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Additional hydroxylations of the A, C, or D ring of the
{ ' '

"geénerally supported by 1n v1vo bloassay data. However, GAg and

ABSTRACT e

L]

. A'béhE filter paper assavaas‘used for the’bartial

' R . - R O “ S
purification of gibberellin binding protein (GABP)-COntaining

extracts from cucumber seedllngs. The- procedures used for this

e

in v1tro assay were, reflned to allow rel1able detectlon of GABPs

with character1st1cs expected of GA receptors,

" The G binding.properties of & cytosol fraction from
hypocotyls was examlned using [*H]GA, and over 20 GAs, GA
derivatiyes and othgrygrowth substances. TheJresults demonstratef
strucgural'specifféfty of the binding protein for falactonich‘
C—l9‘GAs with a 3tﬁthydroxyI’and'avC76 carboxyl grouot |

-G , . o -
ent—gibberellane skeleton or'methylation of the C-6 carboxyl

impede or abolish b1nd1ng affinity. These in v1tro results aﬂe .

result In enhanced spec1f1c b1nd1ng

GAsg, both considered to be precursors of the presumably act1ve

" GA,; 1in cucumber have low aff1n(;y for the b1nd1ng prote1n. W1th

these data inferenceswabout the active site of.thevputatlve GA, -
receptor in cucumber were made possible.
Partial‘purification of the GABP fraction wasﬁachieved by
\
(NH ).S0, fractionation, and DEAE cellulose chromatograpmy

Further purification could be achleved u51ng a. hydroxylapat1te

or Blue dextran—agarose column or by PpH fractlonatlon.

FPLC- chromatofocu51ng and »anlonexchange chromatography d1d not
1

’
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Since their the1r SLLQQLQL@l/idﬁniiflcatiOn—%ﬁ—%he—+9594544*

glbberelllns (GAs) have' been recognlzed to be present throughout o
- R ISR AR

most of the plant klngdom and to affect a w1de range of N

¢ K}

phxslologlcal processesrln pTant development (see Flgure 6.4 in
Matthysse and-Scotth1984) The most dramatlc effect 1nvolves the
- promotion of stem growth in genet1c or phy51olog1cal dwarf h |

plants, GAs also induce germigation of many photodormant seeds,

-

substrate mobilization in cereal grains, as well-as leaf - ="

elongation and parthenocarpic'fruit set. They also control

;

flowering and sex express1on in some gymno- and anglosperms

(Brian 1966, Jones l973, Pharls 1985) T I | o R

J— Y
‘Numerous investigators'ha%é examined the‘physiological
- . . responses to external GA applications or.attempted'to identify
the effect of changes in endogenOUS GA levels H&ever, the‘

sequence of events 1nvolved in l1nk1ng GAs w1th the1r

Tl

on the mechanlsm of GA action has to account for three 1mportant a
S facts. 1. GAs can affect transcrlptlon of genes and translatlon

of gene products w1th1n several hours of appllcatlon (Delkman

1. 1976,

et al

and Jones 86, Hammerton and Ho 1986 ngglns
Jacobseh 1983, Mundy gt.al, 1985, MUndy et al. 986

Muthukrishnan et al. ‘19d3aL. 2. These effects are observed onlv
.rn response to a few of the more than 70 GAs of plant. and fungal g
" origin (Crozler and Durley 1983) 3. The degree of'act1v1ty and
the type ofAhlologlcal_effect”are”also*defermlnedfo “the stage

~of differentiation and-development of the plant tissue (Katsumi



they are protelns. A number of studles have been undertaken to

\role in medlatlng the effect of ster01d and peptide hormones ons

the ligand; exercise metabolic control. e T

‘that. there is-little experimental support for the exiStenCe of

: and Kazama 1978),;_‘ — - e o 'f:"

" The spec1f1city of the relatlon between blologlcal act1v1ty
1

and GA structure as well as the'dlver51ty‘of processesuregulated:fﬂ,

by GAsrsuggest the presence of GA recognition molecules}

»receptors, that act as key medlators in GA actlon 1n plants. The

structural complex1ty requ1red of such receptors suggests that

demonstrate the presence of and ascrlbe a functlonal role to”‘b/

:

such receptor molecules. These studles generally»utlllzed
techniques“similar to thoSe used by endocrinologists studying L

the- mechanlsm of actlon of anlmal hormones who, in‘the last 2~

decades, have clearly shown that receptor pnptelns play a key

»

'gene expression and on metabollsm (Greene and Press 1986

Schelderelt et.al. 1986, Schrader t lr 1981). Based upon,»

‘—~ev1deneer£rom*an1mal hormone receptorsr It is" env1saqed*tnat

,Ag'

-plant hormone receptors are located on or in respon51ve cells

Upon 1nteractlon wlth.a growth regulator they become actlvated R
or comblne with 1t,,and then, e1ther alone‘or in a complex with

e - . ¢

Reviews by Kende and Gardner (1976), Rubery (198X), Stoddart

(1982}, Stoddart and Venis (1980) .-and Venls (1977),:indicated

candldate GA- receptor'prote&ﬂs Hewever, i lrght Gf‘mﬁfe‘chcHL’
research a reeXamlnatlonrof the publlshed reports 1s approprlate

and will, therefore, be the focus of a llterature review. In .- —

!



| : .
‘this rev1ew ev1dence in support of the existence of GA
- o
receptors- is. presented On thlS ba51s experlments were performed ~
.. \ e;
B 'to asﬁééﬂy, character;zﬁe Eha ’pur1fy such protems from extracts of .
_ - cucumber seedllngs. . \ )
v ) ¢ ’ -
\ had L
|
, \ '
- - .
o “;‘-
‘.‘ N \ *
\.
| \( o
.
|
o . “ R e It
> .
| .
\
~ |
| .
| ‘
| &
b
| . =y 1
|
‘ T -
|
|
! . -
|
\ -
| .
\‘ 4 ~ ,—jxg
| \




«N

a

In

PART B

Literature Revi

]

ew




Ie/lnfrddurtign

5VWrthrﬁrthel%ast two—decadesirﬂnmﬂﬁnﬁtd‘researchers’have

“able to detect suchraVSmail'nuhber of molecules;,radioactiveréAs

' attempted to 1éent1fy and 1solate the prlmary 51te oﬁ\GA actlon‘

w1th1n plants However, compared to the understandlng §a1ned

about the mechanlsm ok,agt1on of auxins (Jacobsen and Hajek

'1987 lebenga et al. 1987, Loebler et al. 1987, Venls 1987)

progress in GA- receptor research has been slow. Several factors

- — RS S

"may aCcouné for thlS GA receptors are expected to be present ‘at-

Low concentrations. {(picomolar) in cells. Thus pur1f1cat10n of -

these proteins 1is a formidable task. FUrthermore; in order to be

of high purity and specific activity are required. A reliable
source .of~such labeled GAs did not<existxuntil recently.

- 4

‘In this part of the thesis a revieont the characteristics

expected of GA receptors and the methods used for their

”,measurement will be followed by anfexamination_of theiavailable

literature on GA-binding cellﬂconstituents. A background’
discussion of a model system of GA action, the cereal aleuroheL

&

is provided in Appendix 1




E 3

. II( Expected Charactefistics‘of GA Receptors

‘be briefly summarized. -

range of cpncentrationsfof radioactively labeled hormoné and

LS

‘A protein has to fulfill a number. of criteria in_orderjfo

qualify as a receptor. These criteria have been discussed in

detail by several .authors (Birnbaumer et al. 1974, Buhlews et al. —-
N . - o 3 _— . . .

1976, Clark and Peck 1980, Kende and Gardner 1976, Smith and

—
-

Sestill 1980, Stoddart and Vénis'1980);anavWilii'therefofe; only.

1. Finite bindiﬁg‘capacity,‘ A ' : %
- . ] 1 R - .

- The in vivo response_to'éXternal'GA épplication'is satufab}e

(eg., Brian et gi.»1964).5However, saturation df;uptake is not

‘always observed (see Keith §£ al. 1980). Transport, metaboljém,

and/or inactivétiOn by compartméntation by eg{, vacuoles -

{Garcia-Martinez et al. 1981) changeﬁthg7pprmoqgwspncentfa;ion

at the target site. However, since receptor numbers are limited,

éaturéble binding of hormone to-receptor molecules should be

- i

measurable once the impact of these processes has been reduced.

.Satﬁration is usually demonstrated by exposing the receptor to a

b

» subsequently determining the amount of hormone bound.

-

-
S
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2. High affinity and reversibiliti

»

" GA concentrat1ons 1n plant tissdes are. usually very‘low
(pmolvor_less than 100 ng g- 1 fresh we1ght) (Gask1 _t g;. 1985

v Ode _t al. 1987). GA receptors are, therefore, expected to haye‘f
- h1gh aff1n1ty for b1olog1cally active Gas. The equ1l1br1um |
Adlssoc1atlon constant (Kr) of GA receptors 1s llkely to be of

_the same order of magn1tude ‘as the tissue GA concentratlon 10-7 ;7#7

to 10-9 M) (see Clark and Peck 1980, Venis 1985).;,

™

s

Physiological responsiveness to changes in GA concentrations.

‘implies reversible and hence noncovalent Binding of hormone by o
,the'receptor (Venis 1985). u ) | =
3. Hormone specificity,snd receptor lability :
. 'GA receptors are expected to d1splay h1gh sped?f1c1ty for. 4

GAs, thus enabllng them to respond to a hofmonal 51gna1 w1thout '

-

interference fro% other substances‘,Among,the GAs, in v1tro,
binding afﬁinity.should roughly’correléte with the reletive<

b1olog1cal aetivity of that molecule. However correlat1on may -

‘r/
be poor if factors other than receptor afflnlgy, such as

5 f

transport permeab1l1ty, and perhaps mo#e 1mportantly metabol1c

conversions affect;the in vivo activity of a substance/(eg;,

g : )

Nash et al. 1978).

T - 4

On the basis of in vivo bioassays and Studiesﬁoﬁ'GA
metabolism (eg., Brian.et al. 1967,fCrizier1981, Serebryakov et

. ‘ . &

\



: important for receptdr binding of GAs or GA derivatlves- a

complete gibbane r1ng system w1th a 7 lactone ring, a ﬁ carboxyl'

group at c- 6 and a 3 B hydroxyl group at C- 3 Models of the GA -

b1nd1ng sites of the pea and cucumber receptors were proposed by

'Serebryakov et al. (1984) (Flg 'B1). The spec1f1c1ty of GA

‘binding sites can-be analyzed by comparing the concentratxons of

4

»ﬂ,dlfﬁerent llgands that competltlvely 1nh1b1t 50% of the hxgh ,,ﬁ'p;;_,

'aff1n1ty b1nd1ng of a b1ologlcally act1ve, radlolabeledAGA._ : ‘;Vi_

The observed structural spec1f1c1ty 1mpl1es that the GA‘
receptor is a»prote1n. Spec1f1c b1nd1ng is, therefore,_expec(gd

to be d1m1nlshed by heat and- protease treatment

4. Tissue specificity

1e:

The in.vivo effect of GAs on. plants is 1nfluenced by the

N

type and phys1olog1cal state of the t1ssue to‘yh1ch the;hormone‘
is applied Thus' in cuCumber hYpocotyls: GA3rmore effectiuely
1nduces elongat1on in younger than in older tissues (katsuml and
Kazama 1978) In 1 day old lettuce seedl1ngs max1mum'hypocotyl

growth occurs when GA3‘1s appl1ed after an 1n1t1al 4. pr 8 h of

seedl1ng growth 1n water. After 24 h l1ttle growth promotlon is

observed (Sawhney and Sr1vastava 1974)

Such d1fferences 1n t1ssue sen51t1v1ty to GA could result

from differences 1n gene ava1lab1l1ty and/or receptor numbers. '

¢

There 1is also the possibility that receptor types d1ffer between



Flgure Bl Hypothetlcal 51tes of binding between a C-19 GA and a-
_specific receptor in "th® case of optimal spatial — ..
‘correspondence: a) GA, and the dwarf pea receptor- b) GA7 S

- and the cucumber -receptor. : .
The following sites may be conceived on the basis of
bioassay data: (I) Site of obligatory binding - a good £it -
here is necessary for high activity; (II) sites of ancillary
_binding - a good fit here increases the activity by some —
degree; (III) spec1f1c site.- of obligatory hydrophobic ' : :
interaction; (IV) site of electrostatic 1ntiractlon between’
the ionized carboxyl group on the hormone and a ‘positively .
charged group on the receptor surface. The binding at the = T
-~ aleoholic hydroxyl groups and at the, lactone bridge may be

S ‘ assured either by hydrogen bonds -or by transient formation
' of an ester. linkage. (Copied from Serebryakov et al. 1984,

. with perm1551on from Pergamon Press) The carbon numbers are .
. shown in a), :

%
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tlssues. Thus,Mlchn;ey;cz and Lanc (1962) renortpd fhaf‘in:

Myosotis GA3 induces only stem growth wh1le GA, promotes stem

. growth and flower1ng Br1an et al. (1962) reported that in Grand

Rap1ds lettuce the order of effect1veness 1n ab111ty to promote

seed germ1natlon by GA7 > GA3 > GA“h,but ab1l1ty to promote- stem .

elongat1on by GA, = GA7 > GA3.uIt should be noted though that

Crozier et al. (1970) and‘helth et al. (1979) observed lettuce
_hypocotyl elchgation‘bycGa7 > GA; > GA,. These:experiments,‘,rbivvl

N

should be reexamined.

5, Correlation with biological responsel S o R

- The demonstration that hormone-receptor binding is
biologically relevant and leads to a hormonal response is -

difficult to establish. Comparison of receptor deficient or

' ST

enriched single gene mutdnts with normal plants can'helpoto

GA receptor mutants have not yet

been identified. Ho et al. (1980) screened sodium-azide <

‘mutagenized barley for altered sensitivity to GA,. Various GA, -
insensitive or supersensitive mutants were identified. Some of
these lacked both the“GAg-enhanced:production/of_d-amYIase and'v

release of phosphatase. The rate of uptake of ['%CJGA,; in these

-

mutants was the same as in the wild- type. The authors suggested

that the mutatlon affected a regulatory step that controlled

L%

both enzymes. Other cand1date mutants are the GA 1nsens1t1ve

ma1ze ds (Katsum1 et al. 1984, Phinney 1956) wheat D6899 (Ho et

al. 1981) and pea 1k mutants (Reid and Potts 1986).

t‘.

1"



-or by charcoal adsorption of free ligand (Santi et al. 1973).

——H1. Receptor Assay e — e

The measurement of recepror—GA‘complex formation is’

essential for the quantitation and-éharacterization of a
putative receptor Such analys1s usually requ1res the use of

radlolabeled hormone of h1gh pur1ty and spec1f1c act1v1ty
hY

because receptor numbers are expected to be low

I

A number of technlques have been developed to separate

e - -

-
ligand molecules bound to the receptor from free or unbound

®

ligand molecules (see reviews by Birnbaumer'{980{ Venis 1985) .

Particulate receptor4hormone-compiexes are readily separated .

from free llgand by f11trat10n or centrlfugatlon technlques

.ThlS is espec1ally suitable for membrane bound receptors

’ e Iy
Separation of llgand complexed with soluble b;ndlng»51tes-from

free hormone can be achijeved by gel filtration (Schrader 1975)

t

Protein-hormone complexes may adsorb to ion exchange celluloses *

(Santi et al. 1973). They may aisqlbe precipitated with ammonium

sulfate or trichloroacetic’ acid and then washed free of unbound
-~ _
hormone (Schrader 1975, Smith and‘Sestillmj980).'ReceptOr-type

proteins have also been identified and qdanﬁified‘using‘specific

— ——

antibodies (eg., Dicker. t al. 1984), affinity'crosslinking

' reagents (Jones et al. 1984) and autoradiographic technigues

(Young and Kuhar 1979).

R

v

Ligand - receptor interactions are governed by the

equilibrium:

12

\



'm_where }Tgaﬂﬁ* R =~ receptory‘L‘R*-*ltgaﬂd-receptor'complex*‘**“**

(Clark and Peck 1980). If l1gand and receptor are at

- v

equ1llbr1um, then o . , - | - o

B'= nF/(Kd‘+ F) »(equation'I)

'wbere,B = mol ‘of ligand bound, F = mol of free or unbound

”ligand, n = number of binding sites, Kd = dlssoc1at10n constant

= 1 /K_, Ké = association constant.

]

Estimation oflthese parameters of ligand-receptor o
dnteractions has‘te be made at, eduilibrium conditlons. ,_b
‘Therefore, assays for {ecepter-nermone ¢omplexes are of limited
‘use 1f the half life of such a complex is shorter than the. t1me

requlred for the assay (Stoddart and Venis 1980).

Under equ1l1br1um cond1t1ons free hormone may bind to twol‘

types of b1nd1ng s1tes. a limited number oF receptors with h1gh
affinity and spec1f1c1ty, and a second class the nonspec1f1c or
background binding 51tes which have low aff1n1ty but large
b1nd1ng capac1ty (Clark and Peck 1980). To allow
character12at1on of the spec1f1c and nonspec1f1c b1nd1ng
components, total (= spec1f1c + nonspec1f1c) b1nd1ng is .
determined at a range of concentrat1ons of rad1oactive ho?mone
Nonspec1f1c binding is usually measvred in parallel 1ncubat1ons
u51ng the labeled ligand in the presence of a large excess -

(~]OOX) of unlabeled competitor. As specific binding is

13
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¢

hlgh aff1n1ty and saturable b1nd1ng s1tes but does not alter thev

*

b1nd1ng of the rad1oact1ve hormone to nonspec1f1c sites. If
specific b1nd1ng 1s relat1vely large compared to nonspec1£1c
b1nd1ng, s1mple one po1nt assays for receptor binding can be

performed by ‘measuring total and nonspec1f1c b1nd1ng at: a

.ilabeled hormone concentrat1on equ1valent to the‘est1mated K of;h

d

the receptor in- -the . presence and absence ‘of an excess of —a~,“+e~4¢;~
N N .

