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Ahrrct-There is about 50 % stimulation in the incorporation of [‘Hluridine into total RNA ofcowpca following the 
application of gibbercllic acid (GA,) and adenosinc 3’,S’cyclic monophosphate (cyclic AMP). Cyclic AMP is very 
specific in its acuon. Co-fractionation of ‘H- and “C-labcllcd RNA on acrylamidc-agarosc gels reveal a control by 

GA, and cychc AMP predominantly on its polydispcrse fraction. Roth GA, and cyclic AMP appear lo act through a 
similar mechanism. 

. ._. .-.--.- - 

ISTRODUCTION 

Cyclic AMP has ban recognized as an important regu- 
latory agent in animals, micro-organisms, fungi and yeast 

[ 141. These findings provoked the conjucture that it may 
have a similar function in higher plants. and there have 
indeed been many attempts IO test this hypothesis [S, 61. 
Recent mass spectrometric identification of this 
compound in plants [7 91 and the demonstration of the 
prcscnce of cyclic AMP-binding proteins [IO] in plant 
tissues further substantiate the view that a biochemml 
potential ~~1st~ in plants for a regulatory rok for cychc 
AMP. It may have a secondary messenger rok analogous 
10 that in animals or a primary messenger role similar lo 
that in certam bacteria. 

Cyclic AMP has been reported to mediate the action of 
certain plant hormones in the control of RNA metabolism 
m oaal cokopt~le chromatin [I I] and in seedlings of Cicer 
arrerinlrm [ 123. An immediate enhancement of RNA 
synthcsls In cytoplasmic pre-ribosomal and heterogcnous 
nuclear RNA by the application of cyclic AMP 10 
gibbcrcllic acid sensitive maiz.. protoplasts has also ban 
reported [ 133. Earlier studies with cowpca seedlings have 
Indicated that application of GA, or cyclic AMP rcsulrcd 
in an Increase in ribonuckasc activity and its &enzymes, 
and this increase was accompanied by an increase in the 
incorporation of [‘Hluracil into RNA [ 143. In the present 
study an attempt has ban made 10 elucidate the possible 
role of GA, or cyclic AMP in RNA synthesis by co- 
purifying ‘H- and “C-labclkd species of RNA and 
fractionating them on acrylamidc gels. 

RESULTS AND DISCUSIOS 

Application of GA, (10 ’ M) snmulated the incorpor- 
ation of [‘Hlundine into RNA to thccxtcnt ofc~ S&60% 
An almost similar stimulation was observed when cyclic 
AMP (10 ’ M) was substltutcd for the hormone 
(Table I). These results are in agreement with the data 

Tabk I. Effox of GA, and cyclic AMP on [‘H]undmc 

incorporarlon into RNA 
- - . - 

RNA 

Addltrons I % control) 
~-..-. .-- .- 

None 100. 

IO-’ M GA, I38 

IO ’ M GA, I65 

IO ‘M cyck AMP 130 

IO- ’ M cychc AMP I48 

IO ‘MGA,+lO”McyclicAMP 153 

IO ’ M GA, + IO .’ M cyclic AMP I60 
_.- 

seeds were gcmmard m the dark ai 35 f 2’. 

[‘H]undmc (2 rCi/ml; 27OOmC~;mmol) was added IO the 

quartz sand germmatron medium after 96 hr of gerrni- 

naIlon. whik GA, and cyclic AMP were present through- 

out the germmabon period. Seedlings me hawested after 

X hr of mcorporrl,on. The results are the average of IWO 

experiments done In duplicate. 
l 100”,, = 3.3 Y 10’ cpm;mg RNA. 

obtained in maize seedlings [ 13, IS]. Seedlings grown in 
thcprcsenceofoptimumconanirationsofGA, (lo-’ M) 
+ cyclic AMP (10 ’ M) did no~)t show any additive etTcct 
on [‘Hluridine incorporation into RNA. TIK values 
obtained were almost the same as those observed with 
GA, (lo-’ M)andcyclicAMP(IO-’ M)alonc. However, 
when the hormone and the cyclic nuckotide were applied 
together in subopcimal conantrations, i.e. GA, (IO M) 

