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Thu matezular mv:-.ham:m af ligh sngﬁ:\l lrnmduw.!mn in plants medinted by the photosensar phymchmme i not well nndr‘.‘rsmud The: pmsuhﬂuy

that phitackome initiates the signal trunsduetion chisin by moduluting 4 G-prolein-like receptor is examined in the present werk. Etiolated Avena

seedlings conntin Geprotging us examined in rerms of the binding of GTP ns well ix by erossreaction with mammalian Goprotein antibodies. The:

binding of GTP wus regulated in vive by redstur-red light. The passiblainvalvement of G-preteins in the phytechreme-mediated signil transdugtion
“in elmlmd Avend uecdlmsu hak been impl:cmcd fram the uudy af the ngm regulated expression of lhe c‘nb wnd phy BONEX,

Avene sutive; GTP- hmdmp pratein; thuregulumu: S:gm\! lramsduumn

1. INTRDDUC’T[ON

‘ Lxghl plays a cntn.al role in. thc dcvclopment of .
~ plants. The photosensor molecule for the red/far-red
reversible morphogenetic and developmental responses:

“of plants is  phytochrome  [1,2]. The molecular
mechanism of phytochrome in light signal transduction
processes in plants. is‘largely unknown, although in-
volvement of caleium ions and the phosphor ylation of

proteins in the photo-signal transduction processes have

been proposed in plant systems [3,4,5]. In ‘animal
signal-transduction, G-proteins play a pivotal role.

These proteins belong to a highly consetved family of
proteins - that couple receptors to various effector

systems [6]. At present; 2 families-of GTP- bmdmg pro-

teins have been characterized; (i) heterotrimeric GTP- .
binding proteins (G»pmtems} composed of a, & and -
:subumts (e.g. uamducm], and (11) small moleculal

dny

Abbrevimr'onf: BSA, bovine serum a!bunii'lg; Cab, chlorophyl] asb-

" binding protein gene; DTT, dithiothreitol; GTP-binding proteins or
~ G-proteins, guanihe nuclectide binding proteins; GDPAS, guanosine -
S stou(2-thindiphosphate); . GTP»S, guanosine 5'-0-(3-thiotriphos-
phate); PBS.'phosphale buffered saline with 0,9% NaClin 10 mM- .

sodjum - phosphate, pH 7.2 phy, phymchrome gene; PIPES,

.. piperazine-N,N!-bis(2-ethanesulfonic . acid); - PMSE, - phenyl-

mc{hylsulfcmyl fluoride; SDS, sodmm dodecy! sulfdle, SSC saling
md:um ciirate.

. Correspandence address; P-S. Song,  Institate for -Ceklular‘and

. 'Molecular Photobiology and Departient of Chemistry University of
 Nebraska-Lincoln, NE 68588-0304; USA. Fax: (1)(402) 472 2044, .

Published by Elsevier Scignce Publishers B.V. ‘

* Dcdmmcd lo Prolc.ssor W Haupt on me ocmsaon ol' his TOtt birth-

weight GTP-binding proteins (20-30 kDa; ¢.g. ras on-
cogenes) (7). Modulation of G-protein activity (GTP
binding and/or its hydralysis) by receptor-catalysis and

~ covalent modification with bacterial 1oxins via ADP-

ribosylation I6 8)is pamc.ularly relevant to the presc.nt
study., ‘ _
‘The prcsencc of GTP- bmdmg pao:ema in plants has

been reported in ¢crude extracts of Lentha pmzc:cosmm
- [9], in spinach thylakoid membranes [10}, in zucchini
hypocotyl fraction [11] and in the plasma membrane of

several plants [12]. DNA sequences homiologous to the:
oncogenes #pb, ras and src have been detected in Zea
mays [13], and 2 genes, ¢ne homolegous to the ras-

related gene Tamily (ara) and the other to the G- protein -

a  subunit (GPAI)} have been mcently cloned .
Arabidopsis thaliana [14,15]. 1t is noteworthy that

" over-expression of the yeast RA4 52 gene in Nicoriana af-

fects the cell viability -and mitotic division [16}. The

" presence of  GTP-binding proteins: has also’ been
‘reporsted in green algae [17,18]. In the present paper, we

describe results from the study of the relationship be-
tween phytochrome and its possible effector G-
protein(s) in the Light Signa_l trans_duqﬂon in Avena.

