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BUMMARTY

’Short;cﬁaiﬁifatty;écids (chain 1ength 6=9) vere found to be
_inhlbitory 10 letbuae geed germination. This dnhibition was

affeeted by the 1mbib1t10n tempemature in a particular mannew,

When ﬁhe G5 dose of each short-chain fatty acid was calculated,
the" 350 dose being that dose which reduced germination to 50%

of the. corfespond¢ng control “and plotﬁed agalnst temperature

4they were found to be 1¢nearly relateds - As the 1mbibit10n
Lemperaﬁure increased the dose requlred to reduco germinatlon Lo
;JOp of the control vas reduced. Nonanoic acld vas the most |
effective in rodu01ng 1@Ltuce -seed. gefmlnation of the fatty acids
testeds‘whlle hexanbic acid was the least 80. All four lines were
.fbﬁnd to extrapolﬁté o zero dose aﬁouna“Bﬁ.ﬁoc This

temperature corresponds to that whlch hag been reported as being a
i *shermal block to gemination (Dunlap and-Morgen, 1976).
Uhen the gradienta of the G5 dose egalnab temperature

iines were plotted againsﬁ chain lengthi«these were also found to
be. 1inéax*iy velated, Tt is thus possibie tov]”predict the ‘:GEO
aoae for a shortwohaln fatty acid (of chain length 6-9 ) at any

temperature 1n the range . 12-28°¢C from the formulaa -

‘&T" bl 36.5

: o =5 .
. G50 | = "U5T336 + 10.61 mol .m
were T ' = tompevature in °C
e = chain length of the f&mty acid,. .
" The Ge. vas also affected by the- phyboohrome state, A

5
high 1evel of Pfr 1ncreased the G5 dose and a- high level of

Pr reduced it. High levels of GA 447 (100 mmol m 3) also




&

1ncr@ased whe dose requlred while 10 mnol m 3

4 7 and kineiln
(10 and 100 mmol. 3) had no effec% upon the GFQ ‘dose.

Liposomes were prcpareé 80 that they contaln@d KOL within
the vesicles end Nacl 1n the surrvounding medium, When used along
Wluh the speclfac potaasium Jonophore valinomycln these

lipOSOmes may be utilmaed to docarmine the prmton pexmeabilxmy

o; the 11posome bllayer. This was pﬂrformed a% a, vange‘pf,

temperatureﬁ fox 11posomes made from lecithinuonly.* Byf,

intrapolatlcn 1L 1%@ estlmntud ohau at 3600 %hﬂae oontrol
lmpugomea would have a PL valua (o measure of +the ptnton
permaability) of 17.

When shor%»chaln ;abty aciﬂs were 1ncorpora%ed into the
liposomaa theae vare 1ound 0 increase,ﬁh@ proton pefmeabllity of

the bilayér; The Pl 47 dose ef emch shortuohaln f&ﬁty acid tras

caleulated at each of 20 25, 30 and 55 (; (the J?L,]T dose ip that
‘ dosa whiﬁh brings about a PL value of 17 at the temperatures

it 1& dﬂrlved in an analogous manner to the G“O dose), When the

PL,., dosoes for shorteohaxn fatty acids (Oéwﬂg) were plotted against

17
températuve, these were found to be Linearly ralated also’ the
four. lines oxbraumlated t0 mero in thie reglon 35«38 C

Rothman (1973) has shown that vhen a Hombrane undergoes the

thewmo»mcpic phase txansition and the "atearoyl" residues becoma

more fiunld,- only the d;stal porbionﬂ of the chains increase cheir

» . mobllity, The fixs» 6«9 eﬂrbon atona neareat the glycerol backbone

are he]d ﬁightly in thﬁ a?lmtrans configumatien, even in the’ i;
11quld«cxystal‘phasen ming@kﬁhere is a sim;ldriiy<betwe@n this4'
nénmqoopérative chaiﬂ‘ignééh.and the active éhain lengths in this
study, it was hypothesised that the short-chain fatty acids were
becéming intércalatgd betW?én the lipid moleaﬁleﬁﬁagd would

ﬁherefdré increase the mohiiity of théAaigtal portions 6f;the




“lipid chains,

 The sncorporation of nonznoic acid into Leoithin bilayers
iﬁcreased the mobility of.a 16mdoxyl stearic acid analogué, bt did not
increase the mobllity of a 5-doxyﬂ stearic acld analogue.< It would .
thus appear that short-chain fatty acids can become incorporated
.into a llpid bilayer and incresse its fluidity.

There ig ev1dence to~su&gasththdt short=chain fafty acids‘

oceur in lettuce seeds, However thgégndogenous,levelé could not
be correiated\wi@hifﬁe physiological state of éhe seead.
. The hypothesis is presented that, éven if short~éhain fatty
acids do not play a regulatory role in vmvo the control of
‘thermodoxmancy may 11@ aﬁ hhe level of membrane fluldmﬁy, possibly

acting via.membranefassociaﬁed SNZYMES o

DUBLICATTON s

: The effect of temperabure on “the ahort-chaln fatty acid induced

‘1nhibiﬁion of lettuce seed g@rmlnatlon. by Re Stewart and

At

A, Berrle, Plant Physiology,’ln press,




S zmrwropueTION A e

Seed porminatlon has long be&n studled by plant physiologlstsg .

and while there is available & wealth of llﬁerature on the subject'

there is no. concrete evidenc@ for. the involvoment of anv of the»

P

'q?:known plant growth regulatowa in the control of germlnation. v There R

apa several rey;ews of seed germmnation &vailable (e.g Taylorson and

ﬁendricks 19775 Mayer and Poljakoff-maybar 1975, Nayer emd ha;n g
{1974) and the reaﬁem is referred to these. Lettuce ﬂ@@ﬂ germinaﬁion,
in partlcular has bean tha subgect of. conalderablo rebearch and Loy |
wlll rcview some.. of the data aVailahle bccause ‘ofthe darech relevance { :
: to the tOplG of this thesms. _ : ﬂ;,,ﬁ; “?f A"gvfj |

Before procaedlng, it would be. uneful to define wprmination and

ddrmaney. Germination in lay-man's terma is taken tO mean the onset -
ot grOWth zesuling in tho  production. of a BG@dling. . aﬁed phyalologlsts vﬂ‘

however generally conssdor germinatzon to~be Lhose chan{es whlch take

place in & seed afﬁer imbibltion but priorpto .the onaet 0f growth ?a
(hwenarlg 1949) , These chqnges are reverslbl@ (Berrje and Erennan,i}
1971) while the subaequent growth ia not.~s Hav1ng stated thld we “
nav&rthaleas geore germinatlon a8 having taken place wheﬁ the r&dicle f
' protrudes from the. covermng. Obvmously @ny process which stOps ﬁhe

emrly posﬁ-germlnaﬁlon growth mlbht be acored a8 ni3 5erm1n¢t10n..«

Howaver the ﬂpeed and eame with which germinatlon can be scored 1na'

«

this. m&nner makes: poesmblo the trlal of many noyre tre&tments than would

. be logistzcally feasible if uaing & more tlme consuminp biochemical

I

score Syshem Cafle polysowe formatlon.

