. Studies by Mills (1971) demonstrated that a 

far-red, red photosensitivity could be induced in the dark germinating 

variety of New York lettuce seeds. 

Various inhibitors such as DCMU (3,4-dichlorophenyl)-1,1-

dimethylurea) and hydroxylamine are known to block the flow of electrons 

in the electron transport system of photosystem II of photosynthesis 

(Katoh, 197 2; Cheniae and Martin, 1971). Phenazine methanosulfate 

is an inhibitor of electron flow in photo system I (Papageorgion, 197 5). 

Yet another inhibitor, 2, 4-dinitrophenol, is commonly used to inhibit 

the electron transport system in oxidative phosphorylation (Schneider 

and Stimson, 197 2). 

This study was undertaken to: 1) determine if a far-red, r e d 

h 
· · · ld be induced in the dark germinating variety of 

p otosens1tiv1ty cou 
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Lactu ca sativa vari e ty M e s a; 2 ) inve stigate the r e s ponse of the photo­

induced M e s a seeds to som e stim ulator s of ge r m inati on, gibb e r e11ic 

acid a nd t hi o ur ea ; 3) study th e e ff e c ts of vari ous inh ibitor s o f e l ec tr on 

trans p o r t on t h e inducti on of phot o s e nsitivity in th e M e sa l e t t u c e s eeds; 

4 ) ob s e r ve the inte rr e lati onship of vari ous inhibitors of electrons a n d 

a ls o the inhibito rs c ombined with adenosine triphosphate on pr ot e in 

s ynthe sis and the induction of photosensitivity in the Mesa lettuce 

s ee ds. 



CHAPTER II 

REVIEW OF LITERATURE 

C e rtain vari e ties of se e ds such as Lactuca sativa variety 

Grand Rapids (Borthwick et al., 1954), Lepidium virginicum (Toole , 

1955), Rheum rhaponticum, Nicotiana tabacum, Agrostis alba (Boucher, 

1956), and Arabidopsis thaliana (Shropshire et al., 1961), require 

light for germination. Others such as Lactuca sativa variety New 

York and various Italian varieties (Mancinelli and Borthwick, 1964) 

hav e no light r e quir e ment and ge rminate quite well in darkness. 

Borthwic k and associate s (1952) found that th e red r egion of 

the spectrum b e tw een 590 and 680 nanometers (nm) wa s the most 

effective wavelength for the pr omotion of ge rmina tion in Grand Rapids 

l e ttuc e se e ds. Long e r wavelengths between 700 a nd 800 nm, commonly 

calle d far-red, inhibite d germination. The red (R), far-red (Fr) 

r eve rsible system which controls germination in Grand Rapids lettuce 

seeds has been describ e d for many other s eeds (Borthwick e t al., 

196 4; Downs, 1964; Chon and Brigg s, 1966). Mancinelli (1966) d emon­

strated that exposure of dark germinating t omato seeds to prolong e d 

periods of far-red li ght induced a red, far-r e d photoreversible system 

· T oole ( 1956) found the photoreaction in light 
contro lling ge rmination. 

b tr oll e d by two forms of a blue chrom opr ot ein . 
requiring seeds to e con 



The te rm photoch r om e was late r pr oposed for this substanc e (Butle r 

e t a l. , 1960). 
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Phy t ochr om e exists in at least tw o diffe r e nt forms (Hendri ck s 

a nd B o rthwick, 1965) • The biologically inac tiv e form phytochrome PR 

ha s an abs orpti on maximum near 660 nm . The unstable and biologically 

a c t i ve f o r m of phytochrome PFR has an absorption maximum nea r 

730 nm . After irradiation by red light, PR is transformed into PFR· 

The opposite reaction occurs after exposur e to far-red light (Rollin, 

1966). Other investigations have indicate d that there may be some 

phytochrome inte rme diate s (Spruit et al. , 197 5; Grill and Vince , 1966). 

PFR is unstable and in darkness undergoe s a reversion to PR . This 

spontane ous destruction of PFR to PR is influenced by temperature and 

inhibitors (Rollin, 1966). 

Phyto chrome has_ b een d e tecte d, extracte d and purifie d (Butler 

e t al. , 1959) and many of its physical prope rti e s determined (Butler) 

t 1 1963) It 1. s known to mediate anthocyanin synthesis (Schneider e a . , . 

and Stimson, 197 2) . However, the me chanis m o r mechanisms by which 

phytochr om e induc e d va rious photomorphogeni c r e spons e s has not b een 

fully e luc idated. H endricks (196 7) propos e d tha t phytochrome c ontrols 

g r owth r e sponses by alte ring c e ll permeability . Mohr ( 1966) sugg e ste d 

· 1 d · the activation of 'pot entially activ e ' gene s. 
that PFR m ay b e m vo ve m 

· d th t p R is the active for m which acts as an 
Rollin ( 1966) theoriz e a F 

e n zym e. 
. . d . b K endrick a nd Spruit ( 1974) pos tulate d 

A dditi onal stu i e s Y 



that there is a continual pr oduction of PFR during the imbibition stage 

of germina ti on. Supplem t 1 t d " e n a s u 1e s suggested tha t in dried seeds a 
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ce rtain propo rti on of P · t d f FR is pres en an acts rom the start of imbibi-

tion. 

Recent investigators have examined the High Energy Response 

(HER) that controls germination. High Energy Reactions are believed 

t o arise through the maintenance of a low level of PFR over a prolonged 

time (Hartman, 1966; Schneider and Stimson, 1972). The 1 term HER 

is perhaps an inaccurate one because the initiation of germination 

depends on the duration of light rather than the intensity (Rollin, 1966). 

Responses that are regulated by phytochrome exhibit photoreversibility . 

