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| BUMMARY .

.in.é e#udQ o?'aﬁiuéture»activity ralatiéﬁﬁhips;~ann ﬁnd-tﬁirty~tﬁ§; i*ffff*
nf ibs analmquaﬂ hava hean teated in the lettucn qexminution, 1ettuce
-hvpncotyl anﬂ nan opicatvl biaasqays. | J

Anh deluva qarminatien of 1attuca. a “delay which cnnnot be overcome.l
by the ayplivnticn nﬁ GA nlthough kinahin is cavahla of nausinq at lcast ;ﬂ :
a partial revursal. -In. the 1ettuca hvpocotyl and pea apicetyl nssays, .
ABA inhibits ¢A3~1nduaed qrowth but. is leaa efﬁectiva as an iuhibitox in S
the absenea uf CAs. mhia resultv in the exi&tonca of Q statistical s
intexactian hetwgan GA3 and AB& in these ausays, although the. relavanca of N
this: observation to an undexétandinq of phyaioloqieal mechanisng is debatable[ ?‘

Twelvn of ‘the anaxagues are nore nativa than ADA as 1nhib1tora af |
lnttuca gaxminution. Assassmeﬁt af tha malacu!ar requirementa 0! Ana for ?;L
A mctivitv reven]ea that' tha rnquixnments are ﬁimilar in all three bicansay
systens. . ° Tha caxbcnvl and/br hydroxyl g:oups 1n tha ring axe neceaaary fo#
?”inhﬁbxtoxy activity as ia the unaatuxated bend.-; The douhle hond at an An
tha pentmdienmi¢ acid side chain ig also an impoxtant foature. of the molecule/
for Anhulike aetivity, alﬁhough cther chwnges 1n tha degraa of satuzahion 7
and to the terminal moiehy can be made without destrcying the ability of tha ff
- -:molecule to act 1ike ABA. . Tha side chain, hewaver, if retaining the pantaw -

‘diena atruatura muat be tﬁe cis, trans~isomer, the txans, trans»iaomar heiug E
1nacttva. - : A ‘ _ ‘ . =
, There are two. phaaea of z~: QI*ARA uptake in 1cttuce fruits.ll Although'f‘
the first phase appaaxa to relata to the imbibition of water,_uptake cnntinues -
for thxaa houts following uampleta imbihition. ‘The second yhana aorrgqunds_
with the commanuament of radicle axtension. | | . | A

studias of the distrihution after uptake of radioactiva ABA by 5aluh1e f‘-
compound micraantoradiogxaphv were aftectad hy thu appaarance oﬁ light e

retlaeting badien within tha cotyledonary cells. The hndies were similar




in aiza nnﬁ nptieal propertias ta silver . grains, xenderinq tha xasults of B
automatic qrain aauntinq teahniques and visual ¢ompariaons QF the treatmenta

miuleadinq. The appaaranco in the tiauues of theae drtefaatq wws caused

by fixation 1n the proprietoxy fixers, "Kndafix“ “Mat@f@gﬂ_and PUnifix?,

but not in etther scdium or amnwnium thioaulphate. _ Tha sourue'of artéfaéisf,ﬂ‘f
has baen shnfn, by liqht and elnctxon micrechpy, to bo- prntein stoxage bcdies,”}f

- many mﬂ whirh contnin small incluﬁionﬁ." Treabment of thc tissue wiLh thtO*‘

K, grmphia Fixmr qaumms thesa inwluaiona to be released.

Tha distribution of silver qxainn, and thus oF tha radiamctivity, cculd
he ascertatned h] removing the section from thn slide and. examininq the |
'lntont 1maga which remalned in the emu]sion. This revealed that fruits S

4CmnBA had radioactivity unifoxmly diatributed throughout the fﬂl

imbibnd in
/aotyleaonq, nlthouqh afrax rndicle extension hegan, a nliqht nccunulatinngh‘
was appazmnt immeaiatalv hahinﬂ the radiale tip. i
naaqnnnum]y nyplied radinamttvu AVA ia mntuboliacd in lettuce fruitu to -
form nn unidentifiad substance which has ehromatogrnphic propettics difterent
to pxnviously described ABA matahnlitca. . When ABA is preqent in tha hathing
@@lution, the quantity nf mctahalite never siqnificantly nxcuada that Of
radioactivn APA.. in the tisaues.
Tranafaxena@ to wator of. fruite Ambihed in ABR reaultm in a ragid lons
of nﬁa from the tisquas, although no 1aach1ng of motaholitm mmcurs. b ;
:anﬁinntien h@ﬂinw qhortly after tranaforenca and mav ralate to - Lhe-loweringr
of ABA 1nvels witbin tha tissuas by either leaching or mctaboliam.-*‘”Jiy
ABA has ‘heen shown bo ocaur enﬂqqenously in lettuce €ruit tiqsuea vﬁrs;’i-
f:Great Lakes and Arutic King by techniquas which iuclude viwculmr dichroism, A
gas 1£qutd ahromatngxaphy anﬁ naas apectrnmetxy. The 1eve1 of ABA tn nissues S

of Preav Lakes hns alﬁo benn whown to fall dramatically up to tha time when J*

radicle ﬁmexqenca occurqs tha falx aannnt ba explained in tormm onlv Qf

1eaohinq. » ".-,. N
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_ ABA abecimic acid
. ¢p o circﬁlaxgdiohroiém
DHA. . deoxyribonucleic:acid

3

' gibberellin A |
GLe ;gas liquid cbxpmatpgxaphy - - ﬁQQ

ma :!.mlole-'\eetic: Aé&gﬂ B
3§S.it>” mass spéqﬁxeme;xy‘
._OﬁD.k". fq?ticai3?§§6t1a§taiapéxaﬂmn
ﬁNA .zibqnuélé;ccacié;‘r .
e ?ghiﬁ léﬁéiﬁéﬁkqﬁaxééraphy

v ‘ "fnitra-vidlet o

\

H A Exrata

page line

’l' micron £ micrometre.

35 29 - ascending = descending,

65 .5 three days or less = approximately thggé”d@gu;

70 1 inhibition + inhibitory.
' 4

e

a8 7 at 10754 GA,, growth was inhibited by 107°M ABA.