The dormant condltion is consmdored to ewlst when thp anv1ronmental

Tu b -

conditions appear to be suiteble’ fO? Hermination but 1t dces not take T

place,




_ ‘2‘ A

Lettuca seeda (c.v. &rand H&p;dﬁ) exhiblt typexo, dormancy uhlch

is neither univaraal noriunique, 4 Ehis 1& manifest in germznatlon bolng ";k”f'

maxlmal at temperatures up, to 25 c, but ahove thia critiual temperature . R

: &ermlnation is reducad and approaches ZeTO at 30 c (e.g, Bumria 1966 e

\Thiq type of dormancy is called thermodormuncy

Above thp crltlcal tempexatur& germlnatlon i@ promutcd by ejecﬂrom

' mwgnptic Tadiwticn of wavelength axound 66O nm (re& 1ibht) blnce the

soeﬂs chPond pommtmvaly to 11ghL they are bermed pOElthﬁly phctablastlc.

ihls promotion of germin%tnon hy red light may*b’;reversed on Jrladlatlon

w1th uavolenpth around T30 nm (far red 1mght) ngen immodlmtely ait@r )
" “the red llghm (Borbhylcks g&hgﬁ., 1952), Thede red/far T@d cycles may

- be rép@ated nony times (g@rmin%tibn beilng @ependank on the irradza%ion

'wmven last, Thls is a clossio m@nlfestatzcn of a phytoohrom@ modma%ed

rpmponse (Hendricks 1960)

ﬁHTUPHHCLE AND_LEVRUCH SEEDfGﬁRMINAEION SRR SO

?hytochrome LS ) chromoproteln and it cxxstq Ln two photou»

aonvertible dtahes d@@igﬂ@ﬁ@d Pﬁ (red absurbang fuxm) and Pfx, (far

‘red absorblng FToxim). Thus,

T Red ligh A Pfr } |
\ﬁar red o : ? .

Th@re are several intarmediates far both pathwsy% dlffering in the 4;La.’

forward snd reverse reuctlans (Smlth 19?5) £h hag been suggest@‘

- that Pfr  is bhe acLive form 1aﬂdlné to a yromotlva svonL whlle thls f

is generally acggpted Lﬁ is equally.valid to suggeﬁt that Pr ¢s actmve
interfering with thé'promot:va avent, "Thcra are aevera] ﬁheoria% &w )
to the action of phybochreme-' theao 1n01ude gene de»rcpresmion

Mohr, 1966), enayme acbivahiﬁn (Tezuka and Yamamoto 19(4) Wfé4>:
, 8 »

phytoohrome«induced changes in m@mbp@ne propertles (Henq;%qka and::‘

A,

Borthwicks, 1967),




5-

. There 1s consmderable evidence to suggest that phytochrame is

assoc1ated w1th memhranes l40wever the exact role of phytochrome in S

‘1ettuce seed germinatlon 1J unolear. Most of the work regardlng
phytoehrome effeots haﬁ centred on an alteratlon of endogenous hormone;¥f -

levels after a llght treatment. The most commonly studled ﬂrowth

‘the GA oontent (c f Reld et al 1968) there igs

)Sugrgest that th’Ls ig 1604 Kohle:c- (1962) and Slabnllc (1977) have bo bh

reported 1noreased GA-l1ke aetivmty after a red llghﬁ ‘l:reza,hﬁw b )f

’However there is more substantlal ev1dence againat 8 rednllght 1nduced‘};
2‘1ncrease 1n GA 1eve19 .@. Vidaver and Hsmao (1975) reported ﬁhut red‘

light 1nduced an 1ncrease in gexmlnatlon aft@r 2 days dark storage

while GA had no effect' Negbi (1968) showed that eontlnuous far—red
irradlation stopped germlnation despite the presenee of G

et 81 (1968) showed that red 11dht and GA 1nteract synerg

It would appear therefore that red 1ight treatment does

synthesmﬂ.

other systems &g Reld et al (1968) :f'tﬁ ‘:i*% >

fm To return to the prOmotlon of lettuce seed germinatlon 2

ig thought that thls g due to varmablllty in the amount of Pfr present

in the dry seed~ o Thzs level is leLd during the drying phase of seed

maturation and is affected by the degree of . shading of the mother p?ant

" Leaf canopies absorb relat1Ve1y more red llght than far red and will o
Thus alter the RL/FR ratlo resultlng in.an alter&tlon of the photo—‘ufg
staﬁionary state, Tt has boen shown that‘alterations 1n the env1ronment

i

" of the mother plant can profoundly alter the develoPment of the seed




',1ntuit1vely obv1ous why thls should be ecologlcally advantageous

| GERMINAT 1016‘ ~'A§m;. {}f{?bwmxi REGULATORS

I

(é;éi Koller, ‘1962;';Shropshire 1973;. Eenink‘ 1977) : Thus a hostile. 3

maternal environment may deepen the dormancy of the progeny. It is f

‘i.e. an envirvnmcnt hostile to the mother plant due to- Shadlng, water Ag' g

. 8tress etc., is unlzkely to be . sultable for seedllng development and,

a resultlng dormancy may allow time for the cllmath conditions to

becomE,mQrexfavourable.

Much woﬁk has. been performed and a- 1arge amount of data is

available on the subaect of the effects of p?anb growth regulators on -

- the germination of 1ettuce seeds. 'Howeverr this h&u taken oux

understaﬁalng of the natural conbrol mechanlsm 11ttle further forward
The effects Of the various growth regulators have been rav1ewed (Mayer i{
and Shaln 1974) ' It would be useful however ﬁoﬂmention briefly
the effects of the mador growth regulators. .‘ '

: (A promotes the germmnatlon of lettuce seeds (Khan et al.,(
19573 Ikuma and . Thlmann, 1960) .+ This has been shown on many oceas1on3‘
but all atb@mpts to show an increase. ln GA eon%ent correlated wiLh
the breakin of dormancy have falled.w ; '

lhere hes been 11tt]e sbudy of the invnlvement of auxing in the‘"'

control of thermodormancy. , Hﬂbertson et al (1976) reported that IAA

lnhlblted lettuce seed germ¢nat10n and that bhis 1nh1b1t10n could be ijg;‘
re1¢eved by appllcatlon of GA's and cyﬁoklnins. However they cauld SR

flnd no correlatlan.between IAA levels and. thé’ control of thermodormancy. ﬁgff

, Exogenous applicatlons of oytoklnlns have been reported to promote
Lettuce seed germinat¢on (6.8 Hao et’al, 1976) Baryilae and, Mayer '
(1968) claimed that they isolated cytokinins from gewmlnatlng seeds

but could flnd none in nou—ggrminating seeds. In contrast Van Staden

5

(197)) 1solated un¢dent1f1ed cytoklnlns fromAnQn-germlnatlng seeds




5.

i

and claimed that a'stimulns for gormination (GA or red ligh%) oauoed
interoonverSion of ﬁﬁese cyﬁokinins. Khan has proPOBed e hypothe51s

Lhat germﬂnatlon is controlled by an 1nterp1av of phytochrome

| eytokinine and a naturalrlnhihwton (probably ABA) (Khan -1967(&)
1967(b), 1968), culmlnatjng in & proposal that cytoklnlnd have a

A"permmasmve" role, only rellev1ng an thlblhory block and Lhat GA is

] neoessary for the germinatlon process ¢tself. ) It has been counternkg,,

D b

. olalmed that cytokinin 1ndueed germinatlon is abnormal and is an artefactf

: -duo to swolling of the ootyledonq leading to rupture of tho permcarp.

As stated earller attempts to fol]ow endogenous lovels of oytokznlns if”
have - yielded oonfllctlng results. - T must therefore be concluded thaf
"we cannot,. at present proyose any definlte role for oytoklnins in the
control of thermodormanoy. 3 : | _

ABA will reduoo “the germlnablon of 1ebtuce seeds (Khan, 1968) and
this reductlon has been reported to be rellevod by Gh, red 11ght and/or _ﬂ
oytokinlns depondmng on the author.; Sankhla and oankhla (1968) and ‘l ;ﬁ?;“‘é“
Khan (1968) reported . ﬁhat GA was 1neffect1ve 1n relieving ABA-lnduoed
_dormanoy, but cytokinlns were, However Rdbortaon (1976) and ‘Beviley =

and Fountaln (1972) reportod that GA wao effectlve. . A 51m11ar1y

,‘unolear plcture is- apparent whon endogenous ABA levels are followed°
- Braun and Khen (1976) roported that ABA 1evels dr0pped more, qulckly in B
germ;natlon inducing cond1tlons whlle Berrio and Robertson (1977) T
conld find no énch‘relationShip.: ABA thus-oannot e ascrlb@d a
‘fregulatory role in ﬁhe control of 1ettuce so 3d 0*or'm:c.na.t:Lon.