Photoresponses that exhibit evidence of a high energy reaction also 

h a ve a phytochrome reversibility (Schneider and Stimson, 1972) . 

Hartman ( 1966) found that under high energy conditions PFR will be 

destroyed . Rollin (1966) supported this same conclusion when he 

suggested that periods of far - red irradiation are necessary to transform 

the molecules of PFR (already present fr om the start of imbibition) 

into PR, Furthermore he proposed that in dark germinating seeds the 

light requir e ment is not by-passed but the required PFR is present in 

the s ee d. Howeve r, when all the evidence is re viewed there is still 

some uncertainty. 
Grill and Vince ( 1966) concluded that at least two 

inv olved in the response to red and far-red 
photochemi ca l r ea c tions are 

formation of substrates used in the second 
li ght ; the first l eading to the 



r ea c tion. Thus they have d th · d. . ' us e e ir stu 1es of anthocyan1n synthesis 

to link the red far d h , -r e P otoreversible system to the high energy 

response. 

In 1960, Kahn reported that gibberellic acid could substitute 

fo r re d light in promoting germination in seeds that do not germinate 
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in darkness because of far- red inhibition. In every situation examined, 

it was found that gibberellic acid could replace red light. Studies 

corr e lating gibberellic acid to phytochrome were conducted by Toole 

et al. , (1961). They investigated the mode of action of gibberellic 

acid on the germination of light requiring seeds such as Grand Rapids 

lettuce seeds and Lepidum virginicum. They established that gibberellic 

acid allowed the germination process to by-pass the light requirement. 

They also noted that the inhibitory action of far-red light was influenced 

by the concentration of gibberellic acid . Gibberellic acid has been 

used in other studies as a stimulator of germination (Poljakoff-Mayber 

et al., 1958; Haber and Luippold, 1960; Ikuma and Thimann, 1960; 

Burdett, 197 2; Black et al. , 1974). Ikuma and Thimann reported that 

far-red light of short duration does not inhibit germination of seeds 

that have be e n treated with gibberellic acid. They further speculated 

· ·t· t one of the chemical reactions 
that gibberellic acid acted to rn1 1a e 

1. ht reaction, so that the end product 
which norma.lly result from the ig 

. h t d ced by the light. 1s the same a s t a pro u 
Different studies by Burdett 

h suspends the action of gibberellic acid, 
(1972) noted that far-red lig t 
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but doe s not prevent s ee ds fr om r e sponding to gibb e r e lli c ac id when 

they are placed i n the da r k . He proposed that gibbere llic a c id has an 

effect on p erm eability . Gibberellic acid studies to date are best 

d e s c rib e d in a paper by B lack et al. (1974) when they stated, "the 

method by which the action of phytochrome is translated into seed 

g ermination is still unknown. The interaction between gibberelli c acid 

a nd phytoc hr ome also rema ins unsolved . 11 

The c hemical thiourea h a s been used to stimulate germina tion 

(Poljakoff-Mayber et al., 1958; Haber and Luippold, 1960 ; Hendricks 

a nd Ta ylors on, 197 5). Its mode of action has not been as thoroughly 

investigated as that of gibberellic acid, but there is agreement that 

thiourea can break dormancy in lettuce seeds. Haber and Luippold 

(1960) announced that thiourea inhibited mitotic acitvity yet it still 

stimulated germination . 

In recent years many inve stigators ha ve employ ed the h e rbicide 

DCMU in studies involving photo s ynthesis . In 1958 Bishop probed into 

the effe cts of DCMU and noted that it was a pow erful photoreducta nt . 

Sinc e this time his work has been confirm e d by Kimmura and Katoh 

(197 2). d . by these men were designed to disc over the Additional stu 1es 

exa c t site where DCMU interfered with electron transport in phot o -

s ynth es is . 
. d th t DCMU block e d elec tr on tra nsport on 

It wa s determine a 

the re ducin g side of photosystem 11 · 
DCMU was thought to block the 

Q d the adja c ent p ool of endogenous 
transfe r of elec tr ons betw een an 
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e l ec tr on acc e ptors in photosystem II (Yama shita and Horio, 1968). 

This was supported by the work of Katoh ( 197 2). Thus, photosynthesis 

has been closely studied by the use of artificial electron donor systems 

(Vandermuelen et al., 1972; Shneyour et al. , 1970; Sargent and Taylor, 

197 2; Vernon et al. , 1971; Ar non et al. , 1971). Investigators decide 

that e le c tron transport h ;,i. s been blocked by measuring the amount of 

ATP tha t is formed (Yamashita and Horio, 1968; Stranger and Appleby, 

197 2). 

Another chemical used to inhibit photosynthetic electron trans-

port is hydroxylamine. This chemical inhibits a site on the oxidant 

side to photosystem II, and thus serves as an electron donor (Katoh 

et al. , 1970; Cheniae and Martin, 1971). This role of hydroxylamine 

was investigated by measuring the oxygen evolving capacity in the 

presence of hydroxylamine . This inhibitor attacks a site different 

from DCMU, and it also does not inhibit photosystem I mediated 

electron transport in any way (Ort and Izawa, 1973). The role of 

h d 1 · · G d Rapids lettuce se e ds and pigweed Amaranthus y roxy amine 1n ran 

albus was recently investigated by Hendrick and Taylors on (1974, 1975). 

They reported that hydroxylamine did promote germination by inhibit-

enzymes which thereby trigger a different 
ing the formation of catalase 

electr on transport system. 