'f»unlabeled compet1tor respect1vely A typ1cal graph expected for*

=

-a b1nd1ng system conta1n1ng one receptor is shown in Figure-

—

Bz.a. .. : . - ) , Co » o '.L T

A number of mathematical‘transformations of equation 1 have
been. developed ‘to allow a graph1cal est1mat1on of those b1nd1ng
parameters that ~govern re@eptor llgand 1nteract1ons (e.g.,

Chamness and McGuire 1975,,Rosenthal 1967, Scatchard 1949). The,

",,,@9,%,&,,9:9@9@1 ;useé,,,,is; the 'Scatchard plot' using

B/F = “1/Ky (B - n) - (equation 2).

-

" By plotting_the measured values of B/F versus B, n, K., or K_ can

d - a .

be estimated, as shoWn,ln_Figure B2.b.

-



_Figure B2. Analysis of" 1nteract10ns between GA molecules and GA °
binding components in an idealized system, :
a) Binding to specific and nonspecific sites. The quantlty
of specifically bound GA is determined by subtracting
nonspecific from total binding. b) Determination of receptor
binding parameters u51ng a Scatchard plot. .

- , , 15ba
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IV.\EVidence for the Existence of GA Receptors

" several main approaches have been used in Ga receptor
,studles.pIn‘the furst,:GA-respons1ve plants are treated‘w1th‘
radioactive GA in Xlzg,.AftsrAvaryingAperiOds'oﬁhexpo§urevthe

" inter- and intraceilular distribution of‘radioactiVity is
measured by;autoradiography Or.byianalysis.of tissue'extracts’
”foIIOW1ng homogenization and fractionation.pReceptor hormone: Rmﬁ;;;mg
. complexes w1th a short half life may not be detected by’ this |
r.method Differences 1n‘uptake and transport'rates,'as well as
metabolism of the applied‘GAs complicate such analy51s'of
7receptor - hormone 1nteractions. The second approach used 1nh,
.locating GA receptorsiinvolves the in !lEEé measurement of the
assoc1atlon of a labeled GA with subcellular fractlons after ‘

cell fractionation This«approach assumes thatrmonitoring GA

action 1s not dependent on cellular 1ntegr1ty Support for such

B e ﬂOt}OH—GOmeS~fme aﬁ1maiﬂreeept0f~stud1esm—Withwthe,tnird
approach 1dent1f1cation of those cellular components that are 5

requ1red for GA- 1nduced changes in RNA or proteln synthe51s 1s

&

attempted

Early support_éor_the existence of GA receptorscame»from
the work of Johri andnyarner (1968). They demonstrated that
isolated‘peaishoot nuclei shéw quantitative and qualitative -
changes in RNA synthes1s only if GA is present durlng extractlon
‘and puriflcatlon of the nucleii—Enhancementfoi RNA~synthesss~wa§—ﬁ—fc*

greatest when 10 nM GA3 was added at the beginning_of the~



ific "1mLN@jﬂimﬂLﬂﬂLm%JﬁMMMdﬁL@mg&mw&¥*———f

later steps 1n nuclear pur1f1cation The phy51ologically

1nact1ve GAB had no effect on RNA synthes1s. The GA, -enhanced

RNA fraction was not purified\andﬂits relevance for in vivo
N o _ . : . i

growth was not’investigated. Purification of the soluble tactor

required in GA st1mulation of RNA synthesis does not appear to

have been accomplished.

With the objective of finding particulate GA binding 51tes
in pea stems G1nzburg and Kende (1968) 1nvestigated,the: '
v'1ntracellular localization of [ H]GA, following;an in vivo‘}4 h o
.incubation Microautoradiograph;gshowed that label is*randomlyf-
distributed throughout the cells. More‘than‘99%’of thevrecoveredf
radioactivity remained in the supernatant after differential,
centrifugation of’the,homogenates. The major part of the
pelleted hormone was‘associated with intracellular'membrane

fractions Th1s b1nd1ng to membranes was noncovalent but was not

saturable. Metabollsm of the ligand was not excluded nor was
the possibility that exchangeably bound GA, may dissociate from.

receptor sites. Abscisic acid (ABA) did not compete for binding.

. Infstudiegqof in vivo.GA:binding‘Musgrave.and'coworkers.wereﬂ
unable to provide clear evidence for'the presencefof GA. |
receptors. Measuring thezuptake.of radiocactive GAs by dwarffpea~
shoots, Musgrave et al:, (1969) observed_that.uptake of’[3HjGA,

and [*H]GA; by stem sections iﬁcreases under-conditionsvwhich R

would result in increase rowth promoting activ1ty Thus

accumulation of labeled GAs was higher in dark grown GA ,

17



, _ -
respons;ve ap1ca1 stem sect1ons than in 11ght grown, GA

/ynsens1t1ve basal shoot sectlons. B1olog1cally 1nact1ve GA

'7der1vat1ves d1d not accumulate as much as act1ve ones. The

uptake of 1abeled GA was, howeve;q not saturable;rIn a. further's .

'study of GA uptake in barley aleurone layers Musgrave et al
(1972) noted that the accumulat1on of [3H]GA,,7[3H]GA5, and
,[3H]GA5 methyl ester is not correlated with their b1olog1cal
~activity butrw;th{the;r degree of~metabol1sm.7Wh1le b1nd1ng was
not saturable at 25 C, the authors d1d not exam1ne saturab1l1ty

under conditions of 1nh1b1ted metabol1sm such,as low

temperature or in the presencetof_metabollc poisons which in

. e . . . -.(
their study reduced GA uptake. In the absence of metabolism,

equilibrium between receptor and hormone could have become-

~established along with receptor saturatiOn,

ASakaWa’et'al.,r(1974) appl1ed [ H]GAa of: unspec1f1ed purlty -

'and spec1f1c act1v1ty to bean seedl1ngs over a 24 h par1od to’f

- - - —

analyze translocat;on and 1ntracellu1ar distribution of the',fh

'fhormone 'Plant t1ssues were thenrhomogenlzed and fractlonated"to,'

'W1dent1fy the locat1on of GA Most of the appl1ed rad1oact1v1ty
"(78 5 to 108.8(1)%) was associated with the 100,000g
supernatant ‘very l1tt1e (6 to 9%) w1th crude nuclear pellets.f
'1Wh11e failing to cons1der metabollsm of [ H]GA3 or the.
poss1b111ty of d1ssoc1at1on of the growth regulator from 1ts"’

b1nd1ng751tel,the authorS*were unable to detect asSociationjof

radioactiuity with proteins, DNA, or RNA., - - -

18
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u51ng nonaqueous extractlon procedures for the cell

. rvf .

Wfractlonatlon of wheat endosperm Jelsema et al., (1977) -

detected GA b1nd1ng 51tes in a partlculate fractlon enrlched in;
aleurone gra1ns Blndlng of GA, was spec1f1c and could not be
competed for by GAa but was by ABA. Spec1f1c b1nd1ng wasf

suggested to be revers1ble, with a Kd % 5 uM and 0.45 pmol

b1nd1ng sites per mg proteln 'However, in plottlng the1r

'Scatchard d1agram the authors used a logarlthmlc scaIe for thelr‘;”“”

absclssa and,thereby overestlmated the values of n and Ky

by 2
Aorders of magnitude. ﬁo,apparent reason was given for choosingfd
endosperm as the‘source'for the‘extraction The lack of- B

, extractable spec1f1c b1nd1ng when aqueous procedures were‘useds

for the pur1f1cat;on.of the aleurone gralns was also.not

‘explained. o ' A

Stoddart et al‘ (1974) 1ncubated exc1sed dwarf pea;fv

’,eplcotyls with. [%HJGAq of unspec;fled pur;ty,fordw2 h-at room—

temperature. The 20 ,000g. supernatant of homogenates of these "‘
sectlons was then examlned for GA b1nd1ng by pa551ng 1t throughv
a molecular sieve column and measurlng rad10act1v1ty,1n,eluatev
,fractlons [3H]GA binding’hy high and intermediate moleCUlar,
weight protelns was rever51ble and pH dependent the latter |
fraction showing h1gher affinity blndlng Equ111br1um d1aly51s

assays confirmed these results and indicated that GA- b1nd1ng is-

specific. [*HIGA, was not competed for by the inactive GA8 and L

3-epi-GA, but was by the growth promotlng GA and [3H]—16 keto

GA,. No saturation of binding was shown. Metabolism of applied"

-
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hormones during the 12 h incubations was observed. —

Kon3ev&cuet~al., t+§76#7also*inbestigatedcharf'peaffor'bAl,

b1nd1ng prote1ns. ?he 10 000g supernatant from ep1cotyl
homogenates was. 1ncubated w1th [‘“C]GA3 of unspec1f1ed pur1ty
ThlS extract was passed through molecular 51eve and anion
exchange columns and the rad1oact1v1ty 1n column eluates

measured. An (NH ) SOn prec1p1tat1on assay was also used The

results obtalned falled to 1nd1cate receptor ;ype b1nd1ng

Saturatlon_of b1nd1ng sites. was not shown and is unexpected as

‘the authors were working With,veryvcrude_extracts and_performed

R

' bindlng‘sités was not taken into account. Furthermore, binding

was not spécific as GA, /GA, and GA,g were equally effective in

;{7 kX
dlsplaC1ng about 306 of the bound radloact1v1ty Prctease

- inhibitors were not used although extraction procedures were at

'room temperature. Thus the risk of recgptor dggradatlon was not

'bindingrstudiesfat'roomAtemperature"Diss0ciationVof GA from.the

i

reduced.

3

In ino uptakevof [3H]GA by lettuce hypocotylsvwas"obserued'

by Stoddart (1979) to correlate with rates of GA promoted cell

»*

elongatlon Hypocotyls were 1ncubated at 28 C for 24 to 48 h and:vi

bound rad10acé1v1ty measured Of the total absorbed
radioactivity, 95% was associated with the cytosolfwhrle 4%vwas
bound by a cell wall conta1n1ng fract1on pelleted at 2,000g.

f—/
-This pelleted b1nd1ng was hypothes1zed to correlate w1th GA

1nduced’changes in cell wall plasticity. The binding was

observed to.be unsaturable, ¢¢¢a1ent and temperature dependent{_

.20_,
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As experlments were, performed at or. above 10 CT metabol1sm of

;the supplled [3H]GA, was observed

| On the ba51s of the GA blndlng studles drscussed to thls.u ;
point Kende and Gardner (1976) Ven1s°(1977) Rubery (1981) and'::.
Stoddart and Venls (T980) concluded that there is llttle f .
ev1dence in support of the presence of GA receptors Ho;evep[
. o Keith et ai,,,(1980) re1nvestlgated thls.problemdw1th béfl?y"
| 'aleurone 1ayersi They'measuredsaéurable'bindfnoqrj[TH}gA‘td“ ”””
the layers'when‘metabolism ofﬁthe hormone waS‘stopped with i
incubations at 1 -1.56C. At temperatures above 3C metabollsmd

occurred and no'saturat1on of b1nd1ng could be detected T c’f:‘ﬁt

Saturatlng‘concentratlonsvof GA;, but'not GAQICOUld d1splace--‘

bound radioactiviﬁy;»j R K :f(” '»c5§éih
Saturable in ylyg binding of'CAspto cytosol.of‘dwarfdpea
epicotyls was demonstrated by Keith and Srivastava;(WQBU)VWh&fiJ ‘
VWW” ,,,lnucontrast‘tomthe—earllernwork—by—Stoddartmetral.,—44974%'u5ed———(*
1ncubat1ons at 0 C to stop metabolism and sliced sectlons “to |
reduce transport and permeablllty’effects, Under these |

Y

conditions theydwere able to detect 2'classes of~binding>sites

in gel filtration column eluates; one Withphigh{affiﬁitychd 22;.},
60 nM, n = 0.4 pmong" fresh weight)' [3HiGA,>binding COu1d-bei;5”
1nhib1ted by blologlcally act1ve but not by 1nact1ve GAS or 1b -

; ' other " plant hormones. B1nd1ng was susceptlble to protease

treatment but was ' 1rrever51ble when assayed 1n v1tro using gel

flltratlon columns. Stoddart (1982) con51dered the number of

these high aff1n1ty binding 51tes to be too low to be of,
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physinldoiral qicxnific‘ance However

loss of b1nd1ng s1tes due to the extract1on procedure and

91 underestlmatlon of b1nd1ng sites: w1th the nonequ111br1um assay

AN

Wlth an approach s1m1lar to that used in pea, Ke1th et al.,

"(1981) were able to demonstrate in v1tro b1nd1ng of [3H}GAq to

"cucumber hypocotyl cytosol u51ng the gel f11tratlon column

'.'assay..GAa binding to soluble proteins was shown to be.

7~_lreversihle, saturable'and'ofrhigh affinity DNAse, RNAse;'
’protease ahd heat’ treatments demonstrated that spec1f1c b1nd1ng
Y
of GA, was to.protelns. A good correlatlon_between_ln_gitrg

i-
Il

"binding affinity and in vivo growth promotion was observed for a
series of GAs. With the development of a Very‘rapid DEAE filter; e
paper¢assay (Keith et al.,'1982)‘ the results obtained.with |

cucumber could ‘be. conf%rmed and reflned The authors observed a ..

51ngde class of b1nd1ng 51tes with a Kd = 70 nM for GAQ, n = 0.77'¥'a

pmol;g:? fresh we1ght half t1me of dlSSOClatlon = 6 min for ;L;;;;’:i

"GA,. Other blolog1cally actlve GAs competed for the same b1nd1ng
FSItes as [?H]GA, while b1olog1cally 1nact1ve GAs d1d not b1nd

» Spec1f1c binding was also detected 1n.GA-nonrespon51ve'basal |
sectlons of hypocotyls or cotyledons. The concentrat1on of
b1nd1ng S1tes was the ~same as in the Ga- respon51ve‘ap1cal

Y

Rypocotyl portlons on a mﬁrproteln ba51s However;‘on~a fresh“,_

’we1ght ba51s the aplcal target t1ssue had greater amounts of

spec1f1c b1nd1ng Assays u51ng resuspended 130 0009 pellets and

- extracts usrng Tthon”X’Tﬁﬁ supported the view that spec1f1c

b1nd1ng 51tes are on’ soluble protelns.
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Further support for these in v1tro results ‘has been recentlv e

prov1ded by studles using. etlolated dwarf pea: Lashbrook et al.

(1987) ‘used the Sephadex G 100 assay to demonstrate saturable,

exchangeabler1n vitro b1nd1ng'of [3H]GA' to an intermediate

L. molecular we1ght fract1on from cytosol Twoan Optima,fOr

b1nd1ng were. observed However in !lEEQ spegificity data were

1nconclu51ve.>L1u and Srivastava (1987) used. the DEAE filter - ' -
paper assay and [3H]GA“ for the ‘measurement of GA b1nd1ng |
prote1ns (GABPs) in pea cytosol fract1ons They observed

saturable, exchangeable b1nd1ng of [3H]GAu with a K nearvIOOV

-d
nM. There was a correlatlon between in vivo act1v1ty and in
v1tro afflnlty of the proteln for GA,, GA,, and GA, methyl
ester. Scatchard plots suggested similar numbers of- b1nd1ng
sites in dark grown tall (cv. Alaska) and dwarf (cv. Progress

“No. 9) peas. Thls should be expected, as these cultivarsvshOw

similar growth habits and)GA sensitivity in the dark. The dvarf

~—phenetypeiaﬂdfhighﬂekusensitivfty—off' ogress No. S are
expressedvjn light; presumably due o decreased enzymatloy'
conversion of GA;, to GA, and possibly'also compartmentation of
,~(Campell'and Bonner 1986, Sponsel'1986).

Similar'efforts by'Keith and Rappaport (1987) torshou
‘ receptor?type'binding in maize mutants Were['however,A V
unsuccessful.yAlthough’[JH]GA,bindingbto:cytosol vas pH | .
Sensitive, it was largely unspecific‘and nonexchangeable at'the
2 pH optima. The effect of pH on- GA stabllety (see revrew~by— 2h~e——e¥

Takahashi et al. (1986) was not taken into consideration. Lack‘
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V. Cenclusions

- saturable, reversible and specific with a high affinity for

development.

B N

‘The results from the laboratories of Rappaport and
Srivastava providevstrong evidehce for the“exietence of GA

reCeptors in a number of different>plant systems. With the pea
. ’ ) %

‘ epicotyl and the cucumberwhypocotYl'Systems many of the'criterié

. expected of GA receptors are fulfilled. Thus GA binding is

biologically active GAs, whereas GAs that do not prdmotexgrﬁﬁtg\\

. Lo . : S .
do not bind. The develomment of the in vitro DEAE filter paper

\
_ S : . . \
assay has led the way\ to allow characterlzatlon of GA

structure/act1v1ty rel tlonshlps 1n the absence of metab011§F

‘and permeablllty barrle s. One can, therefore, determlne which

GA(s) among the many foun 1n\a_plant, is actually controlllng

The GA blndlng assay a so perm1ts examination of tlssue

4extracts for GA blndlng ac 1v1ty and thereby 1s of great

1mportance in purification| of putatlve GA receptors With a .

BT
pur1f1ed receptor the sitefs) of its actlon and its role in

I

-plant development can be qtudied.

I

I
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In Vitro

. PART C

Assay of Gibberellin Binding Proteins (GABPs)
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Keith ef al, (1982) developed the DEAE f11ter paper assay o

. for the quantltatlon and characterlzatlon of GA--b1nd1ng proteln,bn“‘

complex formation. Thelr work vas repeated and somer

mod1f1catlons 1ntroduced These changes and s0me resultsy3

*obta1ned w1th other assay methods are descrlbed in th1s chapter.

53



7‘~}1qu&d ehromatography—%@icttand*hfgh pressure 1Iqu1d"%”m

I. Mater1als and methods

r. Plant material .

~Following -the procedurejofikeith et al. *(1982)yseeds of‘

" cucumber (Cucumis satiVus ‘L. cv. National P1ck11ng, Buckerflelds

& Co., Vancouver, B. C ) were: surface sterlllzed in 50% '7: e

household bleach, 5 m}n.kand sown in mOlstlyautoq;avedfhfHﬂ;,yﬁ,;

kS

"”yermiculite in flats, Seedlings were grown in darkness at 28 C,

6.5 days, then exposed to fluorescent light (10 uE-m-2.sec” ') in-

[

the laboratory for 14 h.

