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Abstract-A linear increase m poly(A) polymerase activity (34-fold) m hypocotyls of germmatmg mung beans was 
accompanied by a parallel increase in the levels of poly(A)+ RNA (4-16 hr). The enzyme activity dechned at subsequent 
stages of seed germination (28-52 hr) without a similar downward trend m the levels of poly(A)+ RNA The mhtbitton 
of enzyme activity could, however, be alleviated by ion exchange chromatography on DE-52. This indicated the 
presence of some inhibitory factor which Interfered with the poly(A) polymerase activity m the ammomum sulphate 
fraction precipitate. Thus a direct relationship is indicated between the rise m the acttvity of poly(A) polymerase and 
the increased levels of poly(A)+ RNA m the hypocotyls of germinating embryos. Administration of cycloheximtde 
(20 pg/ml) strongly inhibited poly(A) polymerase activity m the hypocotyls, thereby indicating the requirement of de 
nouo protein synthesis. Conclusive proof for the de nouo synthesis of poly(A) polymerase was achieved by labelhng the 
enzyme WI uiuo with 35SO:-. The 35S-label was recovered in the cysteine and methtonme residues of the purified 
poly(A) polymerase. Thus it became evident that the stimulation of poly(A) polymerase activity m hypocotyls is 
primarily achieved by the de nouo synthesis of the enzyme. Transcriptional activity was, however, not mandatory for 
the synthesis of poly(A) polymerase, since cordycepin (250 PM) failed to block the rise m the enzyme activity 
Apparently, poly(A) polymerase is synthesized from its stored mRNA in mung bean hypocotyls Curiously, the 
cordycepin-treated hypocotyls exhibited a significant stimulation of poly(A) polymerase activity (34 fold) over that of 
the controls. It 1s envisaged that the drug blocks the transcrtption of the mhibttory factor of poly(A) polymerase and is 
therefore mdirectly responsible for the stimulation of enzyme activity The 3H-labelled reaction product of poly(A) 
polymerase was resistant to the hydrolytic actton of RNAase A and RNAase T, The labelled product was also 
retained on the affinity matrix of ohgo (dT)-cellulose This proved the polyadenylate nature of the in uitro synthesized 
reaction product The M, of the mung bean poly(A) polymerase 1s 120000. 

INTRODUCTION 

The widespread occurrence of poly(A) polymerase (E.C. 
2.7.7.19) has been reported both In plant and animal cells 
[l, 23. This enzyme is responsible for the addition of 
poly(A) sequences at the 3’ terminus of hnRNA and 
mRNA [3]. Thus poly(A) polymerase is of crucial import- 
ance during RNA processmg and could play a key role m 
the control of gene expression m eukaryotes [4, 51. 
Poly(A) polymerase has been purified from a variety of 
animal tissues, such as calf thymus f-61, rat liver nuclei [7] 
and hepatoma cells [8], and tts M,, subunit structure and 
kinetic properties determined. Surprisingly, poly(A) poly- 
merase has not been so far purified from any plant tissue 
and consequently, nothing is known about its subunit 
structure and kinetic properties. 

In wheat aleurones and excised wheat embryos, 
poly(A) polymerase is regulated by gibberellic acid at the 
post-transcriptional level [4, 5, 9-J. Concomitantly, the 
phytohormone also enhanced the relative abundance of 
poly(A)+RNA both m wheat and barley aleurones 
[l&12] In addition, high levels of poly(A)+RNA have 
also been reported m GA,-treated seedlings of castor 
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beans, maize and hazel [13-151. Inhibttion of poly(A) 
polymerase activity by cyclohextmide and ammo actd 
analogues m wheat aleurones and embryos has indicated 
that de nouo protein synthesis is necessary for the en- 
hancement of poly(A) polymerase activtty [S, 91 Never- 
theless, conclusive proof for the de nouo synthesis of 
poly(A) polymerase has yet to be established 

In rat hepatoma cells, the activation of poly(A) poly- 
merase is achieved through the process of phosphoryl- 
atton of the enzyme [ 161. Thus the regulation of enzyme 
actlvtty could occur m the absence of transcriptional and 
translational activities of the cells. 

In the present mvestigation, we have observed a direct 
relationship between the stimulation of poly(A) poly- 
merase activity and the relative abundance of 
poly(A)+RNA m mung bean hypocotyls. Conclustve 
evidence has been presented for the de nouo synthesis of 
poly(A) polymerase Inhibttor studies indicated that this 
RNA processing enzyme is translated from its stored 
mRNA. 