2 MATERIALS AND METHODS

Plam imeterial S
‘ Averm sative’ L. seedlings - (ov Garry. oal Agriculver - Co.,

 Trumansburg, NY) were grown in the dark on moist vermiculite for
- 3.5 days at 25°C and harvested urder: ding green light as described

prev:ously [19]. Etiolated plant extract was prepared from fresh tissue

mixed in extraction buffer (25 mM PIPES, pH 6.4, 0.24 mM EDTA,
-1 mM MgCls, and | mM PMSF) using a ratio of 0,75 g of msu; per
~ ml of extraction buffer. The mmture was homogenized m.an Ultra
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Turrm T"S hﬁn.aamlzcr for | min at mnimum mpem.i (24(100 pm}.
fined centrifuged for 206 min at $O00 % g, The supernstanl, vantaioing

cyrosolle snd membrang fracifone, was wied i plaat exiraet. Protein
CORTEn way determined by wxing lam lih:\ le pratéin mwﬁy bated on
lhe ﬁmdf’am method.

2.2, OTP-binding nssay - :
Assay-far the binding of l“'ulL:TPy.‘a w® C‘.TP bmdinu proteing wax

performed according 1o & modifieation of the previouily dewribed

methad [20], Reaction mixiures (200 sl finub volume) comuined

Avenir seedling extrace {30-209 4 protein) in-20 mM PIPEY, pH 6.4,
0.1 mM EDTA, 0.1 M NaCh L5 mM MgClz,and 0.1 M PMSF, The

Teaction was initialee by adding 1 aCi of I“ﬁ‘lt:TP*s 1326 Cizmmol
{NEN Research Products, USA) and watk earried out 1 23%C for 30

min: The reaction was stopped by adding B00l oT'a charcout selwmisn |

containing 7.5% {w/v) activated churcoal, 1% (w/vl BSA, 0.2%

(wv) dextran and 20 mM PIPES, pH 6.4, Samples were centrifuged

at 14000 % g for 5 min; 1o 70041 of supernatant, 300 #1 of ¢hareval
solution was added and centrifuged as above, The resulilng superns:
tant (700 41) was mixed with 8 ml of scintilation cockiail (Researsh
Prothucts. Internationat Corp., -BSA) and the ‘radioactivity wai
caunted, The nssays were performed under diny green light,

2.1, SD8 Polyacrytamide gel efecirophoresis.

Slab gel eleviraphoresis was performed by the method of Douget
and. Trifnrd [21] using a 10%-20%s Hnear gradient rupning get dnd a
49 siacking gel. Samples were prepared-by adding 25 41 of sample
bulfer (100 mM Tris-HCl, pH 6.7, 4% $D$, 100 mM mereap-

toethanol, 10% glyceral and 0.01% Bromophenol bBlug) 1o 15 4l ol
samplé and boiling for 8 min, After electraphoresis the gel was staiped

with Coomassie biilliant blué R-230, dried into Whatman 3MM paper
and subjected to :\uwr.idwgraphy on Kadak X-Omat AR film. A Du-
Pont intensifying screen way use:l for gels coptaining #p, .

2.4, Wv.s'mm blot arml;.-.ﬂ‘s- ‘ ‘ ‘
The seedling proteins containgd in the crude extract were separated
by SDS-PAGE on 'a 10%-~20% nolyacrylamide gradient gel as

‘destribed above, The proteing were clectropharstically transferred 1o

nitrocellulose membranes. Transfer buffer containing 182 mM
glycine;, 25 mM Tris base and 20% . methanol was used. Transfer was

achieved at 100 mV for 12-16 1 ac4°C, Aflwer trarisferring the pro-.

teins, the lane containing molecutar weight markers was removed and
stained with 0.5% Ponceau red (dissolved in 1% acetic-agid) and the
rest of the membrane was imimersed in incubation solution containing
: 8% BSA'in PBS for 2 h. Primary antibodies, anti-ras p21, GA/1 or
SW/1.raised against animal G-proteins (NEN Research Products,
USA) were diluted 1:5060 in incubation buffer, added to the membrane

and ihen incubated overiight, The mémbranea were washed 3 times

with- PBS containing 0,05% Nonidet-P4D and twice with PBS. For
detecuon protein A-horseradish peroxidase conjugate was used at a