105 1 5x10% + sx107m




~ INYRODUCTION'

Thﬁ xegulnﬁian Gf 9lant gzawth and. diffexentintimn by naturally

mcaurrlnq aubatanaas which axert their efﬁacta at low csnuenﬁratxunQ, has S
1 baaama ‘8 ma;or araea of research - intetest in devalepmantal biaiug?. fSiﬁLe

‘ ) ﬁh@ 1949'3. intereat has been axouaed Ln the prebenga Ok aampﬁunds wniah have*
|  the ganaxal pxoperty af 1nhibiting growth in a nan~tmxic=fashion.= studiaa
N sunh camgaunas wara atimulatad uniafiy by aanﬁi&uraulan uf develcpm&ntal i
:kthRQMQﬂd iavalving the arrest of gxawth aua the iormatien Qf Lhe Dverm
wintexing qanﬂitien. :

Iu 1%19 hcmbarg uggaata§~tﬁat ddrmhﬁay‘migﬁt e dﬁé t@lﬁhé Qraééﬂcé—efag
- subsltances inhibitury to grmwth, nn&‘ha ﬁound:tham éxﬁr&éﬁé of dcrménﬁ ;‘# \‘1
tewminal Lu&a af ash sﬁrangly inhibitnd Ahe alangation at oaﬁ Loleap&iles.
The 1eval of Lhia inhibiuury influenwa ﬁearaase& as ﬁoxuancy disappearcd.

Tha iaalmtion af the firat 1nh1bitgry nampaund known Lo nlter gxewth ;t
cnneentrauiona similar to those describad fﬂr thae auxinst gihbetellins and
veytokxaiua xasultaa Lrom atudlea in Lhio in&epan&ant laboratarias. In the
' 1 U. S, h., nddicott and his co-invastiqatura dascrabaﬁ the rﬁle of abmeiainnxx,
l'a aompaund wmiah they claimad wag reﬂyonaible fﬁa the ahacissiua ai @éﬁtﬁn :
.;;h@ils.., Thia compoun&, naw Inown as abseisic acid, was first i&olateﬁ fram
‘yaung cotton Exuita by Ohkumn ot al. in 1963, and itm atxucture puhliahaa in o
%965 (thuma at al., 1&64). At the same timu, inveatiqat&na u? the inﬁuﬁtien
of hud ﬁurmanay in woody plants led to tha isolation and 1dentification oz
"dormiu“ hy Wareing and hla aaaoaiates (wnxainq et al.,’ 1964; Laglas and
Wareing, 1964). ?hia ‘was lnter ahmwn to - be iaentical with ABA (Robinscn ana
4 Whreing, 1964: aornfoxth at al., 1965a), and the atructura wng ccnfirmed hy

aynthesis (Cnrnfoxth eugw“ (71965b). Othet invastigatiune an the identity

mf an ahscisaion nccalerating substance 1n yellow 1upins, repozta& originally
by Van Stevaninck (1958, 1?5&), have fullownd (Rnthwell and Wain, 1964), and

_this tuu has haan shmwn by Canforth at al. (1966b) to be. AE&.




The wid@f'@r@m} cscc'urrm‘wa {}f’ Am 1ma sub*se:squmﬁ,ly heen ﬁa.mribu} in mny

plant Li%uem (r&ﬁ_lhcwrmc 3.967, 3.9613; Waming emd Rylmc:l; 3,‘370) ’ :ma ttinw:smw

also clajms. ’m Mmrq fshcmn timi, ABA is th MOBE am,:i,vw cmf};mmmi" c:vﬁ x.!u:a

N

4 aﬁ:d M.Lm: 13 comgﬂ mr.

bmiﬂ.t: mmm a.rs the 'eriviel! name fmr the sesquiterpensid cc:emgcmnd Lo
shown '*Ln ‘3‘&!:.1@ 3. Tha wmmrmlu hags am asaywamwm caxhon ai_em z&it*mma at
the Jnmtim‘t, r) tlm side tzimin and: Lim ww.’whemx)ra rim;. ca feature wh c.rh.

. c*mzm:m npti(*m mt:wii y u}mn the cmmymum’h The nawm'lly' Boourri my

mmmiﬁmﬁx han hvmx ﬁimxm hy- Oritani and y,mmghtm {1‘73?2} ami Hyi&wh (1.%}72}
o ba (8)- €+)mamciqm avi{z. . The ayntheti.c: aulmtmme ia, tmwevur, ;';; racen_ig S

mi*;ture ol ia‘ f:hm*@ﬁom {R‘s)»(-»)wab ,amm acid, an mt.ically imati&m

ac;mpcmmi c‘lws’m:},m imm t;hea xmmmuy cmmirrinq &ncmtinpmr ;m hw;i.nqx higher
~,mc33 tin{; mtn‘. anﬁ & lm:zar 503 uhimt;v. - T!ma, mrhmwh i:.he %m,mnema zzm
imﬁis;t*i.n-:;utaha?ﬂa axae@t, 3); theiy @fﬂwt ‘on }mﬂ ari ac‘i ‘&iqmt, t*}m cmmi:wn

ax:ism s m whetha:r m: not, mmir biolmgim pz"c;prarta_em am the gamoe.

T

siilhrwrmz (195") ; ming rodioactive racenic ABA iR sﬁm:rt‘ term. mzxerimmta,f -

)mhmmﬂ tlmu t.rma‘m hcmt*‘ eanvarwﬁ mw (H»wmymmnh wxm LA mmjw pmﬂuﬂts,

wh:i 16 the (-«)-a:amazxmmnt gczw oy cm. Af%.er ?tl 1«. ﬂmak of t:ha &BA r&.mmnmg

wan ﬂm (m)vumntiomar. ~; om would L!nw expaat thm (+)~ ;zm:’i ( B a;hsciaia

m‘;;ld" 1:0 lmxm ':r f’m:mnt biolagi.ml &fﬂ*rtr anri, a,t ﬂim ﬁ_t apgmareﬂ that :

wss’s:hm:ig ABA-‘ gmsae sed‘only Aml ? the ‘m*f:i\rit:.\( of the n t:um:! c'anmmmd i

ﬂhexeﬁam indic:ating (-)~ma wae inacté.ve:. wha mzmzutﬂon m: t'im *‘41:0!?6!3" -
s‘t;omoxs (C'ornfqrth et’. al. . 1967) and thair subgequem‘. f*asmnqg by Mi.shoxmw
" (No6a)” “hag, hewaver, ghown t:hat bot:h R- and S~ A!m ara. aqmally ac:tive. S &

m well em stemoimaxtsm, z:m exhi.hi&:s nam*atrianﬁ iacmexism mt tha

unﬁaturatea Kmnd g‘hatween C:-—‘ Arana -c-af'in the side ahain. ' 'I!he mm m&at r-osmnly;:

Amolatad f.’rom nlamt. tiﬁsusa has lman t;ha c*s,tram»« cm z ,Em iﬁmex, althmuqh

‘of’ tlm tram ,t:mns~ im:-mx am conﬁlicting aml mnga fmm agsigning it ec;ual

’ mi:ivity t:o the c;ls.trana»—- i.somr’ (addicntt and Lycm, 1969) to reqard




';'~Tha dagxae ofgthis rotatinn ahangas as tha wmvalength mﬁ the inuiﬁant

66 wamuxa nnﬂ

‘tmtally 1nactive (Carnfnrth at al., 1955», Milboxxaw“

’ﬂaqao 1969&).ﬁ ?Tha raason fot the variahle xesultn mayihe'that the frﬁixf‘

’txana,trans-hﬁa oan bn cmnverteﬂ by irradiatinn with ultraviolet 1tht to a rl £f
1:1 aquilibrium mixtura with 1ta cia,trans- 1aomar and vica versa (Houasaronm'7
‘.Canet at al. 1966, Lentan at al. 1971). The qrawth inhibitoxv activity uf

‘ trans,txanawabsuisia aeid tn axpaxinents cax:iad out. 1n tu@ liqht mav,Ek Tl

' therafora, b@ attributeﬁ to the ais,trans~ 1somax formad by photoly»is
(Mixhaxrow 197oa). o | | ’
h nnmhez af mathoda hava bean uﬂad tc datamt anﬁ 1dantify ABA._-.?@Q;

-"Qriqlnnl mmthaﬂ bv whiah inhihiturv achivitv was dahaatad, xalied nn ff“{

” ¢hxomatoqrnnhy ana htoasnmy taahniques {Bennat ~cxmrk anﬁ Kuffoxd 1953 and

“fuitsah anﬁ Nitsah 1956).13 Thin tachniqua, althaugh satiaﬁa@tmrv for ha"

dataﬂtimn uf inhibi*ory activity, 15 not qnanitia fox ABA anﬁ na hioaqaay
can, with aarhaint?, 1aparate an ABA raananae from that mﬁ th@ othar acmmunént#}i;
af the inhibitor~ 6camﬂ1ex whieh mav contain phanolia ox. aliphatia acias |
(Lentcn qt ml. 1972!. ' )

ﬂeth@ds apaaific fbr tha dataction of BEA usuallv involve purifiqati' et

_‘by naid/hasa ¥ractionati¢n and chramatoqx hy follawed hy etthex ﬁpectrew

- pﬂlarimetxv (Milboxxaw 1967 1968 1970&, _Zeevaart 1971) or qaq-liqu:d

4’chromatography (Lentan et al. 1968 19?1 1972: &aeley and Powell 1970;

‘*Mbsh 1971)‘**;:"

' the moleqnla. maturally owaurring aBA mnuiats only nf the daxtrorotatoryﬂ”‘b_«

rotatea the"lane ot polarised 1iqht to the xight (Coxnfbrth et al. 1966a)g

polaxised liqht va:iea, and. ﬁor (+)~AB& tha rotaeimn hmenmea zexa at 26 nm,ti<”2

'bﬁlﬂﬂ ﬂhich it achiavaa a (-) artxamum.: Thiﬂ revcraal of rﬁtation 1a the LS

f.ﬂctﬁen effaet, which for ABA Ln vory markad. ABA haﬂ, An fact. one cf th

: 'highest spacific rotationa of any known aampnund. Bacause af this, thw,

j.optical rohatlon ainperﬂion (QRD) cuxve of (+)—Aaa in?a' ;tract can be



S””dutmrmzneﬂ wirhnu& nbm*farenva Fran othar mpticallv nctiVQ ronpﬁﬁhdb ﬁﬂlééa

ﬂ %hny aro nvusent ln vorv hiqh cnncentxafxono.‘. 9rav§dcﬂ thﬂ curva nht%ineﬁ‘

-conmmunae, tuc quantit? of nnn @raqanh cwn ba caloulnt@ﬁ LXQM thm rmtnhion, -
uaxmnllv mt thm first (+3 @xtramum. : TheA]imi o? dcto@tion of uuro ﬂuhaﬁwnce

Cdne aluticn iq 0 2 ug tn 0 7 n] of qolvant (rilbsvrow 1908).‘ “j“'

Uainq thia mnthaa vthe lnvel o£ A?A in a nnmborueﬂ tinquow hwq ba@x‘a

li‘deh xninaﬂ (nzlbmrxmw 6? 196&,1970n~a &emvnart 197%);v Covruatjonm for

'»ﬁl'la«snbgwncu\xinm durin. ’xtrncrian snd putification can b Aqhievoa hy iha _,ff%

rnaamate dilutien mathod“ aaviqed by Hilborrnw (19u7). ﬁvnthetic (~)—PBAQVL“

: {1” lis addcd &t the boqi;ninql'f;ﬂxtxaoticn nnd is aatarmined qumabxt&?ivoly

nftar purificafian aq tho diﬂfnr&nce batwapn the amnunt af BBA presenh, aq

“.xg.escimatea,bv ultxamviolat spactrometry an& ORD.‘r Lousos of endaganoug (+

A"waBA can therefore ha calculated.;A*

 :‘ Anathar method af identification an& quantificntion which haq bcttar

raaolution vapabilities»tlﬂn‘ono, utilisas the virvular dichruism curve

",(Milborxow lﬁ&?). ) ?irnulax dtwhxoinm (PD), althouﬂh a re3ateﬁ phonmmnnon('

ko nRD, depondﬂ upon the ':@ei’ic ano:ption nronovties whivh optieally activa‘fi

canpnanda pOﬂﬂPSﬁ.' Diff ntial nbsorption nﬁ fhe twa vtrcular polariaed

\:hﬁams which cumnriso a plana nolarisea heam raaultn 1n o ratatad elliptimal

'7polarisad hemm.jﬁivb is thexafora maanured in.tarms eitheg of the diﬂfexenae

f[between tha aircular polarisad beamq er of the ellipticity to which xt giveéﬂ}l”;

o ;ﬂ?rise, and a curve ia nonatructed hy measuxing one of theaa paramntcrs as a '

:ffunction cf wavalenqth. From tha peak heiqhts, tha quantity of nonwxaaemic“

'”;@&BA @xaaant 1n ths solution aan he aalaulatad.