W
hich is used in electron transport studies 

Yet another inhibitor 

1s phenazine methanosulfate · 
It is thought to be a synthetic cofactor 



whi ch supports very rapid phosphorylation (Jagendorf a nd Avr on, 

1958). It may act as an int d. 1 · erme 1ate e ectron carrier across some 

gap in electron transport. It is known to stimulate cyclic photophos­

phorylation in photosystem I (Papageorgion, 1975). This inhibitor 

functions to cause respiratory inhibition by causing a change in the 

ATP/ ADP balance (Sargent and Taylor, 1972). Furthermore in plant 
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mitochondria, phenazine methanosulfate can serve as a redox mediator . 

Its presence can cause a marked stimulation of ATPase and thus 

phenazine methanosulfate can effectively short- circuit reversed electron 

transport (Lambowitz et al., 1974). 

Dinitrophenol is known to inhibit oxidative phosphorylation 

(Schneider and Stimson, 1971, 1972). This uncoupling of mitochondrial 

phosphorylation serves to block ATP synthesis (Lado, 1973). In addi-

tion dinitrophenol is known to reduce anthocyanin synthesis in turnip 

seedlings (Schneider and Stimson, 1971). Subsequent studies have 

reported that p action and photoreversibility are maintained in the 
FR 

presence of low amounts of dinitrophenol (Schneider and Stimson, 197 2). 

Recent investigations have examined the effects of adenosine 

triphosphate on seed germination and protein synthesis. The data 

. d Ch . (l 97 2) indicate that the ATP level is 
r eported by Ching an mg 

1 d 
·th growth organogensis, and morphogenesis in 

directly corre ate w1 , 

seed developm ent. 
. b B ley and Gowdz ( 197 5) utilizing dried 

Studies Y ew 

. synthesis was not mediated directly 
mosses indicated that protein 



through ATP availability. However, in 1974 there were conflicting 

studies by Obendorf and Marcus. They suggested that ATP could be 
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the limiting factor in polyribosome formation and therefore be a signif­

icant factor in the regulation of embryo germination. They noted that 

the rapid increase in ATP during imbibition was consistent with the 

energy requirement for polyribosome and protein synthesis during 

early germination. 



CHAPTER III 

MA TE RIALS AND METHODS 

S e ed Germination 

Seeds of Lactuca sativa variety Mesa were purchased from 

Joseph Harris Seed Company, Rochester, New York, and used through­

out the study. All seeds were first imbibed in distilled water in dark-

n e s s for 1. 5 hours prior to any light treatm ents. At this point s e eds 

in lots of approximately 100 were sown in 5 centime ter (cm.) petri 

dishes. Each dish contained a Whatman No . 1 filter paper which was 

saturate d with 1. 5 milliliters (ml.) of an appropriate experime ntal sol-

ution. The m ethod was similar t o that of Black and Richardson (1965). 

After exposure to 24 hours of far-red light, s eeds wer e taken 

t o a darkroom . For the rins e d se eds, s eeds we r e rins e d 3 tim e s and 

1 ml of the appropriate solution was added fo r the g e rmination pe riod. 

For germi n a tion all s ee ds we r e plac e d in light-pr oof p e tri dish ste rili­

zation cans and allowed to germinate at 25° Celcius fo r 48 hours in 

da rkne ss. Em e rgence of the radicle was us e d as th e c riterion fo r 

ge rmination , A 
· t · n p e r centage s that fo ll ow repres ent the 11 g e rmrna 10 

· · um of two diffe r ent runs of tripli­
mcan ge rmination based on a mmim 

cate dishes . 



The light s ource used in the se expe rim ents consisted of a 150 

watt r e fl ec t o r fl ood op e rating at 120 volts. The lamp was attached by 

12 

a m etal clam p to a ring stand and placed 78 cm above the seeds. Far­

r e d light was obtained by passing light through a Carolina Biological 

Supply (CBS) No. 750 plastic filt e r . An 8 cm solution of water was 

positione d between the light sourc e and the filter to r e duce h eat effects. 

Red light was obtained by passing light through a CBS filter No. 650. 

A solution 8 cm in depth containing a 1 percent copper sulfate solution 

was positioned between the light source and the filter to absorb far-red 

light. The darkroom was equipped with one 20 watt fluorescent lamp 

wrapped in 10 layers of green cellophane and 10 layers of blue cello-

phane . This lamp was used when seeds were m a nipulated in the absence 

of r e d or white light. 

Labeled Precursor Incorporation into Seeds 

Seeds in lots of 100 milligrams (mg ) were placed in solutions of 

the various inhibitors and inhibitors with adenosine triphosphate. All 

d t 1 m icrocuri e of 14C-leucine and 0 . 1 ml of 10· seeds w e re expose o 

millimole (mM) of penicillin. This radioactive label was exposed to 

. 24 hours of far- r e d irradiation. the seeds during the e ntir e The extrac-

lettuce seed protein was modified from Mans tion method e mployed for 

and Novelli ( 1966) as follows· Seeds were placed in a Gooch crucible 

d . d with distilled water to r em ove 
attached to a suction flask an rinse . 

. to the seed coat. any precursor adhering 
The tis sue was ground in a 



mortar a n d p e stl c c hille d on ic e . The mortar and p e stle contain e d 

2 . 5 m l of lO mM Tris Buffer at pH 7. 8 containing 0. 2 mg per ml of 

1-le uc inc . 
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Soluble label precursor pool within the tissue was estimated by 

placing 0. 1 ml of homogenate into a test tube containing 3 ml of 10% 

trichloroacetic acid (TCA). The solutions were chilled on ice for one 

hour and then centrifuged for 10 minutes. At this point 0.1 ml of the 

supernatent was pipetted onto glass fiber papers and dried for 15 min­

utes under an infra-red lamp. To determine the soluble precursor 

pool the fiber paper was transfered to a liquid scintillation vial con­

taining 10 to 15 ml of scintillation fluid (4 grams of 2, 5-diphenyloxazole 

and 50 mg of 1, 4-bis-2(5-phenyloxazolebenzen e p e r liter of toluene) 

and counted in a Nuclear Chicago Unilux II liquid scintillation counter 

for 10 minutes. 