2. Gibberellins and other compounds
: [ L
Structures of the GAs dlscussed in th1s chapter are shown in_'

Flgure C1. The pur1ty of some of the GAs was estlmated by gas{

chromatography (HPLC) as descrlbed below.

. GA, and GA7 were purchased from Abbott Laboratories,
‘Chicago, IL. Thelr pur1ty was estlmated to be >95ﬁ and >90%, -
respectively. GA, (>89s pur1ty) was, purchaSed from Sigma. C-7
methyl ester of GA, (GA ME) “was synthe51zed by Zln L1u -Or ‘me in
‘our lab by methylation of GAu using ethereal dlazomethane and - )
Vpurlfled by thin layer chromatography (TLC) to greater than 95%
' purity (estlmated by HPLC ). No GAy was- detectediﬂthdsr”k*;'rct

preparation. [3H]GA4, prepared‘by]catalytlc redUctlon of GA, and

28
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Vlnaesumably'labeled atlC:iland;Ciz;ltLitieiion;bygthe

»palladlum catalyzed actlons of 3H gas on GA, was performed by

The radiochemical purity was estimated by combined

'NEN Boston MA) was pur1f1ed in our laboratory in. cooperatlon[

i 3 W

’w1th Zin Liu by preparatlve (Silica Gel,G 1000 um, Analtech'

Inc., Newark, DE) and analytiCal TLC (SiliCa”Gel‘GO 0 25 mm E,
Merck, Darmstadt;'F.R.G{). The organlc phase of benzene,,acetlc

acid,'water (8:;3:5, v/v).mlxed w1th acetlc acld {142 ,‘v/v) was,

used as the solvent. The purity of the [3H]GA, was estimated by .

' GLC. to be greater than 65%, about 5% contamination waspduelto,

precursor GA, and the rest due to unknowh products. (Fig. C2).

HPLC—radioactlvity counting (HPLC-RC) ‘to be 61% (F1g C3 a) The
mass of the [PH]GA, was. estlmated by comparlng the peak area 1n
GLC spectra against those of known concentratlons of GAu. Thee
spec1f1c act1v1ty of [3H]GA“ was estlmated by llquld |

sc1ntlllat1on count1ng of allquots of [3H]GAa of known mass and

;calculated to be 1.6x10"2 B mmoT1 “GLC- MS*spectra of the

products pur1f1ed from model hydrogenatlon and deuterlatlon

reactions of GA, suggested that the f1nal product is xndeed
[*H]GA, and that the Ci6-Cyy methylene d\oﬁp was not saturated o

(z.H. ’L1u, pers comm.).

Y

" For some experimentsd[3H]GAg with'1;4x10‘2_Bq mmOl"rand
98.1% radiochemical purity,(éig. C3h) was usedl This product;
sold by Amersham Canada Ltd., Oakv1lle, ON, resulted’inrlOWer-d
nonspeclflc binding (see ’Results )y when used'ln the”DEﬁE‘fult‘T‘”**’
paper assay. It became_avallable during the last stages,of thls

P . . o . ) .
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F1gure ‘C2. GLC elution. proflle of [3H]GA;, parntlally purlfled
from NEN reaction products. Peaks eluting at the retention -
times of GA, and GA; are marked. Substances elutlng prior- to,
%' are contaminants arising from the derivatization . :
compounds used and also appear in control samples conta1n1ng_
no GAS. @ .

“+ c - k
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Figure C3. HPLC RC elution proflles of {3H]GAu part1ally
purified from NEN reaction products (a) and as’ supplled by-
Amersham (b). . .
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study only. Most critical experlments were redone w1th Amersham

';[JH]GAn and conf1rmed the results obtalned w1th the product from,

NEN " GAs were stored in ethyl acetate, ethanol (1-1 v/v) at»—20
C. All other chemlcals used were of analytlcal grade. o '
.’Methylated and tr1methy1511ylated der1vat1ves of the GAS,,t
hwere prepared u51ng ethereal d1azomethane for methylatlon and
Tr1sll Z (P1erce Chem1ca1 Co., Rockford, -IL) for
tr1methyls1lylat1on accordlng to the. method of B1nks et al
‘(1969) ‘A Hewlett Packard 5790A gas ligquid chromatograph was
used wrth a fused 5111ca caplllaryrcolumn (SE-30, 0.2 mm I 12.5'
m, J.&W:‘SCientific) injectionhtemperatu;e:l26O C, column - |

temperature: 250 C, detector temperature: 280 C.

4 - H,PLQ ,ﬁ GAs R . N

'Purity of GAs was also monitored by HPLC;‘A preparatiVe:C—184
reverse phase column (hagnum 9,(Partisil“1b, OoDS 2, Whatman)fwas
used with a Waters gradient chromatography system coupledvto a
recorder—integrator.'Buffer A, 100% MeOH; huffer B, 1% acetone\
in water adjusted ‘to pH'2.7 with HCl. For chromatography of GA3
40% buffer\A 60% buffer B was used; for GA,, GA; 60% buffer A,

40% buffer B Absorbance at 206 nm was monltored Under these

conditions and a flow ratetof 3 ml m1n", GA3 elutes after 22.5

.min, GA, after 41.1 min, and GA, after 34.1 min. GA, and'GAuME
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wefe compafed using~85% buffer'A, 15%'buffer BQ Here,GA:;andv

~ Jensen ft”éI“‘TQEGT*””"”’“”ffﬂ”** =

~extraction buffer (100 mM Tris, 1 mM-EDTA 50 uM

GA, ME elute after 9.7 min and 12 4 min, respectively,(see*éiso

Purity of radiolabeled GAs was measured by HPLC RC A Ramona
LS flow- through radioact1v1ty monitor (Raytest |

'Strahlungsmessgerate GMBH Straubenhardt, F.R.G.) was coupled to“

the HPLC. For analytical runs\a split ratio of 98% with 2

sc1ntillant (Atomllght NEN) *column eluate ratiofof 3:1*w25* S

-

- used. Photons emitted from mixedvsample and scintillant in a 2.1

ml measurement cell were measured by'photon'deteotors. Static

[

‘tritium counting efficiency was 38% under'these conditions; -

!

5. GAPB extraction : o : : | .

All procedures were performed at 0 to 3 C. Apical lré-to 2

cm of hypocotyls were'cut and pooled into freshly prepafed

phenylmethylsulfonyl fluoride (PMSF), adjusted to pH 7.3 with

H,PO,), drained and homogenized in an equal volume (1.~; w/v

extraction buffer using mortar and pestle. The homogenate was

passed through 2 layers of cheese cloth and centrifuged at.
100,0003;‘1:5 h. The supernatant cytosol was used for some GABP
assays. For most experiments, (NHu)zsogiwes'edded to this
supernatant_to 60%. Aftet equilibration and centrifugation,et

24,0009, 20 min, the pellet obtained was washed in column

~buffer, particulates removed at 7,000g, 5 min, and the

S R
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*———f'mttmsupernatant4desaltedAon‘a‘coTUmn‘of‘SephadeX‘G‘ZﬁfFrne

(Pharmac1a) The prote1n fract1on eluted was. then used for GABP

assays and 1s called G-25 eluate. Prote1n measurements~were made"
accord1ng to the method of Bradford (1976) us1ng B1oRad prote1n,;'

'assay solut1on (B1oRad R1chmond CA) w1th BSA as- a standard g

6. Incubations P

Hioh affinity speclfic binding of [3H]6Au;byqthe putatiVe;7
receptor has to be'distinguished'from’low affinity;‘nonspecificl N
" binding. by other macromolecules Forﬂthls purpose,»bufferr;—~'var»ef%?
brcontrols or prote1n fract1ons were- typlcally 1ncubated w1th 50 |
nM [3H]GAa in the absence or presence of an excess of selectedv
Vunlabeled GAs for .5 h‘ Th1s 1ncubat1on t1me was used by Kelth

'

t al. (1981) and was also conflrmed by my. prellmlnary e

—— — . %

'experlments to be adequate for equ1llbratlon (data not’ shown)

Metabol1sm of llgands was 1nh1b1ted by keeplng all solutlons at'

"0 to 2 C (see Ke1th et al 1980).

7. DEAE-Cellulose filter assay

The methodology usedlis'based.on'that:described:hy'Keith et
al. (1982). At neutral pH the GABP is negatively charoed and -

binds to DEAE-%tellulose filters. Ligands bound by the protein

an,Estained,While,Unbound_moleduleslare‘washedfthroughllE;otein;;l;;;;
" binding to filters is affected by cations, hence low ionic

strength buffers are used for incubations as well as wash. e



P

Stacks of 2 fllter dlSCS (2 4 cm d1ameter' Whatman DE81)

m01stened in ice- cold assay buffer (1n early experlments. 10 .mM

Trls HCl T mM m FpH 7. 5J, 1ater- 10 mM K—pnospnate T mM
EDTA [pH 7. O]) were placed on a vacuum f11trat10n man1fold
(Hoefer 225 V). The filters were equ111brated with 25~m1uassay

buffer. The vacuum was,releasedﬁand aliguots of'the'inoubationh .

‘mixture pipetted onto’the filters. After exactly 1 min the

f1lters were washed w1th assay buffer to: remove unbound llgand E

' molecules Sample and wash volumes are spec1f1ed in Results

The f1lter stacks were allowed to dry: for about 5 sec, placed‘1n'
sc1nt111at10n vials and ml absolute EtOH added. After 30 min 6

ml of sc1nt111ant (Sc1nt1verse 2, F1sher) wasladded, the v1als

‘shaken and left in the dark before countiné with a Beckman LS

8000 liquid scintillation counter at about 44% efficiency. The

,[3H]GA@fconcentration in the incubation mixture was routinely

determined by measuring thé radioactivity of 10 ul ynfiltered

‘aliquots. Triplicate samples were used. Sample deviation from

" the mean was generally less than 10%.

8. In vivo assay

Cucumber seedlings were grown in fiats for 6.5 days in the dark

~as already described. They were then. transferred to a growth
~chamber at 2.5 uE-m~?.sec-' 25 C for 14 h. At this stage the

" seedlings were about 5 cm tall and were selected for uniformity.

The apical 1 cm of hypocotyls was marked with India ink. GAs

were applied -to each hypocotyl in 4 ul of absolute ethanol.
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'Cof’ltrolq‘ received f.hp' qn];}=nf only. After 4 days_lﬂ_th_e_gpg_w_gh,

i
»

‘chamber hypocotyl elongatlon was measured Flfteen seedllngs

were used per treatment ~ ~ ' Lo ) &
Al B
) E - . . o
e e i S L
A
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I1. Results.

1_:DEAE—Cel'lUIOSe.flilter'assay
Only low levels of spec1f1c b1nd1ng were detected in Cyt0§01;
'fractlons when fllter paper assays were performed aCCOfdlng to :

the procedure of Keith et al. (1982) (data not'shown;v As the

batch of f(/l‘f(\gaper ‘and [ H]GA,, available . to me dlffere’éurmm R

s

 that used by those authors 1t was dec1ded to. reexamlne some 0f
the basic parameters of the fllter paper assay. Condltlonr for

" increasing the sensitivity'of‘GABP detection werk sought.
a. Wash volume .

The purpose of'this experiment was to determine the volume

of assay buffer wash required to separate free from qund,

[?H]GA, on the filter papef. Th& results shown in Figure C4
indicate that at least 50 mi assay'buEfer are required t; |
efficiently'removefreer[3H]GAq from the‘ffitér—discs; f the

total radioactivity(applied to the filter»staek, 0.2% is'

adsorbed and cannot be washed off (see also Keith et al. 1982).

A wash volume of 100 ml was chosen to permit small errors‘in

volume delivery without affectlng the extent of removal of

“unbound ligand. Exceedlng the 100 ml wash or inclusion of G.1 M
KCl 'in the assay buffer results iﬁ_a decrease of detectable

[*H]GA, binding to the GABP (data ot shown). This could be due
to“increased‘djssociation of [®H]GA, from the biqd{ng sites

¥ .

and/or desorption of protein from the filter paper during the
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Figure C4. Effect of ‘wash volume on [*H]GA, blndlng to DEAE

filter paper.
50 ul ;aliguots of Incubatlon mixture’ conta1n1ng 50 nM

" [3H]GA, were loaded onto filter paper stacks. After 1 min-

suction was applied and the filters washed with dlfferent
volumes of assay buffer. Data shown are the average of'2

experiments. Total rad1oact1v1ty applled = 79 000 cpm + 50 -
- ,#,1, e ,1,7.4",, - - e e — S
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lenqthier Wash The 100 ml wash vequ1res about 1 min ‘while~the‘

half-life of d1ssoc1atlon of GAR from the b1nd1ng 51te is less‘

’ than 10 min (KEIth et‘g;r 1982) and ‘Part D thlS report) e

‘

"Therefore, hormone b1nd1ng to proteln is not measured at
i A

equilibrium,and hence spec;flc_blndlng w111 be/underestlmated,

b. Sample and assay buffer pH

The b1nd1ng of [3H]GA4 to. the fllter paper in- the absence of-

thosol as well as total blndlng in its presence, ,were measuredr'

Cat - 1ncubatlon and assay buffer pH values ranglng from 6 75 to
5;8.0, Spec 1f1c b1nd1ng was determlned by subtractlng nonspec1f1c
vbinding, measured 1n the preSence of a 100 fold excessvof"
unlabeled”GAu, from totaidbinding- Figure C5 shows‘that the

\

radloact1v1ty adsorbed to the fllter paper in the presence or

absence of cytosol decreases as pH 1ncreases. Small changes in -

pH at pH 7.5 have a 51gn1f1cant effect on total and spec1f1c

“binding. MOTeover“ﬂthe drfference‘between spec1f1c and o

background b}ndlng is 1ncreased below pH 7.0. For these reasons‘

'sample and assay buffers were maintained at pH 7.0 for all

further exper1ments

N

c. Sample volume and protein concentration.

Figure C6 shows that ‘total and specific binding of [3H]GA,
~1s linear for sampie volumes rangingffrom 25'to‘200 rl when a
'cytosol preparatlon conta1n1ng 2 mg proteln ml" is used

L’H]GAn binding to- a'desalted,‘resuspended 60% (NH ) ,S0,

precipitate of the cytosol was assayed in the absence and



‘Flgure C5. Effect of pH on [’H]GA, binding to DEAE Celluiose 

filter paper.

Aliquots of incubation mixture contalnlng extraction buffer-a;
in the presence or absence of cytosol were assayed at the pH '

shown. Specific binding was determined by subtracting
nonspecific binding from total binding. Cytosol was assayed
at 1 mg-ml-"', : :
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cpm boUn;d_/S‘O‘pI‘ sample (x1'o‘2‘) :
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Figure C6. Effect of sample volume on [?H]GA, binding to filter. S
' paper. Cytosol at. 2 mg protein-ml-' was used for the T
.determination of total (o) and specific (x) binding. Binding

in the absence of cytosol (*) was also .measured. : .

- .
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‘"T‘*presente‘ct‘an‘EXtess*uf‘GK*“As~s own’in

volume used does not greatly 1nfluence results when data are

e Samp e

'1presented on a cpm ml ‘or cpm mg’1 prote1n basis. Th1s at least

dfls valid for samples conta1n1ng h1gh prote1n concentrat1ons as.
vfound‘ln the G-25 eluate. Table C1 also indicates that 1n,the
"absence of prote1n unlabeled GA,; can compete for a substant1al

number of the I3H]GAQ b1nd1ng sites on ‘the filter paper This

rapparent specific' b1nd1ng, therefore conth}butes tb”thé”*'”'“'m'

‘specific binding observed with the cucumber extracts. Byqloading
>100 ug protein per sample the proportion of the specific
binding to the receptor is kept in’sufficieht:exeess over

apparent specific binding to the filter paper.
d. GA binding by nonreceptor,componehts

The results in Table C1 indicated that unlabeled Ga,

~ competes for [*H]GA, binding sites on the ion exchange filter-

7paper. Th1s, offebutse,'makes detection of GABP‘containihg

fractions difficult. In order to resolve the difference‘betweenf

‘'apparent specific' and 'specific' b1nd1ng a selectlon of
unlabeled GAs with dlfferent in vivo act1v1ty were tested for?
competition-with [®H]GA,. These were used in 1ncubatlon m1xtures

containing column buffer, column buffer + BSA, and G-25 eluate

GA, with high, GA; with moderate, and GAAME with little or noAlg .

vivo activity were used as competitors. The results {Table C2).
indicate that ability for a competing GA to displace
radioactivity from the filter paper correlates with in vivo

growth promotion only in the cucumber extract. Data on in vivo
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Table Ci. Effect of sample volume on GA, b1nd1nq to fllter d]qrq -

in absence and presence of G-25 eluate.

Resuspended desalted 60% (NH ) 2504 prec1p1tate of cytosol
LlJiumk£um¢e4f n.ml='). 1
h with 50 nM-[?H]GA, in the absence and presence of ‘5 uM N
GA,. Aliquots of the incubation mixture were assayed as -
described in 'Materials and‘Methods Total, nonspec1f1c,
and 'specific' binding were determlned as decrlbed in Figure

- C5. Data represent cpm bound per sample.

Sample }.Sample . Total . Nonspecific : - 'Specific"
Column - 50 390 190 - 200
buffer 100 1,030 © 440 590
G-25 50 1,000 © 500 500
eluate 100 1,910 ‘ 970 ' ‘ ’940
- .
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ﬁ// ’Tab&eeezeempe%%e%e'v

containing column buffer

G- 25 eluate or BSA.

a

Data represent cpm bound per 100 ul sample
Incubation kig.vivo column G-252 BSA
activity buffer ~ eluate
50 nM [ *H]GA, 380 1,450 14,580
+ 5 uM GA, ree 230 790 7,710
+ 5 uM GA, e+ 200 - 1,060 14,640
+ 50 uM GA,ME 0 210 1,260 13,860

' 8G-25-eluate was éssayed;at 4.2 and BSA

’

45

at 2.8 mg protein-ml
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_biOlOgiCal actiwfties of these GAs and GA derivatives are Shown-'

/’A’J

'unspec1f1ed contamlnants present in the [3HIGAQ pur1f1ed in our

'conta1n1ng the [3H]GA, pur1f1ed 1n our laboratory The lower

in Table c3 The data from these two tables re1nforce the

’"not1on therefore, that detectlon of GABP contalnlng fractlons'h

requ1res the use of a number of GAs 1n b1nd1ng assays 1n order

to d1scr1m1nate aga1nst nonreceptor GA- b1nd1ng s1tes.

