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SUMMARY
Rihi il

Thin thosis prosents an investigation into the regulatlon of oell -

alongation in coleoptile magments of Avena sativa. The moda of action of
the inhibitor abscisic acid hos baen examined and o survey of the biological
m:%;évﬁ.ty off plant growth inhibiltors, of potential commeroinl i;f-z}?armmm i

hans heen caxried tém‘;.

Abselsie acid i_nﬁuma & nonetoric j.m:i?»i’ml\.mz of call elgn«ggamon‘in j}:hm
Avena colaoptile ama@ghf_t: growth agsay.  Phe yse of m:z!.-«aummguast z;a;y,
elucidated certaln swolocular raguirecents for the inbibitory atcﬁiviizy c":f:f
Ath., The corplete oarl:xom skeleton of the z,éwmnwﬂi@ﬁe side i:lmin,g;ggma‘rs
tw be essential for inhdbition and, provided this is present, t:%iexé are two
active moieties in the ABA molecule, viz. the ring double bond and an oxygen
- or nitrogen cmmamim funetional group ak C-iL in the side eﬁniz;zt.- The
carbonyl and hwdronyl groups attached to the ring appear unnecaé&axy :Em:-'
inhibitory activity., Although 33 Abhd~analogques were bioassaved mm:z w&a .
moze inhibitory than ABA itsulf. |

In view of the inportance attached to the prowotory effects of ‘;L;xdﬁlea
acatic acid on cell aloﬁgai:iengﬂm efifect of ARA, in the ;}:l:‘&ﬁﬁnﬁé of sm, .
was examined. ABA cvercomes the stimulation of growth by IAA and on a wole
for mole basis, at 19’"42%2, ABA iz a move powerful inhibitorx tﬁm IM,. is &
prowoter. Certain presentations of the data from a atraighé gia:mh aa‘,&ﬁ}}é' :
of IAA and ABA in coxommtian iwaal a statistical interaction batween these

hormones, hut transfoxmation of the data reduces the evidence for this inter-
action. Furthermore, analysis in terms of enzyme xeaction kinetics does
not demonstrate either a competitive orx a non~competitive inhibition of -IAA
activity by ABA. » ') } 2 / o |

A tachnigue was:nawelog;aﬁ which utilizes a linear displacmnt‘ transducer

to continucusly monitor the elongation of-a column of segments m::sbd. 1::



t;mth ‘aateatam lftﬁ k1) ai.nm; a." i‘ratz;aatzmt with; m fcm ,0 minutm, :

! ‘tfmtm by xeauci.n







© INTRODUCTION ..

xaeasuxing a "'aégg;im ”i.'s‘_ m;m&;m at'r hi: guwtm aaaay. Emi.a g\,izht

o aagmnw mmovm hot;h i:haé ‘up 1n whiah gxowt;hapmmt:im; nubnt:ancm oxigmam

B (m&l, wmf amﬂ the infl.uama f t:hﬁ xmining; scedlxng.)

'men qxwm mt:&va mhut:ance proﬂumd mleo;;tilw ti;:a hm "bme temqéi;;:ﬁf;f

auxin-lik@ ;ampextus of urima mctxae:t:s hava bean attributad :

t*;o the preaen indoxe"amtia ac:i& :M} o«mx et; al.., 1934).. It:":l"v.._

wicmly amum& .t:hathm in the mmm pm&uce& m aulecgﬁila t:ips; tha baam

e af tms aviciama'msts minly en mu ltmu&xity qf t:m&.r x:;xrmﬂ:h aetivity,

B ahxomtogmphi. pmmtha an& tx:awsgaextz pmmrtiaa. "Smt: t:imm has an:!.g




i

,,uy t:he theories of.’ homanal zeguxat:lmz ot plam:. qrowt:h '

‘ :~"l.¢mwwmd only gmth promt:ing eomgonmla. nt:t:ent.ian quiok:l.y turned” twam‘\s

.. the rﬁle of imxibd.mra, anﬁ t:he com;pound ahscihm m:ld (Am\) hm hmn of

’v:Q;(Pozter and whimnnn, 1965

nm:able impanancn in rmant yca::s. xndead, a large nmhur of thoorhs ‘
hmm :!.mplicated a balmm batwm 1nh:lbitom and yrmtexa m !:he mgulut:ion

oﬁ pitamt devaloyment: (n.g. Snw, 1937; mming et a,l. , 1963b) . mmmumtly.

":nany of »t:he tachniquan &walox?ﬂd dur!.ng ’-’-h" ”“"""1'3“’“"“ of T action have

aBA 'ma t:nclm:!.ques mplwaﬁ 1nc1udlc the use of -

analogues i:o elmia.te the mle.culnr mquﬁ.xemonts fm: ha:mona activ:l.ty

HcWha at: alu 1973) p t:he atudy of t:hs intemctmnsu

‘mmmn hemoms (m eing et al. . 1968&) v ﬁhe nppncation ctg mayma kinet:ﬁ.cs

:ln the analyn:ls of ‘qmth dat:a. (aannnr md Foztnz:. 195&1 Rathweu ama Wain.. ’

‘1954) amd ~~;f:ho cont.:l.nuom mnitoting nﬂ @longat:i.an ua.ing aanuiﬁiw mamuring

tachniquea (Ray an” Ruanink, 1952; Rmhm anﬁ elxne, 1973).

'rhu d&lcovexy af abs :k:l.aic miﬁ my ha af:t:ti.butef.i to t'.hree unaamh

‘qroums, Jmi by Addiact.t. ein "i'f'and !iai.n., m: the Flfth :tnternaemml

md C.‘ams, 19&1; Addicott at. &lnp 1954). ?" submquently, abaaiain II wvas




ick A mw) amts mlsa mpmrtaa !:-y mﬂwen and . Wain

; : 1964) '; b ;mum::l.cal w ahsgiain ::I: {c:::mﬁnruz et al.,
mé@m 1566). . Both acmmin amﬁ amtz;!.a:tn 21X ave now teried
(xhwis,;c mzia ’{mamm ai: gal.. ' 1%8) ,31@(:@)\’ ﬁha abbxaviation zsm hm hean

a.gmaéi $ry ‘ahat qi.vcm in Talile 3..

A@A axmmm mﬁn“”amwwam and mpt:j.ca:i. mmem&m. ‘ @m gematrica“

za aonﬂgumtion uﬁ tiua ﬂow:le immaa :!.n ﬁm siﬁe 1

_.nﬁ' ﬁf tha doubl& hmﬁ.\ The e:;mupa ta be- considamf:} ara

dcamm;me (by the nequamaa;xum (c:ahn, 1%4); th&y am ﬁhe hydrwan atﬁm

fxm (2«-»4 and_ b a f:'m: the c«z, c:~*s anubla bom% the” gmsi.ticm caf c«»l am} t:hea

o hyamgan atxm at ¢ :‘i ‘ o' c«d am ctmamem&. ﬁ'ax- the pmyi.ml aouble bama

the, derwen atamfa _‘”"" :3-"""“3(5 on ﬂpmsim aiﬁam aﬁ the bemd whiah is I:?ms - 5

o 7 o:r: tmm (F} mlmim to t.!:si-a. } Thus 't.wa isamera m.' mm exiats t:mns, =

: (t;i:- ox. i@,ﬁ’w) ana aia, t:xnns«(cz,tw ox ?,Eﬂ) (Tahle-s 1 am& 2). fsﬁt:h

mamcam “hid a" haan exﬁrmma md vawinc; m.oil.eqwnl Mtivit.y has bcan m;mrtﬂﬁ.
A ‘I*he @ptﬂ.a&l ismmxmm Qt maas im cm:ﬁexmci }w tha &ayﬂmtric c:arbon atmm

oAt mml' (j.t; hm £our ﬂiﬂﬁarmﬁ: su!aat:ituawm) ., atuz.'am.y meurr;i.rq MA is

dmvmamﬁmingx {4~) . mt:atim 'i:):m @lam# oﬁ 'gmlaximﬂ m;m ta “the r&ght

(C&mﬁ’aﬂh Bt ul. _ 1‘95&&) y bu%: aynt:heﬁia I&Bﬁs is a maemia mixt:ura off t:heﬁe o

;u; :La mg» ‘c:a.lly imativa ana :ls mﬁaxm(i vt:o as (M} ABN,

emnt&omex:ar-“
zailmrrw (197091), msinq mdi.oactj.ve mﬁ, showea thut. in shoxh tam

@mmmntaﬂmm'mhmta commmea i:ha (+) cmsmmnt: :mto 2 major pmducta,

but t:.ha : (3):* mnonen: gaxve only one. . 'x’hua 1t mmhi: ba axpacued that: t‘.he {4~)

" mﬁ («*) emtiomem zxa\m ﬁitﬂamnﬁ: aemvibyf amﬁ f:i.mt 1ndicahions were tha.t

R “the nynt!xatic: (w) m lmd only a.beut ona -half the mtivs.t:y c:f t:he natural (+)

Y (mraing and aybaax, 1970). subsequmﬁi?v however, *mm ‘nave Jbaen

vming zzepaxtu. '“Pure‘

:”(3&) m was pxexmrad ((:amfoxth at al., 3.967)*:;:;(1

t;his m‘.- shmm to ‘be qqually as mtiva an th& {+) a.m} (...) ﬁoms {ﬁilbarxow,




‘1§681*hﬁ , raaanf xaygxt th_$(+) anm@onent wma mark@ﬁly lass aq&ive than
R n - heb . c::!cmxm of sﬁ:@m&tes (mmaim ami sgndhaimax, 3.973).

: ‘Tt mav wmil h@ that'tha aeriviry ﬁamandu up@n the bl@auaay sl eat#dz as

K auqqaate ,bylSQQ&hainar nu*al. (lﬂ?L).\

Tha ﬁmasihla dizfaranraw in autiv&tv o' tha natural (+) iaomer nnﬁ th?

aynbhmfic (m)“iaL.ar'm t hefhaxne ln minﬁ whnn avaluating exparimanfa in

:?awh&ah the ynthetia" aa apﬂlimd fo. thﬁ 91ﬂnt.

Tha abaoluta st;_v hamiatry af the nnbura; Ki2) ABA was originally

c:cmfomh m:. al., 3.967) basmx -On- Ms.lla' mlm (t*ahm 3.%4).

dstormtnd

A;Jw$th tha siﬁe chain 19 tha’samm plnna as tha ringq Yet aouhh was cast Qn

;fﬁﬁiﬂ a§§§$g6x§m 'n hy oxitdzi at: al. tlQTR) anﬁ nuxden and wayLQx (1&70):

the 1nttax nuthoz,}ahawad thnn violﬁxanthin will yiela t,t«aﬁh and. ‘the
vstmranohemiatxy mt violaxanth&n had- pxavioualy h«an aatabl&sﬁad as huving
the siaa ahain at zight anglaa to thn ring. : thally, by aﬁrralatian uith

~mn11¢ aoia tha Qxiginnl aon!iguxati@n was’ ah@wn o ba £nccxxgﬁt tRyba¢k,

 £9?2).7« Navexthelass, a. xeeonsidaxat$pa of the saquanae rulet (Cth at’al.,

1%65) has naw aoma t@ 1ight and tha natura& £+) nBa, with thﬁ side chain
'“at miqht anglas ta tha VIng, ia atill t&rmmd 5.,

%tudtes nﬁ tha physiolaqieal :01@3 ui ABA havw haan ﬂamzlitatad bv tho

. ‘avallability'of mynthaticlaﬁﬁ. This 1ﬂhib1tmz haa bean ahmwn to affact

many @bysicloqical pramaasea (Aﬁdia@tt anﬂ nyon, 1969): and it has baen

mmrmctzad

“1$a wide variaty of plant tisnumm and ay@ciau (a g. ﬁ&lhorxow,
VV'lQﬁa)ui} eensidexutimn will hﬁ givmn mainly to stuﬂiegs af tha mechanism

 of avtion Qf A&A aa a glant ﬁxowﬁh inhibiﬁax.