Thus, our knowledge of the anolvement of the magorggrowth
substances (ABA IAA GA, and oytoklnins) in Lhe -control 01 léttuce
seed germinatlon is unclear. In Summary, exogenous GA and oytoklnlns

tend to promote germination whlle exogenous ABA tends to reduce it,

,However, there is no atrong evidence for the-anDIVoment of any~of

u

these oomponnds3infthe endogenous control of;germination.} To:some -




extent, this problem is a microco&m refleobing the oonfusion whlch

exlsts in hormerie phyalology in general Thc sbatement made by T I

Hillman (1)70) on aplcal domlnance is equelly valld ag’ reg‘vds ﬁeed

' gormlnatlon.vs"Thus befure ascrmblng a reguiatory rale to any of the¢

S &:

four growth substanoos in thlg phenomenon 1t 1s necessary to con31der

their concentrat1on and method of application especially 1n view ofav.

:'the importanée of envmronmental effects whlch may affecu Lho endo-
genous hormonal status of the plant " It should be ramembered thah

an alteratlon in the 0'r.'oss 1evel of & hormone is only. one way 1n whmch

41+ can lead ta an alteration of response. The rate of turnjver may

‘vary, while the ]evel remalns eonstant alao an env1ronmentali(or

"‘other) factor may alter the suscepblblllty of the" tmssue o the hormoﬁé e
"thus alterlng the response. If Lhe tuxncver of thosa plant growth
regulatcrs were followed or if the effect of differing env1ronmenta‘
~on the responsa were studled 8 clearer p;cturc may arlsc. 3

o .

WHY_SHORT-GHATN PATTY AQIDS? é

" In 1953, Bennet Clarko and Keff01d developed & technique for

E4

soparatlng eonstltuents of : a crude plant extract They used partitlon
purificatlon followed by paper chromatography, and founu three reglons %
of growth regulatlng actlvity on “the ehromaﬁcgfams: f ‘

(ii) promoter o
(111) 1nh1b1tor B
AWhile promotér o has ‘been largely overlooked the 1nhib1tor B oomblex“»
.3has been the subjecb of extensive research. Mbny gruwth regulat"i
ompounds have been identlfied in this oomplex (Grosu, 1975)
- “Befoxe the isolation of 1nhib1tor B, there had’ been reporﬁs of
. growth inhibzting substances of plant or1g¢n e.b. Hemberg (1949)

'(who suggested that growth lnhlbltors rather bhan auxin, may be ";gw




. rééﬁoQQiblé for the onset of the rest period(iﬁ'potaobési -Theso

reports, however lached the purlfloatzon of the 1nhib1tory substanoe

- achieved by Bennet-Clarke and Kafford.

= . Phllllps and wareing (1958) found se&sonal ohanweo in the growth
sﬁ%stance oontent of shoots. They found hmgher 1evelo of 1nh1b1tor B
“1n w1nter and the 1owost 16Vels in May qnd June ‘when the plants were
aot1VGly growing. Tho game uomkera (1959) Showed an 1ncreaae in ow
"1nh1b1tor 1ovels on’ tronsfer of sycamore shoots into dormqnoyulnduclng

conditions. In. 1965 Durffllng founﬂ oyolloal ohanges of 1nhib1tor B.

levels in Acer slmilar to those in syoamore reported by PhllllpS and

areing (1958)

L

Bagles and Vareing (1965 1964) found an 1nhib1tor 1n an extract

' from Betula. when thls vas re—&pplled Lo Betula Soedllngs apioal
growth was arrested They also found 1ncroasod leVels of the lnhLbltor

in- planus in ohort days.

By 1965 there had oeen accumulahed B 1a£ge amount of ev1doooe'for ;;S>
the oceurrerice of the grow»h regulablng complex inhlbltor B and for 1ts,{
Alnvolvoment in restlng qtabe development.,i When, in the same yeor ABA
'.: was ldentified and suboequently found to b; present 1n bhe 1nh1b1tor B V_iioi“fz
complex, most of the work centred on 1dent1fylng the aotlve component ”;;fft”\”:%
ceased as many workers assumed that this was ABA Gertain anomalles ’ ‘
were reportoﬁ but these tended to be overlooked .g Holst (1971)
‘noted that inhlbltor ﬂ was more actlve than ABA Y

While this work was 301ng on Berrie and co~workers (unpubllshed

data) were attemptlng to idenblfy another 1nh:b1tory fraotion of planb

origln. ”his "oat inhlbltor" from wi]d oat was found to contaln a .

mlxture of short-chain fatty aolds (Berrle et al., 197)) These fﬂtty
aolds of chaln 1engbh 6-14, were found to have ohromatogvaphxo

propert;os similar to,thoserﬁ'inhlbltor f. " When ro-app11ed o lettuoe ?5

seeds, these'shortnohain fa{ty ocids'caused a;reduotlonalnvgepm;na@;on,'




k"this extract, but found shortmchain f&tty ac1du.‘ He also found that

even after a red light treatment

M 2‘ i
r; :

’ - wvrking independaﬂtly, Reid (pers. comm ) found a reductlon in

“carboxymethylcellulase proﬁuction ag the gesulﬁ of an application of. an

‘ﬂlnhlbltor P exuract from fenu Teek seeds. He could flnd no AﬁA in e

{»short-chaln fatty aclds reduced the GAmlnduced amy101y51s in’ ombrya-less ;

“

' 'barley half~seeds (Reld and Buller 1976)

“515' Ando and Psukamoto (1974) had pwevmously’identlfled odprlc

1auric and myrlstlc acids. in an 1solate of dormant iris bulbs. “ Thgi’a

foun{ that these were 1nh1bitory to growth as tested by the Avena

.stralght growth test but they did not show theee ac:ds to be part,of
the inhibitor B oomplex. Simllarly, Le Poidevin (1965) had sh 3 1
chaln fatty to be 1nh¢b1bory to the germlnatlon of mustqrd seed
he did not show that these occur endogenously. % ‘

By

These shoxt—chdin fatty aclds Were known to e inhiblmors of . thé ’
owth of arganlsms. They are uncouplers of OX1dative phOSphofylatlon fﬁ;
in fungl ‘and bacterla (Hochster and Quastel 1963) ;/They may - also be "y
the active comPOnent Of the antl—bactcrlal chlorelllnk 1solate& frmn Y
'Ohlorella (Pratt et al., 1944) Spoehr (1949) 1dent1fiea Chlorellin
as a mlxture of Lhﬁ photowoxldatlon products of unsaturated long-chaln

‘ fatty aclds. : Stumpf (1965) showed how the. oxldatlon of unsaturated

18 fatty aeids will give rise to a mixﬁure of shorbnchaln fabby acidsil‘f

and d¢carboxy11c aclds. It has been reported that the a~‘
Y1957) a precursor being released which ig: subsequently phOtOnOX1dlﬁed‘.?
‘uin the medlum. f B " ~ . ' o
" Vegis (1956) ha,s stabed 'kha'b the Ozf:ldat:!.on of NADH
‘:molecular oxygen proceed° vely slowly in @mbryonal cells. :
restricted oxygen supply will slow thls even more.‘ He later suggesteéﬁ

(1966) that thc restrict;on of bhe ava&labmlity of oxygen will favour the -




fsjjkl9;~

formatlon of fatty aclds as this formaﬁion can act’ as an acceptor R_‘xA'ri/ﬁrﬁ

of hydrogens from NADH + H" which do not go to mclecula';oxygen
(Lynnen, 19%4). Thus the bulld up of ethanol o acetaldehyde mey be
avoided., He also suggested thab a build up of fats’ leads to a 1oss ‘