The protein homogenate in lots.of 0. 1 ml was pipetted onto glass 

fiber papers and dried under an infra-red lamp. To precipitate protein, 

the papers were submerged in ic e cold 5% TCA for 15 minutes and 

ld Sot TCA and 100 ppm 1-Leucine . rinsed twice with co 10 
The pape rs 

a1 TCA f 10 minutes at 90°C. were then incubated in 5 ·,o or 
This was 

followed by another cold 5% TCA treatm ent. E.thanol was added and 

The papers were subs equently treated for 
warme d 3 minutes at 70°C. 

3 minutes in ethanol/ether/chloroform (2: 2: l). 
After decanting the 

h d . acetone and dried overnight. 
liquid, the papers were was e in 

The 



papers we r e placed in vials containing scintillation fluid and counte d in 

a liqui d s cintillation counter for 1 O minutes. 

A c olorimetric as say for protein was accomplished using the 

m e thod of Schacterle 0973). Alkaline copper reagent in the amount of 

1 ml was added to both 1 ml aliquots of the remaining homogenate and 

various concentrations of bovine albumen. These mixtures w e re 

allowed to stand for 10 minutes. At this time 4 ml portions of phenol 

reagent were pipetted into the mixtures. These solutions were incu-

bated in a water bath for 5 minutes at 550c. To estimate colorimctri-

cally the total seed protein the experimental solutions were placed in 

a Gilford Spectrophotometer and read at 650 nm. These values were 

compared with the readings from the similarly treated bovine protein 

standard. 

The che micals used in the s e tests w e r e ob taine d from the fol­

lowing sources: hydroxy la mine monohydrochloride and adenosin e -5-

triphosphate from Sigma Chemical Company, St. Louis, Missouri; 

2, 4-dinitrophenol from Matheson, Coleman, and B e ll; phenazinc 

N,L1tr1· t1· onal Biochemical Corporation, Cleveland, 
methanosulfate from 

Ohio; 
. h l)-1 1-dime thylurea (DCMUi from 

diuron 3-(3, 4-dichlorop. eny ' . 

C Inc Wilmington, Delaware; 
E, I. duPont de N e mours a nd ompany, ·' 

. 1 Chemical and Nuclear Corporation, 14C-le u cine from Internationa 

Irvi n e ,. California. 
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CHAPTER IV 

RESULTS 

~ffects of Far-Red Light _ypon Germination of 
Mesa Variety L e ttuce Seeds -

S ee ds were ex.posed to 24 h ours of c ontinuous far-red light to 

determine if this treatment could induce a photos ensitivity in these 

s eeds. Normally the Mesa variety of seeds will exhibit nearly 100% 

ge rmination whe n placed in darkness in water for 48 hours. The data 

in Table I indicate that exp osur e to 24 hours of continuous far-r ed 

irradiation does indeed induc e a photos e nsitiv ity in the Mesa variety. 

Whe ther see ds are rinsed or non-rinsed before germination, all ger-

mination percentages remained below 40%. 

Expe riments were d e signe d to see if the classical photo r ever- · 

sibility tests for Grand R a pids l ettuc e seeds could be e stablishe d for 

the photoinduc e d Mesa variety . M e sa s ee ds were exposed to 24 h ours 

of far-r e d light. This light treatment was followed by exposure to 

5 minutes of r e d light and s eeds were then allowed to germinate 48 

hours in the dark. 
The r e sults (Figure 1) indi cate that r e d light stimu-

Ph
otoinduced seeds, and thus r eve rs e s the 

lates germinati on in the 

inhibitory e ffects of far- red light. 
When s eeds we r e exposed to 24 

. f d and a f inal 5 minutes of far-
hours of far-red light, 5 minutes O r e ' 

h a l ow germinating respons e . 
r ed light, t e r e was 

In s eeds that were 



TABLE I 

INDUCA TION OF PHOTOSENSITIVITY IN 
MESA VARIETY OF LACTUCA SATIVA 

LIGHT TREATMENT CHEMICAL % GERMINATION 

Darkness water 98. 5 ±1 ,:, 

Darkness phosphate 98 :!:l 
buffer 

24 hours-Fr water 10 ±5 

24 hours-Fr water, rinsed 30 ±6 

24 hours-Fr phosphate buffer 20 ±4 

24 hours-Fr phosphate buffer 
35 ±4 rinsed 

mination percentages and standard error. ,:~ Represents the mean ger 
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Figure 1. Effects of DCMU concentrations of photo­
reversibility in non-rinsed seeds of 

Lactuca sativa variety Mesa 

Seeds were exposed to 24 hours of continuous far-red 
light and then followed by 5 minute light treatm ents. 
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e xpo s e d t o 24 hours of far-red, 5 minutes of r e d, 5 minutes of far-red, 

and a final 5 minutes of red th · · , e germination responses wer e very high. 

Consequently' the final germination response of the photoinduc ed Mesa 

variety of l e ttuce seeds depends upon the final light exposure prior to 

the 48 hours of dark incubation. 

Effe cts of Gibberellic Acid and Thiourea ~~ the 

Induction of Photosensitivity in Mesa Lettuce Seeds 

Gibberellic acid (Kahn, 1960, 1966; Ikuma and Thimann, 1960; 

White et al., 1972; Burdett, 1972; Vidaver and Hsiang-Hsiao, 1974) 

and thiourea (Haber and Luippold, 1960) have been used to stimulate 

germination in several varieties of seeds. The following experiments 

were conducted to investigate the induc e d photodormancy in Mesa 

lettuce seeds. When seeds w e r e irradiated for 24 h ours in far-r e d 

light with distilled water, a photodormancy was induced in the s eeds. 