Anakogums ez abaciaic aqid have bqan useﬁvto atuﬂy tha moleculan

%-xaquiremants ﬂox ana aetivityg Beaauwa af tha xestrictaﬁ availability of

"theaa nnalaguos much aﬂ‘ Ae?work hna haan eaxriad uuu hy chemiats who hava

also xaporteﬁ tha gxegaracion oﬁ those analaguau.' Cﬂnaaquantly, there has

' ﬁxequenbly heen greatax amnhnsis on tha prayaxation Qﬁ thetu analngueu than‘v

anthaﬁgﬁat;gahg; »activity relaniqna (a.g. Gritani and Ynmaahita. 197Qa}




aud ewm&: ﬁ'ﬁxatzzx(ﬁm biul&éiml activity of ﬁs&"aﬁaidgua# i’za&; 'ba‘c:éx; -acﬁaiﬁuxéci

Lhe bmws&ays MV:: fxc,quuntly hwxx ingufficientiy mws.ihaci (Gege “Tapara - 7
and Hogao, iP6fal. . Au a&dﬁiﬁmmi problem ia ﬂzapmis;ﬁ.m} t&m ?uil:d.mimcl rao ;sul%:é
is thak éiiﬁf’m:cmﬁhb:s.mamws have E‘mm\ used, whe Jdapansge :i.zwesmqamm
p'"imarily ugad t:ha z:icw amwnd lead mumm biwmmy ‘ﬁ(mtemi and m,waﬁhi'z:a,
18708, 1970k 1870c, lﬁ%ﬁ?sm, .!.*Mﬂw ‘)‘.‘mu:m and Nagcm, -1%95; wﬁm&, lﬁi‘:‘sﬂa,
‘M‘?f.}: whimlm at al., 1966} & 3.i.lmuqh Oldonsm (Mmf‘:, wﬁﬁ} stuaiaﬁ abwj..mjmt
uz:‘mg “i.he ezoi.mn wg;al.mt biamway. B diﬁ mmumhm m, z:zl. (l%ﬁa) N fsmnﬁaeixm

end alton (19?63) .zﬁ.u:‘iiml t:Exe fgmwm inhiw.m«u 953 amimzd embxymia axcu of

Phageolus :\rulrg:arm wxxi‘m;mff et al, uﬂf‘i?.) &mixmd baan sten axommhiwx‘

ia mm.mm, Paylox maﬁ Buxdea (197 mb, 1072) mm@d m i ‘;;cxw&mmﬂa, nalnly
Ll &:zmmcxmﬂ um*mamxd .mnﬁ::mxm and tm .ayfaf:laei:m ¢<.m;:mmds absciraicx al aczhyaa

and alm:‘lwl, hu%. %:h@y uat-ﬁ & Tango of bioagsays. _; sone ;:ublwa .wras x.lm

emumra have cimczmsam t*.he ﬂzfﬂammw m emt:ivity of a, aowuzmd bcstwemx
bﬁ.oaa.mvs as ﬂi,s:‘gmmmnm (a.g* I*mw*’x ek al., 19 ?2) :&mt Lha m:sh z.nwmszting o
mmlmimm ara pm%mbly thoge i:hat, have: aqueaamd mm Um ats,uc,t.umi ,
:mtgnimmww mz: :mm ac,i:ivmy c?emmd a;m the ‘t:si.mﬂqay uamﬁ (Temum wzeﬁi Nwmm
l%e:m; mﬂmm«r mza v?altom, 9‘70) . ”ﬂevwmelem, ﬁim data are of i,nﬁ.ex:ast,
Loth for i:he agmma st:mmu:ml mquiz:@ fmxm -:ami fox- ‘i;’.in—.'; difﬁurﬂncm aimérvaf%‘.

Thore *mva baan dkffering mmxw mrexr eho gsm:sibla xe%quiremmi. ms i:hu
i@ﬁvu&{macmic, ‘nedd Mmlmtm ‘.«?m* :z.nhibitory m*'tivmy. -Bc;mh undheimm: anu
Walton (1970) and ermm:& and *&'mxm‘him (1978&) mqardea this aa mamsaxy
but Popoff et al. {3.973);’; .‘i.j,m:mi 9 wompounds 'I;hma have altemt:i@nwm this
mktalm‘»;éai yot pe;s_ma@dlauuvmyn 'm.‘i.at;iv‘ely high \cm;qm;;éﬁ with that @f MR
The ﬁi@%ﬁ?ﬁlﬁﬂ mgg;uimnianﬁﬁ within the ring and amé chain should, tmﬁavﬁ%, be
t:zem#ﬁ.ﬁémrﬁ separatoly.

Consigtent méorta have indicated that nelther the éarbmnyl- group in the
ring mis:i: %;he: hydroxyl group are required fm:v »:!.rmﬂaimny activity ftmmrai -and
maqm. 3.%&3&, mﬁﬁc, 1970; s;onﬁhaimr zmél Wa&ton, 19’7!33 . mdeeﬁ. “Oritand

: anri chmsmta (1‘5}79&) mwluc‘imi theaa moimziw from the structure which they




&)

- conclum gossensnd zthe[‘mnanmam:al mquiramnt:u for mtivit.y. . Scme of

‘ff».“'»fg?t:hv:mgh, t&mm ar:" ":s.mxmuimmn«wma :!.n t}wfgli.te:mﬁum. . rm: exmmale, 'I’amuta ana

'"‘ ﬂmﬁ* 1;11 im@f’s@'&fﬁ hmii simi;lar

ﬁ}m d.s.f.“ i‘amme{s ;_masibly

nvezmimn oﬁ ws,wmmw,m %m a 133. etgui&v}arim"t r%i.«:uu:m of




cia,trans~ABA - and :tta zmttana :Lsamer: (Mcusaemnwcanat et al., wae; Mntonf
@t al., 1&171) " Isa&aeﬂ, &finbmmw (197%) ﬂuggcmtea that me: trans.transwmn
Eound in roge mawa wag. pxobahly formed by photolytic ismmxizatim from -
cla, trang-abi,. | » B
Thare fmve haen a&ﬂiucnm xez?emmea o u;;mc:iﬁic zwlmular mquixammta
wmhin the sids r:ﬁmin.f Tox ﬁxamgle, Bhe unsamm%.e& bwulﬂ hava baen :
:me:liea ad . fa ac.i,.lviuy (arit:mi am?. Ymsmm, 1970a)- aldxeucjh them hawe
baeiy mpori:s af i:am.iully amiws mzaloegm.a timt, possess a trlplca Lond in ﬁhe .
olde ohain (Ohkana, 1&‘&5, 3.%?&) . Qrimi amci Yamashita have also presented -
:\vmmwa ﬁzﬁ“ ‘*311. ﬂicm n:&min lem;th iz‘s cxi im}.s iz’z wm;,muml.s with ai.ther
e:ht.;:e:mr aic’ia chalng. im'mm m: Jongox gide uzmim: cww&; “the aebivi,ty wag -
w:ﬁmaﬂ, a.i.mwmgn thare wepe other s%:xucwxa}. cxmugm g that way have xedaced
the m..t.iviby af thagse analogues. 4
?im to.«mm;uml gmugg in the ﬂi@ﬂ cimiu Than alm baézz a.nvaamgamﬁ anel
Pamura and ﬁagac: {1969, wm) concludad” $hat th.w gwup st he c::arboxyli o
this sw;gwmc}xs ig consistenit with m,pez.ﬁa i.mu ab.acsiaic al&a&&yﬁe is activa
(Gr;i.aam. and ’faxmsiu‘m, Q?Gu: ‘E‘aylcz am&n bw:d@ra, lf?&?@b»}.- E*uz‘t&mmom.
the mothyl csmx of ABA msmaaﬂd m:i.milaz;' activity to ABA in the vice: 1@.15 .
sheath ausay e:mum. e x,L. a.l. ¢ lgﬁts} aw:t ;ixx me cotton xzs—;pian‘ bmmny
(randson et al., 1968).  Jonis and Homsfield (1971) reeouded *leat voth
the msaﬂayl and phenyl. mmxa of DA were slightly move -activée than ABA :Lg
the wup,gawaamn Gf stor».atnl opening ond. &mgges:mﬁ ﬂmi, this: aativify my bhe

a8 wesult of gweatox zmamt::ai:mn into the 3,:1&:“: ox @wad%ual brmimmm to =

woleasa an active aqmlﬁmmi.

| The activity of one ana-like aammmud, xam..ho iin, has been zolated ﬁa
endogenons ocourrence and - possible ykzyrsiwlmg&enr rhles. j'}{anthm-:;%.n has
activity sinflar te that of ABA in the cress seed sg;wm:}.natignﬂ and whggll‘f.f e
'aaicmﬁt:il& iﬁio&ﬂmy:a (‘i’ayléz* mn"i %dﬁi&m, E..?‘?mw 1972) and ﬁaimi,c:cwpoux}éjhafﬁ
Liean e«%&mﬁw& £rcm s:hwm ci a. w:{tm vmwty a:. pluants {*“uylmc .;u.fi ﬁﬁx&m, o

1970ar rirn gi._; al., 1978).  in uduitmm phumm waﬂ;mn of violaianthin,




a common plant xmﬂ;éphyll, yvialded the -nh.t:i’ms-"- and érans, trans~- isomers
of xanthoxin as mll as two other inhibitory mm;;oum&a (t&‘aylrw and Smﬁ.t‘.h,
1967 'ﬁuxden and Taylor, 1970y, ohis light-affoat ,ia of rﬁarticmlar
mlavmwe bemum‘ Bm:ﬁen mi: al. (1971) showod that red ilmmmatim of dwar.f;"
pea fwaﬁlix\gﬁ incressed the, lovals mf mmmmm cm,wmxsw amd txms,trmmw
xanmwﬁ;:{n put had ne significant effect on the lov level of ANA found in |
dark grown noedlings.  Thus it was suggested that a xanthopbyll im a
pmc:uma# At& xanthozin in some species anﬁ’ktzhat this inh:ibitm: accumulates
during Mlmmmﬁm.

ona wachnigqua for ::st.udyinq thca moda mﬁ aokion c»f g growth hormone i%
to sea if it will smﬁiﬁ‘j the iafftsmt wi A fﬁiﬁiﬁamni; plant *mmom.. This
tecinigue has boen used in the siudy of the M:timn of IAA and wan xecently
omployed (Hembaxg, 1972; Hembery and Lawvssop, 1972). Beoause IAA stimulates
growth the effect of é:hxa inhibikor, ABA, on IDA-inducad growth, has bgqm
studiad. 2bsoisic acid was shown to inhibit growih cauged hy IA 1n4 Avena
mesocotyls :(iszmbcwmm 1966) and Avena eoleoptiles (Vareing et al., 19G8a).
Yot Wavedng et al. (1l348a) pointed out: that the obsarvation that two growth A
subaitances have ommmim gaffec:tﬁ; in a plani tisoue does not nocepmarily
indicate that they act at the same zmint or on the aémce patiwey; they
suguasted that an analysis of the respoyses to the two subatances in
mormimaii;imm uag mmimé‘i, in m:deas to examine tho possibility of a atati,atical
interaction. Their results showed that the slope of the ABA response curve
was unaffected by the addition of ) pom of IAA aud they deteobad no inter-
action in an mz;xlymies‘ of veriance. Indead, both Wazeing et al. (issaa,m
and Good (1967) investigated the ,imze::k}étirm of ABA with other plant hormones
in sceveral hdoassoys and coneluded that thore was predominontly no inteér-
action, although in the 1@%:1:116@ gosminatdon assay ABA did interact with
kinotin.

The problem axlses as to the pracise meaning }@ff the torm interaetion and,

the conclusions that can be drawn from these shodies, Furtharmore,



U 'cmsidarati ’n“ 13 mquixaﬁ of e iom aﬁ txu

'ﬁifia;pxoblems war@ ﬁismuaus& by bethiﬁxury and- Milbﬂrrﬂ*-

- - intarmtim tha tmrvnsn aum cquidiaﬁant. nruzg aln:lme} that: physialogisu .