+cyclic AMP (10m8 M). the amount of [‘Hlutidine 
into 

‘p” 
ratad into RNA was the same as that with GA, 

(IO- M)orcyclicAMP(l0~‘M)aloneatthciroptimum 
concentrations. This suggested that both the hormone 
and cyclic nuckotide might be acting through a similar 
mechanism. probably at the same sites. Solomon and 
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Mascarcnhas [I l] reported that IAA ( 10m6 M) and cychc 
AMP (IO ’ M) both stimulated RNA synthesis in oat 
cokoptiks. They interpret the results by suggesting that 
both the hormone and cyclic ouckotide act through a 
similar mechanism. Stimulation of RNA synthesis by IAA 
and cyclic AMP was also reported in seedlings of C. 
oriefinum and this enhancement was not found to be 
additive in nature. It was suggest4 that the stimulatory 
elTcct of IAA on RNA synthesis is mediated via cyclic 
AMP [ 123. 

As is evident from Table 2. the response to cyclic AMP 
was found to be highly specific, since various related 
compounds failed to enhance RNA synthesis. To as- 
certain that theobserved stimulation in RNA synthesis by 
GA, or cyclic AMP was not a result of degradation 
products entering the alls, which do eventually provide 
an additlonal soura of nitrogen or phosphorus. the 
effects of inorganic nitrogen (KNO, IO mM), inorganic 
phosphorus (KH,PO., SmM), and a few amino acids 
(5 mM) were also tested on [‘Hluridinc incorporation 
into RNA. None of these compounds could mimic the 
action of cyclic AMP, indicating that cyclic nuckotidc 
acted spccitically in invoking such a response, and the 
question of non-pcrmcability of plant alls to this nuc- 
kotide does not arise. Some workers have already shown 
that cyclic AMP does enter the plant cells [ 16, 171. 

The stimulation of RNA synthesis elicited by GA, or 
cyclic AMP was extremely sensitive IO the action of 
inhibitors of RNA synthesis (actinomycin D and cordy- 
apin). S-Fluorouracil (S-FL)), however. was less effective 
(Tabk 3). This indicated a control of GA, and cyclic AMP 
on the synthesis of all specks of RNA, preferentially the 
minor spbcics. These results were further substantiated 
when RNA was isolated, purified and fractionated 

In preliminary experiments (data not given), when RNA 
prepared from seedlings incubated in the presence of 
[‘Hluridinc was fractionated on gels, very little GA, or 
cyclic AMP-promoted differences were observed. In order 
for thedifferenas in minor species present in the region of 
low counts to be detected, the sensitive labclling method 
used by Chandra and Duynstce [ 181 and later adopted by 

Tabk 2. EtTcct of cychc AMP and related 
compounds on the mcorporation of 

[‘H]uridnk mto RNA 
_. - .- 

RNA 
Addmons (O; control) 

~ - .- 

None 100. 
10 ’ M cyck AMP 152 
IO ’ M admilK 101 
IO-’ M S’-AMP III 
IO-’ M ADP 108 
IO ’ M ATP 124 

Sacdcwerr~natcd~nthc&rt;aI35~2’. 
Adcnmc. Y-AMP. ADP. ATP and cychc AMP 
were pracnt through0111 the period of gerrm- 
nauon. Saadliags raised for 96 hr were used for 
iocorporauon of [‘HJuridioc (2Ki/ml; 
2700 mCi;mmol) for another 8 hr. The rcsul~s 

are the average of three expcrimcnts done in 
dupbcatc. 

.100”, = 3.16 x 10’ cpm:mg RNA. 

Tabk 3. EfTa? of actinomyaa D. cordycqnn and S-tluorour~l 
(5Fti) on the [‘H]undine incorporation into RNA 

- -.- _ ._ ___ -. - ._ .- 

RNA 
Additions ( O/b conrrol) 

Nooc 100. 
IO-' M GA, 162 
10 ’ M cychc AMP 150 
IO r&iml actinomycm D 35 
5 Y IO-’ M cordyapm 25 
1.0 mM 5-FU 62 
10 ’ M GA, + IO ge;ml acuonomyno D 40 
IO-’ M cyclic AMP + IO r&ml actionomycm D 45 
10 ‘M GA,+5x IO ‘M cordyapin 30 
10~‘McyclicAMP+5x10~‘Mcordycqn 28 
IO ’ M GA, + I.0 mM S-FL’ 77 
IO ’ M cyclic AMP + 1.0 mM 5-FU 71 

For experimental conditions, sa kgcnd of Table I 
l looO~ - 3.4 x I@ cpm/mg RNA. 