When gibberellic acid was added for th e 48 h our period of germination, 

the hormone could slightly ove rcome the induc e d photodormancy 

(Figure 2) . The results of varying concentrations of thiourea upon 

the induced photosensitivity are also pres ented in Figure 2. 
Thiourea 

· from 1 0 to 100 mM could overcome the in-
at concentrations ranging 

. . . · th Mesa variety of s ee ds. 
duced photosensitivity rn e 

Effect s of DCMU on the Mesa L e ttuce Seeds ------
· h"bitor of e l ec tron transport in photo­

DCMU is a well known rn i 

t al 1970 · Katoh, 1972; Shon e 
system II (Bishop, 1958; Shneyour e ·' ' 
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and Wood, 1974) . To in t· ves igate the effects of an inhibitor of electron 

transpor t in photosystem II on th · d · • • • e in _ uction of photosens1tlv1ty, s eeds 

were e xposed to 24 hours of far-red li"ght 1.n the presence of DCMU. _ 

The results are indicated in Figure 3. Seeds that were rinsed and 

allowed to germinate in water displayed a reversal of the induction of 

Photos ensitivity . In seeds th t · a were not rinsed before germination the 

rev e rsal of the induced photosensitivity was evident at concentrations 

between 5 and 10 p.M of DCMU. 

Photoreversibility experiments with DCMU were conducted 

and the results are shown in Figure 1. When s eeds were exposed to 

24 hours of far-red light in the presence of 5 pM of DCMU, there was 

a r e versal of the induced photosensitivity. When seeds . were tr eated 

with 24 hours of far- red light and this was followed by 5 minutes of red 

light , g e rmination was stimulated. This indicated that DCMU does n ot 

inte rfere with the response of Mesa seeds to red light. When photo­

induced seeds are treated with far-red light and this was followed by 

r e d and then far-red light, there is again a slight r eversal of the 

induced photosensitivity. The effects of the far-red light can b e com ­

plete ly reversed by another 5 minutes of red l ight. When photor eve rs-

conducted in the presence of 50 pM of DCMU, photo­
ibility t e sts were 

h 1 delineated (Figure 1) · 
reversibility is not as s arp Y 

d
. ·th DCMU inve stigate d the combined effec ts 

The next stu 1es Wl 

Prevl
· ous experiments indicate,d that 50 p.M DCMU 

of DCMU and ATP . 
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Figure 2. Effects of Gibberellic acid or Thiourea 
treatments on induced photosensitivity 
in Lactuca sativa variety Mesa. 

Seeds were ex.posed to 24 hours of continuous far-red 
irradiation in the presence of distilled water. Seeds 

were rinsed and GA or Thiourea was added at the 
beginning of 48 hours of germination in darkness . 
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present in 
th

e s ee ds during the 24 hours of far-r ed light could caus e a 

rev e rsa l of the induce d photos ensitivity (Figure 3). Therefor e , in the 

follow ing ex p e r ime nt s eeds wer e irradiated for 24 hours in far-r e d light 

in t h e pr e s e n ce of 50 pM DCMU and ATP concentrations ranging from 

0. 01 to 10 mM. The ATP was in a 0. 01 M phosphate buffer at a pH 

of 6. 4. The results of these experiments are shown in Figure 4. When 

ATP was present in a concentration ranging from 0. 01 to 5 mM, there 

was a reversal of the induced photosensitivity that was very similar to 

the treatment with DCMU alone. However, when 10 mM of ATP was 

present there was a reinstatement of the induced photodormancy only 

in those seeds germinated in the presence of 10 mM ATP. 

Effe cts of Hydroxylamine on the Induction of 

Photosensitivity in Mesa Lettuce Seeds 

d an inhibitor of Photosystem II Hydroxylamine has been use as 

(Katoh et al., 1970; Ort and Izawa, 1973; Hendricks and Taylo:rson, 

1974). d to 24 hours of far-red light in the presence Seeds were expose 

. . from 1 to 100 mM. The results (Figure 5) of hydroxylamme ranging 

indicate that the 
M a rev e rsal of Concentration of 1 and 10 m can cause 

Mesa variety of seeds. However, 
the induced photos ensiti vity in the 

. . g from 25 to 100 mM of hydroxylamine the 
at concentrations rang1n 

ge rmination percentages revea 
. hibition of germination. 1 a severe in 

. ate in hydroxylamine in darkness 
In s eeds that w e re allowed to germm 

it was found that . d f light treatments' 
fo r 48 h ours without any km 0 
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L5 - 100 mM was inhibi tor y l o norm a l g er rn1' n s1 t1·c)n 1·n 
. the) M esa varic l y 

of seed s (T;1ble II ). 

Seeds w e r e al t · 
s O e ste d with various con centrations of hydroxyl-

amine and ATP. In this · 
exp e rim e nt the s eeds w e r e irradiated for 24 

h ours rn far-r e d light in the presence of 1. 0 mM of NHzOH and ATP. 

A 1. 0 mM concentration of hydroxylamine alone is sufficient to cause 

a r eve rsal of the induction of photosensitivity (Figur e 6). Whe n 0. 1 

mM of ATP is also added during th e treatm ent, the r e is still a c ha r ac ­

t e risti c reversal of the induced photosensitivity by hydroxylami.ne . 

H owev e r, b e twe e n th e concentrations of 1. 0 and 10 mM the r e is a 

t e nd e ncy to r e instate the induc ti on of photo s ens itiv ity. 