RESULTS 

Stimulation of poly(A) polymerase and poly(A)+ RNA 

Dry excised mung bean hypocotyls contamed sub- 
stantial poly(A) polymerase activity (1.4 x lo3 picomol/ 

1037 



1038 M MA i-HUR et al 

AMP mcorporated/mg protem) m an ammomum sulph- 
ate prectpttable fraction (30-50% satn). A lmear Increase 
m poly(A) polymerase acttvtty (3-Gfold) was observed m 
hypocotyls during embryo germmatton (I6 hr, Ftg I). 
This rise m poly(A) polymerase activity was associated 
with a parallel increase m the levels of poly(A)’ RNA (9- 
fold) m hypocotyls (Fig I) At subsequent stages of 
germmatton (28.-52 hr), there was a constderable declme 
m the activity of poly(A) polymerase m the hypocotyl 
tissue However, relatively high levels of poly(A)+ RNA 
were maintained at these stages of embryo germmatton 
(Fig I) With a view to ascertammg the molecular basts of 
the decline m poly(A) polymerase acttvtty, we fractton- 
ated the ammonmm sulphate fraction prectprtate 
(3(X50% satn) by DE-52 ton exchange chromatography 
at different stages of embryo germmatron (1248 hr) A 
time course study revealed that there was no decline m 
poly(A) polymerase acttvtty m the DE-52 fracttons 
(Fig 2) Thus tt became evident that some mhtbttory 
factor was responstble for the reversible macttvatton of 
poly(A) polymerase The mhtbttor of poly(A) polymerase 
activity was conveniently separated by DE-52 chromato- 

graphy 

Regulation of poly(A) polymerase through de novo 
enzyme synthesis 

Treatment of germinating mung bean embryos with 
CHI (20 pg/ml) severely mhtbtted (79%) poly(A) poly- 
merase acttvtty m the hypocotyls m comparrson to the 
control (Fig 3) Thus enhancement of poly(A) polymerase 
acttvtty m mung bean hypocotyls IS dependent on de nova 
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Fig 1 Trme course study showmg the actlvlty of poly(A) poly- 

merase and the levels of poly(A)+RNA m hypocotyls, excised 

from germmatmg mung bean seeds Ammomum quIphate frac- 
tlon precipitate (3&50X satn) was prepared from the mung bean 

hypocotyls for the assay of poly(A) polymerase actlvlty In a 

parallel experiment, total RNA was Isolated and fractionated on 
ohgo (dT)-cellulose for the separation of poly(A)‘RNA 
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Fig 2 Time course study showmg the stlmulatlon of poly(A) 

polymerase acttvlty m cordycepm (250 PM)-treated hypocotyls 

Mung bean seeds were germmated for different time Intervals m 

the presence and absence of cordycepm (250 /LM) The enzyme 

actlvlty was measured m the DE-52 fraction 

protein synthesis Conclustve proof for de now synthesis 
of poly(A) polymerase was obtained by labellmg the 
enzyme VI ULUO with “SO:- Poly(A) polymerase was 
purified to ca 2980-fold. This was accompanied by the 
increase m the specific radtoacttvtty (ca 68-fold) of the 
purified enzyme fraction (see Table 1) The purified 
poly(A) polymerase gave a single protein band on native 
acrylamtde gels thereby proving the electrophorettc hom- 
ogeneity of the enzyme The catalytic activity of this 
protein band was determmed by shcmg the gel and 
elutmg the enzyme protein from each slice The single 
actrvrty peak of poly(A) polymerase thus obtained (Fig 4) 
corresponded with the posttton of the protein band on 
nattve gels. The “‘S-labelled purtfied poly(A) polymerase 
was also fractionated on acrylamtde gels Scannmg of this 
gel (2 mm strtps) revealed a single radtoacttvtty peak 
comctdent with the poly(A) polymerase acttvtty peak 
(Ftg 4) Further charactertLatton of the labelled poly(A) 
polymerase revealed that the ‘“S-label was incorporated 
mto the methtonme and cysteme residues of the enzyme 
(data not presented) These observattons clearly proved 
that de noun syntheses of poly(A) polymerase was necess- 
ary for the enhancement of enzyme acttvtty m hypocotyls 
of germmatmg mung bean embryos 