20 ~(.cAMP/.H,O) 

I --I*n,.,..) 1 
16 - 

Y 

,I 

Sllc6 no 

Frg. I. EfTcctofGA,(lO ‘M)andcyclrAMP(IO ‘M)onthe 
mcorporation of [‘Hlundinc and [‘H]adenosmc into RNA 
fracuons scpmd by PAGE. The RNA was prqrared from 
cowpca seedhogs incubated for 8 hr. in water ( + HaO;’ + HzO). 
nclthcr ‘H- nor “C-taklk.d sccdlmgs contamed added GA, or 
cyclic AMP; in + GA,, + Hz0 and in + cyclic AMP: + HJO, 

only the ‘H-labelled seailings raxived GA, or cyclr AMP. 

Zwar and Jacobson [19] was used. Figure 1 shows the 
absorbam (A%,,) ofdilfcrcnt fractions of RNA and the 
‘H: “C ratio obtained when seedlings were grown in the 
prescnsc or absena of either GA, (10 ’ M) or cyclic 
AMP (10 ’ M). The nuckic acid peaks from left to right 
correspond to DNA, 2% RNA, 18s RNA and 4s RNA. As 
is evident from the figure, the overall ‘H: ‘4C ratio was 
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much higher in GA,-treated seedlings than that obtained 
in the water-grown seedlings. This effect was more 
pronounced (2- to 3-fold) in the SSl4S region of the gel 
scan. An almost similar pattern of incorporation was 
observed when seedlings were raised in the presence of 
cyclic AMP (10 ’ M). If GA, or cyclic AMP is absent 
from ‘H and “C treatments, the ‘H: “C ratio would be 
expected to be constant over the length of gel and if the 
synthesis ofany particular specks of RNA were promoted 
by GA, or cyclic AMP. this species would contain more 
‘H label than others Consequently the ‘H:“C ratio would 
be raivd in the region of the gel in which it is localized. 
Thus a rise in observed ratio in any particular region of gel 
indicates stimulation of incorporation into the species of 
RNA which run in that region. To ensure that labelling of 
RNA was due to plant RNA rather than to bacterial RNA, 
all the experiments were done under bacteria-free sterile 
conditions in the presence ofchlorampbenicol(20 rgml). 
The results indicated that both GA, and cyclic AMP 
stimulated ‘H-label incorporation into the RNA species 
but the effect was not the same for all fractions of RNA. A 
high ‘H: “C ratio observed in the SSl4S region in- 
drcated the presence of GA,-stimulated RNA or cyclic 
AMP-stimulated RNA in this region. The overall counts 
obtained in the region containing ribosomal RNAs were 
very large compared to those in the SSl4S region. The 
small increase in ratio suggests the presence of GA,- 
stimulated RNA or cyclic AMP-stimulated RNA in this 
region too. Thus GA, or cyclic AMP enhanced con- 
siderably polydisperse RNA synthesis besides a compara- 
tively lower increase of pre-ribosomal RNA. Comparison 
of RNA synthesis patterns induced by cyclic AMP or GA, 
resulted in very impressive similarities. 

Earlier studies [20] on the same plant material had 
shown that both GA, and cyclic AMP treatment resulted 
m the synthesis de notro of ribonuckase. The increase in 
nbonuckase activity was quite sensitive to inhibitors of 
RNA synthesis. This is probably a good indication that 
the synthesis of most of the hydrolases may be regulated 
by GA, or cyclic AMP in this plant material. To equate 
the production of these enzymes with GA,-stimulated 
RNA or cyclic AMP-stimulated RNA, inhibitors of RNA 
synthesis, i.e. actinomycin D. cordyapin and S- 
fluorouracil. were tried to see the labelling pattern of RNA 
on gels in their presence. When actionomycin D was 
supplied with GA, or cyclic AMP, it reduced the in- 
corporation of radioactive label to slightly kss than half 
the original value in the ribosomal region whik there was 
almost a 7&!30% inhibition in the incorporatron in the 
polydisperse rcgron. This showed that both GA,- and 
cyclic AMP-mduad synthesis of all the specks of RNA, 
especially polydrsperse fraction, were equally sensitive to 
actionomycin D inhibrtion (Fig. 2). Cordyapin. a well- 
known inhibitor of mRNA synthesis, when tried together 
with GA, or cyclic AMP resulted in inhibitron of 
incorporatton of ‘H-label in the 5s 14s region specifi- 
cally (Fig. 3). When S-Auorouracil was included together 
with the different treatments the incorporation in the 
ribosomal regions was sensitive to a larger extent with no 
or very little effect on the incorporation into the poly- 
disperse fraction (Fig. 4). These results corresponded well 
with the inhibition of ribonuclcascs with respective inhibi- 
tors [ZO]. 