' dllutlon of 111000, and incubated for 2 h, The membrane was then
‘washed as described above, The blot was developed by placing the
membrane in'substrate solulion containing 25 mg dmmmohenz\dmc,,
340 mg i mldamle and 50 z) of H;Oz in 50 ml PBS '

- 2.5 ADP-ribosylation of GTP-binding proteins
Bacterial tosin was aciivated prior touse under the following condi-
tions: far the stock solution, 5 mg of cholera toxin was dissolved in
0.5 ml of 100 mM potassium phosphate buffer, pH 8, and dialyzed
- against the same buffer. After dialysis, 0.5 ml of 100 mM DTT was

added and the solution was allowed to stand for 2'h at room

temperature. The reaction mixture for the ADP-nbosy!auon of GTP-
binding proteins (75 4l) contained 200 mM potassium phosphate pH
8.0, 20 mM thyniidine, 5 mv DTT, 2 mM MgCls, 80 g of seedling
proteins in crude extract, § ug of thxoi-actwated toxin and 5 xCi
‘ [”P]l\AD+ 800 Ci/mmo! (NEN Research Froducts, USA). The reac-
ticns were started by the addition of [*P]JNAD". The samples were
incubated for 60 min at 25°C and the reactions were stopped with 28
#tof electrophmems sariple buffer ‘
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I'tg 1, GTP binding by proteins in ctiolated Avena seedhngs {erude
extract}. (A) Binding of GTP to GTP-binding profeins was measured
in crude extract from etiolated Avena seedtings, The samples were in-
cubated with 1 4Ci of [¥SIGTP¥S and the radicactivity counted in a
control without crude extract was decdducled from the sample counts.
As a separate control, the binding of [“S]GTP?S to cruds extract
boiled for 5 min was carried out (‘control® in panel A). {B) Saturation
of the binding of {‘5S|GTP75 was measured in samp!es containing
175 ug of crude extract proteins as a function of | mmeaﬂng amounts
of the nucleotide, A sample’ without pratein containing the same
amount of [**S]GTP,S was used as a control and was deducted from
the sample counts, () The binding of [**S]GTP,S was measured in
ctiblated Avemz aéﬁdlmg extract (150,22 of protein) by using the stan-=
dard assay containing 0.4. nM [*S)GTP+8. Nucleolides GTP (),
ATP{6), UTP (@), CTP (A ), GDP () and GDP#S (m) werc added

to the assay ai the indicated concentraiions and the binding of
U [*S]GTP45 was measured. Mean value =+ SE of 2 mdependem ex-

perlmems are mdlcated
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3.6, Iialatioe of RNA and Nurthern Ble onalysis S
o vemy A wis extradied frem eash vample of etiotawd seedlings

by wing u RNAgean™ 1ot RINA hetmion kit from Promega
AUEA). The RNA consentration was determingd by measuring the.ab-
vorbaneg at 260 nm. ANA samples (30 ap) were separated- i & for
‘maldehvde-agarose gef and blorted anto o nvlton membrane (Flybond.

M7, Amersham) ax deseribed in [32] The blogs were prehybeidiaed ay
C42°C for B & i S=S8C, = Denhardi’s solution, 048 mg/ml

denatured salmeon sperm DNAL G.1%% SDS and 30% or 3% for:

miamide {Yor Cabund phy, respectively), Hybridizadon was perform.

cu Tos 4% h in the same selution contatining 0.3 pg of “F:labeled DNA

probe. The filtens were washed far 20 min in 2 % S8Cand 0.1% SRS, -

ance at roeny temperatute and I timex s 427C, o
“The probes used for the decasion of Cal mRNA was the Pail frag-

ment af e elone pARYS, » horeralogous prabe from Pl sitivuat -

[23), phy mRNA was detected using sl feagments of 1he clone
pAP1.2: a homalagous probe From dvena sudvy (24}, The probes
were lnbelidd by nick translation (Amersham, USAYL

3. RESULTS | L
‘The assay for the binding of (**S]GTP+8, a non-

hydrolyzable analog of GTP, to GTP-binding, proteins .

has been used (o characterize these proteins in animal

cells and more recently in plant systems [9,20], We have

“used this assay to study the presence of GTP-binding

A o
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. proteins in etiolated ant seedlings. Bind'iﬁé mffﬁTPﬁ- i

upﬁm;ﬁmmely proportional to the amount of proteln
contained in the assay extract fram the. oar seedlings

(Fig. IA) and is saturable st low nucleotide concentra-

tions (Fig. 1B). Binding af nueleotide was not abserved
when the plant extract wus boiled for § min (Fig. 1A).