) of protoplaammc contact w1th the cell wall 1ead1ng tO”the isolatlon

'of smngle protoplasts. Eho permeablllty to water and solntes lS thus

greatly reduoed. ‘ Thls could explain why sseds with 11pid reserves
_surv1ve 1mmerslon better than bhase W1th staxch.~ |
Short—chaln fahty aclds are thus known to have physmological
weffects on a range of organlsms and could possibly explaln the F ‘
development of the restlng state as deacrzbed by Végls (1966) Their:A ,

uncoupllng mct1v1ty could be- pradlcted on bhe b&sls of the requirements

for uncoupjer actxv1tvz (i) uncoup]er are uuually weak organ1c A

aelds, (11) they passess the ab111ty to dzatrlbute the charge wh@n
in therlcnnsed form. The ne@atlve oharge of the anlon wouldrbe )
distribute& over the whole of the oarboxyl accordmng to the theory of
resonance, . thus satlsfying the socdhd requlrement B HOWGVGT all the R
physiologlcal effects are not expllcable on the ha81s of thelr act1v1ty

as uncouplera 80 there must be some obher mode of actmon whlch ;gﬁqgt '

yot knowm, R : Lo

SOME CHEMICAL Pnopimms OF. FATTY ACIDS

There is avallable a considerabl@ amaunt of Jnformat1on on the

_Qhemlstrxpof fatty acids.: An excellent review was wrltten by

Varkley (1960). It would be ugefnl te mentaon a few of the prope££;es.
,Blgure 1(a) shows the meltlng p01nts of the fatty aclds w1th chain
length 6-15.‘ Fizom thls Jt can be seen- that they fall 1nto tyo:

rhomologous series ‘one w1th an cdd nnmber of carbon atoms in the chaln -
~and the other wlth.an even number. Thls alternatlon is also séén in f

_ other phyS1cal prqpertles. Mullgr (1923)‘8uggest@d that thig is due =
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The melting point of short-chain fattiy acids.

Note the alternatings series.

"

The solubility of short-chain fatty acids in
water at 20°C. Note the two straight lines,

intercepting at nonanoic acid.
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to the arrangament'éfiihe zigerag carbon Skeletcnsviﬁ tﬁe'crysﬁéi - Ie
Jthere is an even numbur of ‘carbon atoms thu functlonal end gvoups would

be parallel. CIf there 1s an odd number-of carbon atoma the functiunalr*ﬁ'y

g%bups’wouid not be paralle] ‘ The repeating unlt in the crystal would e

=, thus be one molecule if an @venwnumbered chain, and two if en oddu "‘, ,’anf'@
numbered chain, However, Malkin (1951) attributed bhc altézﬂat;on in M
"froperties . - to the Lllt of. ﬁhe chalns in the crys%al _ E?T‘

’ argued that Nuller 8- hypothesxs 1mplled that thisg altorn%tion should

apply in a11€10ng-cha;n compounds whlle the alkanes alcohols and

- ketones exhibit no such alternation.‘ Nalkln also p01ntod out that all

non-a]ternatlng serles possess vertlcal chazns vhereas altcrnatlng

series possess tllﬁed chalns. He demonutrated how. Miller's theory

'»

could be extended to show that the alternatlon ‘of propertles w111 only-¢{
occur if the zig-zag chains arfe tthed, Tt is now. generally acceptedr"‘

that the altornation of proPQrtles is due to the angl@ of tilt K—The“fx-Vjﬂﬁ

«I

alternathn of preperties 13 also seen in blologlcal systems* Doﬁ

and Uilmer (pers, comm, ) have shown such an alternation in ihe 1nh¢bitlon

of: sLomatal openlng in Gommellna.

- Plgure 1(b) ahows a plot of thc 1og10 of the solublliﬁy of the. -

. fat%y acids in water agalnut chamn length Tha f&tbj acmds are much

more soluble Lhan the correspondlng alkan@s due to the. presence of LheK'
 polar carboxyl graup. It is evidcnt from figure 1(b) that a8 the |
hydrocarbon chaln 1ncreases the abillty of the carboxyl gﬂoup to brlng”h
about sulvblllby of the aeid in water hecomes demroasingly effeotxve.
Thls is not a s1mple relationship. As flgure 1(p) shows tbeve is a
. break in the 11near relatlonshlp at ohamn 1ength nlne. It 1s belleved
that thiﬁ 1s due to ﬁhe fact that chamn length nine representa a
tran81t10n point below whlch the polar oarboxyl group exerts the

o~

greater influence over the molecule 8 propert1es~and above whieh ‘the

o

hydrophobiclty of the alkane chain predomlnates.
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‘The fatty aoids are weak aclds.'" The dlssociatlon consﬁants,¢f*if

(pK) vary llﬁ'le over the range of chaln EGngths 4-9 (4. 66 - 4 91)

e to thelr very sllght solubillty. ) Althaugh 911 theseu

d

from :ts salts.,i;}
The faﬁty'aclds of cha in- 1ength b= 16 are‘fr.ely soluble in sever
. organic solventa ‘e, g. dlethyl ether dlehloromethane chloroform

whzch are camparamlvel§

fn ao trast the salts of these acids

toluene¢
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Mw”' ;{‘* T As has been stated prevmou%ly, ﬁhort-chaln fatty aclﬁs hava boen

D reported %o reduce 1ettuce seod germin&tion (Bcrrle @t al., 197;)

l

Iﬁltlally, it vas’ 1ntondod Lo canilrm thns work.

. g FLE L 7
“ bt Voo V
o L Ve L

MATERIALS )im’l»zizfmom‘ ST

N oo

the Pagn seed Commmny, Greene Hew York anﬂ stored at -15 O prlor to

use.l All the hloaasay work was performcd usinﬁ saeds of t&e samc

- bateh,
A range of short ohaln fatty a01ds was obtdlned from Brlﬁlsh

Drug HOUSGS Lita and the acids vere uuvd without further purlflcatlon,'

,f,s

e 'The fatty a01ds wcre applled An solutlcm in redistllled dlethyl

atherﬂtq a 4.25 cn dlametur'whatman s No

“of a' 5 cm glass}petri aiﬂh. The concontvation of fatty acld in @thor

fmlbor paper 11n1nwvthe base

was approprlate 0 g lve, on evaporatian oi Lhe ether an amount that
‘ would result in tha de81red numinal molar concentrqtlon when 1~

of dlﬂtllled water was added to the dish.:

.v‘

dlshes vere tre&fed with dnethyl ethoro ”Tlfty lettho& Se@dn were ,

R

dlﬁp@nﬂ@d into each potrl dmsh.a Normally, ther@ :cre iouv erlloatP‘l

..f'

petrm dishes, per trea ment th@qo b&lng sualed in & llghtntight R

contqlnor and jncubated at a raxre_o; temperatuges; gaohybelngvholg

'*“MM

johd B

Petri dishes wvve holc in dlfferent llghtmtight contaln@rﬂ éég'ﬁ:SH

. container having four different ﬁre&tmenta,in'iﬁ. This 1edﬁ f ﬁ¢f
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betweén djwhgslﬁy vapour becauée of ﬁhe volatile na%ure of-the fatty
aciﬁs. Eor thlq -reason 1n subacquent work the four repllcate dlsheu
were kept together in the same llghtmtlght container,
4]7 and kinetln were prepared in aqueous solution and when

these were uestﬁd,ﬁthlﬂ solution was ‘substituted for the imbibition
water, | A

Red and far—fed irraﬁiatioh'was carried out using a 12 V’jOO W
tungsten halogen lampyln a 11ghiutight housznj. Th@‘emitteé rad;atipn‘
) was filtered throuyh 20 cm of watér and monochromatic 115ht was 1
Wenerated by means of 1nterference flltbrs made by Barr and Stroud,
~ Anniesland, Glasgow. Thg red 1%ghtAwas produced using a filter with -
peéﬁ'transmission'at 656 nm and band width 10 nm, This gave aﬁ
intensity;of’475 ! cmﬁ?:‘ Nbrmaliy, the seeds were gﬁposéd to this
infénsityffo? 5 miﬁutes giving a:ﬂéﬁg of 142;5 mJ cm-?n Th@ far red
was broduced‘by‘usingAa f@lt@: w;th peak trahsmissién at 756‘nm and

L

band.wid%h 10 i, This}gavevan intensity of 1.72 mW‘cmmg. The -seceds
vere exposed to thisg for 10 minutes, giving a dose of 1.035-d em 2.