The GA,- or cyclic AMP-induced RNA occurred over 
most of the gel scan but the increase in ratio was more 
prcdommant in the polydispcrse region, indlcativc of a 

,a A (.cAMPlrM,Ol 
.rL~rcudPrktaw4~) 

t4 -_(&&.I 

Fig. 2. Inhibitory effects of mxioomycio D (Act. D) on the GA,- 
and cyclic AMP-t incorporation of [‘HJuridine and 
[‘HJadmosim into RNA frrctions separated by PAGE. 
Coaditions were the sarr~ as for Fig 1. cxczpt that OIK of the 
treatments containat actinomycin D (IO &ml) in odditioo IO the 

normal treatmeats. 

,,_a ( .cAYPI.HIO~ 
Jl. (.cAMP rCOnDr/~npl 

14 --(An,-) 

Fi 3. bbihtory dlba of adyapin (CORDY) on the GA,- 
and qdic AMPdeoauknt utwrpomcioa of [‘HJuridmc and 
[‘H)dcwdnr into RNA fractions scparatal by PAGE The 
coodicionrwtrrt&nmc~forFi~l,cxocptlhrtoacofthc 
treatments contained wrdyupio (5 x 10.’ M) ia addition to 

aomul tratmetlts. 
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1. nc.n,o/.n,o1 
.r\.l.n,O.(IFU/.u,O) 

,o 1 -r*z*,.- 1 1 

SllCO no 

Fig. 4. Inhibnory etTcct of 5-Ruorouracil (S-FU) on tbc GA,- 

and cyck AMPdependent incorporaiion of [‘H]uridmc and 

[‘H)adcnosinc into RNA fractions separated by PAGE. 

Conditions were the same as for Fig, I, exapt 1ha1 in addition IO 

normal trealmcn1s, one Ircatmen1 contained S-fluorouracil 

(I.OmM). 

control by GA, and cyclic AMP on transcription. The 
results obtained, when discussed in the light ofearlier data 
on ribonuclcase [ 14.203. suggest that in cowpea seedlings 
both GA, and cyclic AMP appear to control the various 
processes by synthesizing new mRNAs specific for dif- 
ferent hydrolysing enzymes. These mRNAs, having dif- 
ferent M,s. together constitute the polydispcrse fraction 
of RNA. 

Comparison of RNA patterns induced by GA, or cyclic 
AMP show that both the hormone and cyclic nucleotide 
are acting through a common mechanism. It is possible 
that phytohormones cfkct processes which regulate the 
cyclic AMP kvels within the all and that the cyclic 
nuckotide in turn regulates gene expression. 

EXPERIMENTAL 

The se& of cowpca ( Vignu SWNIJ L.) were surfaa srenlized 

with a 0.1 ‘A so)n of HgCl, for 5 mm. rinsed thoroughly with 

stcrikdistilkd water (SDW)atxi lhen presoaked in SDW for 4 hr 

in the cold. They were allowed 10 germmate at 35 2 2. m Petri 

plates containing a&-wasbal quaru sand. Chloroamphcnlcol 

(20 r@nl) was added IO prevent bacterial contammation. This 

compkte step was performed on a Larniner flow bench IO help 

maintam sterik condiuons. 