Lenton'at al. (1968) daarr&b&i tha GLC of Ana aftnr farmntian af its

‘i;:%ﬁmathyl ester with exceas diasomethana.‘, Tho technique has aubqequantlyahpen

;]usa& ta 1ﬂenﬁi£y an&pqenoua ABA (Host, 1971: Lcntnn et al., 1972) and ih in,;ﬁz;

o eapable oﬁ aenarating the qis, trana* and trans, trana~ isomars but not the

570+) and (nx:engntggmarsgé Originallv. tha 1imtt1 of detactimn by this




.,:}

uq m‘f mm, al though s{ml«ay ema l’owal].

-tec!m:k:me wem hetween 10 ané% \J.OA -1

'(:1.9‘70) alz\ir;m& l.imitm }:ee.t:ween 107 and 10 -5 ug.- ,
xzom gmité.ve menti.f‘iaatimx of ABA c:mxlﬂ he- mm:‘!a hy subjeueing an

aliquat faf t:hcz emmrmt t:o U‘v Iight; for sufficiont: i:ime 1..0 allow aquilibratmn s

Cof Lha ois, trans~ and trans, trans- isomers {Mcma..:emn«ﬁ'amt et al.. 1966) o

IE at thm tinme, t.he amm ’!.m(’ﬁ&m hhca twe ourves on the c:hmmamqmm are equal," 3

- the cia, t:ranﬁ-- peaﬁ: bm‘mﬁa irradiati:m mumt hmm }man thu xeaulb mn‘.ly of t:he
masama of cia, tmns—»Am\q
in 1‘3’3’1, Lenton et exl. riodified thelr ’t:exahnique :mc:h that it could be

u«aml to dat:emim arm quantitatively. 'fhmm mgdifieatians invclvad the

- addition of a known quantit:y gf trans, trana—-mm at tha hagimﬂ.ng af =

ez«umtimx o awt as ;m inmrnal sbandard, Thus, aimr ﬁm, the m:eas under
the rczmmctive c:w:ves aoum ha measured and: the e.;;u:mtit.y af mnﬂmqanous. cia.
~ grang-ABN prosent in £he m:'iqixml. extragt a&lwl«:maci. .

Qi;hmt mei:hmis fcr t-he &camcat.icm m‘ mm inelude t:he wm c:af a colour tests el

doviged by Mallabg and Rybac}: (1972} ana an :umurmlcqicm m;my (S’ucha e' alu o

'19'1‘.&3-‘,' 'mm mivm:tagea a!f this latter. mm:had are. that, u.fhar ;;memration af

- the mm.tiﬂw nimgﬂ, 1o’ speci.nmaeﬂ Qquipm@nt ig mquimd, zmd it :l.a " epeatab}.e‘ o

" and s@miﬁia. Sinc:ea ncarmaz. puri‘r’”ﬁ.czatmn of.’ gas.t:z.aoi*s was mquima befoxe 'i
zritmmmamay, no aﬁvanmga c:am be gained. ev:»r ﬂpec:u;a@mmmmuw‘; or GLC, . .
ﬁngmsialxy where this is‘ aasmigweﬂ with masg spg;c‘hmm;a@g (.?Q:ﬁzzi‘n;;: gnﬁ
Shopliord, 1973). e - ST
‘1‘&:{3 avmu.animw of @a‘fi’iuh&'l-iﬁ, xfa.aamia ABA has iac,ilitc\ ea the study of
its efﬁfacm Qn a wvide mnge of plant raapanaes. . tmch ai, ‘L.hsa uav'k relating )
-vm i..he dmmva am} charrmt.m:mm:ioz; of mm way a mssuii. m? its ability m

aqcalwx‘am abmiss;i.mn. Aﬁﬁim@tﬁ arxd h:i.s msmiams mﬂmii hat z.he -

a}gpliam.mn of a-xi:me;.ss e‘:cmmi.m.ng mm to ﬁlm pmicslas of;’ czm.ton aeeming Y

A "m:»-plmw“ acc:a?.emmd dhﬁf»lﬂaslt)n of thg pm..ioles. Thr»v ai"a mrmlm:ed
 the 3.«3%1 of ABA prmmlh *n ycamm frults w.ii.h t'.hcz ti:im m, whic.h e,hey show

- TAIRLIR. muﬂaxmy to abwimicn, a}.thcaugh i.hmg Ware les:fs suseemml dn i.m‘lncing},;




;971; .?Icmms mlr:‘s,m

abamhas on: :I.n who:!.a 91. ‘t:.u hy thn exogemua applmmmn of Mm, e:am% Wareing }

el ml. (1%7) lmva mnﬂ.s.mesd tha ei’fmta oﬁ mm on nbacissimn in x'e::illa"::

ocwmidas mu‘i t:.olem'a };almmi. ,‘ c}:sbm:m (1%3} £ On tha othez: ham}, waa

to mc@lamm at:s';uicmimn 5.:1 boan’ awplanta, but 5,1: :‘m rhmuqht i;‘.lmt: t.h

' fms«mes Ay imva c@nmimd high: mm;!.n J.cmalss.  The. ab:ﬁ.lit:y- m aamlemt‘g;
ahfsais&im: in e:s.--;'slemtv is therofora a wa:!.:!. doaumantea g::rc;perty of ABA

: t:hee zsit;uation in wlmla ;:alnnm 3.”3, mxfm:tunately, xmt; 80 ulciaw. ’ Mmt ,:I:'ﬁ rts

m’imat@ t!mt to aﬁfwt aimcmuimn ’ applicatiou musi: be pmzmngpd, ama that ;
‘!::hes tism&s muﬂi. %m mmg:%:iva im t:im zsi‘imulur (Adﬁieai.t ami r,jmx, 1969

“!Ifhm:s thm 3.@&1'065 ::.sf c:&.&xuﬁ mu% aj.:!.vea wem apmwed w;i th mm isz smmex,

.absmtasicm mcum:eﬂi, \;Imx:raas mimilnr appﬁ.imtimw in uinwr wmcf.k :Lnatfac ive. o

R "‘hay mxmluciec} %hat:-‘ A

A ww mt:amci:im witzh c;thm: hm*mmma whi.czh vaz:y S. :