Un]ess oLherwlse 3tated the seeds were given a red light
trestment 2 h after 1mb1b1tion.,

A seed was considered. germmnated vhen tha radiclc protruded

btandard errer was caloulated from the formulau‘

it

M

L e m\E
1(x;“,;f - %)

ne 1

"‘Correlat¢on coefflcments were calculated frem Lh@ foxmmla'

Bele =

(-9 (-9
\/[z<x-x>?] Lz(y-y) )




g

The ‘regression (1east squares) line was calculated from the

formula: o

T = bt (F-bE)
wheTe % % XL
. n -
. » S} o Z',:Y'j_:
n - )
_ SRRSO ¢, 0 ¢ X
- and b= Y T
. - 2
rx? - %)
TR
Rmsvnws

4
&

s Prellmlnary experlm@nts at” 20 c showed that nonanomc (C ) acld

was+ineffective in. reducing 1ettuce saad germlnation at concentratlons

less than 500 mmol m 5. However germlnatlon was completely inhibited

=3

at 5'mol mw Tt was bherefore docided to define mor@ pr901sely

- this “threshold reglon by using a narrow eoncentratlon ‘range, The

~fatty acld solutlons were prepared using a dilution factor of 1.77

(This . was chosen as 1t is \/ and will thus allovw a n&rrow

coucentratlon range whlle malntalnang the logarlthmnc scaling )

A range of concentratione from 10" mol n -3 to 559 ol m -5 was therefore

' nreparad.' The germlnatlon was scored after 24, 48 72 h, excapt for

the 12 C test which was sccred after 48, T2, 96 and 120 h

The fulladata‘for the effect of nonanoic acld on-lettuce seed 

.germlnation at 12 20, 24, 26 and 28°C are shown in Tables 1~ 5.u

When these axe compared 1t can be seen that temperature does have an

effect on the fatty- acid induced reduction of germlnatlon. " For

’ example at 12°C, there 1s still suhstantial germinatidn in 3,16 mol m~2

3

nonan01c acld but at 28° C, germlnatlon ms zero in 1 oTT mol m

To allow easy comparison of a- number of these tables a Value called

lu

the G_. dose was derived. 4 The G dose is- that dosp whlch reduces

50 20

.r ”,x




Table 1: The effect of nonanoic acid on lettuce seed

germination at 12%¢, Mean and standard error

of number %e_ﬁf{mated\, perfifly seeds,

Time after imbibition (h)

Cone./mol — 48 72 96 - 120
0 27.25 41.00 46,75 47.50
1,31 #2,35  #1,17 0,96

0.316 24.00  36.50  47.75  48.50
£4.88 4,41 31,03 1,19
0.559 25,50 37.75 44,50 47.00
=2.,90 t2.14 £0.96 t0.82
1.00 8.75 . 22.25 29.75  37.75
t1,60  %1.80 0,25 | *0,63
1,77 5.75 22,75 28.50 36.25
1.1 42,72 ‘#1.85 2,50
3,16 0.75  "4.50 7.5  10.25
f0.48 £0.96 2,33, 73,09
5.59 0 S 0.25  0.50 1.25
- 10,25 *0,29 £0.95

10.00 0 O , 0 - 0

- — - -




Table 2: The effect of rnonandic acid on lettuce
seed germination at 20°C, ' Mean and

standard error .ot number %em"\'v\pke.& por Qiﬂfl&su&c\s 3

Time after imbibition (h)

Conc/mol m"‘7> 24 48 72
0 31.75  42.00 45.75
' 1,50 40,71 £1,%2
0.3%16 19,50 58.60 - 45.25
£2.79 £2,45 1,03
0.559 27.75 39.50 '46.,00
0,25 1,66 £0,71
1,00 28,50 . 138,25 46,00
12,96 i2 25 0,71
177 2.50 - .11.25 . 15.50
: 0,87 © . %0.95 2,10
3,16 0.25 0.25 1.00
t0,25 £0,25 30,58

5.59 0] 0 0.

— i = ' -

10.00 0 0 L0




Table %:

3

Conc/mol m

0

0.316

0.559

1.00

10,00

The effect of nonanoic acid on lettuce
. L o
seed germination at 24 C. Mean and

standard error of riumber qerminated per §ifity Seeds .

Time after imbibition (h)

24 48 72
24,75 36,25 %6.25
1,38 1,60 1,60
24,25 34,45 37 .50
£1,11 £2,29 %145
20.50 28,50 34,50
14,67 %1,00 2,79
10.00 20,75 30,00
12,52 £1.55 =3.14
1,00 2,00 3,75
£0,71 10,91 .32
0 "0 0,75
- - 0,48
0 0 0

o 0 0




Table 4:

3

Conc/mel m~

0

0.316

0.559

1.00

10.00

The effect of nonancic acid on lettuce
seed germination at 26°C. Mean and
standard error of nusber porwinotted. qer Fifhy seeds .

Time after imbibition (h)

24 48 72
24,00 34,25 35,25
£3,08 13,04 3,48
21,75 29.75 30,00
£2,56 13,66 £3.16
18,25 30,25 * 31,00
2,25 11,85 12,24
11.00 18.75 22,50
t2,49 3,43 *3,89
075 4,50 5.50
0,48 £2.,18 1o ,26

0 0 0,25

- - %0,25

0 0 0




Table 5: The effect éf nonanoic acid on lettuce

sced germination at 28°C.  Mean and

stendard error L numlser geenivieted por Ty seedg .

i

Time after imbibition (h)

Conc/mol m“3 24 48 72
o 9,75 10,75 11.25
2,14 £3.86 £3.17
0.316 6.25 17,25 7.25
1,38 %1,93 £1,93%
0.559 7.75 . 9.50° 9.75
3,12 %375 4,17
1.00 2'-l25v 5125‘ 5025
£1,03 - 2,29 2,29
: | i
1,77 0 0 0
3,16 o, 0 0
5.59 0 0 0

10,00 o "0 10




germination to 50” of. that of the corresponding contyroly i.e., from

- Table 2, the GSO dose is that dose which reduces germination %o

22,88 pefﬂfifty.) To arrive at the estlmate of(the GSO dose, it was

necessary to derive an equation, as visual estimates from the dose~
‘ response curves were not sufficiently accurate., To allow this, the

dose-Tesponse curve is considered to be linesr in the threshold region,

and ‘can thus be assigned an equation of the form,
y=mx + ¢,

where m is the gradient

and - ¢ is a constant.

- This could be rewritien,

N = md + e

“where N ‘is numbér_germinatéd\

and (d is the doSe.

Solving two of these equations simultaneously and intrapolatjng

control

’for NSO (_,__m??_____) leads to the‘equatlon.
- ] N .
Neg = (0, - 12 .a))
50 1
‘ o 9y - dy
G50 = :
| Ny = N,
4y -4

From Table 2, this yields:
22,88 - (46 - 4 D
(4 1 = 1077 )

T4 - 15 5
1 -1, 7/

7= .58111011113

G = mol m™?

This G“O value was caleulated for the range of temperatures and
was found %o be related to temperabure in a-particular way. VWhen thé
c@lculated G, dose was plotted agaxnst temperature a Linear

20

relationship was obtained. It was decided to calculate the G50 value

o

at the same range of temperatures for the other short-chain fatty scids. .