The CIT~CCS of GA,. cyck AMP. AMP. ADP. ATP. adcnmc. 

morganic nitrogen (KNOJ), tnorganic phosphorus (KHIPG.). 

amino oc~ds (kuan, pbenylalaninc. tryptophn, tyrosine. mcth- 

totuneand proline) were also studied dunng gcrmmatton, as were 

those of the mhlbrtors of RNA synthcsu (actinomyan D. 

cordyoepm and S-tluorouraal) 

For the incorporalmn of [ ‘H]uridinc mto RNA. ~hc seedling 

were grown in the dark in 1hccontmuous prcscna of rcapcctiwly 

GAJ,c~&~AMP.AMP.ADP.ATP.~~c~I~KH~PO~.KNO~. 

amino acids. actinomycin D. cordyaptn and 5-Auorouracil 

containtng chloroamphcnwd (2O~rglml). The seedlmgs were 

harves~cd af1er 96 hr and mcubated in [‘Hluridinc (2 tit/ml; 

27OOmC1/mrtml) for a period of 8 hr in the pm of the 

rcspsclive lrcalmcnts. The conlrols were processed in lbc same 

way excot SDW was used instead of the treatment. RNA was 

ex~ractcd in IO vols. of a soln contaming 0.01 M Tris HCl @H 

9.0). 0.05 M NaCl. I Y/e sodium In-loopropyl naphihakt~ sul- 

pbona1c and 6’, butan-2-o) NaCI wax further added to gin a 

final concn of 0.5 M. An equal vol. of PhOH.Hz@8- 

hydroxyqumohne~mcresol(50: )0:0.05:7, Viv;WIv)wasadded 

and Ihe rmxture was shaken vtgorously at 25”. Tbc ~xturc was 

then amrift@ at ISo g for 2 min and the aq. phase and 

tnlerphou were rc+zx1rrtcd wtth CHCI, until the interphase 

duappcarcd (approx. 2-3 t~mcs). RNA was prcctpita1cd from the 

aq. phase with 2 vob. of 95 ‘/, EtOH m the cold. 

TO maxtmtxe the chances of dctactlng GA,- or cycbc AMP- 

induocd changes in RNA. the fractionation of RNA on ac- 

rylamide gels was done by employmg the labcllinp method of 

Zwar and Jacobson [ 191. To each of the two Petri plates 

containing IS seedlings (96.hr-okl) [‘H)adenosinc (2Ki;‘ml; 

2500 mCi!mmol) and [‘Hlundinc (2 #Zl/ml; 2700 mCijmmol) 

were added. To a third Petri plate containing IS sudlings 

[ “C]adcnosmc (0.5 rCi;ml. 500 mCi:mmol) ad [ “CJuridinc 

(05j1Ct,ml; 450mCi:mmol) were added. The seedlings were 

1otally immersed m the incuhatlon medium with constant 

shaking. The temp. of incubation was 25’. All the treatments 

contained chlorampbmicol(20 fig/ml) IO prevent bcitil con- 

taminauon. The seedlings were harvcsred afta 8 hr of incuhauon 

and washed wnh I mM uridinc and adcttos~ne. The 30 sealltngs 

mcubatcd wnh ‘H-label were mIxed wtth IS seedlings labclkd 

wnh “C and thar RNA extracted followmg the proaaiure 

dcxcnbcd above. This 1rcatmenI was designated as +H,O/ 

+H,O. Dtffercnl sets of lab&d sccdlutgs were prepared by 

following the same procedure cxczpt 1ha1 ‘H-lab&d medium 

contamed the respecttre treatments. These were designated as 

+ Tr: + HaO. 

RNA (30 4Org) was subJcc1af 10 ckctrophorcsis on 2.4% 

acrylarmde gels according IO the melhod of Locning [2l] bui 

modified by the add&on of 0.5% agarosc [22]. The gels were 

scanned at 265 nm and froxen tn hquid N, and sliced into I mm 

discs. Each sbcz was then transfcrrcd 10 a sctn1~lla1lon vial and 

solubiltxcd ut 0.5 ml 300% HIOJ a1 60’ for I2 hr [23]. The 

radioactivity contents of the viaLs were measured In a liquid 

scmtillatlon counter usmg Bray’s scintillation tnix1urc [24]. The 

dprn values for both ‘H and “C werecalculated by means of the 

XI of equations deJcribcd tn ref. (251. A rise or fall in the 

observed ratio In any pariicular region of gel. as a result of a 

particular treatment. will indicate stimulauon or inhib1ion of 

incorporation in10 the spccm of RNA present in that region. 
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