The p0551b111ty that some- of the rad1oact1v;ty adsorbed by

the filter paper and prote1n is not [*H]GA, but results from

:laboratory to 61% rad1ochem1cal purity was also 1nvestlgated

14

For this purpose [3H]GAQ ‘supplied by Amersham with. 98 1%'

3prad10chem1cal purlty (Fig. C2) and a spec1f1c act1v1ty of -

1. x10‘2 Bg- mmol“ was used. The results shown in Table C4 show
that less,radloact1v1tyals bound from samples conta1n1ng;
Amersham‘s [3H]GAQ and that the inactive GA ME-displaces less

radiolabel from b1nd1ng sites in G-25 .eluate compared to samples

Vbackground rad10act1v1ty does 1mprove b1nd1ng data. The Amersham

product became available only in the last stages of th1s study

"With it the general trends observed with the product from NEN

‘could be confirmed. binding studies.

The results in Tables Ct and C2 demonstrated that [3H]GAa
bound by DEAE filter paper and that this b1nd1ng is competed for’
by unlabeled GAs. It was attempted to reduce th1s adsorpt1on of

GAs by soaking the DEAE filters in assay buffer conta1n1ng 10 uM

GA,. and thereby saturate all b1nd1ng 51tes. Table C5 shows that

‘this treatment had an insignificant effect and did not improve

A
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GALME.

Test compounds were applled in 4 ul ﬁ&O% ethanol.
of the apical

Dosages given as mass/plant.

‘Table C3. In vivo cucumber hypocotyl assay u51ng ‘GA,, GA, -and

The length

1 cm of hypocotyls was measured after 4 days. .

Values with different

superscripts are 51gn1f1cant1y different at the 95%

confidence level (Duncan's multlple range test)
‘Mullen 1980).

Hypoctyl Length (cm)

Treatment
Control 1.18
“1-ug Ghy - 1.9P
1 ug GA, 21.3C
1 ug GA,ME 1.18 _
10 ug GA,ME 1.28.¢
100 ug GA ME 1.28.¢

(Purl and




_ Table -C4. Effect of [’H]GA, from 2 sources on filter paper

b1nd1n9 in presence and absence of G-25 eluate.
Ba%aefepfeseﬂ%—epm—bOﬁﬁd~perf+GG'p}‘samp%eA—G~25—e%vate*was**—*A**

assayed at 2.5 mg proteln ml

-25

‘Incubation . . Column G
b ' - buffer eluate
50 nM [*H]GA,® - 760 2,490 .
+ 5 uM GA, . 410 1,680
-+ 5 uM GA,. L 360 2
+'50 uM GA, ME ‘ 360 2,100
50 nM [ *H]GA,D. ‘ 600 1,380
+ 5 uM GA, .. 400 1,240
+ 50 uM GA,ME ‘ 420 ,370

,070 . .

310 .

8[?H]GA, prepared by NEN and partlally pur1f1ed in our

laboratory
b[3H]GA., supplied by Amersham in 1986
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CS5+—Effect of u:;uxj DEAL T TIEersS presoaked ;lli G&A, on ‘ ]
[*H]GA, binding in the presence and absence of G-25 eluate.
- Samples were loaded on DEAE filters that had been soaked in.
assay buffer "in the absence (control) or presence of 10 wM-
unlabeled GA,. Data represent cpm bound per 100, ul sample;

Ce

Sample . . column buffer - G-25 eluate -
' ' control _GA,-soaked ~control = GA,-soaked
- 50 nM. [*H]}GA, 820 - © 780 1,930 _ 2,170
"+ 5 uM Ga, 350 290 1,010 - . 990 - .
+ 5 uM GA, . 360 - - 320 - 1,280 - - 1,230 - ot
-+ 50 uM GA, ME © 340 330 1,400 1,540 . - ‘
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the quallty of the data when 'NEN [3H]GA. was used. Smular
results were obtalned w1th Amersham [3H]GA,.. Although -
radloact1v1ty bound to the fllter paper was close to background
The basis for these results is not apparent.
- . ] -
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The 1nteractlonbetween GA, GABP and other macromolecuies 1sr'
complex. In order tordlstlngu1sh b1nd1ng 51tes of the‘fgceptor |
 from others,’a rap1d and rellable assay system 1s required.

Kelth et al, (1982) had 1ntroduced the DEAE cellulose fllter

paper assay for GABPS._That method ‘Wwas shown to be more

efftcxent than,thewSephadex 6—50~column assay tKelth g£~gifem;i~t“:frr9
1981)' Among ‘the methods I tested (see APPENDI X 2) “the DE}\;E‘, | |

filter assay was also shown to ‘be the method of c901ce

. On the basisfof‘my‘experiments some‘minor changes_to the
procedure of Keith et él- (1982) were introduced to.enhance the”'
difference between'measuredrfspecific‘ and 'nonspecific’

‘ binding;'Thus the volnme of -assay buffer, used to remove the

free ligand from the filter paper, was increased from 75 ml to

100 ml and its pH changed from pH 7.5 to 7.0.

While these changes result,in some improvement of data
guality they also have sone @rawbacks.‘Thustbf increasind the
wash volume the lthelihoodrof GABP;being washed off the filter
paoer and the possibiiity of increased GA saGABP dissociation is
enhanced. Furthermore, Keith et al. (1981) hane shown that
binding of [3H]GA“‘to the GABP‘has an optimum at pH 7;5¥wh€n‘
~assayed using Sephadex G-50icolumns. In that assay system
separation of bound from free ligand is not likely greatly
affected by sample pH. With the DEAE filter assay used here

small changes‘in PH near pH 7.5 appear to have a/significant

-~
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"of 7.0 was chosen for the DEAE filter assay because the L SR

d1fference between spec1f1c and background b1nd1ng is enhancedr-
and small changes in pH have 11ttle effect on [3H]GA“ bound |
(Flgs.7C4, CS). Thexcho1ce of pH and wash volume’will
therefore;result in’ an underestlmatlon of the number of

receptor b1nd1ng sites. Further 11m1tat10ns to the assay are

'1mposedjby,the;pur;ty,oiythe,radlolabeleduGA,\as evidencedfby.frwwfewﬁ

the comparison -of the*partiall} purif@ed,NEN [3H]GAqAnithsthe

Amersham product (Table C4).

D1splacement of [ H]GAu by GAQ occurs not only from the
b1nd1ng site of GA ‘receptor- 11ke protelns, but also the DEAE
filter paper and nonreceptor protelnsosuch as BSA (Table C2).
These nonreceotor entities contribute to 'apparent specific'

binding. Receptor—type specific binding thebefore can not be

presence of an excess of unlabeled GAq from total b1nd1ng In
order to screen tissue extracts for the presence of -
receptor-type proteins a more rlgorous assay 1nvolv1ng a series
of biologically active and'lnactlve competltors is required.
Such'assays may not be able to dlscr1m1nate‘between [3H]GAn:d
binding to receptor like- protelns and. b1nd1ng to enzymes of GA'

biosynthesis or metabolism (eg., hydroxylases or glycosylases)
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3C when metabollsm of GAs is almost nonex1stent‘(Keith gtiél._u‘

- P, [

1980) The pOSSlbllltLes of conver51on of the GA or GA ] ’ ;;”;c;;

' derlvatlve supplled to a dlfferent form dur1ng the ‘assay are ;'

~

therefore negllglble; Furthermore, 51nce the assays are

performed in vitro using’cytosol, the concentratlon of - the GAs'“

I
used reflect the concentration at- the binding 51tes. The filter

~ assay thus allows a study of,the,afflnlty"offtherGAﬂblndiﬂgw4~;t~«ff~

sites for different GAs.

" Keith et al., (1981, 1982) have shown that the GABPs in_
Cucumber Cytosol bind GA, with high aff1n1ty de = 70 nM). Thlsrr
blndlng is saturable (n = 0.4 pmol-mg-' soluble protein)'and

exchangeable (halfrllfe of dissociation = 6 to 7 min). Moreover,

by double reciprocal plots they showed that GA, competes>for the .

.same binding sites as GA, but the inactive GA,g does not.

~In this chapter I ‘shall report on the binding of a series of

"biologically active and 1nact1ve GAs,.GA derivatives, and other

s ') : .
plant growth substances to a partially purified cytosol

preparation. The results provide information on those features
of the GA molecule that are important in GA--receptor protein

interaction.
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1.Extraction'9£ GABPs

G 25 Eluate was prepared as descr1bed in Part C 'In V1tro p

Assay of GABPs

™ a o ) . . , —

2.Gibberellins

.Structures of the GAs and other compounds diecussed'in,this
kchapter are ehown in Figure D1Q I3 H]GA“ had been synthe51zed by
NEN and was part1ally pur1f1ed in our laboratory as described in L
Part C. [?H]GA,, prepared by catalytlc reduction of GA,, was |
also usedoin some experiments.'Its'purity and specific activity
were similar to that'of the NEN [°H]GA,. 3-Epi-GA, and c-7.
, methyl esters of. GAQFWGAﬂktand,GAqAuereAsyntheSLZed,andgpurtiredﬂwiggf
by TLC. GA, and GA, were purchased from Abbott Laboratories, A
- Chicago, IL; GAg was a gift from Dr. G; Sembdner, Institut fir -
»Biochemie der_Pflanzen, Akademie der Wissenschaften, Saaie,
'G.D.R.; 2,2 dimethyl GA, (DiMeGA,) was a giff from Dr. R.
'Pharie, Dept. of Biology, University of Calgary, Alberta.'The‘
other-GAs were}generouely donated by Dr. L;.Rappaport,qPIant |
_Growth Laboratory, Dept. of’Vegetable Crops Uojversity o f
California, Davis. All GAs were stored in ethyl acetate, ethanol

(1:1, v/v) at below -20 C Some of the rare GAs were -available

in only minute quantities. Their purity and mass couldrnot be
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' verlfled in our laboratory Some of theSe were assayed only

'eﬁee, the othef—GAs~aﬂdfo%hefs4%}HaoﬁeSWwerefimﬂﬂlrrﬁ*two or-more

L ®
' repeat experlmen}su , -

3. In vitro binding assays

DEAE cellulose filter assays for determination of"b0uhdaf\

S SRR T £ - T e
‘radioactivity were performed as described in Section C, In Vitro .

Assay of GABPs.

kr Estimates'of the affihity of the GABPs for the seleetiohA0£_
ldifferenﬁ GAs and,other SUbstances were obtaihed-by measdring
-the amount'of [?H]Ga; binding displaceable by varlous.;
concentrations of unlabeled comoetitorr In a typioal-experiment

G-25 eluate was incubated with 50 nM [3H]GA, in the absence or

S ) . b . L :
presence of competing ligand concentrations rariging from 50 nM

7,t6'0;5”mn ‘thereby g1v1ng an excess of competlng "ligand over

[*H]GA, of up ‘to 10,000 times. In some'lnstances, the competltor

concentration ranged to 0‘25 mM. In each experlment competltors

were compared to unlabeled GA, as a standard 100 ul samples

contalnlng 350 to 390 ug protein were used in the binding assay.

Two or 3 replicates were used for each sample.

"~ 57



11. Results

o

The aff1n1ty of the GA blndlng pfoﬁexn for varlous llgands f

was evaluated by studylng the xnfluence of thelr 1ncreas1ng
i .

concentratlon on the binding of [3H]GA,. Flgure D2a - 111ust1ates

the competxtlon curves obtalned uslng unlabeled GA, and GA3 aébr

competitors. Total blnd;ng is the;amount of [JH]GAg bound in thef'
absence of any competitor. Nonspecific binding represents the
amount of radioactivity bound in the'presence Of én*excesq of

-

competltxve I1gand Spec1f1c blnd1ng is the d1fference betwoen’
total and nonspec1f1c b1nd1ng It is noncovalentrandr A
exchangeable (see also Fig. D3). As the'concentration of
unlabeled‘ligend in the incubation mixture isAiﬁcreased, tﬁe
number of exchandeably bound [*H]GA, molecules is preqfessively

feduced and the radioactivity adsorbed to the filter paper

decreases. At 5 uM GA, the competition curve forms a plateau. At

“

thisfpoiﬁt:all'thésevbindiﬂg~sites*whiqhmre&ersibly bimd *HIGA,
ere saturated by the excese of, unlabeled GA,. The amouht of

radiocactivity still bouﬁd results from sites which bind [?H}GAa ,
irreverSibly or with low affinity and is, therefore, honspéci%fc

binding. The GA, displacement curve reaches the same plateau as

that of GA,. However, a much highez concentration of Gk, is

'fequired.to saturate all -specific binding sites. The binding

protein, therefore, has a lower affinity for GA, than for GhA,.

. As a.meesure of the aﬁfinitzjﬁf tﬁevbihdiﬁg'pfeteiﬁwfeffa;

ligand the I, value for that ligand was determined. 15o‘is the

el an . : /; .
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Figure D2. Displacement of [3H]GAu binding from cucumber cytoéol

“by GA, (a) and:GA,, compared to GA, (b).
A 60% (NH,),SO, pellet of cucumber hypocotyl cytosol was
‘desalted. ThlS fraction containing 3.6 mg soluble protein
. ml-' was incubated with 50 nM [®H]GA, in the absence or
.presence of competing ligands at the concentrations shown.
15, represents the concentration of competitor which
displaces 50% of the exchangeable, spec1f1c blndLng of

e H lGA o from. the,hmdlag@m tein, ..o "
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Flgure D3. Exchangeability of [2H]GA, Hlnding to G-25 eluate. .
G-25 eluate was incubated with 60 nM [?®H]GA,. After 2 h a
portion of the incubation mixture was added to a test tube
containing 5 uM GA,. Samples of""both 1ncubat10n mixtures
were assayed at thé times indicated (A). The data were used -
to determine the half life-of dissociation (B). ~ o

.
1

60a
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‘ “concentration’of a competitbr that produceS»SO% displacement of

~r

.‘Ju/

exchangeably bounH‘[3H]GAu. The. Iso for GAA was about 50 nM -

el

Awhereas that for GA3 in separate experlments was between 2.5 to

5 0 uM‘(Flg D2a9 Some llgands,,such as” GAKC,,were unable to

reach Iso at concentratlons as hlgh as O 25 mM (Flg D2b)

"By determrning the,Igo Qa}ue‘for a series Qf'GAs,:GAL
derivativesland other'hormones, an affinrtgtranking of,liéands
;for'the {3H]GA,l b1nd1ng proteln was established (Table DIy,
Aff1n1ty was hlghest for - lactonlc C-19 GAs w1th a 3 6 OH with
or w1thout two methyl groups at C-2 (GA,, DiMeGA,, GAy ). There
were no notrceable dlfferences between the Iy, values for these
llgands. Addltronal hydroxylation of C-16 in the D—rlng (GA,),
of C-13 (GA,, GA,), and of C-12 (GA,,) in the C';ring Q

progre551vely 1mpeded blndlng Changes in the hydroxylatlon

pattern of the A-ring either curtalled blndlng afflnlty or'

completely el1m1nated it. Thus GAs with a 2,3 epoxide (GAg), a 1

a-OH (&A,s), or a 2 B OH (GAr) were unable to dLsplace
Y

exchangeable {3H]GA4 binding. Lack of a 3 p-OH (e.g., GA; and

GA9) resulted in greatly decreased affinity If this lack was.

qceupled to the addition of a 2 «-OH (GA,,), or the hydroxylat1on

of C-13 (GAZO) and at C-18 (GA,,), b1nd1ng aff1n1ty was lost

The structural ‘specificity of the binding protein is further

“illustrated by 3-epi-GA, which with-a 3 «-OH showed a

10,000£fold'lower affinity than GA, with a 3 B-OH. The s11ght

[*H]GA, displacement'Qbservedweonia be & result of the presence

- 1

of O.Y%JGAu‘as a‘contaminant in the 3-epi-GA,, as determlned by

- . <

A
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Table D1. Relative in v1tro aff1n1t1es of various llgands to

[*HIGA, binding prote1n and their relative in- v1vo ‘
biological act1v1ty in the cucumber hypocotyl bloassay .
Concentration of [3H])GA, in the incubation mixture was 50 nM

and that of compet1ng ligandg$ ranged from 50 nM to 0.5 .mM,
. except for GAs with. superscrlptc. Relative - affinity was
-~ measured using Ig, values determined for each l1gand using
the DEAE f1lter paper assay.

4 . -~

NI e

P

I, competitor competitor

50 nM GA, (+++),2 DiMeGA, (+++) B GA, (+++4)

(
0.5 uM - CGA, (#) o - )
5.0 uM . GA, (++), GA, (++) . . :
50 uM - .. . GAs (+), GA, é+++), GA,o,C (+) _
0.5 mM 3-epi~-GA, (0) : ‘ R
>0.5 mM  GA,ME (0), GA,ME (0), GA¢C (+), GA,ME.(0),
y ' \ GAg. (0), Glys (0), 6A,, (0), GA,, (++),
' GA,¢% " (+), GA,, (0), GA,, (0),:GA,, (0),
GA,;¢C (+++), GA,,C (++)f ABA (0), 1AA (0),

kinetin (0)

aRelati‘ve,ﬂ»act‘ivit}" in the cucumber hypocotyl bddgssay (4+++,
++ 'moderate, +

very high;
inactive) a
gupefscript

Relative in vivo activity

+++,

gter 8r021er and Durley (1983), except fOr-those~withA

5¥T’¥ Hoad et al. (1981)

or

high;

’

low;

0, very low or

<

Gtompet1tor

'assayed in “vitro at concentratlons ranglng from 50 nM to O 25

M.