" The aocumulatéd germinatian data for hexanoic, heptanbié.&ud octanoig”
aclds are contained in Appendix I. When the G% valu@d for thesé
aOldw were calculated they wero found to be llnearly related to
tomporature a8 were those of nonanoic acid A plot of these G, 50

valueb aloug wlth the calculated llnear ?GFTQSSIOH llne& are qhown in
Flgure 2e | '
R is- also evident, from ﬁigure 2, that %ﬁé caleulatad‘ragresﬁioﬁ
lines cﬂnvergeAaﬁ Zero coﬁcenﬁration at appf&kim&tely 36,506 |
WHen‘the gradigntﬁ of these foﬁr lines awe plotted against chain
Jlgngth;'iﬁlia'ﬁéted(ﬁhafﬁthesé are also linearly related, Thig is
~ghovm in P eure 35”’ whii@ care ﬁust;%;'fgkenfyhgnluéipg a, correla%icﬁ“
c@effiﬁientjof only four points, it would appeép ﬁdfbé sigﬁificant
» Qhén a value 88 high as 0,964 is obtaiﬁéa. It is therefore possible?

‘to‘yreéict thesto doac for any of these Four fatty acmdg at varlouq

temperatures, 51mply by substltuting thc values in the followmng‘

Ve@uétionz
)‘L Gso d639== “T n 3650 m@l'm 5
. =2,%2.0 « 10,61 :
i‘ wﬁ?re © ¢ is the number of‘caﬁbonlatoms in the molacﬁié'
and . T is thé temperature in degrees Celsius.

. Subsequent;testé showed thal fatty acids with chein lengths
sgieater than nine do not fall into this patﬁern. They are less

effective than nonanoiclgcid.

It was then dec;dad Lo dnvestigate thc possibility of an ﬁnter¢ction g

bejween fatty aclds and;germln&tlon effacﬁbrs. HNonanoie acié,was
" used-to iﬁvestigate.intéractions, as it is the most effective of the
acids tested, The first to bo looked af was light-treatment,  This
was repeated on thrce occasions, The date from one are/preseﬁted in
Taple 6. ?brpm Table 6, it can be‘9@¢n that red 1ight»ipcreases the
“dose*af nonénoic acid rqguired to'redﬁce’ggrminafion by Soﬁ,lwhile'far

red reduces it.:. These effecﬁsvare consistent and reproducible,
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Figure 2¢ A plot of Gyp dose against temperature fﬁr four

short-chain fatty acids. The lines are the
calculated regression lines, The correlation
coefficients are shown in the table below, as is

the key to the symbols,

r
[0 Hexanoic acid -0979
o Héptanoic: acid ~0e971
A Octanoic aciid ~04990

x Nomanoiec acid ~06993
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Figure 3: A plot of the gradients of the G§O curves against

chain lengths. This regression yielded a

correlation coefficient of -0.964.




Table €: The
the
The

the

error), the calculated G

standard error of the calculated'é

three such trials.

nonanoic acid
conc/mmol m-3

Dark
0 8.75 (1.11)
316 8.75 (1.11)
559 5.50 (0,50) .
1000 0.50 (0.29)
Calculated Ggg
{mmol m‘3)5 658
Mean G50 dose
(mmol m=2) 664
S.E, - 35

50

- Light treatment

Red light

28,75 (3.50)
31.75 (1.44)
22,00 (1.69)

6.00 (0,91)°

© 769

786

50

effect of nonanoic acid and light treatment on
germination of lettuce seed at 20°C after 24 h,
table shows, the complete data for one trial;

mean number germinateé per fifty (and standard

dose, and ﬁhe mean and

"dose from
i

Far red

12,25 (0.48)

2.25 (0.75)
1.00 (0.71)

0.25 (0.25)

535

235

22
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Hince npnanoic~acid éndtlight treatmenﬁ iﬂ%eractg,ituié possible
that the faﬁty acid»indﬁced_reductidn ofugerminatiOn ould ﬁe relieved
by an-in¢reasedrréd irradistion, To check this, the dbse»respcnse
eurves for germination against light_éose with and without nonanoic
acid pfesent were determined, The dose-response curves for red
'ifﬁadiationg with and without 1 mol m-5 nﬁnanoic acid are shown in
rFigure 4o Tt is cleaxw that no such a relief is possible: the curve
“fog the seeds withdfgtﬁy acid plateaus at the same light dose as
does that without. A‘similaf test was performed with far-red
irrédiatian.,~,ﬂ similar vesult Qas obtained in tﬁat the response to
far-red light saturated at the same dose vhether or ﬁot ﬁétty acid
wagk present. ?his‘is ghown in Figﬁfeﬁ5. There was an additional
problem in this éaseg."Since the level of germination in darke
imbibed seeds in 500'mmoi m"3 nonanoic acid“ié about 94, wﬂen
these seeds are also glven a’far«red Light treatment, ﬁerpenﬁage
germination becomes 'so low, that‘naﬁﬁral varietion becomes
relatively large, “

Gibberellin pxémofes lettuce seed germination in darkness,

Ghy o VoS applied at 10 and 100 muol m™> to lebtuce seeds with a
range of nonénaic aeié concentrations, The results of this are
| 5

‘shown’in Table 7, Trom this, it cen be seen that 10 mmol m"

GA4+7 promotes germination, but hes no effect on the GSO dose of

nonenoic acid. 100 mmol w2 GA “however, both promotes seed

AT

germination and increases the GSO dose., This was vepeated on
thiree occasions and was found to be reproduecible,
Kinetin has been reported to promobte the germination of letbuce

5

seeds in darkness, 10 mmol m ana 100 mmol m-3 kinetin was co~appliéd
to lettuce seeds along with a range of concentrations of noﬁanoic aecid,
The resulbs of‘this‘are'éheﬁn in Table 8, This shows that while kinetin
promoted the gexmination‘of lettuce seed, iﬁ had no effect on the GSO
déée. It would therefore appear that kinetin and nonanoic acid do not
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Figure 4: The dose-response curves for lettuce seed

germination against dose of "red light"

with and without nonanocic acid,

X Control

A 1 mol mm3 nonanoic acid
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The dose~response curves for lettuce seed
germination against dose of "far-red light"

with and without nonanoic acid,

X Control

A 500 mmol m"3 nonanoic acid




Table 7: The effect of GA4+7 and nonanoic acid on the dark
gexrmination of lettuce seeds atIQOOC after 24 h,
The table shows the complete data for one trial;

the mean number germinated per fifty (and standard

error), the calculated GBO dose, and the mean and

standard error of the calculated GSO dose from
three suchztrials. '
e S
0 8.25 (1.32)  39.00 (0.71)  39.75 (1.32)
559 5.25 (0.25) 22,00 (1.29)  34.75 (1.99)
1000 2,00 (0.41) 9,00 (0.91) 20.75 (2.50)
1777 0.75 (0.75)  ©0.75 (0.48) 4,75 (1.03)
Calculated Gsg
(mmol m=3) 171 644 1040
Mean Ggp dose
(mmol m—3) - 709 684 1120
S.E. 26 88

31




Table 8: The effect of kinetin and nonancic acid on the

dark germination of lettuce sceds at 20°¢C after

24 h, The table shows the ccmplete data for one

trial; the mean number germinated per fifty

(and standard error), the calculated G dose,

50
|

and the mean and standard error of the calculated

GSO dose from three such trizls,

. , -3
Nonanoic acid Kinetin conc/mmol m

conc/mmol m~3

] 10 100
0 11,00 (1.3%5)  14.25 (1.25) 17.50 (1.94)
559 11.25 (1.03)  12.75 (0.75)  41.50 (0.96)
I 000 2.50 (0.87) 7.50 (1.04) 8.00 (1.36)
EEXE 0.56 {(0.50) 1.50 {0.65) 1.50 (0.65)

Calculated GBO

(ros o3 848 1040 906
R
S.E, 68 140 o1
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Jinteract. .
Lettuce seed gcrminatlon is bhna reduced by fatty acids, and
thab reductlon may be modifled by the photo- or cheml—onv¢ronment of

" the seed. _

DISCUSS TON

_ There areﬂseveral exemples of ﬁnﬁeractions between short-chain

fabty aclds and envmronmental factors ineluded in the results. It

PN

;Ewould be useful to conszqer those factors. which affect germlnatlon and

' compare thls‘Wlth:thelr effectlon bhe G50 dose.