Effe cts of Phenazine Methanosulfate ~ the Induction 

of Photosensitivity in Mesa Seeds 

Phenazine methanosulfate has be en used as an inhibitor of 

photosystem I (Lambowitz et al., 1974) . T o examine the effects of an 

inhibitor of electron transport in photosys tern I, this c hemical was 

the 24 hour s of continuous far-red light treatm e nt. add e d during 
At 

d 1 00 J1M it is e vid e nt that phenazinc 
conc e ntrations b e twe e n 1. 0 an , ' 

a r eversal of the induced photos ensitivity in 
m e thanosulfate can cause 

the Mesa l e ttuc e seeds (Figur e ?) · 

In the next 
were plac e d in l 0 pM of the 

experiment s eeds 

inhibitor and als o concentrations 
of ATP ranging from 1-10 mM . A 

. d ced photosensitivity in the 
r e instatement of the 1n u 

Mesa seeds was 



TABLE II 

EFFECT OF CHEMICALS ON DARK GERMINATED 
SEEDS OF LACTUCA SATIVA VARIETY MESA 

CHEMICAL TREATMENT PERCENTAGE OF GERMINATION 

water 98.5±1 >!< 

phosphate buffer 93± 1 

10 mM ATP 99± 1 

1. 0 mM ATP 
99± 1 

50 .J.lM DCMU 
73: 9 

1. 0 µM DCMU 
95 ± 3 

10 mM NHzOH 
91±5 

0 
100 mM NH 2OH 

94 ±3 
0.1 µM PMS 

0 
100 J.1M PMS 

79 :8 
100 p.M DNP 

0 

1000 pM DNP 

d h standard error. 
tag es an t e 

,:~ The mean ge rmination p e rc en . 
lac ed in p etri dishes rn 

. 5 hours in water, p 
All seeds w e r e imbibed 1· . d - darkness for 4 8 hours. 

d m1nate in 
1. 5 ml of solution an ger · 
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ob se rv e d in tho s e see d s ge r · t· · 
mina ing in the pre s en ce of 10 mM AT P 

(Figur e 8) . 

Effe cts of Din itr ophenol on the Induc tion of 

_P_h_o_to_s _e_n_s_i_ti_· v_1_· t__..y in _th_e M e s a L e~~c ;;-e-e ds 

28 

Dinitrophenol has b e en used in sev e ral studi e s as an inhibitor 

of oxidative phosphorylation (Schne ider and Stimson, 1971, 1972) . To 

inv e stigate the effects of dinitrophenol on the induc e d photodormancy 

in the M e sa vari e ty of lettuc e s ee ds, this inhibitor was added during 

the 24 hours irradiation with far-red light. In se e ds that w e r e n ot 

rinsed befor e the germination period, it was found that conc entrations 

of dinitrophe nol ranging from 0. 1-1000 mM did not influe nc e the induc -

tion of photo s e nsitivity (Figur e 9) . How ev e r, in s eeds that w e r e 

rins e d b e fore ge rmination and con centrati ons of dinitrophenol ranging 

from 1. 0-l00JlM, the re was a r eversal of the induce d photodormancy. 

A 1000 µM concentration of dinitrophenol compl ete ly i nhibite d any 

ge rminati on r e spons e i n b oth rin s ed and n on-rins ed s eeds. 

Photorev e rsibility studi e s w e re conduc t ed in the pr e s en ce of 

dinitrophe n o l. 
When non-rins e d s eeds we r e t r eate d with 1 pM of 

of far- r e d light fo llow ed by 5 minute s of r e d 
dinitr ophe n o l for 24 hours 

inhibitor did not i n t e rfe r e with the cla ssical 
light, it w as fo und that this 

. l e ttuce s eeds (Figur e 10) . 
phot o r eversibility r e spons e m 

When this 

final 5 minutes of far-red light the r e 
light tr e atm e nt was follow e d by a 

. 'b . . f ge rmin ati on. was an 1n h1 1tion o 
If all light tr eatm ents we r e fo llowe d 
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by an additional 5 more minutes f 
0 red light, germination respons e s 

were r e v e rs e d again. Ph t 0 
o r eve rsibility experiments were condu cted 

using 1000 p.M of dinitrophenol. Th 
e seeds were not rinsed in these 

testings . It was found that all . . 
germination respons e s were quite l ow 

r ega rdl e ss of the light treatment. s 
eparate testings were then con-

ducted with non-irradiated s ee ds to dete · th ff 
rmme e e e cts of 1000 µM 

of dinitrophenol on s eeds not having any light treatm ents. The results 

(Table II) indicate that 1000 pM of dinitrophenol is inhibitory to seeds 

that are totally dark grown and thus not irradiate d. 

Further studies were conducted to d ete rmine the combined 

effects of dinitrophenol and ATP on the induction of photosensitivity 

in the Mesa lettuce seeds. Results indicate that s eeds irradiated with 

dinitrophenol and ATP c oncentrations b e tw een 0. 1 and 5 mM had a 

significantly highe r g e rmination p e rc entage than s ee ds irradiated 

s ol e ly with dinitrophenol (Figur e 11). At the 10 mM level of ATP 

which had caus e d a reinstate m ent of the induction of photos ensitivity in 

h · h'b ' t there was not a significant pr evious tr ea tments with ot er 1n 1 1 ors, 

r einstate m ent with ATP and dinitrophenol. 

d cted to investiga t e more thoroughly Experiments were con u 

the effe cts o f ATP 
. 1 ly on the Mesa vari ety of seeds . R esults s1ngu ar 

indicated that a range of 0. 01 
to 5 mM ATP did n ot significantly 

Of Photosensitivity (Figure 12). 
influence the induction 

When additi onal 

. d out it was found that 
d seeds were carne ' 

studies with non-irradiate 
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con centra tions o f 1 0- 10 m M of A T P d "d · • 1 n ot influenc e the germinati on 

p e r c en tag e s rn the normally da r k - ge rminating M e sa 1 ettuc e s eeds 

(Table II). 