Brury (1969) gave tha utatisticiatm dnﬂnition of m, ntar_ _ction

" :Eai].um az a :nayomse to nxm aglmt to be: tha pam at: diﬁ ""’:mt: amunts oﬁ

aaecmd agent. 'x‘hun qxaghiceany tﬁm aongummupomu cuma t’or ona agant ati

j'difi'.'emnb a.mums M t:m second w;i.l.:.‘. mt: be aquiautmt, wheraaa zor no

T ,;“am inu:.inad to ﬁeﬁina an; intaraation as tma rela.tionship betmmn t:wa Agtnts

;;which uffact: t.he ‘same mtponm .in algahraicully cp;ponﬁ.te waya. ith ’

: :connmaration 1:0 theaa mj.nta muw (:,969) xa-walnamd t:h« ;i.ntnrmtion

“"..e:mima mmmn %3 and ABA- ('rhomaa et al., 19653 chxs.upuxs ama vmx,

:19&‘-7; :axinmxm, 1966; Bey amd Si.mat, 1963) anél aecidac'i thare was no
: 'l,evidencm of a st:atiut.tcal :murmtian. ~ nmry, hwwer, apzmmd unawam otg‘.,ﬁ;
8 «rtha agg)mach cf Hm:lng et. al. (lﬁﬁm) :!.n whic'h both the rhape ot t:ho responm

‘auwa am& the analyais at variance m:e cannidomd. Surpriuingly. ntuzy

Aaﬂﬂit;ional,‘ c:luimea ﬂmt. if thara :i.s no intqract:icn 1 ,mde of accian oﬁ
‘ t}m hormoma was inaexsehdent an& sr,i.c& wxn. a

T :m minly %o these nrii:i.eism m.lhorraw (lﬁ?ﬁh) mqarded ﬂmt}'" aﬁﬁ"-"-um‘ ‘

. t-.o muuremnta an& nut ma& £ox phyui«ological xaummal. :m hiﬂ da!mm,- 5

: ;TB?Q) sﬁam tzhat: hla oriq:tnnl ﬁaﬂniti@:ﬂ of’. intarac:tion di.d mt
raquim mv:l.smn vhcn tunsfameiona m carrie& aut: m he axpluimd t:hisf
' m mthnmtiml terma. . Yet: he, aamitm that. ﬁ.’ such txmnﬁomt:ionu are. |

mquiraé, e.g. u: meat the asnwt:iam af thn mlyn

’ _»mmlya:lu amm tza tim i::mmmtiom ana w th: otig:tnal &ata. 'l‘hun

1 0.5 eam wj.aa to mczpt Mi.}.barxw‘a auggentmn anai ) vo:l.d tha t:e” : mur
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action in ccmsi.dezat;ions ef.’ ﬂm mda af we:icn of a m:mcne.

an axtana:l.sm nf tha atatistical mnlyaia of the imarac:ticn bet.wnan IAR "
and maa s.s analys:ls :tn terms uf enzyme kmecwe. Bonner and his wo—woxkeul
malysea auxin action in these terms and this work is pertinent beu&use :H: ‘
forms the basis for the axyl.oratj.an aﬁ t:he mhibimry aati.vity of ABA,

The enzyme studies. to which Banmm amw mparimnu are t:hum put. tommi ,':
by mehmlis and’ ﬁiem:on (1913). The 1att:ex uuthom adoyﬁee’t the anrliez:
augf;mmt:io:z of H@nm (3.902) that am mzyme {r) mwmsihly formu A eompux vi.th g
; its uubstmm {s} ami th:ls cwplex subugumtly bxeuks dm giving: the tr:en L

ensyma and the g:xoauct:a of the maet:i.an. - In nearly all enzym ramt:iom
rlot of muml reaction velocity (v} ag&inst aubatrate c@naeneration ;
corresponds. t.a a auuelon of & xeotaagulax hypexbolu, i.&. at high suhat.xa.t:a
mnmntrationu no t’uxther 1ncxnu in reaction valw;!.ty :l.u ocbtained if the

' substrate tzoncentratim is. Mo:maseﬁ. 'm:m velmity ‘of. t:h« reaction obtained
| at this h&gh aubnt:mte eoncentnfzﬁ.m ias deﬂmd as the maximm mlacity af
t%m enzym«eatalyxed remt:im (v; » The substrate concentration raquixe& o
© yleld half the mxinm v‘elocitx ( V/2) doﬁnas the mehaelis constant ur

K mj.xmz and Wahh, 1958) . - )

c‘:em.in’ compounds. have ‘the gbi.l{t}yi 'téj' combbing with smc&ﬂé_enm_es;bgt,
because they do not serva as substrates, they block the catalysis by that
enzyma. These compounds axe called competitive amii mn-mmt:itivea ,
in;x:lhimrs. When a compound compétes with a substrate for the nctive mite
on the enzyme and’thereby raduces the catalytic activity of that emayme, the
compound la connmemd to i:ié 'a.:‘cémg;éﬁitiw Anhibitor. "'x-’hj.,n type of - |
inhibition may be. révergpéi:hy ~,£n&raas&.nn:;i'i;§m mnqm&::m‘;i:m of the «sulghi:ﬁte. |
‘since the active ai.mf" ia ti!j.rxec:t:l“ﬁr ihmlvnd the Xm m the anzyme :Lu;‘.l:ﬁei:eﬁ‘ -
by th&ﬁ&;;aééitiﬁ inhibitox. . ﬂon»-cmmtitiw inhib&t:ion is the type thut
cannot bu reversed by tncreasing the aubstmta concentration. The ,,lx;hi}bi_!;qr:f«
 gombines :athex strongly with u.a;.g;g.cm ‘the enzyra and cannot be ﬁispiwaﬁ; :

by 'iﬁnmgaing mubstrate cbﬁgigntr&tion.. In this type of inhibition the km
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:i.s ‘not altemd By th& inhi.bitor, which uimyly teﬁums the mimum ranct.ion
“'valnaity (conn and wzumpg, 15@3)..ﬂ‘ ‘ |

33"’- must he borne in mind, howev&r, that these definitmna agyiy tc-

gaxtmuxa,r typas of inhibitim, and intermediate forms of 1nhib:lt:ion exiet:.
For example, the inhiiaitian mny be part.ially acxamt;itim:, partially mn-- :
amm‘hitive, ox mimd mixon and Webb, 1958). »

Linoweaver ’aml Burk cm:m; ahwad than a double xee:i.pma&l plétf.f:. o
(w- Ve ~~) yield:s a straight line for an enzyne reaction and tim K and v va.iues'
for an ansayma mactinn may be dat:omi.mﬂ fx:m this plot:. : ﬁecmse ci‘& the B
&iﬁﬁemminl aﬁfem:. Qf ‘oompetitiye and nonwmmyetiﬁive in’n:tmmrs on. t.he m
and V. for an enzyniq rancmlon, tha Linawea\*er-ﬂuxk plot ﬁimema hewean
thege two ty;ms; of inh;.bi.tor. o

Honner and his _cmwrkdxs,.(éamar and Foster, 3‘955;'_1936: Yoster et al.,
1982y Mcﬁae m!i&onner.' 1953; McRae et al., 1983) using xwena ea&eaptiiﬁ ‘:
geguonts, mhmd t:hat: a gmph of sagment hmqth Vs xm wmentmtion ﬁomﬁd
a rectangular. hypexbola, ana that a fioulale reciprocal plet yielded a mtzmight
line. - mhey suggem:e& that the data aupmm the view t.'mnt ‘the m mleeu&e ;
exerts im effect . Lhmugh c:ombination w.i.th a suitable receptor site j.n the
cell and that the xevaraibm :Eamtmn of the auxinﬂealaaptilu mymx is
analagous to the fo:mtmn of am ennymammbst:xate ccmplm.

By m;::l.mm;ian @f enzym»kinetia t}mory they &tmonatxuta& t:ha.%: tha v
different auxins react. within the plmt: cell as waul:i be- emema on the o o
hasis. tmt t’fmy amp&te for A common site and that aartain ﬂiort:ho-'auhsti.tmted :

- phenoxyacetic ae;l.c’iz; ‘gcg}zzmti}.wazy inhibit the action of ma. In these -
studies Bonner and Mé;‘m—vﬁmﬂmm estimated the initial xeaetinn*" vulbaity.

from the total growth after: 121:: ox }.Sh, i:mving aimwn tim‘h in tha pmsence af

38 auamsa aml 0.69252«: wtausi.w malaa.ﬁ& buffax: growbh was :Li.neax for- 18h~.24h.*€ :

Bonnexr's mthoa was cxitiaised I:py Etenmt:'»clazk and Eefﬁox& (1954) wm:r
muna that :ln tha ahsaxwe m: bu&ﬁfar the gmﬂz xata mrar wh 1a mt. lj.naar

C owigh t::lme..:_ mertheless, bhe applmati.m af Mchaelia enzym mnetics




the ﬁvnna nc&eqytilamxkn syatem. hag h«en c&nfirme& {ﬂausley &t al., 19&4)
althuugh marinoa Glﬁﬁ@} aen&luded that. thaua stuaias mmat be appruaehad with
great care begoupg the. 1xnaar xeagﬁnaa cnn be raaxiaaﬁ 0n1y undern sﬁriatxy
Limited conditions. ﬂmuaiey eﬂ. al. (1?}334) m:mma out thaL the £ uxwticm Qﬁ
sucrose in'enhaﬁ&inQ'aall elangutign.is not unﬁexﬁteoa and that the usﬁAef ‘
pueroEe should be avaided if yaasibia. i The‘éffeats of sucrose on thé,Iﬂhﬁf“
amsagaw:&ap@nﬁe curve ﬁere r&c&nﬁ&y ﬁescribeﬂ by Clelanﬁ (1972), wh@ 2"
suggested that thera may he an interaction hetwaen sucrana and xAA. aither f
on auuzase uptilke ox utilimatien. |  »¢

Bonner's work ferms thm basis for the aﬁpligatimn of enzyme kinéti@a‘ta
the imteraati@n of Iha and growth duhibltors. ﬁﬁiﬁg ihe lupin inhiﬁitér;
.itie active constituant oﬁ whieh has haen shown t@ b& aah (Coxnforth at al..‘
>19ﬁ6b), Rethwell, and Wain (1954) damanatrateﬂ that a Lineweaver»ﬁurk typa of
pmt (8 :;;"%: 173 V5 v’ c;‘mm a st:xaiqhi. lina at sﬁll ixxhi'hzmr .'!mmla taste;l
~and that b&eauﬂe ‘these linem have a aommaﬁ intﬁxmapt on the P 2;173
- awnis they suggested avnonwgompetiﬁivn inhibitiaﬂ W in&icate&. The growti,
Lowever, was not shown ﬁo ba linear with;ﬁime'an&Vthe time paxipa fox the
experinents was not v&aarly specified, ‘15“&dﬂiﬁi@n, the necessity of 6&@ '
censtant {0179} to obtain 5txaight 1in&9 has mct hean qommonly mad ﬂﬂ gnzyme
kinetics (Capon, pers. comn. ﬂix@n anm Webb, 1953) although the puthors
gugga&&ad that tha aonstant*relatea to an endogenous level of InA aquivalsnt
o on externally supplieﬁ 5aiut&an of B.i?w ppm (230 %).

In there ﬁnﬂjmﬂ studics tha Iﬁa is. heliuvmﬁ to be auting a8 a suhsku&&e
and, agarh feom the. ﬁimilarity of the graphs drawm to graphs of ens yme :
reactions, there is ne sitrong eviﬂen¢@~tq aupyart*thi&.‘ In addition, these
" amnsiﬂexatianﬁ ansune that tﬁ&t is a sinqle anwyne, as yet unldentified,
whlah hinaa to the IAA auhaurata, an@ this nay be an 0var~simgliﬂicatian in |
the milti-ensyme plant aym&em (tacinon, 194@).

xn one ﬁtuﬂ? oﬁ the. inhibitian induvad by ABA those assumgtiona were not

:é%uitﬂ& (ﬁaun&exs. ndy?aulaanguiﬁéﬁi»heqausﬂ_ﬁh@aanmyma ynaatrinyﬁttaae and’




fte substraie, auoxosé, wers studiad. A Linewﬁaveﬂ;ﬁurk'giat of enzyme
uutivi&y in the ﬁreuunaa and abpence of ABA indicated that the ALA showed
apparently vonpetivive kinwtios. Hevertlieless, these authors conmidered it .
wddkedy that tho ABA molaculs would cauge a true coppetitive 1nhibitiqn'qf :
inyawéaqa_uativity because AUA Dears no structural ressmblance to t§a<nubt£rata
undler aénsiéaratiﬁn, sucrose. Yhey suggested that a more detailed kinetic
analywis was nucessary before definite conclusions could be xeached,

Anothor technigus for sﬁudging the moechanisn of actlon of a hquaneiiu
to continuously monitor ite offigct on the growth of an organ. During the .
last dacade this techulique has heaﬁ uaed io stady auxin action aﬁ& racently
there have been xapofhu of the timiﬁgréf the affect of ABA oﬁ Iﬁﬁrinﬁucgﬂ
growtih. By the use of sequential ané sinultaneous hormone treatments,
motabolic inhibitors, and comparisons with the time course of biochemical
reaatiqns, thiz teolnigue can he axtt«maif’uaeﬁul.