tr

Effect-on germination .. Iffect on(GBO dose
Temperature - erminatlon o Temperature 5 dose « TEEEEE;EEEE
- Red light e promotes werm¢nat10n , ‘increases Gy, dose '
Far red light _ reduogs germlnation ) decreases G50 dose - -
Giﬁperellin promotes germ;natlon " incresses Gso?aése
Kinetin‘ _;! promotes germination " 'no effect on G.. dose

50

Thus there is & parallellsm between the effects of the flrst

%

'A”four stlmull on germlnatlon and on the G5 dose. Klnetln is an

a

: exception,: 91nce 1t appears to ‘have no effec% on - the G_, dose:,

50

- Fatty aclds could p0351b1y, be 1ncluded in the ll?t above as
¢t has been reported thaL the presenca of short—chaln fatty ‘acid, as
well as reduclng germlnatlon enhance the reductlon by{another fatty
acmd in a uynerglstlc manner, (Berrae et gl.; 197)).‘ F@tty acids
Zthus 1nteract with each other. “

'There are three ways in which' one can con51der evaluatlng the
rdfé of an andogenous componenb in controlllng a process:z

1. Changes. in Levels ‘

L_One.expects thg totalilevel of thefgfowﬁh regulatbr to change’




9,

accoi&ing to the physioldgibal'state.

2. Rates ofiTqrnover

It is neceéééfy to foiléw the metébblism>of a gfowth regulat&r;'
if only .the total endogenous level is fOlloﬁed, this will give no
gﬁiééiwhéféoevervfb the turnover. The total level may réﬁﬁin

constant, while rates of synthesis and of breskdown both increase.

% Cﬁanges in Suéceptibility
fhy51oal (or ohem1ca1) parameters may ‘alter the suaceptibillty
‘of the system to ﬁhe same dose - € if the level of the 3rowth
. regulator is constanb the tlssue may vary in its r03ponse to this
' oonstant amount depending on, for example temperature.
The reuults of the bloassay studles reported could be interpreted
" in texms of @ "susceptlbillty" system ag described in ())
It is also interesting to-note that the stimuli which alter the

' G5O dosé have all been ascribed membrane effecﬁs.‘

Te | g§ggpratﬁré_

fTeméératuré'isywell knnwn‘po~affect:theAstate of‘membrapés.
B The most profound effécf ié“that’onithe thermotropic phase‘transition.
ThlS 1is an. alberation in the d@grce of order of the hydrocarbon chains
of - the lipld bllayer from a highly ordered cry»talllne state to a less
ordereg,llquld-crystallzne state (e.g. Overath and Trauble, 1973).
This shaxrp thermal ﬁhase transition is seldoﬁ found'inxﬁatural~lipids,
Arather there occuf:'what are termed, phase séparétiohs: ther;?co-exist
regions of crystalllnlty and fluidity. At elevated temperaturés the
percentage of the 11p1d present in the crystalllne state is reduced

The calculated regreuoion lines in Figure 2, are seen to cwﬁrapolatp

to zero at )6 5°¢. This appears to be signlflcant, 51ncg there are
many,reports bf lettuce seeds being promotéd to germinate at up to

' 3506, but not ébove.% ~Negm et al (1972) reported that ethylene and
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tparﬁbp dioxidestogether.Qfomoteq ge:@ination up to BSOC. Braﬁn and
isKhan (1975) also éﬁcéeeded’iﬁ promoting germination at 35°0,
Similafiy, Duniép}and'morgahl(1976) %@pérted that ethylene and either -
GA or red 1ight toéether ﬁéuld promote germihation above 5206 but
not ét 360 3, whlch they tormad 2} Lhermal hlock %0 germination.
Hdwevcr there is Lh@n a problem of identlfying this thermal block
té germ:natlon. . Hendrlcks and Taylorson (1976) reported 8, marked
1ncroase 1n the permeablllty of - the p]asma]emma of 1ettuce seeds in
the 15-40 °a range. _ It is known that small molecule permeablllty of
membranes is proportlonal to the deg°ee of fluldlﬁy (e.g. Bangham,
968) ~and since ‘Hendricks and Taylorson uaed megsurement of the'
conductlv1tv of the bathlng medxum as a. measufe of the pormeablllty
of Lhe plgsmalemma 1b is p6881bla that this 36 C block is due to a
T&pld lncrease in the degree of flu:dity of the membrane at this
temperature. Such an increasc in f]uldlty could 1ncrease ‘small
molecule permeabillty to such an extent as to overcome actlve tranSport
proccsaes and to allow solutes to flow along the conoentratlon gradient
:Slmilarly, 1f Lhe seed membrane became freely permeable to water
excess W&ﬁPT may enter along the osmotic gradient botween the vx
Acytosol and Lhe medium. This uould lead to severe damawe to the
seed. 4 In fact‘-lt was»found that when seeds were 1ncubated at 38 M
for 72 h they were damagcd and exhibited a characterlltlc syndrome.
Thas consisﬁod of ‘an &bnormal awelllng of the endosperm ﬁo such an
oxtent that the testa was rupturad Such a ayndrome vas first ’
reported by Teuma, andrTglmann (1?64). :ﬂEﬁis syndrome could élao be
ﬁinduced at;é much'Jowerﬁtemperafﬁfe“bf overdasing with shorﬁ—chain
fatty acid. Plate 1 shows thls syndrome for seeds incubated at
38 C, at 2000 w1th 10 mol 2 nonanoic acld, c.f, normal thermo-

_'dcrmant seeds, incubated at BOidi




Control 30°C Control 37°C 10 mol =
acid 20*0

nonanoic

Plate 1; A characteristic syndrome in which the endosperm
swells to such an extent that the testa ruptures,
Such a syndrome may be induced by imbibition at
high temperatures or in the presence of high

concentrations of short-chain fatty acids.
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f 2. Pﬁxtodhvom@ a

There 1s a consmderable amount of evmﬂence “that phytochrome acta
' on;membranes (for review, sece Varm&, 1977). Marmé (1974) showed ln
v1tro phytochrome blndlng. He suégé8£ed that Pfr induces*cgnform«
‘atlonal changes 1n the membrane altexing,its fuﬁction&l Eroperties.

1Howe€er Pratt aﬁd Narmé (1976) have shown that in vivoiand in vitro

vphytochrome bindlng gre dlffercnt and’ sugéest that 1n v1tro bmdinb
may be an artefact. They also reported that phytochrome 1s released:
. from the pelletable fractlon after & far red irrvediation, with a.
half-llfe of 25 mlnutes at 25 C and 100 minutes at 13 C and 3 C It
is possible that this change 1n halfwllfo between 2) c and 15 C but
' no% between 13 C-and 3 C is &ue to theﬁmembrane phase transition.u
;yMbre reeently, Hendricks and Taylorson (19?8) have shOWn that for
. Pfr Lo be effectivc in promotlng germination of Amaranthus
'retroflexus B. seeds the membrane mus% be in a crvaballine statc.
They claim that Pfr is 1neffect1ve 1f the membrane is fluldw
Wlesenseel and Smeibidl (1973) showed that “the pl&smolys1s of
Mougeotla is controlled by phytochrome: red 1light inoreasQS'the H
permeablllty,g Maaemé (197?)‘summarlses the major ph§t05h¢oﬁé gffeéﬁs
on membranes to” be. : . \ ‘ |
J‘ 1. Membrane permeabillty -
2,. control of the activ1ty of membrane bound enzymes'
'H(a) modulate enzyme activities whlch are capable»of
' controlllng the active ﬁranslocation of 1ons and molecules
~1nto-and out of the cell: (b) modulabe metabolmsm of
membrane=hound molecules- (e) contro! the agtivity of
rmembrane—bound enzymes whmch catalyse the- metabollsm of
so%uble‘molecules. -
'fvThus,there ié”cpnsiderablé evidence for the involvemént of

phytochrome in mgmprdne’céptrolled-procesééé.
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%. - CGibberellin