Effe cts of Inhibitors and Inhibitors with ATP on 

Protei n Synthesis in Mesa Lettuce Seeds 

Seeds were exposed to 24 hours of far-red light in the pr es ence 

of the various experimental solutions and 14C-leucine. The r e sults 

ar e shown in Table III. It was found that none of the various experimen­

tal s olutions significantly influen ced the 14C-leucine i n c<npor a tion into 

prot e in in the M e sa l e ttuce seeds. 



TABLE Ill 

14c-LEUCINE INCORPORATION INTO PROTEIN IN MESA LETTUCE 
SEEDS IRRADIATED FOR 24 HOURS IN FAR-RED LIGHT 

14C-LEUCINE COUNTS PER 
MINUTE INCORPORATION 

TREATMENT INTO PROTEIN 

Buffer 198 

DCMU 180 

DCMU + ATP 199 

DNP 173 

DNP + ATP 191 

NHzOH 166 

NHzOH + ATP 170 

PMS 177 

PMS+ ATP 193 

ATP 169 

MILLIGRAMS OF 
PROTEIN IN SEEDS 

3. 1 

3. 0 

3. 15 

3.45 

3. 10 

3.0 

3. 0 

3. 15 

3. 0 

3.0 

r ht in the pres ence of the 
d 24 hours of far-red ig . 14c leucine and 

Seeds were expose to . d 1 microcun e of -
. t 1 solutions an d • 1 ts of 100 mg. various exper1men a d re treate 1n ° 

. ·11· See s we 
0. 1 ml of 10 mM penici m. 



CHAPTER V 

DISCUSSION 

The data in T bl I · · a e mdicate th t a a photosensitivity can be 

induced in the seeds of L t 
ac uca sativa variety Mesa. When s eeds that 

germinate maximally in darkness ar · t d . 
e ins ea treated with 24 hours of 

continuous far-red irradiation , germination is severely inhibited. 

This same photosensitivity has b · d d een in uce in Lactuca sativa variety 

New York (Mills, 1971). The data in Figure 1 indicate that a far-red . , 

red photoreversibility response was induced in the Mesa lettuc e s eeds. 

If the 24 hours of continuous far- red irradiation is followed by 5 

minutes of red irradiation, the percentage of germination is similar to 

that of the dark control seeds. When seeds are irradiated for 24 hours 

in the presence of far-red light followed by 5 minutes of red light, and 

a final 5 minutes of far-red light, germination percentages are very 

low. This photoreversibility phenomena agrees with data obtained in 

earlier experiments. Borthwick et al. (1954) found far-red light to 

inhibit germination and red light to promote germination. They also 

d · h.b. t · on and the germina­
note d that red light could reverse far-re rn i ii ' 

tion was determined by the final li~ht exposure. 
Schneider and Stimson 

noted that res pons es which are regulated by 
0972) and Rollin (1966) 

. . . d these experimentors also 
phytochrome exhibit photoreversibillty an 



m entioned that photores pons h . 
e s w i ch show evidenc e of a 'High E ne rgy 

R eacti on ' also have phytochr o . . 
me revers1b11ity. Thus in the Me sa 

l ettu ce seeds, it s eem s that the h 
P- otoreversibility response is con-

tr oll ed by the pigment phytochrome. 

When induced photosensitivity was f 
urther investigated in the . 

Mesa lettuc e se eds (Figure 2) it was h h 
' s own t at both gibberellic acid 

and thiourea could overcome the induced h t d 
P o o ormancy. This data 

is supported by the work of Kahn ( 1960). He reported that gibb erelli c 

acid could substitute for red light in promoting germination in seeds 

that do not germinate in darkness because of far-red inhibition. Many 

other investigators (Poljakoff-Mayber, 1958; Haber and Luippold, 

1960; lkuma and Thimann, 1960; Black et al., 1971) have attempted to 

det e rmine the mode of action which relates phytochrome to gibberellic 

acid, but the relationship remains unsolved. The data (Figure 2) 

indicate that thiourea can also overcome the induced photosensitivity. 

The se findings are also in agre em ent with the work of other investiga­

tors (Pojakoff-Ma yber, 1958; Haber and Luippold, 1960; Hendricks 

and Taylorson, 1975). 

Were Conduc ted to investigate the effects of 
Several studies 

t the induction of photosensitivity. 
inhibitors of e le c tron transpor on 

l
·nhibitor does influence the induc ­

Studies with DCMU indicate that this 

tion of photos ensitivity (Figures l, 2 , 3) . 
DCMU in 5 pM concentrations 

f the seeds to red light. 
does no t interfere with the response 0 

How eve r, 



a t con centrati ons of 50 pM DCMU th 
' e r e sponse of the seeds to r e d 

ligh t b ecome s l e ss clearly d efin ed. 
Th e r e spons e of Mes a l e ttuce 

s eed s t o continuous far-r ed light · th 
in e presenc e of DCMU r ev ea ls a 

rev e rsal of the induction of photos ensit· · t (F· 
ivi Y igure 3). DCMU is a 

well-known inhibitor of elect t 
ron ransport in photosystem II of photo-

synthesis (Sargent and Taylor, 1972· Arnon et al 1
971

) 
1 ' • , . t acts as 
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an artificial electron donor in the electron trans t t f por sys em o photo-

synthesis. Thus, it would seem possible that DCMU might also act 

as an artificial donor in some yet unknown electron transport system 

that activates germination. Another possibility has been suggested by 

Hendrick and Taylor son ( 1975). They sugg e sted that hydrogen pe roxide 

works in the electron transport system of the pentose pathway of 

glucose us e and thereby arr e sts dormancy in s eeds. It might be that 

DCMU or othe r inhibitors could function in this electron transport 

system. These ideas have yet to be thoroughly investigated. 