- OTP and ATP effectively competsd with GTPyS far

binding to the GTP-binding proteins in oat scedling ex-

tract (Fig. 1C). The binding of GTP5 was also strong-
Iy inhibited by the mammalian G-protein inhibitar
-GDPas (Fig. 1C). SR '

Far immunolegical detection of GTP-binding pra-
teing in plant extract, GA/I antibody, a rabbit an-

‘tiserum with speelfichy for the GTP binding site that

recognizes commor a-subunits, was used. By Wesiern .
blot analysis, GA/] antibody showed high specificity
for a 24 kDa protein (Fig. 2A), while no specific reac-

‘tion was observed when anti-ras p21 or antibodies

against common S-subunit were used (SW/1) (data not
shown). A 24 kDa protein from oat seedling was more.
specifically ADP-ribosylated by cholera toxin in the
prasence of GTP than in the presence of GDP ar in the

- absence of added nucleotides (Fig. 2B), Althoughother -

5

C.E. + GDP
C.E. +GTP

ol
R

97
66
42 _

31
21 _

" Fig. 2. Immuno-characterization and- ABP-ribosylation of etiolated Avena seedling proteins. (A) Western blot analysis. The proteins contained:
in the plant extract from Avena seedlings were separated by SDS-PAGE using a 10%-20% linear gradient gel, transferred 1o nitrocellulose mem-
“brane and incubatad with non-immurie serum (NI) or GA/1 antibody (80 gg in 25 m1 PBE) at 4°C overnight. The complex was detected with protein
A conjugaied 1o horseradish perosidase and diaininobenzidine. Molecular welght markers were stained. with. Ponceai red and are shown on the
left of the figure. (B) ADP-ribosylation stimulated by cholera toxin. Avera seedling exiracts containing 80 xg of protein/were indubated with
'activated-cholera toxin (50 xg/ml) and 5 xCi ["PINAD" for 60 min at 30°C in the conditions described in the text, in the présence of GDP (3 mM) .
or GTP (3 mM). The [*3P]ADP-ribosylated proteins were analyzed by SDS-PAGE in a 10%-20% gradicnt gel, dried onto nitrocellulose paperand |
. submitled to autoradiography for § days. A DuPont inténsifying screer was used for the autoradiogram. ‘
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Fig; 3, Effeet of different ligh caﬁdiliqm an the binding of G,

Eviolaed oat seediings groven inthe <ark for 3,8 diys (D) were ir-
mdiated for 5 min under the following conditlans; red light (R,

Genernl Eleeirie goldl fluoreseent famp P40 GO, 8 mWAmP); fapred, -

light {FR, Koduk satelight fiier 20, 4 mWAm3Y: red followed by far-

red tight (R + FRY; and Blue light ¢B. Edmuntd Sciemifie filer, 1.2

mW/md). After irradiation, the planty were harvested and the srude
extracts prepared. The binding of GTP 1o the exiragy protting was
measired under dine green light us described in the text. Mean vilae

= 5E of 2independent experiments are indivaed . 100%% binding mt-, .

responds o 0 &3 pmal of CuTPf"mg of proein,

R+FR

ookb—p| . @

FHH LET‘I’ERS

Muw EWI )

‘prmmns prwm [ the crude extraer were also ADP-
. ribosylated to a ‘much less gignificant extent, the effaet

way alio sensitive to the presence of GTP, Thexe effects

‘werg 101 due to overloading of the samples on the gel.

because the Coomassi¢ blue pattern did nm show these
differences (data nat shown),

The binding of I”S]GTP*;S to GTP binding prmem;
was stimulnted by 21% in plants that were irradiated for
5 min with red light before homogenization (Fig. 3).
Thix stimulatory effect was negated by far-red lighr.

_The red light stimulation was abolished when plants ir-

radiated with red light were immedintely subjected to

~ far-red light, The red/far-red responses are typical of

phytachrame-mediated réactions. Irradiation with biue

Iight also stimulated the binding of GTP,

"These results suggest that a G-protein-based signal
cascade could be involved in phytochrome-mediated
responses in vivo. [norder to test this possibility, weex..