GAs have been répox?éd'to affect.membfgnes. Wdod?anlealeg
'(1974) and Wobd et al (1974) répofted'tha%.Ghtincreasédfﬁembraﬁe
fluidiﬁy; howeﬁerfthéirlresu;ts are far ffom unequivocal., rThe ma,jor
critiéism‘pf'this wo?k is fﬁat the amount of gibbeggllin inqdrpofated
is muﬁh above that réquired +to bring about physiologicaiir93ponses.

promotes

It should be noted:from Table 7, that while-10 mol m™2 GA4+7

50

N . ) -7 - . .
100 mol m~” GA4+7 does not promote germination any more than does

the‘éermination of leftuce'seeds&:it has #ofeffécﬁ on theVg dose,
10 mol"mmB9 fbu'l; it di;:)._és alter the G5;) dose. 'This sﬁgggestg that the.
GAis ac%ing in two diffgréntGWEys:_ at low concentrations it prOmoteé
geﬁﬁinati&n: aE higher cdﬁcentrations thisvprpmofionﬁis.;aﬁurated,
.buﬁhihe large GA dose acts in somé other manner, It is possible
! that.thisuébﬁormal, high dose effect of GA is due to its incorporation
,int6 membranes. The levels of GA may then approach those used by
Wqu.and Paleg |

.‘in summary, germinaﬁion of lettuce seed is reduced Qj application
of éhort~qhain'fa%ty acidé; and fhis reductionyis modulatéd by

temperature, light treatment and gibberellin,




Loan artlflclal membrane system 11posomes.

LIPOSO ME PERMBABILITY .

PR

iNTRODUCTION“

In the prevmous secblon it was shown thab short—chaln fattya

ﬁﬁacids reduce 1ettuce Seed germlnatlon in a parﬁlcular way.r-~
Because ‘of the amphlpathlc nature of' the shorb chain fattyL

“aeids, and 31nce the factors wh:eh affected the G5 dosa 1. “”-5;,-

1. e. temperAuure 1arge doses of GA and: phytochrome have aJl been

-«‘K"

Ai:ascribed membranemaff@ctlng proPertles 1t wa.s belleved that the J

shogbnchaln fatty acmds may be acting on membrana . However 1t

cis obv1ously d951rable Lo obtaln a guldc to the fundame tal actlonf s

X fof ‘the short—chaln fatty acld o ths end, it was d901de"

Liposomes oan be produced uimply by shaklng phosPhatxdylchollnL ;;

fuln waber However such vesicles ure mulL1~1amellar non-uniform

) and tend to preclpltato on sLanding (Mlzamo’co a,nd uboeckem.us 1972 ,

5

Morc stable homogeneous llposome preparat1ons can be obtalned by ‘

‘ultvasonlcatlon whlch promotes formatlon of unlform mono—b fayer

- veslcles (Banéham et al., 1974) Liposomes have been sho;n'to be E

comp]etely sealed and thus they consbitute a simple model system

" for permeablllty %tudn_s'of ]1p1d bllayers parblculquy because of

RS

.their very high surface area to volume rat10.~%

‘Since most liposome dlsper81ons act'as perfebt osmbméte%é

’ measuremenhs of bulk waber pcrmeabillty'cwn be derived from the

ot

. rate of swelling or shrlnklng when ax. osmotlc gradlent is applled
iacros“ the membrane. Blttman and “Blau* (1972) measured the 1n1t1al :fé o
vaolume changes in- mulblulamellar 11posomes afLer establlshing

concentrablon graﬂlcnts of pota351um chlorlde across the bilayers, .’f

L8

They showed - that the 1n1t1a1 rate of permeabllity to water 1ncreased

5y
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with the introduction of incfeaéin numb ?pf unsaturated hdnds.lnto‘

the constituent PhOSphOllpJﬂ moleculos 1ndlcat1ng “that the rwte of

diffusion is a function of the fluldlty of the hydrocarbon chalns,

The actlon of cholesterol on watexr permeablllty was predlctable 01 the

ba81s of its effect on the mobillty of the hydrocarbon chamns |

:(uackmann end Trauble, 1973) ise. cholesterol increases permeability“*s

below: the Lran91tion tomperatur@ ‘but reduces it a,boveo | |
Blolo 1ca] membranes and 1ipid bllayeru have rather 31m11ur:

- permeability properiies as regards water and nonwpolar solvents

1There are, however, marked dlfferences as regaxds LhEIT permeab111tjes

nto hydroph11lc solutes, partlcularly 1norgan10 cat1aﬂs'7 fhé

psrmeablllty of lipid bllayers to these be:Lnb éenerajiy mﬁch smaller.

It bas been suggested that this dlfference 1s due to the presence ln EA g

¥

natural membrane of certain proteins which may be directly

concerned in this process. Since 1norgan10 1ons are hlghly
hydrabed “the energy requlred for thelv release from én aqueous ’
environment and transfer to the hydrophobic reglon'ofxthe membrane
provideé a major barrier to transport-via hydrophdbidvpathways;

The presence of an anlonlc charge on the surface of a bllayer aésasts '
the permeation of C&thnS across phospholzpld bllayers and %he.
effect of these cannot’ be overlooked, There is 1190 a consmderable :
amount of ev1dence to show that - cholesterol has an effecb on cation’
permeabillby 31m11ar to its effect on water permeab:lity
(Papahadjopoulos et al., 1971). It_l? generally agcepted,ﬁhat
hydrocarbon chain mobility is an important parametertinlthé passive
dlffu81on of hydrophilic solutes across 11p1d bllayer" (Sohreler

7 , Mu001110 et al., 1976),

Tt has been shown then that‘thé water and~small molecﬁle
permeabllltles of a number of phosphollpld and phOSphollpldmcholesb9rol

i

systems have been found to approxmmdte to those of" natural membraneso o

oty




© MATRRIALS AND METHODS

Qhemicgls

]

‘.‘w

Lécithin.(égg) (MW, abowt800) was obtained from“BrifishJBfuge'

chses Ltd “and was used without further purifleaulona . Slnce thls
A4

is a natural llpld it is llkely thab 1t is heterogeneous In fach

38 molecular SPECIGS have been 1&ent1fiod in eg@ phosphauldyloholine

s [

_(Knk81s and Maral 1967)

5oy

7 E(Nnmorphollno) ethanesul‘wnlc a01d (M .5, ) Was obtalned
P .

from British Drug Houses Ltd‘ :‘%w

The Sp601flc pota351um 1onophoye valinomyc1n and the uncoupler

H

carbonyl cyanlde mechlorophenylhydrazone (0 C.0iP) were obtalned
- from Calblochem La Jol]a Oalzfornla 92057. Vallnamy01n was‘ "
‘ madgw$o«90.mmol‘m 1n ethanol and the CCCP_was mhde- to 490 mm01

ko i

‘m “ in ethanol,

A

Liposome Genexations

e

P5O ng (512 pmoles) of IGCthln were dlssolved ET approxlmatoly
10 cm5 of ohloroform in a round»bottom flask g “he chloroform was
removed by rotary evaporaticn at 3) 0. n Thls 1efL a thin f11m of

1ealth1n on - the 1nslde of the flask. . b cm3 of )OO mol m 3 KCI

and 500 mmol m -3 m'n.s (ol 6. 5) Solutlon were added tcifhe flaak‘ﬁ

. _
‘ which was v1gorously ahaken by hand Tha resulblng suspenslon
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was transforred ho a 20 en” vial surrounded byvlco ‘and sontcated“
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- for 5 x 30 seconds, with 1 mlnutc resta between. The %usPen91on .
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was 1oaded onto u short column of ephadcx Czr coarsa qwo]l&n and;

eluted in 500 mol m 3 e Cl (PH 6 5) Ehlshresultg 1n;1ecith1n *J“r«_ 4
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veamcles, ‘o Liposomes ylth NaCl owteide and KC1 “ins