'
—
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‘GLC. -

:-ABA, IAA and kinetin also showed no b1nd1ng afflnlty

'g

Cc- 1 methyl esters,oi GAj GAT~and~GA77 aﬂdgce2ﬂgcAs;M4£h—a———*ee%

b-lactone r1ng (GA15, GA27) or without a lactone ring (GA,3,,

GA,“, GA;G) showed no b1nd1ng aff1n1ty Other hormones such as’

R

In reciprocal experiments dsing [3H]GA1 and unlabelled GA1

or' GA, as competing ligands, fractlon contalnlng the b1nd1ng

proteln again showed a greater affinity for GAu ‘than for GA,.\

GA ME dld not: dlsplace the exchangeable [*H]GA, (Table D2)%

f(‘

- -
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Table D2. Effect of unlabeled competltors on displacement of

[*H]GA, and [?H]GA, from GABP.
Data represent. dpm bound-.ml -~

¢

Ysample b S Column. G-253 N
4 .- buffer eluate . Vdis‘plra_cement
58 nM [3HlGA, = - - 7,100 33,400 -
+ 5 uM GA, - 24,600 26
+ 50 uM GA,ME _ - 29,100 RE
40 nM [’H]GA, 1,600 5,800 -
+ 5 uM GA, : 1,300 3,100 47
+ 5-uM GA, . . - 4,000 31
+ 50 uM GA ME- - - 12

5, 100

,aG 25 eluate was assayed at 4.2 mg protein- ml""

ot




The ‘GA structure--binding affinity data point to the

presence of'strong hydrophobic environments in the active site

-

of the receptor protein corresponding to the 1 a, 2 aand B, 3

. a, p051t10n5 of the C-19 - lactonic GAs. They also suggest

<

strong polan,ornionic interactions in the v1c1n1ty of the

-3 B-OH, the. y-lactone ring, and the C-6 carboxyl. Weak . .. ... .. ..

. hydrophobic regions are likely present near C-12, C-13 and C-16.

"My conclusions about the active site of the GA receptor in

cucumber agree with those obtained by Serebryakov et_glii(1§84),

"who based theirs on results obtained from in vivo assays using

selectively modified GAs (see Fig B1). However, my results

differ from theirs in- the follow1ng aspects. While their data

5

suggest obllgatory hydrophobic 1nteract10ns in the vicinity of

!

c-11, €C-12 and C-13 my results 1ndicate that polar groups at

these positions on the ligand reduce affinity but do not prevent

‘binding. Furthermore, I propose tBe_presenoe of a,nonpoiar

region corresponding to the « plane of C-1, C-2, and C-3 which

those authors did not examine.

My in vitro data on the relative affinities of GAs and GA
derivatives for the [3H]GAu binding prote1n generally support
the activity rankings of tﬁe ligands in the cucumber hypocotyl

bloassay. At the same time, they point to some refinements and

lmportant exceptions.

ar
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have lower - activities than GA, or GA, with only a C-3 OH

(Cr021er and Durley 1983) My b1nd1ng data 1nd1cate that the
o [3H]GAn b1nd1ng proteln has an approx1mately 50 to 100 tlmes
vlower affinity for GA, and GA, than ‘for GA,. GAg, with a. 2 g-OH,
ana’C—7 methyl esters of GA;, GA, and GA}hare reported-to have
no aCtivity’ig vivo. My binaing:data likewise indicate that 2 .
ﬂ”hydréxylatfiéh ‘as well as methylation of the. C-6 carboxyl,,,ml_ead; SN
'te afcomplete loss of binding affihity. GA, is‘reported tp have‘k ;
slightly hiéher aétivity thanthq and_biMeGA“ in the cucumber
bioassay (Hoad et al. 1981), yet my in vitro data show the same

Iso value for these GAs.

The important exceptions are GA, and GA;s.vGAg, C-19
7—la¢topic but unhydroxylated GA, and GA;¢, a C-20
3:6~hydroxylated GA, are both reported to have as high in vivo

act1v1ty 1n the cucumber biocassay as GA“ (Cr021er and Durley

1983). They are believed té\act as immediate blosynthetlc
precursors of GA, in cell free extracts and shoots of cucurb;ts
(Hedden 1983, Graebe et al. 1980, Yamane 198?).}My data show
‘that GAy; has very low and GA;¢ no affinity“fer the[3H]GA“
binding protein iﬁ vitro. Possibly GA, and GA;¢ have high
actrvities in xixglhecauSe they are metabolized té‘the-active GA
in cucumber, presumably‘GAu. ' . : i

‘GA,s, a C-20 &6-lactonic GA, is also reported to have -

moderate act1v1ty in the cucumber'hypocotyf'bloassay (Crozier:

and'Dualey 1953). My data indicate, however, that the [3H)GA,

66 | -
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binding pretein,in cucumber has no affinity for.GA,s._The

L

moderate 1n v1vo activity of Gk,s may be due to the p0551b111ty

that 1n squtlon 1t'occuré ﬁ'equ111br1um w1th 1ts C 20 alcohol

open lactone form which is reported to be a precursor of GA,

(Hedden 1983).

The observed structural speC1f1c1ty of the [3H]GA, b1nd1ng

protein 1s common for proteins but the fact that some of the

"Precursors. of GAy blosynthe51s in cucumber, namely GA9 ‘and GA3;;*ﬁ*””

have 11tt1e or ‘\no atfinity for the b1nd1ng proteln suggests that

.we are dealing w1th_a receptor proteln-rather than an enzyme of

GA metabolism. An involvement -of enzymes, such as glycosylases - —-—-=
(Schneider 1983) in the obs2rved.binding of [®H]GA, has,

however, not been excluded.

~ The in vitro assay of the.displacement of radiocactive GA
bindiag to eucumber cytosol under'cOnditiens of‘minimal GA
metabetigm,iaﬂangxeriulatechniqueutoﬂdeterminewthosefparts_oiuu;uuu;
the GA molecule which are fmportant‘Egrraﬁstructural fit to a ' ,/
putative receptor. However, the technique is limited by the' o /
purity of the radiolabeled GAs and cempeting_ligands and an .
accurate aetermination of thetr mass. Also, to exploit the
technique to its fuliest potential, the propertion ef specﬁfic
to nonspecific binding, which in turn is determined by the a
purity of the bindiug protein, ‘should be:as high as possible. In

my aSsays; %pecifinbinding was routinely 50% or more of the

total binding and, as mentioned earlier, the [3H]GA,.was about

61% pure. Efforts were therefore made to increase the purity of
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— ~the radiocactive GAs and of binding
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Partial Purification of a GABP Fraction.

PART E
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The results from Parts C and ﬁ 5u§port the Jiew that thél”
‘»GABP fLQm,cucumbeifeeracxsglsfafGAf{eGepL9¥1~HGHGVE¥—~%€P%eSfﬁ**4***
thlS hypothe51s and identify the cellular functxon of the GABP
pure preparations of this proteln are :equ1red,~Efforts were
therefore madé to pﬁrify the® GABP frgmicucumber’extrécts.‘For -
this pufpose; salt fréqtionation, gel’perﬁeatibn, ioﬁ exchahgel
and hydroxylapatite chromatography.were éxaﬁined. A'numbef of

L ., S L . . § .. - -
other separation technigues were also tested.

¥
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1. Materials and Methods

. Ay . . . RS .
L : - : .

1. Chemicals and materials

The source and purlty of the GAS used has already been
descrlbed 4inJPart, C, Materlals and Methods.;' A
Sephadex G—2515F G-75 SF, bEAE Sephadex A—SO ~and - Sephacryi ,
S 200 were purchased from Pharmac1a. DE32 ‘ang- DE51 anlonhﬁjjri R
exchange celluloses were products of Whatman. Hydroxylapatite -
high reSdlutionrwas bought from Calb*ochem; and blue
dextran agarose (Matrlx Gel Blue ‘A) from Amlcon. All
1chromatography materlals were equ111brated and packed into
columns as prescrzbed by the manufacturers. All other chemicals
were of analytical grade. | |

2. Buffers | o : o o :

The following buffers were used:

: n
A, 100 mM Tris, 1 mM EDTA, 5 mM dlthlothreltol (DTT) 50 uM
PMSF, adjusted to pH 7.3 with H PO, : | |

B, 20 mM Trls, ! mM EDTA, 5 mM DTT, adlusted *to pH 7 0 w1th
H3;PO, | b |

C, 10.mM K-phosphate,al mM EDTA{ 5 mM DTT, pH 7.0;

D, 200 mM K-phosphage, 1 mM EDTA, 5 mM DTT, pH 7.0;«

E, 25 mM bis~Tris, adjusted to pH 6.3 with HCly ff' o
F, 108 (v/v) Polybuffer 74 (Pharmacia), adjusted to pH 4.0 with -

~
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HC1;

I, buffer H,ad]usted to pH 5.0. ) j, . 1 B

3. GABP extraction and\purification T R R

‘as described in Part C For- large scale extractlons exceedlng'

+200 ¢ of hypocotyl tissue, sectlons were homogenlzed thh 5

'G, 20 mM bis-Tris, § mM DTT, adjusted to PH 6.0 with HCI;

H, 20 mM plpera21ne-5\@M DTT adjusted to pH 5.5 with HCl; . =

i ~ ’ . -

t - -

Hypocotyls were harvested 1nto buffel A from seedlans grown W,;:;

1

-

bursts of 4 sec each in a Warlng blender in an equal volume

(1:}, w/v) of buffer A, otherw15e a mortar and~pestle were used:
The thcgenate was filtered through 2 ‘layers of nylon screening.f
and “the flltrate centriﬁuged-at 100,0003;‘1.5 h,'to yield tbe .

cytosol. (NH,) ,SO, was added to the cytosol as described in

'Results'. After equilibratiqn and centrifugation at’23,0009,»20

min, - thempellet~wasfwashed74re§uspended*infbnffer*frand

particulates removed at 7,000g, 5 min. The supernatant was «5\*‘

desalted on" a Sephadex G-25 SF,column'(ZQS X 16 cm). In’early

experiments the G-25 eluate was stored as a lyophilized powder

‘;at -30 C. Later it was stored at -70 C,after-freezing in liqUid

v

sz ' v o .
- F " ° N - 3

v

Pooled G-25 fractions were loaded ontoha‘DEAE*ion exchangetf
column (DE32 Whatman) equilibrated in buffer : and eluted Wlth

a gradient of KCI as desér}bedr1nr~Resul%5w-Tbe GABP~een%a+nfﬂqr~—

fractiong,was prec1p1tated w1th 70% (NH,).,SO, and resuspended {n,\g-~



e -

buffer B.

s 1

v A number of appsoaches were tested for 1ncrea51ng “the pur1ty

.

'of th1s ‘DE32 eluate' R : ' — T

a. Hydroxylapat1te chromatography R fﬁ?ﬂ “

‘The matr1x cons1sts of calcium phosphate crystals and actsv k
s1m1lar to an ‘ion exchanger but also tends to b1nd calcaum.

.‘4.{'_)‘

mBl“dlnngfOtEIDS. DE32 ‘eluate 1n buffer C was app]1ed to d~2?5m~w~m

' em x,15 cm coTUmnrand‘unbound.proteln_washed out. GABP was : S

eluted“w{th a single step gradientvof buffer D. The eluate was
prec1p1tated with 706 (NH, ) SOu and resuspended in a small.

volume of buffer B. It céuld be stored ar -70 C after freezing

in liquid N,. S T - R

b. DYe*ligand'chrOmatography

One- half ml of DE- 32 eluate (conta1n1ng 2 4" mg protelnf uwg

'bntfer B was allowed to adsorb for 30 min to a blue
dextran-agarose column (1 gm X 3;cm), The matrix used has ar
tendency to bind dehydrogenases andﬂkinases, as well a5‘qome
other proteins (Anon. 19791Q\Unbound protein was‘nashed out with
10 ml buffer B. The'bound.GABP was eluted with 19 ml 1, 5 M KC1-
in buffer B. The eluates from several such separatlons were_l

combined, precipitated with (NHu)ZSOu'and resuspended. 1in buffer

B for_aSSay. | : S | o 3}
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Gel‘permeatfon*cnromatograpny was pertormed u51ng a Waters
chromatograph W1th 2 MS!O pumps a MGBU_q‘adlent controller andf

a M74O recorder/lntegrator at room temperature. 1 125 ané~300 SW

{Waters) gel flltTatlon columns codécted 1n ser1es were used

‘ _Samplesr(IOO ul) were eluted wlth buffer D at 0. 5 ml- m1n“‘;'Blue o

'ovalbumln and cytochrome C were used for molecular welght o

”edullibratediwith buffer E. Immedlately prior to sample loadlng

.ml-min ', Thlsbresulted in a pH grédlent from pH 7 to 4.

dextran ferrltln catalase alcohol dehydrogenase BSA

calibratlon.

fu . . . .

d. Fast protein liquid chromatography =~ R R

.~ For chromatofocusing and anion qgihange chromatography -a - PR

Pharmacia FPLC‘chromatograph.with 2 PSOO(pumps“and'a LCC500 v
A : x Y ) s

gradient controller were used at 3 C.

} AN . ‘ .
Chromatofocusing. A Mono P HR 5/20 column (Pharmac1a) was L.

a 3 ml aliguot of buffer F was passed through the column DE32

eluate was equ1llbrated w1th buffer E u51ng a small desaltlng

column, Four ml of ®luate COﬂféTﬁlng 6 to 8 mg prote1n wvere
S
applied to the column at 0.3 ml-min". After elutlon of unbound

proteins, buffer F was passed through the column at 0.5

Fractions were pooled,for assay.

¢ 'hnion‘exchange chromatography. Samples were chromatographed

at 3 C on a prepacked Mono Q HR 5/5 (quaternary»amino.ethgl) fon



L3

: T R o
: meﬂ' P - - . . . .
. s
excnange column (Pharmac1a). Chromatography was performed at PH.

77;Q7y;thrbuffer B, at PH 6-w1thubuffer G, and at pﬂ 6 5 and 5 O -

with buffers H and’I,'respectively;jBound protelns were elutedx

—

wﬁth‘up‘to 1 M_KCl_infthese'buffers.\; . {"Y' PR

4. 1In vitro GABP as‘say:s,
- S i v
“' "AS Wé s 'S'hC’W'n" i h;;‘,p'arf'f' Cv,’*: ma ﬁiy' 'tﬂ'a’c":i' omo ﬁecules{b ihd "’GA"ST"'V' T
resultlng in apparent - spec1f1c b1nd1ng In'ordervto discriﬁindtel
between this and receptor—type spec1flc blndlng, each fractlon‘.'
was assayed w1th [3H}GA4 in the abseﬂce and presence of a rOG | .;:;%:
fold excess of unlabeled GA, (high in vivo actrv1ty),<GA5" -
(moderate in vivo activity),‘and a'1000 fold excess.ofeGAaME (no

in gizg'activfty).'The‘reSulting displ;cement of [3*H]GA, from

the binding sites by the'competitors was~used'as‘a guide to.-

“select those tractionsrcontaining the butative receptor In

S R SR 5

these fractlons the extent of {32 H]GAu dlsplacement 1s expected

" ito correlate with 1n vivo act1v1ty of the competltor For ‘most
ljr

experlments 50 nM [KH GA, prepared from NEN reattlon products
was used However in later specified experlments, 10 nM [3 ]GAu:>

purchased from Amersham was used At thlS lower concentratlon

background binding was- reduced and the GABP could be detected at

.
-4

’ Jsample protein concentrations as low as 0.2 mg proteln-ml ! §
‘ . . - i . e

‘?..,,

L.Y

. thereby allowing increased assay sensitivity.

. oa L o s

Triplicaté 100 upl samples of incubation mixtures were

assayed with the DEAE cellulose filter assay as described in.
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. 5. Sodium dodecyl sulfate (SDS) PAGE

— . S . B . M 7 ‘ 2

t

Samples were desalted u51ng a small Sephadex G- 25 column.

The proteln fractlon was prec1p1tated at -20 C for ! h w1th 9

volumes of 10 mM ﬁ-mercaptoethanol in acetone. Prec1p1ta§ss.were‘

pelleted at 28, 0009, 5 m1nfrwashed'and-thénrﬂashe&”twiceVWith”“****f“4

anhydrous ether The pellets were resuspended in Laemm11 s

'sample loading~buffer (Laemm11 1870) and boiled for 5vm1n"

Electrophor§§15 was performed with -12 mA constant current at 2>C e

‘u51ng a commerc1al slab gel apparatus (model SE 600, Hoefer

l Sc1ent1f1c Instrumen s, San Francisco CA).‘One and a half mm

thick gels (separating gel: B8.5%T, 2.7%C;Astacking}gel: 4%T, -

r'a . .
2.7%C) were used. Gels were silver stained as:described by Wray

e - : . : /
. - . - I

‘v al. (1981).
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A reglons of thejbypocotyls of‘7‘day_old seed};ngs bound GALLT_,,;jV

fresh welght)

1. Results ™ . a. R

):>f O

-2 . - -

4. Source of tissue extract

ES

R i
o

. - . AR
. g %

Spec1f1c b1nd1ng was observed in G- 25 eluate prepared from

dry cucumber seeds as well as seeds germlnated in runnlng water

for up to 96 (Table E1) However. on a mg proteln and a fresh

‘7we1ght basxs, hypocotyls of 7 _day old. seedllngs showed,greatere;;m;;;
amounts of ectractable Spec1f1c binding (Figs. E1 and E2) LA

Furthermore, target (aplcal) as well as nontarget (basal)

specifically KFig. E2) on a‘per mg protein'basis'bOth»rhe- - _'=“

aplcal and basal regions had a 51m11ar number of b1nd1ng sites

C(n = 0.1 ‘pmol-mg-' protein) and aff1n1ty (K - 30 nM) for GA.n :

However on a fresh weight basis, 6 times more GA b1nd1ng sifes ’YF

were observed in the apical tissues (n = 0.2 pmol-g A fresh

welghtT'compared "to the nontarget reglon (n = 0.03 pmolag"

- -

Although harvestlng aplcal hypocotyl sections from 7. day old
seedllngs 1s very labor 1nten51ve, thlS materlal was chosen for
GABP purlflcatlon ‘It was expected that purlflcatmon of this.

protein would be facilitated by using source tissue which is

enriched in this protein, or by excluding tissues which have a

high concentration of other proteins.
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| Figure ET -Scatchard plot of spec1f1c b1nd1ng of GAu to G-
I
- ‘ eluategfrom ungerminated seeds. '
|- B .
| Amersham [*H]GA, was- used The data point at '*! suggests
f the presence of a second class of binding sites w1th a-
i .Kd' - [
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Figuré E2. Scatchard plot of spec1f1c b1nd1ng of GA,7to cytosol
| from ap1ca1 and basal hypocotyls of 7 day, old seedllngs
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A

D1th10thre1tol (DTT) is a reagent for the protectzon of

wt ) o e

isulfhydryl groups of prote1ns (Cleland 1964) Its effects onf
;1evelsrand stab111ty of receptor type b1nd1ng were tested he -
. Y 1

results shown 1n Tables E2 and E3 indicate that the presence of i

i

,DTT throughout the GABP extractlon 51gn1f1cant1y enhances.