‘m,m,amxm m anwmn*acmtal e..}mngcus, ml%.hmugh they do cmnmaor i.hm. var:iationa L

4y me ahility of t:h(e 'i:i.mue o cﬂ?mm anéi/em ciim»—m Livatc& *Lh«a Atm my n). '
huve h@m :imi;mmant. |

m;. ma.il a.;& ammulai.im the i‘@mmfm mt .».m a?::s:c:i,fsm.cm ,1ayex v zma has baun

‘ r;ﬁmtm *a:.o am;m lam cn,_l czhlm.capiwll zmcii tummr in &l}!‘sci inf; stwm-s Of axmp' 'm:.s g

B

(mdmom r:ma ~Lvm\'

'-19(5‘9) - E‘t)liar a}zgmlimtimn }m,f:s zmr,m '%hmm m xaromot;a

e:mf»mmwa in wh«:mle pl-mm, alumuqh m y«:mmf m:' vs.-;;mmmzl ; gmwing t:.taaue , :

Q’fmoﬁe izh& msa c:f mmmphvll (m.»-mmm.y m‘: al., l%!; }Mamrs"' 1.968) '

'siﬁ thum gaqbzhirﬁ

lmt:, uzmw cm,tain} aonr‘iik:s.an.,, ammcgmmm n?m vauld exertz

) :.a mmnm"c;lum; :m.flu ca cm leaf mxmwc.ns:m. 'j’

3&. rcwm.ly ﬁ;bsamsmi reﬁpmm c:of‘*‘ plmtg m M‘a’& .m "c.mi* ol zmduced

k&, 'i!‘an M:(Weninck, 1969, i

mmnwpismtimn (mttls,‘ am"}‘ Smﬁz, m&a 7. i‘aiitmlh@usmm (‘

ansamam, mm,mm (:cmpex: m' 2k, 197914. amin m: al».

(.i.ﬁa?‘l) m;d& mr.mn (l‘:’:‘?!) h*;}.m quggmawd t‘na&, tims ﬂk’kuﬁta ﬁtr@c*t}.y cn t







wﬁouna thnt. whera the ylants were apraynd with ABA, during tha 1ang day
txeatment, flgwex initiation was inh&hitad. It is tbua poaQ£b1a thnt ABA _
is the postulated flow@ring inhihitax Qxaduced in long day plants which are 4
suhjecteﬂ to shaxt dnys. Zeovaart (1971), on tha other han&, alaa using |

\spinacaa olaracea amnla finﬂ no 1nﬁication of a lowﬁring of ABA: levels afterﬂ

transﬁa:enca of plants from short to long days, and concluded that ABA did
not funahian as- an’ inhibitax of flover formation, ‘ :

ABA has also hean shawn ta inhibit certain aspects of plant growth |
whiah are dependenh upon both cell division and cell alongation. i <! has
heen tound to inhibit.qrqwth of ceraal emhryna {Coxnforth at al., lﬂﬁﬁu),
extension of excised aat aaleoytiles (Wareing et al.. 1968b), caxaal masoactyl
eatension {Milboxrow, 1966), growth of lettuce hypocotyk% pea epicotyls,~-«
maizﬂ and oat leaf sactimns (Wareing et al., 1968b) , an& of small quatic

plants such ag Lemna and Wolffia (Addicott and Lyong, 1969).

Another ghysimlngical response which was- xesponsihle for muah of. tha
‘original :eaeaxch nn AHA is the 1nduction cf restiaq hud fcrmation in many
“woody | speoies (Ragles and Wareing, 1964; Wareing ot al., 1964), Bud |
dormancy- ooours upon application of both natural and,égptheticﬁABA‘ta}:hef;

leaves af‘hirch (Batula nubescens}, sycanore (Acer pséudoplatahﬁé)ZQné.””

blackourrant (Ribes nigrum) (El-Antably et al., 1967). : nstimxtion 0f tha

endogenmus 1nhibitax levels xevnalad that txansferenca of many wundy species‘
-framglnng ahort days results in increases 1n inhibitqr levels an& the
foxmation éﬂ xesting buds, e.g. Phillips and Whreinq,»lQSB. : This.inhib;taé??;«w
has heen shown to ha Aﬂa in gevexal species (Canfarth et al., 1966; \' |
Hilbo:xnw, 1968) . On the ather hand, conditions auch as wintex chilling
which bxaak bud darmanay, hava been shown to lead to a decrense. in anﬂogeneua
inhibitox lﬁvels (Waraing et nx., 1967). whera 15 thus a quod corxelation  2}.§
| beﬁween the leval of inhibitox, whather endmgenous or exogannusly n9911e6,>

and the mtate of dormancy of winter reating huds, Ravarthelaus, Lentan

et ml._(19733 fnilad to show’ nn innreasa &n ABA 1avels undex dormaney—inﬂ“cinq




'°¥;ﬁﬁa1isoh (1922); an& the prasenua in a number of . such £rults of !actor%

‘ OLK; anﬁ Waxming (1@60) anﬁlﬂaxeing anﬁ Saundexa (i971} sugqastad thnt aeed\

'-_aﬁdicmtt and Lyon, 1969; Waxeing and ﬁaundars, 19711. ) Tha e!ﬁech oﬁ Aﬁl

conditiona in birch, and thua caat snmm aoubt an ‘the x&le of ABA in inﬁucing

1»bud dmrmanay @f this typa. B

&har"ara aimilawities batwman bua aormaney anﬂ cartain typaa of sa”

'dornanag, aspecially whi re the sioedn hava a mbilling maquirammnt fmr

qerminatian (waxeinq Saundaxa, 1%71), and in sone inatanues, a.g._i“w

the tmn tyﬁea gnn he camynxad within a aingla qnﬁaiea, altheugh thﬂ pxasmncema £§%

fnf a sead aoat whi¢h may raault in o "eamtuim@maed" dnxmunuy, can bm a

sumwliwating ﬁnctax,ag;whera axa, howevan, oﬁhax tgpes of aarmamqv where an o

”:analogy aannmt am anaily ha ﬁxawn. Thaua 1neluﬁe Lnstancas whore se/hu;r‘»

xaquira a 9ariod uf “Aﬁtﬁrwxipaninq“. oy whare tha? ane. light~aonsitiva.~ B

wha thaory.thnczinhihitaxa n&y ba xaapcnsiblm for pr@venting the

J"égremntura germinationﬂoﬁ tha saaﬂa in suueulent ﬁruitﬁ waa £irat suggaated hy

' inhihitory tm genminnﬁion has ﬁxnaa heen demmnstratea (Waxeinq anﬁ Saunaers,,'~kf
1971). The inhibitbﬁy substancas 4n many of hhaqe ﬁruiua, an& inﬁeed in
ﬁ?many nmn—suawulant ﬁruita, haVa heen uhawn to oncnr hoﬁh in the 1ayera