Shis approach was probably initiated during early studies of “growth
substance” when the growth of a decapitated ﬁggg&,x&uﬁling,'traatad with
- acldulated pollen extvact, was mohitqrea'with an intﬁrferomﬁkarﬂlnaihéch_aﬁd.
Koramann, 1933). e invwatigahimn# rovealad a latsnbt perlod of
anprowinmately 0,25 h before gxowth wéﬂ propoted; this latent peried in
similay to that now acoepted fox EAArinﬂueé&,promati@n of growth in geveral
organs. |

In the nid 1950's Lt wap known that there was a latent pexlod of about
10 minntes bofore a physiological concentration of InA would stimalake growth
{Bonnor ﬁnﬁ Faéﬁax; 1955}, although this time ﬁaa not deternined acgurately,
The first tachnique which was sufficlently sensitlve o time the responsesn
of timéu@ to appliad. IAR was developed by Koy and Ruesink (1962), Iﬁ GAANNCa,
was nalotained in flowving solution, i@ he monitored with a wmioxoscopa ﬁ&tﬁ&dl

with o ndevomster eyeplece. A sinilar tochnigua hos bean uvsed in tho obudy

b e e
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ifiamlm : '%9). ) :t%: i:'s nm? astnbliahetl-
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.pmmmy w&t;hin 2!’5 mﬁ.nutes ot IM rt'.mnment (maal nml a'ank £ | '69) t:haugh

shori:«ar 3.ag }:-ﬁsfc)m i:tm ﬁteacfw amm mint:h in mw’zm‘i imm "Jﬁﬁx’i mpoz:ted

(I“vmxs .-:mfi Ray, 3.3#3*;) . ‘fa‘t: cm*t.af"jfm i::zsalmi«ma whwh 33.3.9 wad the :cata

of grwﬁ'x of s ams to bm mzlmul _ ci;i.rac‘i‘:.lv imm the. :s.nitial madingw

auq;qi«a'%t:a& t:imt: tim M}it‘.iai mamma '6%1; V‘am* ixz hmin &ypacmt.yls waa IR
il’:z»l:m rezét hv @ dnpmfmmm :m gsmvtm mm @,nﬁ mm.se:aquamn f:lummaxtmns in mm

{Famay cai: ai., :m?"") . M.:n““a&‘ml ¢ ;vi‘ucn Al ayan,km, mducaﬁ t’ha -

gmmth zmm .m mmmnm; m xm,kas-:am ’:mtmval of o:myg&m (RD.Y‘ em;il Ruauink,f;jf:f

1962; E“vmm and Eiay, 39@9) azae'i .:im !qw& asuwgmtm’i “Lhmm the qmmzh mchmismi

im mmntmul@d ?ay a xuo%;aifml:l.a w:mem., : l‘ a

’l’hﬁ mmply of" pul‘ms of XM tm venza mlemmﬁ.la mc;mcmt‘s (ﬂalﬁ Fuemt@

am} Ifam':m &, M}Im ﬁhwr*ﬁ %:.hm:. thf»‘-c r"wt’i}. :Mim slmlima m sie:%ii:? aﬂ:er: _,t:he

vemaval c»:ﬁ J:M,, amc’%. ;LL mm Rgen achﬂwm;r’& that t.hr»m 'M mz aaﬁy Mamiatimn

mac*i :iiiism:.mt'im of x:m sf;.i,th A grmﬂ:h ljmimwg aim in ﬂm ::all. 'ﬁ‘hﬁ.a
tmm:y im mm«s:i gt m‘m with m”ua iwaa t.hm t.m mlmuptimw:rm cemplex. my bahavmf‘ -

an am emgmmaubstmm cmial.m. Pnlm amai,m w!tb COXN.: yialéiaﬁ similurs.

mmma mui Hvans amﬁ m}mmm (196@) «mggmtm‘é t.hat t}m mg}id ﬁwnne .'m
mmwt:h xa,m a*’ter th»:a mmmsl iﬁ m,?x. inﬁi cmmﬁ i'hms MA dons not: act v.ia

tlﬂ{% pxommicm c;f the rsyathasi,s of: a momm bwmm iﬁm ‘il g3, ives of

pmmins in hi qhaz: wgmﬁ.wms zam m! *b?;w cm:!r\r mf a;lag@; mr m— mmt savmml

.'nmimf Clel ams,i {mm i %mmvez:, LY. m:semmz e:&v* demcs com:emi.ng gmm;hm

lmﬁ,&m wcamins mﬁ c'h are fmmt&m_t 1;«; m*ﬂ't"ﬁ.‘t} f@x cmly .,9-»39‘ m:i.nui:aa, ,-:5
3 he gcm 1ble. invalwmm o pmt«ain a&mmmsw.e,n i"w:a m:i t.{al gmwth

m:fsmn_tm s‘:.a Ian ima mmﬂivm,i c:n:mxsmm izhm atmnf‘i{m, &m t:he quatien ham

not :haén mm} veacl-—a ‘rlm s:;mwm mz,pm m :m in wrminly within 10 minutea.g
ol ymsw:m ﬁz :E,mmilmm, mt mmt* xemmm fm‘: IAR mtmm on mmtcﬁm myntheaiss
hz:mx inas z:a;t'-f:afé. a. lm- nf’ m: Imszm ;!, %mm: (@mwaw;as,, mms; z{eg, 3.969) thouqh

a 1l0eminute lﬂtant; \;m:r‘i mﬁ fmm t&m mmmm-;,m m’- mﬁA m:lmsis In Avemx

zmz,mptzs Levpag mm% has béan:ih i;érﬁi mﬂa mu:( ‘é@ﬂi m:ﬁ, l%q) . ‘rhus

:imwin %}F}‘ﬁﬁmm

a::hn t:imimg; r:‘f 3- e pertdon cm J : t;m not eluc:ldatae}.




- . t:he gm:hlm andtnm.imer-ims uw usn m inhibit.cam aﬁ ;growiﬁ lym:hesis.

= ""'Tha inveatmntiuns of L.vans mxd B.aY (1&369) mvaalmi t:hai. pmt;matwant w:l‘m
::;-imtinumycin g, ayalﬁmxumiﬁm or purmwc:ixz di& not a;.mct: ‘.:;m. 1at:cmt x}exioa
- 01: 1:&& t:m m.imulam gx‘w‘t’a mm reduced the gmxm}; r:\m. s uimilnrly, ;Lt ha&

beem uamms‘wawd t»mt:if m’s‘f‘to.,r & -Lmr,mzmm: wi i c,yx.,mms,.mm’m, uhir.h ww

vmﬁﬁmimt fm :i,maﬁ.hi.nzzgw‘ w:s b ymﬁea:i,u %yﬁ}tii@iﬁi o zﬁmai: wlngtim mgmeuw

: :;a:dubit a mﬁwm g.aaxpaxma t«a ::zm {Popa: and’ Liau., .wz;z) u.mei yt.t:. cmlana (3.9?03 -

'-*‘f‘xe;;gm:’@.u} i:ixat ﬁlWlLﬁ c.,yc:leimxmmm treatment wmu.l.m:e?.y malz.shaéi t&m resimﬁae

R of i\vaﬁa wleomilam o’ xmk;_‘\

: Pamw et al. (19‘32) a@nulwzia& t:hm: pnotai' \

‘ayxa%.%mssis is nm. x‘eqhii,mm w'f‘ox' iﬁm imitial nm*ion of” m}t}iir;x on mlmngation

: ‘though umy azn;:ammm:uﬁ t'.h gmwt‘h ucmsz ﬂ%mni on "m‘m ;xvailabi}.my Qt 1:::::;:-,@3.1:.,
: mi auic‘h eki’mm of eycll.cmmmz.iaa on almxgatiun. ,
£ mmmin ssym:h%iu 8 m:rt. ichf{m.d :i.zz um inimal 2;:’& mac&mﬂ.m then

an ali.cm&tiva e}»yolematimz mx TAZ. amicm e mng;uimw iummat.ing

’mm.iiusioms haws immz ﬁ;tmm :i’:’wm ﬁbuéiﬁ,m m? “cim a,;ff:ac,i. c:nE E.wapn on t

ywm,uﬁm of qrmftho v-‘::';;ydmfgen long at pit 3.0 imva }nwa Himwn o 1nduc’ -“an
i;mmuaw nm&mm@ﬂ ;,g gxawmx {Raylv «mﬁ ui&us,l,zma, 39‘?{3) ami c.mse mimilaritias

~-5b¢,ﬁs«rc.t:;x .cmw,i.muc.a_d and ;iw-‘pﬁwin umc% g: meiah imm ma«n «.iss*mcmstmmd {Raym

am, c“‘lxe,'s.mxﬁf".x,ﬁ???} v la““’*m* mu,hwm smggeaeswﬁ dmi. :tzm i.mwczas elcngatﬁ.en

‘ w:t*r:imr i:ay : ,‘ ‘imulming; uﬁ,

ml&aw m ;;:»wimm 3’11:'0?{ i.%m _@mmp}.&me m’u:z f;hat

i.immar i:ms hy&raiym m:::i{;s 1&1‘:3.1& :i..a.zxi-. mm» i,n Hm cmll 'mlltic;r iffy aausingg the

.ag;;;: %ammw m a.,m mﬁll wa.“‘.,,l ;s:w f an qam,ymv whmh can. hyﬁmlyse i:h-a; mi.ciwlabim -

1.!.:13{&({@:3 Pt

' f‘:;*‘hem imw E:«e.ma cmly a mw m;gm: s @E Ehe awuraw timng e)i‘:‘ maa a.ction )

minuwa (?fm‘n,ar emﬁx Len@ol«:x, %3?1) P ﬂm mlw E.hhimtwﬁ ihe gxwth




Axﬁﬁpﬁﬁﬂ ta 10 m 1&&. L)

mhﬁ Linm Lios m€ tha wr&ranxiwtlanul &ﬁl txaﬁslxuiunal

iﬁ@y 5uggavte . the ?;ggreua @igug_z&mal sdeieaaava

xmﬂuircmentsﬁﬂar 1nhibit¢ry aativity hava heﬂm axnminaﬁ h@tn in tha abs&vaaw :

At

an& pra uﬁ Qﬁ anmlivd Iﬁ&.'- wnm aﬂtzun mf ﬁEA in the yrasuncm af IA& ‘hasg

- alme béan Jfﬁuiﬁﬁ* Thm ﬁﬂﬂwih3ﬁ 1ntmx¢vtion huuwnan tﬁnse hoxmone& was .

‘Vﬁfplaxa_-hg st& iﬁﬁia&l analy&iﬁv@i faﬂi&rﬁa& @xpeximwnta and»by the

utmliaatian m? *hﬁ hﬁﬁxi?ﬂ mf unm@ g aatian Linﬂtiaﬁ in an’ attempt to
ae%@hliah wﬁﬁthwr a cmmnatitxve oy an»mmmﬁatztivo inhihitien was 1nvalvad.,

ﬂ am@itmnﬂ, a tranaaumex taghniqu& has heﬂn d@velmpeu to faeilitate tha

amntinu@ua wanit@rinq mf elongntimn:w@t> ﬂmf imi@nm ﬂ@nszﬁiyity to detect .
: miﬂu&e by minutp Qhamgag in gxawth ra%ean Thig techniﬁﬁﬁ,hhs‘haan-aaed té
ahaména rhm initia? mf?amt of hﬁmjen XbﬂwgnAu&@a qtawth amﬁ Lm study the

nature Qﬁ ih@ Snii aﬁ action mf Tpa

f*fﬁml:“v Fina&ly th@ ﬂ?ﬁﬁk& ei z&dia«

&mtivv nﬁ ot &%& int@ walaamti Lo %eﬂ@ﬁnhﬁ haq hﬂﬂn 5nv@$tiqat&§ ta assist

thm gn@arﬁratﬂttanio the qvowth 6@3&.‘
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VNTEREALS HuD MegROPS o S st Lo

tnless stated mhamiw- the following procgdures were enployed.

i

e Plont Materdnd and Cultivation

Exmximmé were carried out using coleoptile segments of Avena agmiva. Yin p ‘>
ov. Svaldf victory 1, the frulte (seeds) of which were ohtained from Svaldf, |
Swedeit. ‘ |

The fruits were soaked in Flowing teap water for 3-Ch, sown at a depth of
20 v in GO-00 s of damp vermicullie in opan mlgtmmh meé. and grown in
the dark at 25 ¥ aec. For experiments concerned with the continucus
monitoring af “the elongation of seuments treated with ABA the ‘umiwum’
wag soaked for 24h in an excess of water and drained ij&x: 15-30 minutes before
planting tim fruite. The latter procedure was uged to increase the unifornmity
of the seedlings which develeoped. ¥or all other éxw#imma the ve:micimlit:a
was nh&éinaa from a stock which had been mixed ﬁi!m wat;m: at least 24h mmxé.'
nse. ‘ | |

In certain experiments the growing seedlings were exposed to red iiqht
for 24h durluy the Jrd and 4th days of cﬁewl@mant:g The light source was a
G0 watt tungsten filament buib in a m&ak béahiv# light m:lt:qmé with a red
filtex (Kodak, He. 1). The light was 600 om above the seedlings.

Coleoptilas wera emimd/vf’rm Mﬂuyméld seadlings and giaigm on damp
fum paper in a pest;j. Aish, Beuynonts 5 oo ':l.n length were wé:isaci &
below the tip using a eutting device with parallel blades amﬁ ‘were placed on
{imga_ filter paper before use. For axpariments concexned wit*.i'&v e;xia continuous
monditoring of %aha,e;mgation of sepmenta treated with ABA the segmonts wero

exolsed fx:mé coleoptilés 15-25 mm in length.
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2. Propavation of Solutions

a. Growth substancos aﬁdamammxem. indolo~3-acetia acid (IAA) was supplied

by Sigma Chemical Compoany mé. » London. RS (”«') absoinic acid (APA) and its |
analoguen (Tables 1 and ) swere donated by Hoffmann-La Roche Led., Basle; |

the cis,trans- (5’,?&}4 izomer of ABA was “u'seﬁ. ALl compounds wors diassolved: |
in a nindmal cquantity of rediatilled oxganic solvent and dispersed in

Alotilled water at 50°C to provide the atock salut:iona;s working canccmtmtionﬁ
ware prepared from the at&eka Ly merial dilutions with diﬁuillaa water. %he

organic solvent concantrations avoe listed in Pable 3.