_spec1flcfb1nd4ng beforefand aftermstorage at- —70uC4ﬁ¥hefeffect—a—~—~¥fa

“1s rever51ble as 1ts removal from the extract results in a loss<

. -

._of this protectlon. Add1t10n of DTT to a GABP extract, ‘which had

been paxtlally pur ified. 1n,1ts absence, resulted-in .a. Sllthfw~w~w;;;m—

enhancement of receptor-type binding. FlvelmM‘DTT offered the
same protection as 10 mM DTT. All:purification buffers therefore

included 5 mM DTT. S N \

"3. Ammonium sulfate precipitation {

-

~Differences in the charge characterlstlcs of-protelns
affecting thezr solub111ty 1n (NH ) ,S0, solutlons~were exp101ted
for the concentratlon and part1a1-pur1f1cat1on of the GABP from

" cytosol. The,experlments ln the prev1ous chapters were performed
using G—25-eluat§‘prepared‘from'cytosol precipitated with 60%‘
(NH,),50,. It was attempted tojreflne’thlsbstep further;wlth the/

next experiment. ) “

The’fUU’OOUg cytosol of hypocotyl extracts was d1v1ded into.:

5 portlons. (NH ) SOa was added to each: portlon to yleld J




5(_%.777 r‘l t
" - » - %’ I&-I:‘";ﬁgn .
_ eluate. ‘ A ﬁ* :
' ‘ G-25 eluate from hypocotyls was p_epared*ﬂSmg extr"‘ct1on -
%vam aimin \
- dithiothreitol (DTT throughout) “in one extract DTT was :
'''' removed from the (NH,). 280; pellet 1n§; desaftlng step (DTT
removed). Data represent [’H]GA, bou.n >(pmol- mg"_ protein).
- Incubatlon "no DTT ﬁWughout " DTT removed
50 nM [3H]GA“_‘ e 0010 T 0016 . 0.09
- : - "'7";7 * 75 uM GA u’gi* 7"7’:7:'"%\’; D "’0?‘:}0_47"”"4”" """7: "7’0 05 - == E 0 0 -
.+ 5 uM GA,. . .70.07 0.0 . . . 0.07
-~ +50 uM GA,ME ~ ‘ 009 - O 143.“ O 10
' - ]: z
- B
’ s o
| . -
" “‘u, B ‘\‘A ’
| - -
o o L
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e Table E3 Effect of 10 mM DTT on stablllty of G- 25 eluate stclred
~at =70 C for. 3 days. BTN
. »G-25 eluate from extracts prepared as descrlbed’ in Table 813
- was used for stora.qe. \'“QT’I* added’ was prepared by adding DTT >
_ to 'no DTT' extract upon thawlng Data represent I’H]GA, S
. - bound (pmol mg‘ ' pfoté‘m) _— T )
‘Incubation | no’'DTT ~ DTT throughout  DTT added
: — - :i.f‘ & P ) ‘ J}, . - . .
50 nM [3*H]GA, 0,11, 0.13 0.08 -
+ 5" uM GA, 0.07 . - 0.04 . 0.05 .
+-5 uM GA, - 0.07 . 0.09 0.07 e
o T 50 uMGAGMET T "*AU 09 0. 10"'* ’“ ~0.08 i
_; . ] : ﬁ AR
. 3 * - . - . ~ / ',
: » ) &y - . -
B E— : - | |
- . Y- . .V [ ; - 7 -9 71
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Aconcentratlons of 30 40,’50{ 60 :and 85% saturation. The

pellets obtained after centrlfugatlon were desalted by gel

' ;fufﬁ"'T*ltratlon and assaYed‘f@YgsPECTfnfi‘

E4) indicate that the GABP prec1p1tates out at an: (NH ) SOu
k)concentrat;on of 406 or more.qfn another’ experlment (NH, ) 2S04
s added t0'cytosol to sequentlally reachv30" 40, 50e'and'66%g'.

saturatlon..Pellets obtalned at each step were removed for

assay-. As shown in Table E5 the putatlve receptor appears to
L prec1p1tate\out w;th 30 to 60% (NH ) SOu, W1th the majorlty 7»-”'lgl

- prec1p1tat1ng with 506 (NH ) SOu _No GABP was detected in-60- 806
(NH,) SOu pellets (data not shown) .. . Only 1 to 106 of the~total', :

cytosol protelns prec1p1tate out w1th the 306 (NH ) SOu. For” |

th;s reason and to save time, cytosol‘zas prec1p1tated w1th 50% }

Lw (Nhu)ZSOa in early~exper1ments. In later "experiments, however, |
cytosol was precipitated with 55% (NHQ)QSOu after the-dO% pellet '

was removed. ¢ This allowed increased‘yield’and reg@oval of some.

11o1ds and hydrophotic protelns wh1ch tend to adsorb toi-

chromatography matrices in subseqguent purlflcatlon steps.
Precipitating GABP over a narrower range of (NH,) SO,
concentations does not appear to be practical.

About 50% of the total cytosol proteins are removed from the

PR

preparation with this purification step.

EEIC
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Cytosol was divided 1nto 5 allquots. (NH,),S0, was added to
-~ each fraction to give the saturation- shown Bach: peliet _
"~ obtained was desalted prior. to assay. Data repre sent [ H]GAH
bound (pmol mg: ' protein). -~ . , o

. . A 4 . - .
" Incubation =~ Buffer B © (NH,),S0, Pellet . = . |
, . ' . v . - .30% . 40%. . 50% . 60% Bh%
‘50 nM [°H]GA, 0.31  0.95 0.31  0.30 0.30 -0.34
4B uM GAy - 0,130 0037 0018 0,19 0.22 0.21 -
.+ 5 uM GA, - 0.13 0.37 .- 0.23 -0.20 -0. 2\’ 023 -
'+50_quGAaME 0,12 0;38’ 0'30f 0.30 0.29 . 0. 37_, -
P
\ ) —
N ‘\\
\a
& !
_ ~
‘ . s
\»\‘ b
N
-
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" cut with (NH3)2SO0,. " ' ' '
Cytosol proteins were- prec1p1tated w1th 30% (NH ) SO,

e ‘rr~'pe}}&$ﬂ9bta%ﬂeé

was further fractlonated with increasing (NH,) SO,

. _saturation as shown. Each pellet obtained was: desalted prlor e
to- assay ﬁaf“'represent [*H]GA, bound (pmol: mg“ proteln)
— ' S . .
Incubation + Cytosol _ - (NH,) SO, Pellet '
: - . 30% 30-40%  40-50% . 50-60%
50 nM [H]GA, : 0.38 0.63.  0.68_  0.62  0.44 .
+ 5 uM Gh, : 0.22 0.25  0.34,  0.28  0.3%
+ 5 uM GA; - 0.24 0.27 0.30 0.46 ~ 0.32
- +50 uM GA,ME 0.32 0.37 0.40  ~ 0.50 . 0.38
86
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4, Open colﬂmh'ion'eXChange'chromatography

-

N

A number bf‘ion exchange chromatography matrices weref[

tested 1nclud1ng DEAE Sephacel DEAE Sephadex ‘A-50, DE32 -and

'DE51 The DE32 ion exchange cellulose had the. best flow'
'_propertles and gave the best chromatographlc separatlon of G- 25

' eluate. Two. column 51zes were used For G- 25 eluate contalnlng

up to 70 mg ‘total proteln a 2. 5 x 13 5 cm column was used “for

R

large scale preparatlons containing up to 400 mg proteln a 5 0 x>1
!

J6.5 cm‘column\prOV}ded optimal separat;ons. Typ1cal elut:on

profiles for these columns. are shown in Figure E3. When loading

samples in buffer B, all feceptor>— type binding actiVity>waS*”;
retained in the column. GABP could be eluted with 0.23 to 0.30 M
KCl using a.linear gradient of 0.18 to 0.83 M KCl (Tables E6 and

E7). About 18% of the total proteins 1oaded_onto'the column

elute w1th the GABP fractlon This chromatographic step reSultsg

in about a 4-fold enhancement of the Specific binding detectable
in the G-25 eluate (Table E8). °

. : 3
‘ o - - 2

5. Further purification of DE32 eluate

i

. a. Hidroxylapatite chromatography

I .

A sllght enhancement of speczflc blndlng was achleved by

passing the act1ve fraction from the DEAE cellulose through a

hydroxylapatite {(HyAp) column. Crystalsotcca}ciu@)phosphahe

form the matrix of this column. Differences in charge and

calcium binding properties of proteins are exploited with this
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'Figdre E3. Elutibh profiles of G-25 eluate on 2.5 x

. . 13.5 cm (a)
and 5.0 x 16.5 cm'(b) DE32 anion exchange columns.

Regions marked A to F, were assaged for GA-binding act1v1ty
The fractions labeled A to C 1n ) are not eguivalent to
_ those in (b). .
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Table E6. Blndlng of [3H]GA“ to fractlons from a 2.5 x 1 '55’cm -

Pooled, lyophilized fractiorts; collected accordlng to iqg.
' E3a, were used for the incubations, Values given represent

[3H]GA, bound (pmol - mg- ' protein). All fractions vere

assayed at a proteln concentratlon of 2 2 mg- ml !

DE32 anion exchange column, , 'E

A

Fraction A - TR c ’>v D"" B
50 nM [*H]GA, 0.30  0.13  0.17  0.27 . 0.38 - "0.
+ 5 uM GA, . 0.20 ~°0.09  0.08  0.11  0.17 O,
+ 5.uM GA,  0.20  0.09 ~ 0.10 - 0.15 . 0.21 0.
S0.11 —0.227 0,30 T 0.

+50 uM GA,ME =~ 0.19. 0.09
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"Table E7. Blndlng of {3H]GA._to cytosol G-25 eluate, and - "J%,
~ fractions from a 5.0 x 16.5 cm'DEBZ and a 2.5 x 14;8 cm,i -
- o mn,
DE32 fractlons were collected as shown in Fig. E3b« frozen
in liquid N, .and stored at -70 C prior to assay. Values
given represent [?H]GA, bound (pmol-mg-' protein). All
~ fractions were assayed at a protein concentration of 2.9
mg-ml-', except cytosol (1 3 mg: ml") and HyAp unbound (0 8-
mg eml-').
e cytosorlr.ﬂ.ﬂGi 25 DE32- HyAp -
- Fraction elhate A B 'Ca”7 77fﬁﬁ:”’E6ﬁﬁQ; 7777777777
- , - b_o-und T
50 nM [3H]GA, 0.15  0.08 . 0.06 0.09 0.23 0.13. 0.26 |
+ 5 uM GA, 0.0S 0.03 . 0.03 0.03 0.03 0.11- 0.04
+ 5 uM GA; 0.08 0.07 0.06 0.05 0.13 - 0.09 " 0.14
+50 uM GA,ME ~ 0.11 = 0.07 0.04 0.08 0.r5 0 tL,0l23 0
8Fraction C was loaded Qﬁto the hydroxylapatite column %
- B - - U
2
LT B
90 , S 3
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Table EB Purlflcatlon of GABER. from cucumber cvtosol

~Specific -activity values calculated from data- presented in.
Table E7 The dlfference between [3H]GA. b1nd1ng in absence

overestlmated in rhese calculatlons because GA,ME also : o
"~ displaces a large .amount of radiolabel in this fractlon (éee*f,,;v
Table E7). This results in a greater than 2-fold S
. underestimation of the extent of pur1f1catlon and recovery

ach1eved
Fraction  total .specific " total purifi—":reco;_‘ ,
... protein  activity  specific  cation L A ——
‘ ~(pmol per  activity ' R
(mg) mg.prot.) . (pmol) I ,(%)‘7 N
" cytosol . 872 0.06 ' 52,32 1 100
G-25 eluate - 384. v 0.05 = . -19.20 -1 37
DE32 = 72.4° . 0.20 T 14.48 3.3 .y 28 L
HyAp bound 39.9 0.22 8.78 - 3.7 17 o
J : >
- 1
. \ -
9
:.:. cq}' .



~ method (Gorbunoff»and Trmasheffl1984). Asvshown fanableﬁE7' the

GABP is bound by ‘the HyAp 1f the samples ‘are loaded in buffer F.g

@

The GABP can be eluted w1th a- s1ngle step grad1ent us1ng buffer
G. This procedure results ‘in only 10% 1mprovement J% spec1f1c
binding of the DE32 eluate..About 10% ofvthe.protelns'loadedy
onto the column,are’unbound and thereby'are-removed from the
GABP;’ - \ ' | | |

: Table E8 shows that with thlS procedure the GABP was

pur1f1ed about 3.5~ fold with about/176 recovery of the spec1f1c

4 A

binding present in cytosol,

M ' GAn binding to the HyAp fract1on is saturable (Fig. E4).
Scatchard analy51snbf the HyAp fractlon suggests the presence of

‘a single class of binding sites with 0.6 pmol brnd1ng s;tes‘p§r‘;d"
mg protein and a Kd near‘SO nM (Fig. E5, compare‘with Fig.'E?lr

The differences in‘Kd'betWeen cytosol and the HyAp extraCt'may.

n%t be 51gn1f1cant. They may also be related ‘to. the use of

different sources of [®H]GA, for the d1fferent samples.

The elution profile of the HyAp fraction“from analytical =
- ' - : 2 _
runs on combined HPLC gel permeation columns is shown in Fig.
E6b. Comparison of the,chromatogram of the HyAp fractipn with

that of the DE32 eluate indicates that HyAp enhances’the Y

proportlon of & hlgh molecular weight (>4OO kdalton) and a 110 -

kdalton protein (Fig. EG)Q F1gure E7 shows the SDS- PAGE proflle

N

of thlS extract. Compared to G-25 eluate, the HyAp fractlon -

- again shows an enhanced band at 110 Kdalton. However, peptides

el
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Figure E{4. Saturablllty of GA, b1nd1ng by the HyAp- bound

fraction.
The HyAp-bound fractlon was incubated with Amersham [3H]GAn

at the concentrations shown-(Free). A 100-fold excess of GA, -
was used for deriving specific from nonspecific and total
binding values. The extract was assayed at a proteln
concentration of 0.7 mg-ml-'. -
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Figure E6, Elutlon profile of DE3/luate {a) and HyAp bound (b)
. on HPLC gel filtration columns.
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A o | . No.  Ry(ml) Kdalton
0.03r | SRR 489
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Figure E7. SDS PAGE of G-25 eluate and HyAp-bound fraction.
Molecular weights of some of the bands differing between
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with a moiecular weight néar‘62‘fﬂﬁfoandeBfKaaTton‘are also

=t

enhanced Numerous other protein bands are Stlll apparent in thef

HyAp fractlon.‘

- Problems with reoovery and‘oolumn performanoé-have‘pfeventedh;x
‘successful fufther purification of the HyAp fractibn.
b. Dye-ligand chromatography ' - )
An almost 3-fold purification of the DE32 eluate was
achieved by chromatography on a Blue dextran-agarose‘column‘ As '

shown in Table E9, the GABP is bound by this matrix and can be

I#

eluted with 1.5 M KCl. However only 246 of the spec1f1c b1nd1ng

" and 23% of the total protein loaded was recovered from thls

column. ' o o _ o 4

’

c. FPLC - Chromatofocusing'

A Mono P chr omatofocus mg,,column was. useci@n J,he_F_ELC,,to
fractaonate the DE32 eluate w1th a pH 6.5 to 4. 0 grad;ent. On
such a column proteins elute at a pH lower than their pI. This
is due to their low solubility.at‘their pI and,Donnan.potential'
effects near the chromatofocusingvmatrih‘-— buffer interfacer
(Anont'1982); A typical elutidn profiie (Fig; E8) shows that a
large proportlon of the protelns .in this extract elute between

pH 5 and 4. The in vitro assay of eluate fractions (Table E10)

indicates that the GABP also elutes with the majorlty of the

proteins. Only a slight enhancementrof specifio binding was Lol
~observed in this fraction comparedfto the starting material.
s
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Table‘ﬁ9 [3H]GA, blndlnq to DE32 eluate and fractlons unbound

and bound by Blue dextran-agarose. : :
. -Fractions were assayed with Amersham [3H]GA. Valuesl

representul3HlGA#,bound,meolgmg, ‘protein).,

- o DE32 Blue A-agarose

Incubation ' B unbound bound

10 nM [*HIGA, 0.13 ~  0.07 0.33

. + 1 uM GaA, = ' 0.06 A 0.06 0.12

4+ 1 uM GA, . . 0.08 - 0.06 0.17

- *10 uM GAME. 0.10 . 0.06 .0.27
\ﬁ (\ \ .
.
- R od
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Figure E8. Elution profile of DE32 eluate from a
chromatofocusing column.
Fractions were collected-for assay as indicated.
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o | Only 20 to 35% of ‘the total prote1n loaded onto this cqumn v
f*ffi cmﬁﬁ*mrrmxwenﬁ‘ﬁnmaﬁmymﬂ%nrmeﬁmd‘fheﬁﬂ%re,dﬂfﬁof;‘%ff*

appear to. be pract1cal for the preparat1ve purlflcatlon of the'

V,'d,*FPLC -. Ion. exchange chromatography ; A

The results from he chromatofocus1ng column 1mp11ed that

— P . - [, [ e

the GABP w1ll b1nd to an anion exchange matr1x even 1f the pH of
{ - .

the columnvbuffer is 1owered‘from PH 7 to pH 6 or 5.5. ByA

lowering the'pH, those'proteins which'have a pl near the pH of L g
' o e o P
the column buffer would show little binding to the matrix. Such

proteins‘coulddthus be easily excluded from the mixture to be

e

purified;’__ L - ' - o P
4 o The'eiution profiles of DE32 eluate on a Mono Q - FPLC ‘ion
o } exchange column_ai,pH 7 and 5. 9 are shown in Figure E9. The o

Lo

' assay of the ‘eluted fract1ons (Tables E11 and E12) conf1rms thatp

no GABPrelutes in the unbound fract1ons at either pH.‘However,
specific binding was observed over'a_hroad range of the bound
fractions. GABP eluted'with 0.18 to 0.43 M KCl at pH 7.0, and 0
to O 37 M KCl at pH 5.9. Bound fractlons d1d not show enhanced }
,,spec1f1c b1nd1ng compared to the DE32 eluate., Similar results
were obtained at pH 5.5 and 5.0, even when step'gradients?ﬁere
 used to ensure‘complete separation of protein fractionS'(datai

not shown).