:OGVGxing the embxyo, a‘g. pariaaxp. teﬁtn, anﬁ in the ambrya itself. Villiexs

J;ﬂaxmancy ma; hm aontrnllea by thu balanae of andugenauq inbibitera anah as

~APR, and promatora auch aa tha gibbaxallina. Fuxuham theo:ias xelating

‘the natura nﬁ dnrmanuy impliuata nhe raatxiskion Qr oxygen.avnilahla to thet

A,7ambrv9 (Ware&ng an:' aunders, 1971) nnd the inahility of the xadiclea o

'dmvalap tha thxnatfh c&aaary tn penetxata the outar layera (xkhuma and

- wmmann, 1963; . nsashi and mcgmm, 1968; '.t'himann, 1972).

Applicatian oﬂ exoganuus ABA tq aae&s has been fnund to inhibit thef-;

gnxminatian 0f a 1axam ranga at‘npeaiaa (Sankhla nnd &ankhla, lﬂﬁaa'lﬂﬁﬁh. J

‘\cn g@xﬂinatiﬂn, and indeed on many ethax rasganaes, ia hawever normully

tranaient, and its affeat.in aasily IQMQVed by rinaing away the ABA.; on the «..j

’other hand, inqubatiwn of chenoyadium alhum in ﬁBA salutien £or foux week&




and mnkhla., 1968,;19681) Wammg ot al., 1968; Bex. 1972).__,

‘ .»,-_and to "dacrease" “mrercome“ ' "raverae" "cmuntemc:t" "inhih:i t:". @tc. i’cs _5

"t:ha msa reapome cnrve A
| "'min (1964) ‘ uﬂing tha lupin imm;itor whieh waa 1atcax shown t:o be MA, o

" uf‘ a wn—uomyctitive intematiqn. : Qt:har :tnvezatigatims of Lha eff:ects cﬂ'.'

o whero t:hu ef.‘feat. c»f ABA coula ha c:vemcma by k:i.netin,'"

aan inrluoe a 6omancy wlzialf carmm:. he mvnxcmm hy tranaferring the aeeds to

wai.er (mra:mq and Saundars, 1973.). The ﬁf‘f%t“ Gf 95“"3"“"““13’ “1’”}'“& "Bﬁ "

. :m qami_nat:i.on Imva bean espeoinlly well xepc;xmd £or 1ettuce fruits, whera

‘ _ii'.. ia };aaxtsieulaxly inhibitory (Asp:l.nall et: al.. 1‘)6‘?; mmn, l*:)Ga; ﬁankhlu

Mamy 1nve3tiga.tiom of f:.he moae of actian ni’ ABZ; hr.wa imrolveﬁ zstndies

of eitheac tha mdif:l.cation by ABI\ of the action of.’ ather p:lam: hnmonus or

_ ,.‘tlm modific:m:ion of M.!A aot:l.vity by other hm:monna. mxem an Qfﬁ.ﬁﬂt hats

l\aen ohsaxvea, ABA bhas :!!::aquently been said o interaci, with tha ot:hzer hm:mone-

e . "aet‘.ion (M&iaot:t amd Lyon, 1969). . It tha balancn of hmmu:)nas ifs an impc:rt.ani. Z-z“
f‘actm: 1n coxwrolls.mg gxmh, t:lm intemctimm hmtmaen "Lhese hﬁrmones cc;uld

‘ 'hla.y a critiaal rblq.

Kﬂareing m: al. (196819) ﬂxwu:lned the efﬁac:tq of ABA and IAA a.’s.cme anﬁ .tn S

c:oml:ymatian on zwena colocptila e.ctension. 'mmy fcumi that the slope r«f

u. mt: as‘:‘facted by L}xa additicm Qf IM, und could

- f:ina-m indtcation 03&’ an :Lntaxactu.on hy analyaia c»f variam.e. Rothwerll and

. _cmaminacl the HAMO reemnw , nrl by I\.inetic analysis damrmimd t:he exiatence

T

”’N‘A anc‘i Im in wneac coleop’cila qxawt;h have aiw\m the exim:amm of a

" ";mrtially eompetitive" intemction (Adcl:i.mtt and Lyon, 3.969) . hcst
o expex:i.mantexs, howevar, agr:ea t&mt ABA can at J..east c,ounteraat t:he effect.

' of Im\ :l,n m'st planf; uystems.. B

o Invest:.gatiom of the intaraut!.on caf ABA wi.th m—.her plmm hamonos in S

a number: 015 bioasaay aystems lmd wax:eing et: al. (19&81:) zmd Good (1967) to

Lha c:om.lusicm that: :I.n al.l hut:. two instam:as tha hc;mones aemd deapemientlyr

Oxm s;yﬂt.am im whj.cah .m interaction ocauxrer} waa t.ha 1ettuce germ:tnation aaﬁmy,  - :

buﬁ zmt by GAS Th@ge

"""-fj,_‘;;-'reaults m:a in agmﬁmnh with thom of Smnkla and Shankla (196819) , lmt:‘i""




- ‘;é‘, :

‘quinalﬁ'bt a? (3967) were able to reverse the e?fvcta of 1ow coneentratﬁnnsl-

0£ asn bv G&B, and Lhﬂs faaturu has also benn recotrded bv nther inveqtiqatorav"

(Aﬂdjcntt anﬂ Tyon, 1969).

xanut ia studies on’ the nature nﬁ an 1nteragnion are thgn ccntrnéictofy, .

4

and‘ﬁhé*fin&ing of a competitiva interaction in only o fow ﬁiagt‘mat&fi&lé»}

amphaqiaeq the auestionang valup of kinetic amalysis as o neans of

-invnbtigatinq tnoga ccmplmx multi~enzymn nlant matarials (Addicott anﬁ rgon, ,.f~

1069) .

The othex prdhlnm asﬂoaiateﬂ wiﬁh many of theso mtﬁﬂies is fhat the .