In photosystem II th e action of DCMU ultimately blocks the 

formation of ATP . Many investigators have determined that electron 

flow has been blocked by measuring the amount of ATP formed. In 

. . . . th M sa seeds additi onal 
studie s on th e induced photosens1t1vity m e e 

t ·th far-red light 
durl·ng the treatmen w1 ATP was added to the seeds 

a nd DCMU. 10 
mM ATP is successful in reinstating 

It was noticed that 

. • h e lettuce seeds . 
the induction of photosensitivity m t es 

. was us ed and it als o caused 
Anothe r inhibitor hydroxylamme 
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a r e ve rs a l of the induction of h 
p otos ensitivity . This inhibitor is known 

to s e rv e as an e lectron donor in photo 
syS t em II of photosynthesis 

(Ort and Izawa, 1973). Other investigators hav e 
r eported that it 

promotes germination in some d 
se e s by inhibiting the formation of 

catalase enzymes which trigger a 1 
n e ectron transport system 

(Hendricks and Taylorson, 1974, 1975). Th 
us, it would seem likely 

that hydroxylamine is n o t only an inhibitor of 1 t . e ec ron transport 1n 

photosystem II, but does indeed function in other 1 t t e ec ron ransport 

systems. When seeds were exposed to 24 hours of far-red light, 

hydroxylamine , and ATP, it was noted that 10 11M ATP was not ca abl r . p e 

of reinstating the induction of photodormancy. 

The inhibitor of electron transport in photosystem I of photo-

synthesis, phenazine methanosulfate was used to investigate the induc-

tion of photos ensitivity. The data indicate that phenazine methano­

sulfate can cause a reversal of the induction of photodormancy 

(Figur e 7). It would seem likely that this inhibitor can also influence 

ge rmination by functioning in an electron transport system. In studies 

with 24 hours of far-red light, phenazine methanosulfate, a nd lO pM 

ATP, the ATP caused a reinstatement of the induction of photosensi-

tivity. 

Wl
.th dinitrophenol, an inhibitor of oxidative 

The experime nts 

·t t o can cause a reversal of the induc­
phosphorylation , indicate that 1 0 

( • 9) Photo-
. . M sa lettuce seeds Figure . 

hon of photos ens i ti vi ty rn the e 
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reversibility tests with dinitr ophenol using l0 M . d" 
p. in 1ca te th at the 

Photo r e versibility response can still fun cti on . H 
oweve r, studi es using 

1 
OOO JlM indi ca t e a seve r e inhibition of ge rmina ti on and n o photo-

r ev e r sibility . The s e fi nding s ar e supporte d by Schneide r and Stim son 

(197 2) wh o r e po rte d that phytoc hr ome (Far-red) and photoreve r s ibility 

wer e m .::t intaine d in th e pres enc e of low amounts of dinitrophenol. In 

s tudi es with 24 hours of far-red light, dinitrophenol, and ATP, it was 

gen erally n oted that ATP reinforced the reversal of the induction of 

phot os ensitivity (Figure 11). It would seem likely that the mode of 

action of dinitrophenol differs from that of DCMU, hydroxylamine and 

phena z ine methanosulfate. 

The following mode l has b ee n c ons t ructed t o summa ri 1/,e th e 

r e spons e of seeds of La c tuca sativa varie ty Mes a . 

phot o­
dormancy 

24 hours 
Far-red 

t DCMU or PMS 

Plus lOp.MATP 

SEEDS 

24 hours 
far-red 

48 hours 
Darkness germinati on 

DCMU, NHzOH, 
PMS, or DNP 

• did not r eveal Conducted on protein synthe sis The inve stigation 

. h "bitors with ATP has a signifi cant that any of these inhibitors or rn 1 

effect on the 14C-leucine 
. . lettuce s ee ds . . • t pr ote1n 1n incorporation in o 



CHAPTER VI 

SUMMARY 

This study was undertaken to 1) d 
etermine if a far-r ed photo-

sensitivity could be induced in the d k 
ar germinating variety of Lactuca 

sativa variety Mesa; 2) investigate the responses of the photoinduced 

Mesa seeds to stimulators of germination s h · ·bb . . uc as g1 erelhc acid and 

thiourea; 3) study the effects of various inhibitors of electron trans-

port on the induction of photosensitivity in the Mesa lettuce seeds; 

4) observe the interrelationship of various inhibitors of electron trans-

port and inhibitors plus adenosine triphosphate on protein synthesis 

and the induction of photosensitivity in the Mesa lettuce seeds . 

The data indicate that a far-red photosensitivity can be induced 

in the dark germinating variety of Lactuca sativa variety Mesa. Gib­

ber e llic acid and thiourea can reverse the induced photosensitivity in 

the se seeds. It was noted that various inhibitors of electron transport 

such as DCMU, hydroxylamine, phenazine methanosulfate, and dinitro­

phenol could cause a reversal of the induction of photosensitivity in the 

se eds. The presence of ATP in seeds treated with DCMU or phenazine 

rel
·nstatement of the induction of photodormancy 

rn e thanosulfate allowed a 

by continuous exposure to far- red light. 
However, it was also illus-

timulate germination. 
trated that dinitr ophenol plus ATP can s . 

These 
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findings c ou ld i n d i c ate tha t a n e l ec t ron transport system is i nv ol v e d in 

the r eg ula ti o n o f g e rmin a tion in the M esa lc..:ttuc e s e e ds. The da ta 

from t h e s e studi e s als o indi cate s that thes e inhibitors of ele c tr on 

Sp o rt d o not appr e ciably effec t protein synthe sis in the M e sa tran · · 

l e ttuce s eeds. 
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