A1

Protein recovery from the Mono Q column was generally near

50%. Some of the losses may have been due to protein
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Figure E9 Chromatography of DE32 eluate on Mono Q 1on-qexchange
column at pH 7. (a) and pH 5.9 (b)

N ,
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__precipitation on the COlumn.'This-precipitation'wnich;Was'moresf

Ed

apparent at acid pH Values was further rnvestigatedrd

e. pH fractionation
The precipitation of some proteins in the DE32 eluate at

acid pH, suggested a possibility for differentially.

preckpltatlng proteins at different pH values. For thls purpose,v'.?

~ DE32 eluate in buffer B was equilibrated w1th an ac1d1c buffer

ipellets were assayed at pH 7.0.

.active GABP was recovered from the chromatofocusing column'

Lo

u51ng a small ‘Sephadex G-25 column The pH of the eluate was

“readjusted to the desired acidity, and prec1p1tates formed were '

removed by centrlfugatlon. The pH of the supernatant was lowered

again and the process repeated. Protelns in the final

supernatant were collected by (NH,),SO, precipitationr All

/

§

The results of the in vitro assay performed by Ms. Joan

+

Chlsholm 1nd1cated that the GABP prec1p1tates between pH 7. 0

and 5.7 (Table E13). This was also confirmed with DE32 eluate

prepared from seeds germinated for 24 h (Table E14). About 40 to

60% of the total protein mass remains in the pH 5.5 supernatant.

Lack of specific binding in pellets obtained at pH values.less

than'pH 5.5 does not appear to bebrelated‘to denaturation, as

between pH 5 and 4. K
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v . - - ) B -

_— ~ f. Open column gel permeatioﬁ‘chrométography

Sephadex G-75 (2,5x27 cm) and Sephacryl S-200 (2.5x52.5 cm)

fﬁereitested fér armolecular's;Ze—bésed purificatiop of the,GkBP.
The binding data bbtaiﬁed_wdth cblUmn fractions indi;atea a  a
molecular weight’rangé forAthe‘GABP between 507§nd 150~kdalt§ﬁ}f
suppo;ting the results of Keith et él.'(1981); This‘metﬁodhhad
poor'resolufioh, low sample loading capéCity and slow spéed. The
use of thesecolumn matrices,‘tﬁergfofe,,did ﬁbt;Séém’té’pé“'7;”?W7*”*

practical at this stage.

Further ‘attempts at GABP purification are described in'

Appendix 2.
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111, DiscussiOn'

Spec1f1c GA b1nd1ng has been- detectediln alH cucumber A
tissues examined Thus it is present 1n'ungerm1nated seeds asﬂ
well as in'GAfrespon51ve and -unrespon51ve seedling»tissues.‘
However, on a g°' fresh weight basis, GA-sensitive apical "
hypocotyl sect;ons of;7 day-old seedlings have the hiéhest GABP
,concentration (Tahleréi,iéiés.:éi and Ez;'Ahdfaiso Keith etmai:
71982); These results .suggest that a tissue:s GA sensitivity may
,not.oniy be determined by'receptor numbers but also by other

factors, such as receptor'actiVation, gene availability etc.

(see Michell and Housiay‘1986).

Although a number of methods were examined for the
purification of GABP frgm cytosol, only a small‘enhancement of

Specific binding was achieved. (NHy) 2SO, precipitation followed

by open column anion‘exchange chromatography allowed the bulk
fractionation of cytosol and removal of prote1ns that carry a
net neutral or postive charge at pH 7- from the GABP. These steps
resulted in oJ&y about 3-fold purification of the GABP (Table
E?). Some further pur1f1cation of this protein using a
hydroxylapatite qr a blus dextran-agarose column was

. ‘demonstrated (Tables E8 and E9). Specific binding was detected

in fractions bound bx‘FPLC chromatofocusing or ionrexchange 7r;A@;‘

s

columns. GABP couldialso be recovered from precipitates obtained

after 1ower1ng the pH of DE32 eluate from pH 7 to pH 6.2 or 5.7.

However, 1ow recoveries and/or low enhancement of specific
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f’d'biﬂdieg%ithfthese,meeheésheveeiim§tédEheéeegeeSS.v'e;7e‘»;

‘of partlally purlfled GABP (Flg E7) also demonstrate 1he L

' Bindrng'STte degradatron‘may bE'cne*factorﬁcontrfbutrngdtddgggdgdd

Vthe low degree of purlflcatlon ach1eved The 51m11ar'

chromatographlc propertles of the numerous prote1ns 1n,the

cucumber extracts is another. Thus the GABP coelutes with the

'majority of the proteins from a chromatofocusing»column (Fig.

E8). HPLC - gel f11trat1on chromatograms (Fig. ES) ‘and SDS-PAGE

complexlty of these extracts and p01nr tc the:- expected
difficulties in ach1ev1ng hlgh yield and high resolution GABP

purification.
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PART F

~Conclusions




The development of an in vitro aSSay for GA b1nd1ng prote1nsu
r‘hasfaiiowedfeonsrderabieuprogressf%n—the—s}ew%y—advane%anirehde—————
Vof GA receptors. In the present 1nvestlgatlon°ﬁactors

influencing the detectlon of GABPs were examlned The assa?

allowed some characterlzatlon of the act1ve site of a candldate
receptor in cucumber hypocotyl extracts and was used for ‘the y',~'§
development of a protoé&l‘for the partial pur1f1cation of thlS , )
proteln. Several conclus1ons can be drawn from thlS ‘work: Many
nonreceptor ent1t1es bind GAs. The rellable detectlon of GA
'receptor 11ke proteins requires d1scr1m1natlon agalnﬁt such
‘components.‘In Part F I 1ntroduced, therefore, measureSvto
increase -the ratdobof’specificrtownonspecific hinding.,It was
also deemed necessary;to assess bindino specificity of candidatev
" protein fractions using a-number of ligands of differing in glig,‘

bioassay'activity./‘

The filter assay is a nonequilibrium’ mefhod and may “not

favor optimum GA - GA receptor 1nteractlon: Hence it~ w1ll result

in an underestimation of the aff1n1ty and number of b1nd1ng

sites in a sample..

In spite of these limitations, the in vitro assay allowS*the
characterlzatlon of the GA binding site of GABPs in the absence
of the effects of metabolism, compartmentation, or permeablllty i

barriers which complicate such analysis with in vivo assays. In

Part D it was demonstrated that soluble GABPs in'cucumberh”~—~j*a¥*cf¥
extracts bind GAs saturably and exchangeably. The binding

protein shows great "structural specificity for 7?1actonic c-19 -
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bound H%Prhlqlbr a{%ﬂﬁty. tkédit mnv - Pﬁ%

or D ring of the ent gibberellane skeleton or methylatlon of the ': y¥
. d .

C-6 carboxyl result 'in re@uction or loss of binding affinity
;These in vitro spec1f1c1ty\data are generally supported by

',published 1n v1vo bioassay}data on the expected conformation of

the active site of the GA receptor in cucumber.

. s T ot Stmeme e s et s - - ’7: 7 B - "' - 77,77. -

The GABP isbpresent iniuhgefminated.seeds aslwell.as target
and nontarget tissues‘of cucumber seedlings (éert E).,Howevef,
on a g“ fresh ,weight bas L extractable GABP activity is highest
A1n apical hypocotyls, the tlssue which also shows the highest in

vivo sen51t1v1ty to GA application

Overall, the-GABP studied conforms with the'characteristics

"expected of GA receptors. modest degree of purification of .

this'protein was achieved isingf(NH ) 250, precipitation and DEAE :ﬁ
chromatography followed by chromatography on a hydroxylapatite |
or a dye-ligand afflnity cqlumn (Part E). However, further work

on this aspect is a prerequisite to allow eluc1dation of the

" true cellular function of ﬂhis protein

- \
.

a;ﬁ;/, ‘liﬁ:‘
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APPENDIX 1.
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Renieutofttheanapld4Moleculax4Eifects4ni4GAsauSingasubstrateggggf
N Mobilization in Cereal Aleurone as a Model System '

;=
Researchron the molecular basis of GAradtion‘has mainly
focused on substrate mobilization in cereal, grains. This system
is rev1ewed in this chapter w1th a view to the potentlal role of |
GA receptors Rev1ews of these and other-morphogenetic and/or &ﬂp

biochemical aspects of GA actlon can_ be found 1n Jacobs iﬁfg,_;;tf

61983), Jones (1973), Letham et al. (1978), and Zeroni and Hall
(1980) . |

The most detailed_understanding of GA action has been gained
"from the cerea1~aleurone'system_in which GAAcan alter the ‘
pattern of RNA and‘protein synthesis; In'cerealigrains, GA
released by the embryo controls the de novo synthe51s and
secretion of several hydrolytic enzymes in cells of the aleurone

layer. Thes hydrolases mobilize ehdosperm nutrient reserves

required by the developing seedling.

- The most dominant hYdro}asegsynth iged is déamylaserwhichi
1n barley.comprises a family’of 2 groups of high and,lon pE
isozymesi In;addition{ GA3-stimn1ates the synthesis of
‘B-glucanase, acid phosphatase, Rﬁase, DNase, and several s
proteases'(Hammerton and Ho 1986, Mundy et al. 1985). GA
inhibits the. synthesis'of another seedlprotein,

- amylase/subt111s1n inhibitor (Mundy et al. 1986). These

actions of GA are generally inhibited by ABA.
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A 3 to 8 h lag period between the application bvaA,'td:bi

‘usually reported (eg., Higgins et al. 1976, Jacobsen.1983).

' W~'*Cell—free~tréhslation~stﬁdieé have established that the -

deembryonated half seeds and ‘the onset of a-amylase synthesis is

However, Muthukrishnan et al. (1983a) observed lag times as
short as ! h. A continuous presence of GA; is required

throughout this;lag‘period. _ - .

- - N

appearance of the GA-induced proteins is preceded by ihcreasednrr

levels of their corresponding gg novo synthesized MRNAS .

Increased transcript stability may also contribute to this - S

effect. This has been shownvusing”RNA'isola;ed from whole cells,

as..well.as prbtdplasts and nuclei‘preparéd from ocat and barley"

~aleurone {(Deikman and Jones 1986, Jacobsen et al. 1985, Jacobsen

and Beach 1985, Zwar and Hooley 1986). While the 1eVel§_of

certain mRNAs increase in response to GA treatment, rRNA and

total RNA tfgﬁscripts decrease in barley aleurone (Jacobsen and.
Be{éh 1985). Muthukrishnan et él.‘(1983a), usihg cloned
a—émylase'DNA probes, detected a—amylasé mRNA Qithih t-h of CA
application. Le&els of these ‘mRNAs increased with increasiné.GA
concentration} However, rapid mRNA induction; equLValenﬁ fd‘that
reported by Theologis et al. (1985), who observed aﬁxin specific
RNAs within 15 minutes of auxin‘application to pea epﬁ%otyls(

have not been>feported,

Several .details about the effect of GA on transcription are
noteworthy: All studies indicate that a-cytoplasmic factor

(receptor?). is required for GA to haVe an effect on gene
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_expression. GA-specific RNK‘transgripts}aré always isolated

:,éftér whole aleurone cells or their protopla tsﬁhave'been

_been feported to result in a specific respéns
feqhiremeht’by'nuclei for a soluble (cytoplasmic?) factor was

_prepg?ing undamaged nuclei could, however, als result in this -

-

~ phenomenon. Further support for the presence o:

vaidenCe for the Existence of GA Receptors'.

Diffefentiél regulation of the 2 groups of a-
isozymes which are encoded by 2 different sets of structural
genes located on different chromo%pmes'Has been ob efvedbby

Chandler et al. (1987) and Ho et al. (1987). They observed that

GA receptors in.

the mRNA for the group with a high isoelectric pbin (p1) is .

induced by GA, withih;B to 4 h and;reachés'a'maximum at 12 to 16

h Pefore declining to low levels at 24 to 48 h. In contrast, the

mRNAs*for the low pl isozymes are present at low concentrations
even in,phe‘absence of.GA3 but incfeésekseyeral—fold with GA;

treatmeht. High levels of these hRNAs persist for at ledst 48 h
(Chandler et al. 1987). The éA—récéptor may; éherefore; interact

i
with several chromosomal sites.

Work by Muthukrishnan et gl. (1983b) suggests that induction

]

of a-amylase mRNA by GA iequﬁres one_of more concomitantlyl
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Ce

synthe51zed proteln(s) as 1nh1b1t10n of prote1n synthe51s by bj»’ﬁ

.cyclohex1m1de results 1n a drastlc decrease in a- amylase mRNA

S -

‘levels even when GA is present. No further reports on thlS

potent1a1 regulator appear to have ‘been publlshed

8 ’ s

_The role of ABA in these processes*is’not'clear. ABA

inhibits GA-promoted changes in -gene transcription (Jacobsen and

Lﬁeach 1985, Zwar and Hooley 19@517 Recent work -from the B

laboratories of Ho and Jacobsen suggests that'ABA inducesbthe

,synthesis:of,a protein\that inhibits GA;induced'mRNA.synthesis
(Chandler et al 1987 Ho et al. 1987) Furthermore, ABA may
also 1nfluence GA- 1nduced drotern synthe51s by hav1ng minor
effects on.post-transcrlptlonal processes (H1gglns et al. l9éé)t'

ABA action on the GA receptor appears to be unlikely. .. .

In addition to controlling gene transcrlptlon GA may also

1nfluence the synthes1s and/or turnover rates of intracellular

membranes, espec1ally the ER, and thereby affect prote1n

synthesis and'secretion. Evidence for such action is,’honever;'

mostly circumstantial.pThus Collins et al. (1972) reported

increased 2P incorporation into cytidine triphOSphate‘within 30

min of GA application. The authors suggested, -but diddnot

demonstrate, an inioivement of these nucleotides ‘in membrane
biosynthesis. gctivation independent of de novo protein~

synthesis, of phosphorylchollne cytidyl transferase and
phospnorylchollne—glycerlde,transierase,hasabeencobseryedclnccacccaaca

\
barley aleurone w1th1n 2 h after GA treatment (Johnson and Kende

1971).'These enzyme's catalyze,the incorporation of



-

phosphatidylcholine (lecithin) into membranes. In vitro

" membranes have been reported by Evins and Varner (1971) and have

. reported‘to,be tollowed”hyrinoreases in rough ER.(rER)”andw¥m

‘applicatlon and is lﬂhlbltEd by ABA (Ben- Tal and Varner 1974)

act1vation of these enzymes occurs within minutes after GA3

GA-promoted 1ncreases 1n lec1th1n 1ncorporation into ER

.

g -

:been attributed to an increased turnover rate of membrane

constituents (Johnson and Kende 1971). These events,have;been

-

polysomes starting 4 h after GA treatment'(Jones'1969, Vigil and
Ruddat 1973). The rER has been associated with the synthesis of

secreted proteins such as a-amylase (Jones and Jacobsen 1982).

;.Some of the nonsecreted a-amyla§§ isozymes may be produced in

the polysomes. However, a direc{ieffect of GA on rER and
‘ l

: polysome synthesis'as_suggestedﬁby Collins et al.“(1972)rhas s

Rodaway and Kende

[ai]

been questioned by the biochemidal studies o

(1978). Also, Gibson and Paleg ﬂ1976) observed no GA-induced )

rehangeslin~therlevelsmeéﬁeytoehfomefe—reductase7~aﬂmarkerfof—ER;u¥~———

-

membranes, and Zwar and Jacobsen (1972) detected no significant

2

changes in uridine and adenosine incorporation into rRNa due to
GA. Colborne et al. (1976) criticized the work of Jones_(1969)
and Vigil and Ruddat (1973) for a lack of control micrographs of |

-t

aleurones incubated in the absence of GA,. However, their own

- ultrastructural study was-chagacteriZed by a paucity of figures

showing‘the effect of GA treatment Nevertheless, Colborne et

al. (1976) did show that extens1ve ER development occurs

1ndependent of external GA3 appllcation during early

re
-

germination.
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It is not clear whether'the observed"changes’in membrane -

componentsfare,a,dlrectAconsequencewoiAGAmaet%en—ef—that—they—see———~—

uare 1ndependent events accompanylng other metabollc change.
whether GAa d1rectly affects rER and polysomes and thereby
regulate& post transcrlptlonal processes also remains:

unresolved.