: rjteria used to dﬁfine an intexoction, and in some ins tanves tha conﬂepts o

of interactionﬂ, difﬁer., Drury (1969) points out that "sﬁatisﬁicimns definé

éntgraction ans thy failure nf & rcﬁponan to ona agonﬁ tm be tha gane nt_,‘;}

difforent amount of @ aeccnd aqent" When the results aro expreﬁs@ﬁ

qraphica]]y, an- interac?ion, thexefare, BENressas itﬂe’f aa nnn«pnxallal *”!

;line@, i.e. hhe xmsﬁonme to LhL 0 . ngants in conbxnation 1z not the sum,qff'

Y

“the rnaponsew mbtained wvhen . thﬂ ag@nts ave applied alane -, %hexe no inter- '’

ucbinn exists, the lines axp parallel, viz. the rasponna nre'additiv@.;‘?ﬂﬁf

interaction is, hhereform,_a cnse of riqiﬂ uniﬁormity,anﬂ any variation will
awpnar an bvtaﬁnrnfaf an~in£ex&ction% aven if the vaxinkién.iﬂ auﬁ to e#xat;

in nAny carom, an interacticn Ls: ﬂafinad ag the ahility of ‘one agent to xQVerae

‘thm r@aynuse to anmthex aqant xegardlass of vhether or nob the. responsas can,

ko aunmaa,alquhxamaally.

Takin@¢accmuntvéﬁmthgaa points, arﬁry.(lsﬁg) ranobéidequ the ﬁinaingsfof"

<o nuambor of inveatigntﬁrﬁﬂwhara Gaé and Anh wers élaimad:hﬁ.integact (Thomas

ot al,, 1965; nmmm;, 1966; Chrispeels and Varner, 1967; Dey and ‘Gircar,

1968) . Aft&r xnnaaqe smqgt, he claims to have aﬁ¢wn thaﬁ no t;ue.igte?acﬁign
'“istaﬂ, althuugh many. Qf.ﬁha supposedly paxrallel cuive&_ahqumarkad

inolinations to nnn~parallelium. ,vH@'conqlﬁdad,ﬁh&t, iﬁ'né'interaotiaﬁ mbuié:"
be fcuaa uaing this npyraach, tha modnm of aation of the hermonme were

ind@penﬁent»




-‘ &J:i.m@rmw (1.971)}:) = i.n raply i:o tlm «::ormaenw vaii Dmx ;,‘Imlic.m qauch qm

,!ammaeh o bb evmrsimpliﬁ’i&ad cmﬁ Fa.ila m aac:mmt: ﬁos:' t:hc: vm;‘iaum‘x :i.n the
’f"_“ahi,l:i.ty of a *i:i.wuca ’Lm resgmna to a stimuluss at: d:i.ffemm: wncummtimm cﬁ’
- that ﬂt.imulua ‘ :L.a. mm»limarit.y ira t:he msmnsa aurva. He thus auggqawm&

Lf"h !::he" i.am "in"&:exafzzti.m;" mhaum he- applim m)ly %:.ax the ms.i tzimal

aemwi}mi@n nii‘ maauz:emanﬁﬂ laaamzaa, vhem thsial»:x;;.ml 3"az'ponmm am m:m
aﬂr}i,tiva, a f:mmétcar:matimm of! tha rzasmlm oan’ fz:aqueurly mnﬂw ’chc{

’.thrsmhy mnmving an appamnt inte:rmt.irm.

I:vxux:y (3.9701 sz\iﬁ ‘%..lmt zmnmlinmrﬁ.ty of thc mmmnm curm was: m)i. ,:z

. N jp?“é)bfl@m m" :.m:c:mm:inn atuﬂims, althauqh tx:anfaz’m:mt;mn off. mmlﬂm might 3 mx

. xaﬁulha.

R acmvom;t.d. t:aw;ﬁm. '1’3113 »jwork ,not mxl,y :ma ta a re--appmiml af ‘hh&. ax.e::em

ommamn, be mquimél tg (mmx *'a t:}mt t:hey ecampli.m wiith the msumm.isma'
mmzymia oﬁ variamm v Oxm muzst., hmwve:::, mmanﬁam umt' any m:mclu :.mm L

,cis.mm z;a'fter much txamafﬁrmtien r:aifex: 1.0 the %..mmsmxmm“i and not t:ha ar:.giml o

?}raminq m; ul.,» A 1%3&1.,1“68})) Tave sugguaue& *;.mﬁ ;sm gy " im:csxaei:"

; m,t,h {,Za in ﬁm mgulmi@n af the «gmwt:h of maim J.cai.‘ .aoetic:am hy «.w%:mg cm

; *mm r;uw?pcmm %;he suggmtmn of Wxi&;;xht: (196&) t:l:u

,itrz bi@sym:he im_j' “

‘;dl‘iﬂ 132&3 may m:'"tﬂm ‘%‘3:'

3 czommmx maeuz‘am: such ag rw::zlcmiu &Qid,ﬁ Lha

hios yn@hﬁt:ia ym}nmg laesi,n-g mm:: cmxfixmeﬁ hy ﬂith*rmv ('i 0955%3.3) and- Mﬂb@xzzf o

«.ma ® wr‘;ila (19?9) .

@t;;m{: smgqmwm bz.obynthatica a;cmimnis‘m ;i.ncluclﬁ th{PuQ dod sexibiad E;y"“?

ii«:qm et nl. (3.9#5(;»} wh&am A&A muld he forned via mx :L:mpmnoiﬁ gathww on

wvia a ;a::czcmx.sm: ':nmh a8 vialammhin. mp;mrk fc:»z' t:hca .:w.:.m:: suggaski i

: ham imen pmvmm by ‘mgim: am’i nuraen (1@70&,19’703» 1973) ua r&ur&eﬂ -‘anﬁ

'i'aylm' (1973) . 'J.‘huy s:shawaa thah viohxant.hin c:an L "‘;photownxidifmé& ,‘:;cs fom

'a nexmral 3.:1111}::‘11;«::3: iv ;ich *:.hey callaﬁfxum:hoxin whimh, m tm:n, can’ bcs

: .»-mnemim.r" m. mzzs (Rybac! vy !.974,) "ut, alm mir;ras quaﬂtiana as m wm:ai.hm: m: SR

®

: nm.. :\m : .ﬁs an. axkefact\af‘ ext’x:ac«..ion.