, -
Table 3. Organic solvent concentrations and pii values for 10 M solutions.

Compound ppm Hethanol o Aoatone o Pl of salﬁ?.inra
HEN 15 5.4
@, t-ADA 40 5T
£, t-ABA 40 -
3 ' 100 , Gal
Iz 100 - 5.0
11T 100 5.4
v . 86 6.9
v ' o % L 6.2
vI | ay o B
VIX we : 6.2
VIIX - .50 o Gud
IX o 200 | 6l
% 100 6.4
XE - 400 " | 6.5
RIX - 24% . : Go2
XILE - - .s1 6.2
RIv ST ‘ 6.5
xv - 200 ' 5.9
xvi - 200 | ‘ 6.2
HVIL , 200 : 5.9
ZVILT | 359 | N

KIX © 200 ' | : 6.2



Table 3 cam:inued L
VR0

Compﬁungﬂ RS - - Methaml DR Ai:atggm ol of solution
s - asy L G
nRT me . -~ ) 6.4
EXIT o ase , 6.3
RRITE ~ 200 : .4
xxwv 200 . . 67
1HV | we 8.6
XRVI | pe | ’ " 6.2
_XXVIT o146 A | G.4
KKVIZIT - R 10 6.2
ALK R 50 545
wRE R 1 , 5.5
" 2 - - 200 6.2
KERTT 200 5,9
ARRIIT 50 : 5.5

* The stock solution appearsd slichtly c;mﬁyv.

‘The m used iu the ex;:eximgﬁta‘ in ‘w’!iiéh émwté was monitored

‘ 4:rozmimmmxv was masalveﬂ dix*em:lv in distilled watar which was stirmd

" rapidly wit.h a ?iagmtim stirrer and maintained at 50°C, ALl tha st.ack
mluuum wexe at:oxea An the dark at amaroxmtaly 3'(:'. ' Sol.utions of IAA -

!

were ke;;at. fcr a ma:«:imum of 2 waeks and 5 x 10 "M IAA was- prepazoﬁ m.i:h:l.n lah

of usa.

i

be Buffer aolwzimm. "*‘Pf'xhréa hnffcm syatens wers used, all of vaich were

pmgmm..& uﬁiw;r ”Azmle.zr“ ms&gmm. Phosphate b;:ffear was prepared fxbm Mglmi;#'
solutimm off i}a,ﬁlsrx g -5?634 and 0,004 K Hpo, on fxom these salis at 0.024,-

%he 9.018 gmapham mf.’fcx' w W uzed to buffer INA and mm esmlutwne; o pH 7.0
altl.mugh O mr«z KEE&BQ a a.'}.ﬁnez w.m wged Ho Exvus‘z'féi:"fi ¥ 3.53“3% vim_;;mﬂciing‘ a
ﬁmiuti&m of piv G 23 - ﬁ«, 9. | Citrate huffer was prepared i‘:’m:n citric acid :ema,
i tia2E§?04 with the Einal wmcm*&.rat:mnu not e::cae :i.ng; Q.01 and o. 1) '
resyacﬁi%ly. Cly»imwﬁu buffex contained 0,014 glyaim {asmimacai,ic as:iéi)

4;1{2:3%%@. t:c: i*.he mqui.xaﬁ p}?. with 21 HCL.




Talle 1. The moleculax structures of cis, trans-abscisic acid and

analoguas I o XXIX.

The Chemical Abstracts code number for ARA, M!;ha ‘
numbering of the carbon stcms in the ASA skeleton, are..
" also shown., ‘ ‘



Abscisic Acid (ABA)

Chem Aists cote no -

21293~29-~-8

,Q%yj§\ X1l

\><‘<:§§/1Q7 { Eif’ AN Xi
OH 0

/L'K/L " <

Q7 ™

XV

5

Eiijf5§> ) |
oH
05 N CHO

XV

N
ZZaN COOH

200 e
™~
o o

CO0C,Hy
E%<if&ﬁyjﬁj VI N /O /J\] XV
— =T
< COOC,Hg 07 N
//thjé\ Vil sl s XViH
COOH “on
0
, PN XX
P \OH \7 Il A OH e
0% CHy—0—CCH, oF CH,0CO
N o PN *
L _on i o -
o’ﬁK&l\ CH:NNH——E‘.NHz 04'\/)\ (i;HE, oCe o~
N 0 PP KX
oon | i ~OH
0% CHy— 0— CCH,Cl 07 NF CH,0CO

OH i
P i -1i~%ZjEF'NOZ |\<, “OH PN

CH,0C0




Table 2. The molecular structures of trans,trans-abscisic acid

. and analogues XXIII to XXXIII.



Ny XXl o XXIX
TR TR
[ Ton K/,O ©
0PN CH,Cl
XXIV <
{)Q\ \V/COOC2¥15

XXX

i
CH==NNH—CNH,

~

o

@Q\/l\\\/'@l\)\\\/’ COOH

/

XXX

o XXVI
“SOH

oH OH
N XXX

G XXVil
AN
/

"\‘\)%,,/COOCZHS

- \
o XXX
‘ XXVIII o
/\v]% NN COOH
o ) oH
~ o~ ~ i,f"ABA
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. P Moasurements

The 3.33 of the @3—3‘?‘-1@35 was mossurad vith n Pye Hodsl 79 or BI Hofel
T30 ‘;{a}i mokar w”zé.ng. i’y&*ﬁ}ii' {?zzlmtzrmlm. A m:iumal«a\;:zﬂamm {’Emwh i
sorbination a‘kocﬁ.mam 'ﬁym C‘iﬂp mmw;l pﬁ mcit. R %B'im) mnnoc:mci £6. the pye. '
mobey mq us aéi J.’m“: i mmmxmmw of sohatzicmm conmineﬂ in pebri &i»*ahw. ;:, h
in am aamaﬂmnm o pH iﬁm mt:em wam stmzﬁardi.m.d u&ii’”ﬁg solublons of

ol 7.0 and 4.0 ymgama .a:’;’rom&::uﬁfér ﬁ&tﬁiﬁtﬂ.’

4. Padionctive twouth Hormonhes

.1*«! 4c11an at a apecific activity of 52:Ci Mf"? {297 uoi, nv;"l) :-wa;gs-
’abtaing'& from the nadiqahamcal éontxa; gméxsh‘am, U.K. The solutions used 3
ware &iluted with diétilleﬂ water from the 'v'labaramry stock which 'wa“a ké;;xi: |
in mdist;ixhzd amolute mtham:»l? 16 M P [ z.} xm contained 10,000 ppm Hectm .
fﬁoﬁﬁ’mmxw}:.a Rqaha LEde ﬁomtm’i ﬁlm zﬂi m( )MA m: a smaifm activifzy cﬂ »

a5 u(.i g 3‘ " A stook s;elutian af 4.&5 x :m M was preyamd centntnmg |
aimﬂ ppm MeOll and msrki.ng solutions. were di.luteéi from this using. ei.thar
ﬁiatinad watexr m': non»s:udiomeive am; ‘the latter progedure pxwiﬂad 16) 52

=3

2~wt (.}M%A of apmmia mts.vity 9 uci.. mg ALl solutions wexe ggcmd in

a mﬁriqaratear at am;mximat&ly 3%,

5. “Straight Growth Adsay

Segments wa‘m: prepared un&éijfiﬁiv; green ~1;§.ghé.: the time l»nt".'ﬂkéai{' t:ha
exeieidn'c;f coleoptiles and the.@lacameht of segments ;in the test m’:i.ut‘:ion
was typically 10 - lb minums. mr aacia mpuc:ai:e tan mgmm:ﬂ ware g:laaeé
"in 10 ml of test mlution in a m mm galast:w ;}etxzi aﬁ.sh. M.fhar -Mh vaark
incubation at 25 X l?c sogment. 1engi:hs were measured to the nearest 0.1 uw
uaiw a8 shadmvgxaph i:achu:lquw. - m emr&mnﬁs i:o test t:he auti.viﬁy oﬁ

analoguas in the pmaenaa ef IM t.ha malugun nolutai.m wara pipettad at
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twrice the m@?im”iig quzﬁg._m& and aiiuﬁaa with cfimir.:l,lieﬁ waler oy J:M.. In
theoe oxporliuonts; which also indieate the activities of the &mlqgues' aléns;a,
there vere 2 ?&g;s&ic:zm%}&a of 10 secoonks for eaoh Leeotmant. Cerialn analogues
wvore only btested alone, pipetted at the molaviiy mg@mﬁ with 1 @ish of 10
sewments For each wﬁaﬁmm;.

Heither methanel noy acetone have sigpificant mfméw in this aémy ww ,
the concentration ranges G.0L - 500 pem and 0.1 ~ 1000 ppm reospectively
{¥ig. la and i}), Conseguently, watey conbvols were uweed in all assoys,

avranging at lesst 1 control for each box of plant material ugad.

6. Shodewyzaph Pechnioue

Segments wéié- filtexred from the iixt:ubmjzmn mﬁia. érrmgmﬁ in rows on a
gilass plata and the assenbled plate placed in a ghuimgxmhio'amarga:.' The
imagen were focused at a Fivefold magnification amfi e:xpaaeéi O, phomgrayhid .
ya;xt@xr. i';axmmmnt racords were ;;mpa?a& by awalopi.z;g the paper in Iiford .

Contrast. Developer (1:4 dilution) and fixing in Kodafix solution (Lié
| dilution). ggter the papexr had boen w#ahéd and gluzed on a Kodak glazing

mochine the images wera used for the detexmination of segment lengthe. -

7. tontinuous Monitoring of Blongation.

a. The apparatus. - Three techniques wvere developed to monitor accurately

the elongation gr,dwgh of mgmriés.
maiimimry éx;;erimmmss wore carricd out using o inic-mﬁmpa technique
baged on that of mfg and Ruesink (1862). The elongakion of a ainga.é aégmm;,
contalned in solutlion in a plastic chasber, was wonitored uslng a high powex
biaomalay micxoscops (mf:&miux Micxoscope, Vickers Lid.) \dﬁvj.ttec‘; with a ':;}fici‘@e-
mater eyepiece. Uhe elongation of individual cells was also examined ~u;ing
this technigque. L | ' |

In the mcomi téehniqm the growth of a colunn of “1.0 aégmem;s waS
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ewh wif;h tm ﬁom of the am:aratm.

 was na mllm. 'tcan celsox;at:ne uegmnt:s were thmnm m >

Polyt;mm t:ubing was ﬁhraaaed abovéz and- mlw t:he colaoptilﬁ antn
;?mvia@ ccnt:act wi.!:h n pammx mwr t:hraadaa on. t:he nyz.an nne (rig Aé.'A'

- _'*:l'ha Mmr was cammrmlanmﬁ w:tt:h a smn waights the we:l.gh'”?"'

"warcas on tha aolmgtiles ‘was calculat:nd m be up;pxoxtmatelyf {_ 20 mq. .

'gat:lon af tlm sagmnta zasulmﬁ in mv«mnﬁ pf.’ i:rm levnx whiuh aiaplmad 'th

caxa’cml axmatum cf, the txmaduc«r tmg. 25). ‘ma t:xmdumr ,pnramd m: :

tionax to t.ha d:lmplamment of hha ami:uxe- tha pmporti.c:muty’wm iinmr
lﬁm': a-2 am amatum displaamnt. (Sangm Heat:on cmu:rcls, Lté'..) N ';'hgni .
mservaix' c.antaiuing t'.m thx:eaﬁmi scgmenta was held in m adjuai:able at:and
: vauow-(%g' the zsemmnﬁa to- be aasi.ly r«wpositmned relatiw o t:}w tx:qnadumrf e

,“armtum. 'r.’}m amamm ﬂisylaamm t:auld thua ba m:mtma w:l.t:hin h

. linew’ xange. 'rhe aut:}put: n:l.qmal was cennecud to a pamneimtti.e»

faxacar&ar ami elongation wm mnﬁ.taxaﬁ acntinmuaw.