" amined the effect of cholera toxin on well- e:harnc:erized

phytochrome-regulated gene expressions in etiolated

ot seedlings, namely the Cab and phy genes {1]. The

Cab and phy genes are positively and negatively

‘re;,ulmcd respccuvely. by red light (Flg 4A) If\:hecx-

D+CT (3.0 pofmi}

‘ D;¥'¢T (30 pg/m1) e
D+ 7 (360 pg/mi ) |
R+ CT (300 pofmi)

09KD e | |

42k b;-.,—p

Fig. 4, Effect of cholera toxin on the light-regulatéd expression of Cab and phy genes. Eliolated ont seedlings (3.5-day-old) were collected, ciit
inta 1-2 mm pieces and washed with 20 mM HEPES-KOH buffer, pH 7.0. Samples containing 1 g of tissue were incubateid with 2.5 ml of HEPES
buffer in darkness for 2 h at rocm temperature, in the absence (plant cotitrol capable of light regulation but not rreated with cholera toxid, panel
{(A) and lines 1 and 2 in panet {B) or presence of activated cholera toxin (C'T) at the concentraiions indicared. After tiiis treatment, the samples
- were kept in the dark (D) or Irradiated with red (R), far-red (FRY or red+ far-red light (R-+ FR) for 5 min and incubated apain in darkness for
"5 1 before the sturt of the RNA isolation, RNA samples (30 «g) were analyzed by Morthern blot as described in the text. Autoradiograms were
cxposed t‘or 12 h for thc phy blot. and 120 h for the Cab blot. Longer ume exposure of' the phy blot dzd not show any addmonal bands
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, prexsmn of these gﬁnm ix rﬁgu!mad by phymehmme
C{thus Hight) via & Geprotein eascade, cholera texin
would affeet the level of thelr gene expression. Using
s appreach, it is msqpﬁssihle te determine whether
the ¢ffect of cholera toxin is due 1o a modificatian in the

signal transduction ¢hain or In the tranwriptian step

jeself, Etiolated oat seedlings were incubated in difs
- ferent doses of cholera taxin clunng a 2 b dark ineuba-
' tien. The plants were then kapt in the dark (dark con-

troly, irradiated with red light (light control}, or kept in -
the dark for 5 hin the presence of activated cholera tox-

in. Cab expression was up-regulated by cholera toxin,
whereas the pliy gene was down-regulated (Fig. 4B).

Thus, remarkably, cholera toxin ¢an vegulate the ex- .

. prcssxan of these genes in me nbsance af i} hght signal.

4, D!SC‘USSIQN

The data presented in ans l *md 2 demonstrate that
" GTP-binding proteins are - present in etiolated Avena

seedling, as.assayed by the method of Hasunuma et al.
[9,20] and by Western blot. The nucleotide competition
experiments suggest that, i contrast to-mammalian G-
proteins; the Avena GTP-binding proteins have less

specificity for GTP, and ATP could compete for the -
binding domain. This specificity is similar to the results

‘observed in Lemna pavcicosiaia (9],
The GA/1 antibody showed a high spcm‘:c;ty for a 24

 kDa protein, in contrast to other antibodics used. This.

- protein has a molecular weight similar to the protein en-
coded by the are gene in Arabidopsis thaliane which is

~ homologous to the res-related gene family [15]. In addi-

‘tion, a 1ight-dep'_cudent 24kDa G-protein has recently
been “detected in'.the -eyespot of Chiamydomonas

reinhardtii which also immunoreacts with common -

subunit antisera [18]. Cholera toxin specitically ADP-
ribosylated the 24 kDa protein (Fig, 2B). The SDS-
- PAGE of both experiments (Figs. 2A and 2B) were per-
- formed with the same gel sysrem The mobility of the
molecular weight markers was linear ‘when represented
on the log scale for the molecular weight. Resolution of
- the:gel was sufficient to establish'the identity of the 24
kDa band in Figs 2A and 2B. S
Since the ADP-ribosylation of the 24 kDa protun
wa:, sensitive to the presence of GDP or GTP, it can'be
suggested that the toxin target is indeed a GTP-binding
protein. It is possible that there isa slow turnover be-
© tween the active -and inactive forms, depending on the
rate of GTP-binding and GTPase activity of the pro-
tein(s). This would account for the obscrvauon that