( ',elm us:a af am ilngmw x,,a'aluemm.:ﬁ tb& aiwus.tum aetivit:y relation




Tof gxouth substancen;ia a

1965 ﬁ:*:;.an &t al.j. 1957' 3
.‘“Vmolcuular raquirﬁmantﬁ‘f r abqainic svxﬂ (Abh) ahnivity4. a»cnnfliating ana

iavmn&lﬁsiVo._ ® ’_imggz eriauﬂ ﬁxabBems in appraj xng Lha :esults

'f‘;iﬁ tha& dlkhﬂlgnb bioaqany symtenﬁ havn araqgently baan e, ch nona has ::f—f:

'_aegn exaninea &1 haustively. Tho uapana 30 5nvuﬁtigataw“ usgd Lha rice leaf

',shoath aesny {Oritani anﬁ Yama&hita, 1§70a,1979b l@?ﬁc,&G?Qd,lQ?Oe; Tamura c,

T‘f ana nagum, 396§a 396 h,l@?@, Kagao ana ”amura, 197&), Whllﬁ uondhaimar and

Ihaltﬂn (19?93 iimitad th@m bl?ﬂﬁ mainly LQ uhﬂ aifth on a gised embrycnic

75,. axn& Qf Phdbeoluq vulg&ris, and P@paf“ et al. (197?) Piﬂmlnéﬂ th@ response \:fff

o of honn sxema. f‘ T_nﬁ Bum&en (197&) Qmamjueﬂ a xanﬁa GL laqnonses hut

'3]yu~eﬁ cnlg tha ah a&sin aldahyda ana tha absuxgin 4icah91.z

“w ;_ $,fg ~4§ihﬁ Lh@ exgmptxon Qf fnur campoundq Jvnrnuai Q‘ uy Tammra and’ Naqno

(i“&Q}, anﬂ tia

w@ naloguea Lestca ny Tavlax‘ana ﬂurdaﬁ (197?), all tha

g,fmﬁn analmguea waze us ahtive Lhan a@n aﬂ&, dn some &ﬁﬂﬂh, muoh 1ess aqtive o

“whtempt Uda mﬂda Le acaounu Lox tha

(amn&hcimpx and waltmn, 1970). A Na

mstpnt 1&&? oﬁ.aa 1vxty. Hany mﬁ Lha inva%tigatians are, navnrtheloss,

08 cunsidcrable tnturest, awﬁ tha results ane . in anmn resgacts coxrohorative.

: ucnahgimpv aﬁé;ﬁglﬁc“ JIQ?O) and Qxitani ané,Yamasnita (1070a) consider

~?LhQ ﬁﬁmplﬂtﬁ iany1¢dmmaaceti¢ aci& Jkeleﬂcn af ABA ts he nf imncxtanca for

jf&ha maln&ananme ai acn;vitv, nzthnugh ha ayclﬁhexane ring nnd the pentadiencic,

@LQ Jiﬁﬁ chain mdy h 'conside”@a sapara aly. ”'”he QR rbuagl gxaup in the

R iﬂg &a n@h cunaideged nﬁcaasarv Fﬂr'acuivtty (Smndhemnmr et al., 1969;

ngQnﬂheimer unﬂ Halton, 1970: Tamura and, Nagae, 1969 1&70, oritani and

7{xta, ~970a}, nam’iﬁ the xing hydrﬁxyl greun, althouqb wanura and Nagao

- 'V'\rh

‘ :ﬁc nnt ucmmanp an it Lﬂﬁ@t&@“@l imwartanﬁa.,' ahase ra ulhs muqt, hewever, =

‘ ﬂhﬁ int@rnratvd uith caxe ainaa anﬂheimer and waemn (3970) 1i ﬁ, as activa,‘

o jtha an&loque& laekmnqxtne a grmug& y@t Fail tg pmlﬂL nut thwﬁ nona exhibited

. ‘:muxa than 13% ‘o thelautivit; nf aBﬁ.

} Tho chﬁr immartant foaﬁure of the xing apppars La nn the unsaturatad




. ‘\i

1";A.“t”'fbond between c~2' zmd c--a' tsmdhvimer et al- . 19‘39’ 5°“dh°im" ““d m'lton'

1970; Oritani and Yamnnhita, 1970a: Tamura ‘and Naqao, 1970). 8ome

”i‘eompnunds 1acking this feature are. neverthalaas, aativa. Koshimizu et al. fff

‘”{1966) xaported that the mgthyl estar has uimilnr activity tn ASA in the rica o

?;?1eaf shnath aasay, and a similax conclusion vas xaachad by Asmun&son at al.»

*}5(1968) using tha cctton ax~plant bioaanay. ’ The aituatien ia tuxther ebscnxadiu

g :;hy tha gindinga of Qritani an& !amashitn (1970&) thnt analqguos with tha

",R.unsaturataa hand betwaan c~1' and ¢~2’ rataiu@d some of their activity, and .

»that the activity garsiated evun uhen the doubia honﬂ wns apoxiﬁised (Oritani o

S anﬁ~¥amaahita 1970&). , Tamuxa and Naguo (1970) confixmed thesa findingn by

ﬂ"ﬁsuhstituting tha cpoxida at the c—l' positian anﬂ obtaining the onxy raparted B

‘ijanalqguas which ware moma activa than ABA Tamura and. Nagao {1969) . also ,

repoxted that if the denhle bond. 1nstqaa of being in cha rinq, was in the

‘;ﬁc-3' side ehain, ABAwlika nctivity pa:sisteﬂ. Thase results ean be axplained;,i

o on ateric grnunds, and Sondhaimar and Halton (1970) hava sugqastsd that, for |

fff’j'caz' mathyl gxoup is cn~plnnar with feur of the ring aarhgn atcms.'-

Wha anly aiﬁe chain ruquiremﬁnt for nBA—like activity on which there‘

'

71970: banﬁheinex and walton, 1970). The xeaults of Gritani and Yammshita

“:fﬁenrlier for hBA ztself ‘ S » , ,
B The side chain unsaturuted honds aypeax to be esaential for activit?
7 ﬂ&ritnni and Yamashita, 19700), although Ohkuna (1966 1967). in one Of hi“
“é-:anaiqgues, raplacad the preximal double bcn& hy a tripla bond, and retaine&
Jﬁé:aone activity. ; T | | |

It has alao houn found by oritani and Yamashita (1970b 1970&,19?06)
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