E wim ﬁirst masuriug ay&tmm (angzzmtua 1:, Nat:a za anﬁ h) ut:ui.md :

e ‘maemu constmam& from a plam:.i.c maaumng cynndor wi:ich wa

, ‘Ain a ’Mm:cam' frme ] The cmmtaxmlmea wa’.ght was hung fm thq

e sclﬂti.cms wam supplin& to the mmmir in galyi;ham WMW*

: i gubaaqz;entlg, two additiana]. meauuxinq *‘!&W m °°- (txuated

: (appamtuﬁ II m& 1‘11, m«u BA ami b)» ‘ 'rhau wxa o!.' usmﬁi&l




Transducos with a Zmn-lincar d

1

-exparinanis woported i

a Smn lineax
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design to appamtw I Im’c um msewoim wmm qlan, the };mx.am.e mighm wum

fizned on to tho levems em& t‘hm szaltstimxa Ware auyn}.iez’i tca the runervolrs :'m

rubbas tubing. @ha i:m mcm’aa.ng a;amﬂa azmbze_di traammm amci eant:al :

m:ym:imnts tc;a be mn:i.wm”& szizmlmzwemﬂlarz H ‘Lr:mimzm: on fwm';ml were |
ssigned randonly o u‘mh a@p&xaum.

ha fﬁt’ilutioﬂb wcx:t:u inc.uhat:wi :.'m c&:mic..al Llasks in a water I:m’r;h, the

jx;em;;s,x;aimm of which was mguhmﬁ. 7 Gf aa:imzlmm T i.hr.a mmmim
TR m;int:ﬁkma by ﬁ&éﬁiﬂg iy iabko the condend & "’J.mshm tmm providing a
z)résﬁw%‘ﬁaﬁéi SYoLam. 5’1?21;@ Flow was :aéui&té& uglng. throe-way taps on t;ze -
Lubas daldvoring the g'm}.utimré‘.ﬁ:’ | | | ”

T powor ﬂumjlv :‘r?c;;: ‘%.F:tea trangducers wan moddiied fraﬁx the naing using
the clreudt illustrated.in Fig. Ja. -;{J"{i*h«; transfoxmer. and: ractifior convérted
the madns supply o 12 vc:alm i}.c. wiii.s.;eii wan- anm}zmimﬁ with th@ Zener dlode,
Phe volbage oubpul ﬁ’::f»m %;h%.s sum:alf wa# éheaiwc‘i at ixﬁ:lervalm %?fi;th an "Avometer”
and 0o al&waﬁiom in voltage were mmawm‘l. : |

The Lésmgmatum aﬁ thc.a selution in tize res(.x:vai:: was czcmtinucnmly
monliored using a ‘cﬁawmmtm: ;i.mmctaﬁ wmuqh a hom .m the ﬁi&@ GF tlm.
rosorvols) %:im halo Wi mal&ﬂ Hith yla,;tﬁ.a:lm. A imhe& Inearl ‘Lhemistar
{iypa Vk‘l?.mf, hullami Ltde) mf mnm&mnm A2 zrt: asee, wam ursezd, with thfa
boad cubodded in t:‘m em of a thin mat:a};tum viesdyig Araldite”.  The |
ﬁmrﬂi;ator WaRS a@mm@tv:ac‘i to a A"i*&haamm*m I:sxzmgca”' cxixa';;;i'ﬁ; V(i?ig. 3b) which was 3
mmpuéaﬁ with a mminn‘c mlmtw ﬁwm a 9 wolt has.irmw.. ) ha tﬁhe; t:em@émﬁum }
of tha *cnemi&:tem mmase& itn tanaa deorvensad and i:h#.:;a mrmlt:aﬁ in
an’ immam in enrront in “Lha mmuii.. ﬁ:'}w change in c,m:mnm TR mnitamﬂ
can an amater. ' The wm‘sm wag mm}mmﬁ we,x the s*amm LOeQ - 3geC usinf;
Q:mm, tho azmmmram"m mf micm wag: mﬁwmwc‘i with a merouyy Lmawamm:ax
(Pl 4). |

Phe py of the solution In the wmwvmi:s: VRS w:mumwmfﬁ v monltored using

- an }23;?4 i mcﬂw (Mmml mam and Pya pH cﬂ.@&ww{zu ai%:h :,1 amall hull whi.ch

was Inwersed in ﬁm m;!.ut,i:;m in a.:m Lo e;;f i%he‘.z z*:m,c;mvm.r




. rFig. 3. Diagrams of electrical circuits.

a),-Tha pa@br_sugply ibr ﬁﬁa‘ttdnaducafa;;_

' b) 7The circuit for the thermistor.
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femperature ond ~'f,&.t'zxmaaur:muxxtzsa were slways made in apparatus I T

for paized oxpewiments (hese neagvroments were made in apparvatug 11 only.

be Fuperimental conditions. Euperiments wsre carried out in. dim green

Lioht. The anbient tempeorature was maintalned at 25 kA A SEG'; experiments
uelng solutions of this tempevature but for cxperiments at ct?siz;;z: tempemmreﬁ -
the anbient mmpcﬂmmxg vas adjusted to ald 'mgumtmn of thzaﬂ_tmtn};mza‘bum in
tha roservedr. Tn addition, the tubing ssupplying the solutions te the
resorvolys wae lagged with cotton wool in exporinents using solutiona at low
and high tmpammm;s_ﬁ The solution tonperature was maintained to within
one mnﬁigg&mﬂevdagma of the value gquoted.

.‘.m;ﬁtﬂ.mm wers pasaad thmmgh the resorvoir at 5 ml m:!m."‘;‘; the flow
was ﬁ.ne:&aazaad oy im m min,”"* for at least one minute when solutione were
ohangad and €hig achiaved an aﬁtﬁm&téﬂ 8% change in log. congentration of
‘.:hé solution after 1 minute, Flowing solutions were nob used for treatments
nping 10N and thedlr asfsm:i.aﬁéd cmntmléa the flow of incubation Huffer was
mégx}getx and -tﬂw mmmgirmaa drained a,nﬁ mﬁilied tw&ée with the riew
solution, . -*I.‘hiﬁ. solution ohange w.éa conplete within 3.‘ mimzm,

Solutions of 3SR at 1071 contained 40 ppm M0l and this concentration
of ommiia scig.vmt'; wan pressnt in a1l solutions. .

The following exporiments were carried out with the apparatus indicated:

(1) Tha incubation of segmentr hefora treatment )
{Section 6b) )
{ii} The effect of fomperature aad IAA conceatration ) Apparatus I
on the latont perdod and rate of IMA-induced- )
elongation : :
{Sactions 64 and o) 3
(414) The responss Lo HBA {(Bection $£)

, : _ Apnaratus IT and IXX
{iv) The effect of RCH on IAR-induced and Lo pib- :
induced elongation (within Section 6d4)

Tl gt il ngst
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T, Ca:uhutian ancl aena:l.tivity m’;' the 1natmmwta.ﬂon. A separate ,1evar

was umd in eewh agparahua wh:!.ch was canbmtea independently. The 1avax: )
was displaced, at. t:hu possi.t:ion timt tha coleoptiles mt.- apacific d‘::l.st:ant:es &
‘ uaing a mic:mmtmx saraw and ‘!;ha diaplauemnt on trm rez;oxdar chart maaaureci. o
The cha::t ﬁisplauemama g.:mduuaa by 0.5 mm and 0.1 o micromater adjustments
at recorder sanai’ai.vitius of 5V m& w msnmtively, wera .masuma, over a
tutal J.avmr &isplacemant of. 2 mm. Wha ehnrt. diaplaemant was 1inaarly
;;mpnrtmnal to the 1avax wl:l.aplmsment«. ova:: this 2 mm x.'nmge and naan

cal:lbratmn data are preaan’c.ad in Table 4.

Table g Column alaﬁgiéiti;on inuum:equh'rféiébt, to 1 divielon (2 ym) on the

. xecorder cheywﬁ; Thg)iﬁmrdct mensitivity refers to the voltage -

requima to produce full scale da:fl‘act;inp of ?;he‘_.:;uéatdéx' pen. - -

Colunn Blon@utim "

Racorder Sensitivity RSP AR .
' ’#péar&tua ‘ o
- 33,2 66
Tz R 3.2 | 6.6
Tamm s RS S 6.4

a czha:h-é!hplucmnt of 1 mm fd&iﬁﬁd‘er&ti t:akpgmxiﬁaﬁﬂy 15 m elbncjﬂtfibnf
‘of the column of uqmntl and-a cha:t: apeea of 2 mm min.”* were routinely
used but both scttinga were lnaraueéi ﬁs.vafold for measurements of latent °
periods. |

Fi.gura 5 illuutxutea the arigs.nul trace tm one typical. exp‘rimm:.
The 1mta:ummuti.on wm able to aet:ect a hmmt; pexiod haefoxe the :tm responaa
with an gccg:my‘oz 9.5~,minutan in-an vi.ndi.v!,dual aqur:lmmt and could datact.‘ -

a growth rate of less than 2 um min.™ for the column of 10 seguents.
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d. gg%ng}ogy ‘The. tmm “latent period" mtem te the tine fxom thaz
mmwmnt; of a tmatment to the observation of an. asﬁmt:. . !!'m:‘ ‘the
response to IAA and low pH the latent yem.od was determined from the xecordar
charts. To datzaxmim the point at which aignificant ABA :I.nhibiiaian occurred
a mimq analysis on 5 replicates of the tteasment and contml. wan fmquent:ly
carried out, ‘

Time éimrna graphe are pmhantqgi either as elongation (mm) b.z-thg column
of 10 segments ‘g§ time (minutes) ox as xate of ezbﬁgation (um niin."lj vs
time. The rates are presented at S-minute intervals amd ‘the rate at a
specific time was calculated over a 10~minute period starting 5 minutes bafore
that point in time. ‘

The tum "J.ns,t:s;ni‘ mx{.mum growth rate" refers to the first maximum in
growth rate minus the steady growth rate in buffer, the J.at:tgr having been

‘calculated from ~15 minutes to time zexo.

€. Estimation of the 'ati’iai.cncy of changing the solutions. A so,lntionf of )

4&1 IAR in buffer, having an absorbence maximum at 280 nm was used to

10
monitor the efficiency ogwaoluum changes. A typical U.V. spectrum tox
this IAA solution is illustrated in ¥ig. 6. The solution in the reservoir
was changed, using flowing solutions, from buffer to IAA and m m‘v _
Five 25 ml aliquots of solution c;wrmwmg from the reservoir were collected
innediately the solution change began and their absorbence spectra neasuxred
in a Undcam SP 8000 Bitruviul.at Rucax:aihg Spectrophotoneter.

*rhe'datg from the spactra indivate that the absorbence at 260 nm is
pxppcmtiamli to the log. IAA concantzation {rig, 7a). The absorbence due to
IAA in the al&quot:s tzentmi is expressed as a percentage of the mmrbenca due
to IAA in the 19 h stock solution (Fig. 7h and ¢). The data, show. there is
a rapid change uﬁ aoluti.ons both when adding and removing IM In the &th
25 ml al:!.qubt, which represents the solution in the resexvoir after a 100 ml
change of solution, thexe has hean a 98% ghmge in log. I&'coacantxuﬁion in

both instances.
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B, Upkeke of Radioactive Growth Substances

Bapovinents were carried out at 28 ¥ e mlaim groan light usimj"eitx{éf
thraaded or ﬂaaﬁm aa&mhtﬂ. Redioactive golutions wers nuﬂfa.rcaa tmg}gﬁi T
’mmgg {ma pzmupmm buffor which wag also used as the mc:mmmn mﬂim. ca
The methanol concontrations in the radioactive solutions woxe mi:}nawé_ tq-ba; ;
gonntant., |

¥or experinonty ueing flossing sogmonts t:hn raguired number of soqments
wore incubated in 25 ml of buffer or ABA for 100 ninutes and groups t:sf 10
ﬁagman% tr‘wafﬂrmﬂ to 1 ¢l of radicactive solution in a 1 dram vial, uwsing
three mylicmtm for. sach traptment. | ‘

Mtamnﬁj.m?.y, i aﬁgmnm were threaled on to a xeglou lina {&};4 g <
disncter) and columns at sogments were supported in 2% ml of incubation medius
in tho space hetween a Mi.:&;ng m:hé and a nerrow test tube #hmh was ii’mmii;@d
in the boiling tube (Fig., 8). This was achieved Ly securing one end of the
aylon line 4o & washew uréund the lowar end of the test tube and su;»th;ng
tha free end of the J;i.xi« against a rubbex bung,‘ which ;msi.tinmﬁ!_ tzhe test
tube centrally in the boiling tuba. 4,?1;1; system allowed uptake to be studied
under conditions sinilar to those in the ebntinﬁo#z ronitoring of growth
expariments. In addition, several columns of seguents tould be. s.ncunnmin
6 snall volune of solution, the solution could Le changed easily by rewoving
the test tube and segments to a boiling tube mnﬁainmg a naw iolucinrg, and
the columns of segments could be removed eanily -zm the apmw,on.l e&lﬁms;‘
of sediments were incubated in buffer or ABA for 100 minutes and than tkux&s-—
ferred to radloactive solution,

vhether floating or-threaded segments Were usad, they were romwud fxom A‘
the radioactive solutions after known time periods and the radicactivity in
the seguents axsayed. ’ N

7o iwamzs.faum the x&uwai of surface held xaﬁiwbh@vitﬁ t:htm colunns

of threaded segments were mmm for 100 sinutes in buffer followsd by



One mlmm of 19, uegmnts, dmmersed- in m;uﬁmn} :

in iiiustmté%‘{;




Rubber stopper

|8

vion line. oy \
Nylon line . ~—gGoiling tube
Solution mm...,.mx
|
i
: e Taa b YD
Coleoptile ' -

%

| .

| - Washer
Wl | “’!/.’/

\’




a2

: axpoaum ta xaﬁiaac:t.tva ABA. Bftar ih Lreatmax:t ‘the unqmanw ware xemovad
and eaah grou;z of 10 segmenta placacl on gemze zi.n a filmz: funnal and 5 vo).ms
X ﬁ:i.atillaa wut:er: wnmeutivaly poured over tsm segmnu, gollectiayg aach

. volune aagamta;,y. Radioacti.vj.ty in the washings WAR asmsséd.