‘ ADP- nbosykanon is higher in the presence of GTP as .
the proportion of the active form of G- -protein(s) is -

- greatest in this case.. Although ADP-ribosylation of
-:small G-proteins in animal cells by cholera toxin has not
been reported, rho proteins (a small G-protein famnly)
can be ADP-ribosylated by a botulinum toxin [25],
Since red light stimulated GTP binding in etiolated

F‘Eﬂ& LﬁTTER‘S -

- control’ for " this -experiment,

" protoplast,
. Ca®*-dependent, red light-induced swelling of meso-

phyll’ protoplasts was inhibited by GDPAS, and 'in

- darkness or - after control irradiation ‘with far red,

- May wm'

Aveni ﬁecdlmg in vum, am:l far- mi Iight abolished. mc :

Hght suimulated GTP binding (Fig. 3, it s possible thar

G-proteins) are Invalved in the: nhyimhmmermeﬂmmd, '
light signal transductian in Avena. At first glance, &

2% lght-stimulation of GTP blnding appears to be
- smail, However, thiv amount of light stimulation may

be physielogically significant, sinée phytochrome may

activate only & G-protein involved in lght-signal
- transduction, while the bulk of the G-protein poo! isnet.

light-activatable, Interestingly, blue  fight ~also
stimulated the binding of GTP 1o lis receptor{s) in the

“extract by en 17% (Fig. 3). The observed stimulation in

GTP binding ean be explained in terms of both .

~ phytochrome and blue light receptors, since phytos

¢hrome itsel! significantly absorbs the blue light used.

Secondly, the phenomenon abserved, i.e. OTP bmdmg.‘ o

may not be dug 1o the sa-called high irradiance reaction

 (HIR), thus requiring a low fluence for the observed 3
blue light effect. Recently, a blue light- dependent GTP-

binding protein has been detecred in pea plnsmalesnnm“-

. [26]. Tt is unknown if the blue light effeet in Avena is
- due ta a G-protein: mmtlar 10 the pea protein.: '

- The hypathesis that the phyrochrome-mediated hght‘

- signal transduetion ismediated by the aetivationof a G-

protein is supported by the effect of chalera toxin on

the'expression of Cab and phy genes, shown in Fig, 4B, L ‘
‘Covalent modification of GTP- bmdmg proteins by
‘cholera toxin is known to induce the inhibition of -

GTPase and stabxhzes the protein in ils active form

- [6,8,27). Tt is significant that cholera toxin elicits a-
‘posmve expression of the Cub gene, while the phy gene.:
" is  down-regulated.

Thus, cholera toxin essentially
duplicated the light response patterns of these 2 gene ex-
pressions. We were‘uot'ablc to find a good negative’
since ' available: genes
typlcally uséd as controls: are also rcgulated by hor-, -

mones (processes also regulated by GTP-binding pro- :

teins in animal systems). In this regard, it is mgmﬁcam

“that phy gene is down-regulated by cholera toxin, thus

serving as a negative control to the up- regulation of Cab

‘gene, The involvement of a GTP-binding: protein in

phytochrome-mediated responses in plants is-also sup- "~
ported by an observauon reported in etiolated wheat
Bossen ‘et al. [28] observed - thai the

GTP9yS induced the swellmg to the same extent as after

" ‘ _‘red light treatment.

In conclusion,: the present results suggest that a G-

‘protein(s) is a signal trdnbducmg component followmg
" the phototransformation of phytochlome from its Prto

Pfr form. The observation that phytochrome ac-
celeiates the inositoiptiospholipid t‘urnove_:r‘w‘a Ca’* ion .
mobilization [29)] and activates a protein kinase [30] is

- consistent: with the present’ hypothes:s At present, we

arg not able to mdxcatc whether or not the detected

‘345 .
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small d-proteinin etwlawd Avena seedlings, whieh ean ‘
be ADP-ribosylated to cholera toxin, is responsible for
the deseribed ¢ffeet. Clearly, more study is warranted .
10, explore the hypothesis presented here. Work s i .
progress o establish the role of G- prmeins in

phytochrome-mediated smrml transduction. in genersl
anid that ofa pi kba small G-protein in pﬁrcicuiar.
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