;A,direct involvement of membrane l{ggds in_ GA actionihas

been suggested by Singh and,Paleg'(19855 These authors exam1ned

~dwarf wheat which contains a le51on at the Rht 3 gene The

response of thlS mutant to GAa as measured 1n4terms of hydrolase'

~ production by aleurone and leaf elongatlon is retarded (Ho et
al. 1981). Slngh and Paleg (1985) observed that thlS mutant has.
lowiievels of phosphat1dy11nos1toi, -choline, and —ethanolam1ne
in the aleurone tissuevcompared to the normal,AGA—responsive,_

tall wheat.‘Low temperature incubation or a 4 h IAa exposUre of

rzsynthesis of'theSe\phospholipids and an,enhanced‘response;to GA§
(Singhﬁand Paieg 1986) . The authors suggested that the |
eorrelation between membrane lipid composition and GA;-indyced
d—amylase synthesis_points to membranes as determinants of GA
Sensitivity,and sites of GA receptors However,. the authorsvdid
not examine the p0551b111ty that dlfferences in gene

G

availability, transcrlptlon translatron or ER membrané

prollferatlon exist between the dwarf and tall cultlvars Such '

d1fferences could affect the ability of the dwarf to respond>to'

GA gpplioations. In this context, it may be worth noting that

120 - Y
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cnanges im membrane llpld compdS‘thﬁ‘tan*have*prcfbund‘eftects

on 1ntr1n51c membrane protelns (Carruthers and Melch1or 1986),H

The literature oh the a1eurone'systemfclearly establiShes

that GAs can influence gene expre551on resulting in a spec1f1c

hormonal response; A soluble aor extranuclear,receptor appears to

.

be involved in .the mechanism of GA action. Such a receptor

remains to be purified and characterized. It is llkely that the

GA receptor interacts with a number of targets,‘such es
different regqulators of gene expression. The role of GAs in

controlling cellular membrane organization.remains unclear.
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I. Examination of Other In Vitro Assays for GABP

<4n,additioﬂ to the DEAE filter assay‘a number of otherf

methods for separat1on of bound from free l1gand were examlned

,w1th the hope of developlng an. alternatlve sens1t1ve technlquei

for detectlon-of GABPs \'

1. Sephadex G-25 minicolumn assay S

a. Materials and Methods
o

The assay procedure followed’that described by Tuszynshi EE.';
al. (1980) ySephadex’G—ZS‘(Pharmacia)-was swollen‘in Buffer B
‘ahéfpacked under gentle suction into 1 ml p1pette t1ps
..(#230—1196 Y3K, Evergreen Scientific, Los Angeles CA) which had
a small glass fiber plug at the outlet. These tips were chosen .

as the1r length exceeded ‘that of other de51gns and allowed

‘i R i ,ﬂr;.

complete separation-of a 100 ul mixture of Blue Dextran (eluted)
' and phenol red (retained)Aunder conditions used for the assay.
_The minicolumns were‘fittéd onto 10 X130 mm test tubes and

excess buffer was removed from the columns by centrifugation at

200g, 2 min.

Al1quots of 'incubation mixture were assayed by loading 50 or;
100 ul allquots onto the m1n1columns at 2 C. The columns were

then centrifuged at 200g, 2 min. Samples of the eluate were then

L

collected and rad1oact1v1ty measured as descr1bed prev1ously
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b. Results n

[

" The results from the G-25 minicolumn assay were inconclusive

(Tah‘le Ht). R,eéeptor-typefinding appears t6 be detectable forr

100 ul samples of G-ZS eluate. However,‘data variation wasfvery ‘i,’
high-'some'data for replicates differed b§'one order of
magnitude. These results have, therefore, questionable ValldltY'

The method was labor 1nten51ve and had many sources of

variability. It was therefore abandoned.

<

2. Nitrocellulose filter assay

a. Materials and Methods

This assay is based on the ability of nitro%ellulose
membranes to bind proteins and with them bound ligands. The

procedure of Inoue et al. (1983), who used -cellulose ester

, membranes,forwtheaassaymoflthyroidlreceptorsWWasmadoptedfeeffff7;444

‘Membranes (type HAWP, 0.45 u,*%.5 cm diameter, Millipore

LW

Corporation) were soaked and then rinsed with'0.5 ml Buffer C

under suction on a filtration manifold Fifty ul samples of
incubation mixtures, ‘prepared as described prev1ously, were then

applied. This was followed by a wash with Buffer C volumes as.
. w . /\ - ) . . .

. shown 1in 'Results'. Membrane-bound radioactivity was measured by

scintillation,counting»as describéd'previously,
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"abie*ﬂT"Ass5y‘6f‘Gx‘bTﬁaThg‘f6‘G‘25‘eiUate‘US““EE“SEﬁHEEE?*““

G-25 m1n1column assay.
‘Data represent average cpm. eluted from columns G-25" eluatea

~ was assayed at a proteln concentratlon of 3. 0 mg- ml".

3

¥

Incubation Sample - Buffer - .G-25
‘ ' ' volume B . . eluate’
50 nM [*WlGa, . 50 70 o
+ 5 uyMGA, 50 w1l - " 120 70 , o
+ 5 uM GA, ‘ : : 30 : 140
"+ 50 uM GAME . 70 80
50 nM [®HlGA, = 390 1,060
+ 5 uM GA, 100 ul : 540 , 500
+ 5 iM GA, | . 650 - 720
+ 50 uM GA,ME - 8100 . . 880
A
—
- -\w ‘
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b. Results — —

3

Y .

‘On the basis of the results*shown in Figure HT, a'120;mlc
wash volume was chOsen to remove unbound [3H]GAQ from
n1trocellulose fllmers. In a‘furﬁher experlment w1th these‘ -

- L
membranes the effect of sample volume on [3H]GA, b1nd1ng in the

., absence and-presence of an excessrof GA, was measured. Column

buffer and G- 25 eluate were used in the 1ncubat10ns. The
presence or absence oj cucumber extract d1d not . greatly affecthi
b1nd1ng data over the volumes assayed (F1g H2). Thusfalthough
total b;ndlng,ln_the presence of G-25 eluate was about twice as
high as in its\absence,'specific'binding values did‘not,differ
significantly from background binding. The results SUggested
that under the conditions used‘very'little GABP“is boundnby the:

membranes. This assay was therefore fot pursued any further.

.3; Polyethyleneimine-treatéﬁ'glass;fjberffiltermassay

"a. Materials and Methods

~ Bruns et al, (1983) have shown that acidic proteins‘(pI lessx“"

than 7) are’ stron%;y bound by the polycatlonlc polymer”:
polyethylenelmlne (PEI) They have used PEI coated glass f1ber

.f1lters successfully for the assay of a number of an1mal

receptor proteilns. - Thelr procedure was followed for - testlng 1ts .

~ use for\\hBP assays. Whatman GF/B glass fiber fllters (2.5 cm

diameter) were soaked 1n 0.3% (v/v) PEI in water, ‘pH 10, for 2 h

before use and were placed on a filtration manifold without
o

-
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Figure Hi. Effect of wash volume on [°H]GA, binding to o,
nitrocellulose filter paper. ' ‘ '
Fifty ul aliquots of incubation mixture containing 64 nM
(3H]GA, in Buffer B were loaded onto nitrocellulose filters.
After 1 min, suction was applied. and filters washed w1th
different volumes of Buffer C.
Total cpm applied per filter = 153,000 cpm.
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Figure H2. Effect of sample volume and presence and absence of

G-25 eluate on [*H]GA, binding to nitrocellulose membranes..\

' Samples of incubation mixtures containing 50 nM [’H]GA, in

~ the absence and presence of 5 uM GA, were applied to filter
disks yielding total and nonspecific binding values,
respectively. 'Specific' binding was determined by
subtracting nonspecific from total binding.
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v

N washing Duplicate 50 ul samples of”incubations of 50 nM . [3H]GA. N

~

1n buffer B or G=25 eluate, were loaded onto the filters.‘

Various volumes of.Buffer C were used as lndlCated/fﬂ 'Results'

to remove unbound radiolabel. Bound radioactivity was measured

by scintillation counting as described previously}

b. Results

PEI-treated glass fiber filters also did not bind

‘significant amounts of GABPV(Fig. H3)r

4. Ultrafiltration membrane assay

a.  Materials and Methods o ; |

”This method is based on an approach used by venis (1985) for

the assay of auxin binding proteins. Separation of bound from

free hormone 1is achieved by passing the incubation mixture

t bi’ eug h-a semipermeable membrane with defined pore size. —

Rebeptor—bound hormone is expected to be’ retained by the

membrane while unbound GA is washed through Discs (2.4 cm

diameter) of the 2 types of ultrafiltration membranes, purchased

from Amicon Canada Ltd., Oakville ON, were tested PM20 (Lot

2960) and YM10 (Lot 2800) were used. According to the 5upp11er 3
the PM20 membrane is made from an 1nert nonionic polymer which

tends to ‘bind hydrophobic molecules and has a molecular weight

cut off for globular protelns of 20 kdalton Compared to the

-_—

,PM2Q the YM1O membrane is more hydrophilic and has low%protein

bindipg properties. It has a molecular weight cut-off of 10
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« Figure H3. Effect of wash volume on [3H]GAu'binding'to

PEl-treated glass flber fllters in the absence and ptesence
of G-25 eluate.

Fifty ul aliquots of incubation mixture were loaded onto

filters and immediately washed w1th the volumes of Buffer of
indicated.

Total cpm applled to each filter = 215,000 cpm.

»
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For therassa - 1@9 #l samplesfotrLneubatien—m%x%

,loaded onto presoaked membrane dlSCS ‘under- suct;on. The effect

of different wash volumesras well as competitors was tested,
Membrane—boundvradioactivity was measured by_scintillatipn
counting as described previously.

b. Results o . SO , - B R

The PMZO ultrafiltratlon membranes seem to have a- greater

'protein b1nd1ng capac1ty and better flow properties than the

YM10 filters. A wash volume of 2 ml appeared-to,be~su££igient

.. for the removal of unbound radielabel (Fig. H4). This wash

-

required about .5 min and was used for a-follow- up experiment

in which binding- 1n ‘the presence and absence of differentv

‘competitors was assayed. Some GABP appears to be-retained by the h;"

PM20 filter (Table H2).‘However, the difference between binding

data 1n the presence. and absence of G-25 eluate was quite small
(compare w1th DEAE cellulose filters, Table C2). This

u-trafiltration assay d1d, therefore, not appear very promising.
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Figure H4. Effect of wash\vdlume on [3H]GA, binding to

ultrafiltration membranes in the presence and absence of
G-25 eluate. 7

Fifty nM {®H]GA, was incubated in the presence and absence
. of G-25 eluate. Aliquots (100 ul) were loaded onto
ultrafiltration membranes under suction and bound
radioactivity determined.

Total cpm applied per filter = 250,000 cpm. With YMIO0
membranes, washing times for volumes greater than 0.5 ml
exceeded 10 min and thus were not assayed. l
A |
!
\
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SRS ,777Tabl

ultraf11trat1on‘membrane discs 1in absence and presegce of
G-25 eluate. :
Seakeé~membfaﬂe~dfses—wefe~f%nsed

- Aliguots of 3Incubation mixture were passed through under

suction and fllters washed with 2 ml Buffer C to remove

-unbound: rad10act1v1ty Data represent cpm bound per 100 ul

sample. G-25 eluate was assayed at a prote1n concentrat1on
of 3.6 mg- ml" . v

~ Incubation ~ Buffer G-25

- R S B  eluate
. 50 nM [3H]GA‘, 500 - 690
+ 5 uM GA, 350 490
\ + 5 uM GAj e 390 480
s -+ 50 uM GA,ME B L 320 . - 570

3
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~ and/or EOntehtration of the GABP. 'Centriflo’ membrane cones,

-I1. Further Attempts at GABP Purifﬁcation '

¥

Y. Ultrafiltration

a. Materials and Methods

-

Two types of ultrafiltration devices purchased from Amicon

Canada Ltd, Oakville, ON were tested for increasing the‘purity."

| CF25 amd CF50A, (25 and 50 kdalton cut-off[ respectively) were'

used in a centrifuge. at 800g. Diaflo ultrafiltersgPMiO and
XM100A (10 and 100 kdalton cut~off, respectively) were used in a

model 8050 stirred ultrafiltration cell on ice.

" b. Results

Receptor—type binding was retained By both 25 and 50 kdalEon

membranes, however, spec1f1c b1nd1ng was not 1mpréved (Table

© H3). Drsplacement,oﬁ L—H]GAf—byeGATME wa5~}ncreased—4n—theAeonefef 77777

fractions. Thls may reflect some changes in.the conf;guratlon of
rhe'GA binding site of the- GABP. No protein and no GABP—type
biﬁding was observed in.the fractions not retéined by the
filters; Slow speed, l1m1ted capac1ty,»and var1ab111ty in flow

rates between cones 1ed to the. d15cont1nuat1on of the1r use.

10 kdalton stlrred cell filters retalned GABP Total [3H]GAu

binding 1ncreased data guality was however poor (Table H4) :
Results obtalned with 100 kdalton stlrred,cellmultratiltratumlgef;ff

membranes were also inconclusive.
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Table H3. B1nd1ng of l’H}GA. to- DE32 eluate retalned by 2 types
o ' of ultrafiltration cones. :
s o Particulates were removed from DE32 eluate at-7 ,000g, 5 min.
: ' ~ The supernatant was loaded into the cones with dlfferent
.- molecular weight cutoff. The cones were repeatedly
- centrifuged at: 8003 and washed with buffer B.

. - Incubation - 'DE32 eluate , >25 Kdal l‘$50'kdal
50 nM [HIGA, " © 0.38 ©0.34- 0.34
+ 5 uM GA, - : 0.18 - .0.08 - 0.13 E
£ 5 pgMGAy, 0,23 . U0.15 0.17 Lo
+50 uM GA,ME 0.34 0.23 0:23 ‘ ‘ :
Pt
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Table H4. Blndlnq of [’HJGA. to DE32 eluate retalned by 10 Kdal
"~ ultrafiltration membranes.
Particulates were removed fromMDE32 eluate at 7000q, 5 min..
The 5upernatant was loaded into a stirred ultrafiltration
cell containing a 10 kdal ultraflltratlon membrane. The
sample was concentrated under pressure and repeatedly
washed. Data ‘represent pmol [’H]GA, bound- mg" prote1n.~

N . =R

" Incubation ' DE32 eluate® >10 Kdafa“>10 Kdalb
50 nM {*H]GA, 0.23 S 0.41 0130
+ 5 uM GA, -~ 0.100.. 0.27 - 0.0 7
+ 5 uM. GA,; . B 0.10 0.38 0.09 B
+50 uM GA/ME - 0.18 0.35 . 0.14 '

3assayed at a protein concentration of 1.2 mg-ml-'
assayed at a protein concentration of 3.7 mg‘ml-'.

e e
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All tvoes of ul;raflltratlg membranes had slow flgg rates

‘w1th the relatlvely crude proteln solutions ‘used. In the stlrred

‘ cell system prec1p1tates would form suggestlng denaturatlon of

prote;ns. , B _ -Q‘
2. Nondissociating PAGE

4 a. Materials and Methods . . /

.Preparative; nondissociatihgyéAGE'was performed aaopting’the
method of Abramovitz et al. (1984). A 1x12x0.3 cm stacking gelf
(3% T, 2.7% C in 0.038 mM'Tris-HCl" pH 6. 5) was Icast ona

. pre- electrophoresed separating gel (12 3x12x0‘8 cm, é%‘T,'2}7%f
C) in Tris—-glycine electrode buffer (0 192 M glyc1ne O}OS\M
'"Tris, pH 8.6). This buffer was also used in the upper and lower

buffer chambers and maintained at 1 C.

Lyophlllzed DE32 eluate was resuspended in buffer B, washed

- and reduced 1in vclume on’ a CSOA ultraflltratlon cone. A portion .
,of the >50 kdalton fractlon was retained for assay, the rest
(2.6 ml, 6 mg proteln) was diluted with 0.6 ml sample treatment

buffer .and loaded onto,the stacking gel.

A current of 230 mA (900 V) was applied for 15 min followed
"by 70 mA'coﬁstantkcurrenf for 30 min when the brodBppenol blue -
" (BPB) dye front had migrated 2.5 cm into the separating gel. The

top 3.5 cm of the’ slab gel were d1v1ded into 5 strips whlch were

inserted into 50 kdalton cut- off dlaly51s bags (Spectrapore 6,

3.4 cm, Spectrum Medical Industrles, Inc., Los Angeles Ch).

l138



Also, a 1.5 cm wide,strip in front of the BPB ‘front ‘was

- - Gel fragments—were‘remov

gave satlsfactory protein moblllty and banding patterns.

‘collected for 'Control". Electroelutlon of prOtelnS from the gel'

-

"strlps was- performed w1th 150 v constant voltage at 2 C for 2 h.

by centr1fugatlon. The supernatant

was washed with buffer B'a} concentrated in a CF50A

.-

ultraflltratlon cone for assay.

h. Results-
7:Therfeaslbllltyrof;recoverlng7GAB§ frohieXtracts )
fractionated on nondenaturing polyacrylamide gels.was tested.

DE32 eluate was loaded on preparatlve slab gels" and . |
electrophoresed 4 cm 1ntokthe slab.\Recovery of total prote1nsr o
by_electroelutlon followed by ultraflltratron was poor (25%).
Table H5 shows that no GABP ‘activity was recovered by this
procedure. A follOWjup-experiment was performed. This indicated

that this loss could have been due to GABP denaturation during

exposureﬁto,thefelectrQth:ESismbuifer+ﬁTablemﬂﬁmshomshthatg
during the minimum time required to perform preparative -
electrophoresis, 5 h, considerable loss of specific binding

occurs. The'electrophoresssvbuffer used was at pH 8.6 but has an

N

~actual operating pH near 10 when used during electrophoresis. A

number of other buffer systems Which accordlng to Jov1n et al.

-

(1978) are supposed to operate near pH 7, were tested but none

3
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Table ‘HY Blndlng of [?HIGA, to DE32 eluate before and after
pr parat1ve PAGE.
- DE32 eluate was assayed before and after preparat1ve

electrophore51s. A sample that was electroeluted from a 1.5

cm wide gel strip in front of the bromophenol blue dye front
was used as a control. Data represent [*H]GA, bound :

(pmol-mg-" protein), except for control (pmol ml-').

t

Incubation . ~ control . D.;32 eluate :
: _ before PAGE 'afterlPAGE
oo - - s0 M [HIGA, 0 0.33 0 T 0.5T LT 04T
- '+ 5 uM GA, \ 0.26 0.25 0.40
+ 5 uM GA, © 0.25 .33 0.41
+50 uM GA, ME 0.27 0.42 0.40
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Q abl O nreparati Ye ogo 641 D - on
' [3H]GA. b1nd1ng ‘to DE32 eluate :
»DEBZ’ eluate was assayed at time 0 ( ntrol) and after 5 h
Ce o represent [3H]GA. bound (pmol mg" pro m). Percentage
T S - [*H]GA, displacement given in parenthesis. =~ ¥
Incubation. control buffer B~ PAGE buffer
50 nM [*H]GA, 0.40 0.51 . 0.35
+ 5 uM GA, o 0.16 (59) . 0.20 (60) 0.26 (28)
+ 5 uMGA, . 0.29 (28) = 0.25 (51)  0.28 (22)- o
"~ +50 uM GA,ME 0.34 (13) 0.35 (33) - 0.32 (10)
= 5«-‘
= .

s B

e
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