9, Asmessnent of Rnadicactivity

Aft:@r tmﬁtmnt: An maimctive m'me ons groups: oﬂ m neqment:n vere m&he&
in 3 % 10 ml r‘!:!.at;is &ed watar to remave. suxfam; held activity. 'ma segmnta ‘4
wum placmi ;Ln 2 ml of 05% etham}. m a qmm scint:l,lmt&on v:lal and’ ke;gt at
3ec fox avz: maat 'Mh to extract tha xadimﬁtiﬂtg. ) 'rha athanal vag rmved_,
. under reﬁucoﬂ prtmsum ami 10 mz. off aci'm:ulmmn ﬂnid uontaining 4 G vpo
(2,5 r}iwlxmylemmlm} ;;m:- 1itm ot ummm:eiul yrade. mluene wore avk:!ec't ’co '

o vial. )

'rha activity in 1.0 ml diat::lllad wamr mmas whiczh had lbeon uzxad to

V waah raaioqctiva aagmnts, ‘was. amaaaaa w:l.th a uiﬁfamnt. procedure. A 3 ml
aliqust ms uach wam;ing was maa«! :ln a aa&nt:.tllatian vi.al ami 16 ml oz
| Insta-Gel acsintill&tion fluia (?ncknrd Ltd.) wez:a added to forn a gel. '
| Radiaactivity wan dot:eatad uning a mckaxd! ﬁ':inn:mrb scintulation
smcﬁrmmt«r. The instrmnt antcﬁ xazﬁi@uativﬁ.tzy in counts per minute
{com) - co:rectecl fcr a z:raaut backgmund and an A.h.ﬁ. ratio which mtcated
the quﬂnch 1evq1 fot‘gmh v.ial. ~An A,h.&. rat.ﬁ.a of 0 md.tcate:; complete
guench and 10 indicated no quench. 'The ‘éffidiez'z.cy of mni:ing was gg&arnﬁrji l
by the quench of the ?ka;gplé.. A guench carreatiafx ?:urve (Fig. 9) wéa

determined by:' auésaing’:’t&a# opm tr&”viﬂt which contained N haxadeéma«l*ma

(apucifi.c uctiviw 1.016 uei 4. l: -mdioah&mmal cantxé.; Bméxaham, U.K.) of
knmm acts.vity and quenchad to diﬂexent Xavala using motane, ethaml ané
plant mtarigl. nadioact:wity :Ln aiuintegutiona p«r minute (dsm) was

caloulated fram €his curve.




# the efficioncy

. Tadicactivity am.

@ function of the

. of the éagpj.g ian';ﬁ:.‘s.;;vfitio) S
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10. Gas Liguid Chromatography of ABA -

Cas licmdd chromatography was carried out us:mtj & Pye Unican 104 Series
ém Lidquid Chroratograph ﬁi;%:m& with a B ov :m csglmm. The carrier gag .
WAl zxitfrégan am&f the te:mpemmxga!wm typloally 200°¢C. Samples wore methyrioted
with emcess dlazemethane which wae afterwards evaporated.  The methyl a}atejrf B
of DA was resuspended in methanol and iﬁjﬂat‘ed into the _c:oiumn together witi};
a stondard of ootokossng {C 23) Aiasoivod 5;&: hoepbane. A 1 pl sample
containing 3 pg methyl-ABA Logyether ﬁiﬁh 1 pg C86 in 1 ul ha@ﬁam wag injected ‘

into the column.

&, Ultra-~violoes ireadiation, Ue¥. lxradiation was carried out using a

Camag Universal U.V. lamp with a wawlangt:h of 254 nm., A methylated sample

of AbA was placed in a silica cell and irradiated fox 3hs

b. Praparation of diszomethana. Sodium hydroxide (20g) was dissblv«d in

- 50 wl B0 in a 500 ml narrow necked conical flask and a laver of 100 mi
athylem’mydol placm’ over it. " A 25 ml layer of ether was placed on top

| and a quantity of nitrosane added, xinsing the #itmam ﬁm the neck of | .

the ﬂ@k with ether. A cork stopper and delivery tube were fitted to the

flask and the Aiazomethane evolved was collected in cold ether until a yellow

]

solution was formed,

1l. CGreen Iights

Two light sources were used, vizs a 3ft. Atlas fluorescent tube (30 watt,
Warm White) supported 3ft., ahove the preparation area, and a Philips 60 watt
tungsten filament bulb in a~'!tcxdak hqehive 1ight which was ippmximtoly i€t,
£rom the material while Qét:ti‘ng ugexmr%ntm Both (:1:1..gh_i: sources were.
filtered with Cinamoid filters- (Rmk stand Electric Ltd;, London) wusing 3 .

green Filters (No,.39) and one orange filtex (No. 5),  Visual axaminat.iéai of
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thase £4ltorad sauraa3~uming a hand 5pactrosaaya ravaaled a narrew bhand of
groon light but thera WAG also blue and ro& light visibkle adfacent to the

T o 2670

gracn.  Hoevertheless, coleoptile rwgmﬂnts raswandad to IA& at 10
altor sqttiug w a 24~k straight growﬁﬁ agsgay in thc mvwsﬂnan of tnaae 1iqhﬁ3

and both treatmonts and controla rocedved the sane erposure to light.

12. Statistical Analvails

#. Replloation. ~ Experiments &nénlving straight growth assays and upt;ka
atudiaﬁ,wete repeated on 3 occasions and when only ene.ga:ametar, 8.0,
auttvity.of AUA at different @oﬁdeﬁtrutions, was investigated the mean values
of the 3 repeats were caloulated. Statistical conparisons wers made only
‘hotveen treatmenta and controls where hoth were carxled ont on the same 3
necasions.  For comparisons between treatwments within one sxperiment, e.q.
the autivity of ABA at different IAA concentrations, the atatistical{analynis
wan aaxﬁi@& out on the nooan data from l.exya:imcﬁt only. The analysié>was
repeated on experiments carried out on different ocuasions.

There was no ;aplicahian within expeximents on the continuous monitoxing
Of the glong&tion of seqments, Yhe meaﬁs and standard exrors quoted #xe
typloally dﬁrivaé from axperimonte carried out on 5 occasions and comparisons

between diffexent treatments are mado using those mean values.

bh. Standard error. The standard exror of the mean value for each series -

of obsexvations was caleulated from the relationship:

standard ﬁgviation
Ynunber. of obgervations

Standard erxror w

Tt was calculate& using an Olivettd programma, 101 desk’ top amuputur {Dxitiah
Clivettd Ltd,, Lanﬂon).=

Tha standard arrors are uhawn on the g:amhs as vertical bare, typleally
drawm aymmetyrical ahout the data ycints and equal t@ twira the Beo, but

where space is limited the bars are drawn on one side oﬁ-the point and
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ropresent One B.0. value.

>N "ﬁmﬁi@mﬁ'f;“ titost, This titest mﬁﬁ used to ascertain Q‘mtﬁm thé zzfszaxz
valuos m: &f{:s“fsfampless difforad significantly. - The olivettd ;pmg::é.m& mz;f
wsué uged to compute 't:he g ;m.mm, nnd the aigas.ficana@flw&iﬁ thaﬁ.zmﬁ fzém |
the "8t ,usfiemt' st cum;r:l.tmtmn (B’:,!,sher and Ym*M, 1%3) with the aagrﬁes of
frpoadon gwmx by (nl + n2)~2, where nl and n2 wore. the mmmam of thnrvatiﬁns
in sanples X apd 2 respeotivelr. ‘»Dmmmmms were x:efmrmd to a8 ‘
mgmmmmm atfferent whérs the probability value (P} X 0.05. For c:ciﬁvﬁa_.hmma
the following notation was used:

PRONS r M. fs {not. sigmificant)

P L ‘,.Q.‘QS r R

, 1" 20,00 3 W%
P 50,001 5 ew
For supeviments in which treatment and_ control were ;;ai_mfi the 't "v’rélne

was compuied by the method of palyed compavisons mm,ng_‘tﬁxé Olivetti prograuma
161 sfit:h‘ 1 paiﬁeéi experivents the degreas of i‘meﬁomﬂ wore given by 7{:1»1} .
In analysiév of :EM and AP ‘tmat;menés i’wn{ exporiments in which gxﬁwtﬁﬁ was
mond torad contixamualy'gzhysialagical congidorations lead one to ,eﬁcyev’:zt:”:;'tm.; /
Lo promots growkh xela.tnim Lo ABR.  Phms, oniy the hypotheaia that‘ thé‘f :
differencen wora c;mm:azz than gero neoded 4o be %mamd (Builey, 194@) . 'f:iae‘ ‘
i:mf:ezxi. wasg aanaewan‘.;ly hased on one teil mt the ¢! aistxihut;mn am’:! the
aigniﬂimama levels were read from ”Stuﬂant‘ 8" 4 cmaeribut:ian &t tw;tca the:
gmoba}vimty J.eval, :E.e,. for a true 5% 19%1 Lha table waa entared in the 10%

column. - ) e

e mmlys.ta of variance. This test was used m examine ﬁixe“uﬁfaum ~é:f .

replicated treahmnt:s of promotaxs and inhii:sii.c;rs an segmant elongaticn. -

The data waxe mmlyaed with an mivat:i.i pmgrmma 10L. which c.‘c;u;;;utes !:hum

of squares (55). and nean scmam wm va:&waa for the r:cm .tmm {R} ’ cai” j_

- items {c} v s.nteuctiom hattmm ;tms in r:o\m and c:ulumm (:«':3 and. cz::or (E). o




N J,' 4?‘

IHS

b inmmc'!:.ﬁ.m m‘ 5‘;&5

whe si.gniﬁiqanm :w.rels :Eo:r 'E:hex E‘ rat:ios wmm ohmima Exom mlas o£

the variama mizi.n diuﬂribumon 62‘15}191': am‘z x’aﬁea. 19533).

@.  Curve fitting, 'rd.mfa couxses af aaqment @mngam‘am in vaxmus !mmne

’ sol.utiona were. mrrm& mt: {f;wt:lm 5). ana i iniuaz. m‘w m ez.cmgm:lon,
L.a, ﬂlb ;!.ni.tiax. slnsgh m" ‘the gmgph, vms mqmimdx w allost analy%é:: in tam.
of anmyno Limati.m tc; bo mplnmd. : Tim cnmn--&utxmﬂana i,nit:ial ulopa
: pmgrama {c.amm. ;gam. cczmm.) was mmloyaéi tm tzamulam the .in:}.mul xm;as. T
This pmg:cmaﬂ A w Q emmut:m: t.a ,ﬁs.t a g@lvnmml aqum:mn, Ay oAl least
F{aswamsa mm:.hcsc’i, Ry t’ém ﬂaﬁa m‘wmaﬂ. "*‘h@ ‘mmgrmaea ugad was haged: on t:lm
| taaimiz:;ua damriml Bz:y Hantworkh (3,%933; 3.%.)1:») V. mm c:camm‘aex pxmtad
.x,‘m:mamxa uf tlm aauatzian, includim; the :Lniti,nl ampa oﬁ ‘the curve. ’
'rhcs tine mx:;;u!.mﬁ by thez hm? 53 ta cm«umm am nqua\timx whic:h dew:ibeﬁ |
: eaaah t:ma cuurse was aammﬁmnt gpaxt.ly on the vuxiamlity m’ tha ﬂata. _‘
Because nf tha gmaaum an’ g:om;,aui.er i::lm a limﬁ.?m& zmx;!,m was available far”‘%tw

tho calcu:iaticn ::sf nm:h @quatim. : xz ne eﬁuai::!_nn I:a::i Mcm obhald md when

© the f::hm Zi.imi.“' Ha5: maﬂmﬁ thn chta rmm o mmmﬁ asz»ﬁ! P am,;,mam w:g thHe .

m&.i.ial slo;;ea was mm&.lablfa.. )
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 EXPERIMENTS AND RESULTS

1. 'The Elongation Growth of Avena Coleoptile Segments in Remponse to

Abscisic Acid and Indole-acetic Acid

The first axperimnta Hem designed to investigate t:ha alengahion grwt:h
of Avena colmptua sagments in response to exogenously applied. mz\ nmi xm,
Coleoptile segments, 5 mm in length, excimed 2 mu helow thg. _t..‘..p of 4wm~
old seedlings, elongate in H,0, TAA and ABA when using the 24-h straight

growth assay (Fig. 10), Promotion of growth is significant (P < 0,.001) with

MA?

10 '3 1AM compared with the 3126 control and the promotion increases as the

IAR concentration i raised to 107°M.  Iittle growth ocours in 1073 Ima,

and there is both loss of turgidity of the cells and discolouration of the

- pagments.  Significant inhibition is observed with 2.0"724 ABA (P < (,001) and

-5

increases to 78¢ with 10 "M m {ig. l4a). No furthex &nﬁréasa in i.xgtix;.bitio:;

is achleved using m‘i”"’si, ABA. * .
A time course of growth in 207 Ava, 107 1AM ana distilled vater shows

that the growth ia‘ not linear with time, over the 24~h pm:imi, in all treat-
ments (Fig. 1la and b). The Yesults of this experiment indicate that the
growth ﬁra.t:a of segments exposed to IAA increases to a maximum aftex éh,
followed by a decline in rate; this maximum, however, is not abservaé in fm
g~h time course although there is an overall decline 1n"x§ta {(Fig. 27b). In
uao the growth rate is almost constant over the 24~h period and in ABA treated
seguonts there la a slight dmlme in zrate. After only 12h tmm’marit in o

TAA 83% of the total elcngat,ton haa ocourrad, yvet m H,O and ABA mnm

&
segmentas only 47% and 348 mspecmvaly, of the slongation in mmpletl. : ﬁ:‘ha
data suggest that to assess the activity of IAA a 12-h inwhut:ion would be .
-adequate.  The 24~h mx&a&. hmvem was used because 5.#: :hn conwnimt and
allows the sections to be measured when the growth rate J.n‘ma is low, thombﬁ"

raducing ermt.f In addition, the 24~h incubation allows greater ol;éngaei,qn



' Fig. 10/ The effect of I ana m on' ngment alonqat‘-ian i

o jthn Amena caxcoptizo atraight qrawth assay.

The. dutu ‘axe the mean f:ou.thxea axporimants; ?Q :41‘~?~

- loast 10 aegaanta 9&: hreatmant uuru used in each ES

' ;5 o axpaximanty

Statiutiea& analynis. whe twtast was used to tggﬁ tue ﬁiffe:eauef?ﬂ- fi‘ﬂ

. a; . dn sagnant length betwaen the»trantmenta in&i&aﬁeﬁ
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‘ Ta.zm I! 0 t:han a 12»1: Mzcuhauon aml u thus mxe zaus.tabla m:)r tzha asaoamnﬁ
ot the ewt:ivii:y of inhibitors. T S o
‘ “ha affer:t of amedung aga on t'ha xeapmme to 3.6 6&1 xm haw heen st:m}ied o
- (Fig. 12) v Segments ﬁxm 3«&@:{«@1& amdlinqs mra the mm; msmmiva tp "
AAA and thay alm nh«w t&m ga.eataat. olnnga’ei.m m watex. A xeaucad uﬁfwt ’
is ahaawed with mgmm:a from ﬁuday saeclunga ana n mrthe: auqht xeduct;ian
m ap;;az:ant: mn mgmnm f:om ﬁ-day seaﬁunga, !:mt m aignitimanc diﬁtamnc:a:
hatween ¢«w and 6»day mtérial. As chsaweau 5 ‘,I‘!m mataxial growm ﬁor 3 ﬁays,

homver, i unsuitablm s‘.’ax the atxa&ght qrowtlx aaaay bmauaa wany mlmgti;es;:-

are shart:ax than 7 mm ama s a 5 wa gegm«nﬂ: exciud 2 mm helow tha t.i.p
' .i.nc;mdes t:hn ‘node m ‘pAxt of t:ho mmc:otyl. 1 ndd:!.t‘.ian, ul.!.ght var.tatiem.
in. eiw t’.m:zg of axperiments uning 3~aay~old mterj.al muld xnmut :l.n 1axgar
nﬂﬂa, Do o .

‘I‘h\m tha 24+-h ntraight. qxowth assay, uning ngmmta uxcinad t.'xom the o
fuolcop!:ilea qﬁ 4-ﬁay~a1€i Mram awdungs, is sui.tabl« tax auuying the .
bi.nlaqical activity of’ :'.m\ and ABA. R ‘ o

Absas.sm aci.& does not: appcar to axem a t;oxm a:ﬂnct on the c:nlaoptiw
angmants (F!.g. A3) . 'xo aamnatratn t:hta segmntn wers placed in &1»1:113.&4
| 'wat;at, 3.0 anex 10 414 m, w&.th 3 raplimt:aa of 3.6 segmnta for. amn trmt;v- -
ment.  After 24~h dm:k: mmuon tiw ngmnts fxm one mpucats aﬁ ﬂm
tr&utmnm wex:a shadm'graghad. o Tha rmining 2 xeplicutea war:e r;lmad with
3 % 10 wl aistilled vater and t-.xanam:ma to either distilled vatar’ or
| m M I:M. aaqmmt 1env;;t~..hs wara dttumlineﬂ af.t:ax: u ﬁurt:}nx 24h, o ‘
e growtn quring. a8n 1ncubat.ion 10 distilled 10 mkeaz.y décl:l.net
dux*:lng t.ha secona :Nh ;,mxj.@d. § Tranlf.'et tn !M, aﬂ:ar am 1n1e1a1 2411

i.mubatian in " 0, st:lmul 't:an gxowi:.h umi thu obmxsvatibn inﬁimtc t.hm:

enﬂaganuun 131!» my be 1im1t:l.nq gxmh during th- 48-«11 H 0 m..mnt. :In tha ‘ o
'nreaenm of.’ :tm\ gmm:h alm mnunuas dur:lng thm nemn& :Mh aﬂt@x uxpanu:a

t.o hBA and. i.n fnct:., gmwth 1& St:l.mnlamd cammreﬁ with mgmnts trmfoxma

fmuay m.i‘ :‘not npparently‘xilunq thn acgmnha &.ux: "'g thef;/;'“‘
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"fimi: 2’4;&_, mttor sagmntts hava hmn givan m ii msa for 24h, hwever, ,ﬁhn

qr:owth mte auring the aubseqmnt :Mh is mduced, even in thq pxauence of.

10 4 A TRA. 'I.'hua an mhibitory effact of i:his ABA solution !m paxniat,ing, .

and puasibly #ome 0ﬁ‘ tha mllu nay have bmm killed. ?2*11« rasult may

) indi.c.am, hmver:. t:mt ﬂm KBR haa mt; been satiafmmr&ly raunoved £:om the

Begnents ei.thar:- by lemhing arv matmlim.

2. ihe Holecular Requirements for Abscisic Acid Activity -

ixfm elengation gmm:h m‘! A?ena eolmgti.la saqmnu S.n inhibited hy low
aona@ntratmm o£ exogemualy a@nneﬂ am. . 'rha mshion t:hus arism ns w

the mode of act::ton aﬁ thi& :inhs.biwx aml am zaent: aﬁ i:hia pr:obxw eancemﬁ

the mlammr x&quirmnta ior the inmmtim. ' one appromh to thi.a aspwt -

is to ntuﬁy the acmlvity ctf amaloguu af m ama th:la hua been naae muihle
by the provia:!.on of ADA amlaguus by %Iotzmnnwha Bochn, ‘ ' ’

'ma activity o£ 33 maloguas was tastaa in t‘.ha 24h Avena ca&mptile

7va

nﬁr&tght growth maw, uuinq analeguc mncentram.tona Qt m 10 5

»and 10
with a ,distilwd.mt;er cqntm:!.y The maximim mncent::ation used was 11mit:aé
h}'f the avaixabilit:& of m¢= éﬁmpoundzz- anét mnaantmtims of loss than m ?}s
- were not tested imcauw 1{3 BM ABA duaa not: ;amﬁuee sﬁ.gniﬂmm irﬂaibiticm.

The aign,tﬁcmme levem c:!: the inhﬂxmion induced are listed in 'x'abla 5,

Table 5. *P;he sf:utictmal 8&gniﬂcanca nt tha Inhi.bi.tion of monga.t:ion of

Avena. Cﬂhﬂms.la Saoments, ‘gignificance ;lavalu weze ﬂehemimd Ce

na.tng *’Stue:qnt' s" t«tut:, temmg the mnrs 1enghh at each. cnmentxntion
agai;mt t:he a_:zox;t:ml ugea, whan _tegnting -aach amlogu&.. . The data mlysea are
£rom exmmméﬁéa.r{gémégi oft a,éwaamng.f A s.nﬁ;l.cat.as the };mmotibn

of a;.m;;ﬁ;atiam




table S,

Concentration of Compound (M)

Compound 1075 10”7 1078 1075 1074
G, L=DBA NS PO ok **é- -
£, t~ABA ne NG wes g;; )  ake
X NS NS xR
xr 38 * ahk
XL LT PV e
v R A P Rhk

v kdk hik whd -
VI We *ow e
viz NS NS awn
VIIZ oS i AW
IX * t 1 "R

& NS NS wae
3 e NS Y
x1x "o B Hs
X1IX NS NG Hs
XV NS NS NS

xv Ne Hs NS
svI us HB e
HVIX HS HB *
EVIXI N5 NS ‘us
xex N8 ey Ll
44 s AkK 'Y
b4 o NG Rk T
HXIX NS wan ann
ERLXX HS NS Ak
BRIV . L] Rk
XXV 1na L1 20 ﬂt:t
AXVI NG ns NS
XXVII NS Hs B
HUVIXT i %% (p) HE
ERIR HS ns NS
AER ng *hH e
HEXT H§ - NS RAR (D)
RRKTY NS e 314
XKXIIY - NS NS wan

ta

.



Wh.ﬂe cxgaundzng t}mm data, two c:mnsmamtiam mm mma .’m mind,

| ‘Firstly, that qampars.aom yahould idully be m&e mwmn Wmﬁa mv. as.tzex .
i.n cme: miaty onl.y and f;hut: in aaaaa in wm.c:h thera m adaitional stmcsmral
c}iffamnaas thcase will quaufg t.ha nazmxsmwm. _ uamnﬁly, mramr.tsmns

should be mdca, aimatly or :Lm’iimctlg, mhﬁv& to the inhibimm mt:i.vd.tv

of elther a:ea or mgnunda sith mtivmy sinilar to ﬂmt of ADA. Consequently,
iny apee:!.f'im mmmunds axre mfexmd f:u fcw aac:h infermm, kmmwr; ir "ihéx

mmctmm«mtivity mlationm of amt!:m: ampam& maliﬁg tha argxmem:.

- mﬁamrwe is always mde to that cc:mwmﬂ

s,

c@mparimnﬁ nf; aommuxasﬁﬁ :zv and v (Ei.g. 14!:;1 wit:h m (ﬁ'ig. Ma)
illuatmm that uw hydmxyl mﬂ car}mnyl groups ;::5 BDA are unimrmxtmt fm:

=6

' inhi.simxy aat:ivity. mt:la :mmpnmm 1ac}s.. thase structures but m; 10 T ma--

5&& massss act:é,vity a!,mlar m m& m; tlm sam mnc:mtmt::l.om, The

0
‘ act'}.v:tty of:‘ V, anmpnmd vif:h Am, a:um mdicat:m that. i:tm ac:ia gmup a:ﬁ Mm
nay. he mplme& h}r an etbyl aswr gmuga witnaui: large mciuatz&ons .tn act::lvity

6&! qx' 10 SM. nlt:heugh V iﬁ much lens aat;iw at 1 7:# than m 7&1 m

at 10
The erstzer itm:{f may aitzhm: be amiva m: be hg&xnlysnd o the mid .'m the
) plam: tisaue, u ‘
‘rhe rmc:h mﬁumﬂ aatj.vitzy ::3:!5 v:c txomj;az:eﬂ with ¥, and aﬁ vxx nompamd
with :v (mg. 14b) auggmta thm tht-: ::j.me daub.le Lond is ir«mrtant fm? '
inhihiticm hmmum be:th t‘m c:@mmunﬁﬁ wh&ch exmhit. x‘eﬁm’:ea acst:ivity dif!!er: )
in stmmum fm t:tm cmgmuna wit:h whs.ah tmir am:mw j.a cemparad enly in
the loss aﬁ tme x:inq annm: Imnd. in both vr azxﬁ vx:r,, hwever, a:m rinq
muma mna zma been atgaxmi.sa& am’i tshcs mﬁmt&m in aetwity ma.y lm due ’Lo
aaﬂits.m ms t}m agﬁxicm ms&éu& mther f:han mxalj o :msa qﬁ *r.he donble hond o
Tthe Ammrtm«:e of the rs.ng aaum& boma ;i.s nlm 