Blosynthesls oj poly(A) polymerase from zts stored mRN.4 

Cordycepm (250nM), a potent mhrbttor of trans- 
crtption, faded to stop poly(A) polymerase acttvity m 
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mung bean hypocotyls; instead there was significant 
stimulation (3-4-fold) of enzyme activity m the drug- 
treated tissue (24 hr; see Fig. 2). Thus clearly indicated that 
the biosynthesis of poly(A) polymerase does not require 
fresh transcriptional activity during early seed germi- 
nation. Apparently, poly(A) polymerase is synthesized 
from its stored mRNA. With regard to the stimulation of 
poly(A) polymerase activity in cordycepin-treated hypo- 
cotyls, we consider that the drug possibly blocked the 
transcription of the inhibitor of poly(A) polymerase en- 
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Fug 3 Inhtbttion of poly(A) polymerase acttvity m mung bean 

hypocotyls by cyclohextmtde Mung bean seeds were germinated 

in the presence and absence of CHI (20 pg/ml) for different ttme 

Intervals Poly(A) polymerase activtty was measured m the 

Rg 4. In vruo labelhng of poly(A) polymerase with 35SO:- m 

germmatmg mung bean hypocotyls The dry excused hypocotyls 

were tmbtbed (24 hr) m a medmm contammg ssSO:- for 

labellmg the protems tn utvo Poly(A) polymerase was purdied to 

electrophorettc homogenetty from the 35S-labelled and un- 

labelled hypocotyls and then fractionated on the nattve acrylam- 

tde gels (10%). The gels were shced and eluted for determmmg 

the poly(A) polymerase acttvtty and the ssS Iabelhng of the 

enzyme Stammg of gel with sdver mtrate revealed a smgle 

protein band The enzyme acttvtty peak and the 35S-labelled 
ammomum sulphate fraction prectpttate (3&50X satn) radtoacttvity peak were co-mcident wtth each other 

zyme. The low levels of mhrbttor could result in the 
apparent enhancement of poly(A) polymerase activity. 

Determmatton of M, of poly(A) polymerase 

Polymin-P fraction was subjected to gel permeation on 
Sephacryl S-200 column A single molecular form of 

1 
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Table 1. Purtfication protocol for the 35S-labelled poly(A) polymerase from mung bean hypocotyls 

35S-label mcorporation 

Poly(A) polymerase activity mto the protein fraction 

(umts/mg Punficatton Increase in specific 

Purification step protein) (fold) (dpm/mg protem) radtoacttvtty (fold) 

Crude fraction 14 10 13x104 10 

Polymin-P fractton 45 I 32.6 100x lo4 1.1 

ATP-Sepharose affimty 4177 8 2984.0 889~10~ 684 

chromatography followed 

by DE-52 fractronatton 

Mung bean hypocotyls were germmated m ssSO:- for 24 hr. Poly(A) polymerase was purified to 

electrophorettc homogenetty Incorporatton of 35S-label mto the protem fraction was determmed at various 

steps of the enzyme punfication In a parallel expertment, poly(A) polymerase was purtfied from the 

unlabelled ttssue. Poly(A) polymerase acttvtty was assayed at dtfferent steps of enzyme punfication. One 
enzyme umt 1s defined as one nanomole of AMP mcorporated mto the poly(A) product in 60 mm at 37” 
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poly(A) polymerase elutmg between 90 and 120 ml was 
obtained with a M, of 120000. 

Characteruatlon of reaction product of poly(A) polymerase 

The 3H-labelled reactlon product was characterized by 
its specific bmdmg to an ohgo (dT)-cellulose afimty 
matnx. The reactlon product was retamed on the ohgo 
(dT)-cellulose and was Isolated by washmg the affinity 
matrix with the elutlon buffer (Fig 5) Thus the bound 
radloactlvlty on the affinity column represented the poly- 
a&i-&ted- react1n-r prc&ct The 2H-i-~‘bc-ied reactron 
product was also reslstant to the nucleolytlc actlon of 
RNAase A and RNAase T,, thereby provmg the syn- 
thesis of poly(A) stretches under our assay condmons 
(Table 2) 

Fraction number 

Fig 5. Charactenzatlon of “H-labelled poly(A) reactlon prod- 

uct by affimty chromatography on ohgo(cellulose The jH- 

labelled reactIon product of poly(A) polymerase was annealed on 

ohgo (dT)-cellulose matnx as described m ExperImental The 

bound poly(A) product was released by washing the column with 

elutlon buffer (TnsPHCl 10 mM, pH 7 6) Rddloactlvlty was 
measured m each fraction (500 ~1) 

Table 2 Characterlzatlon of ‘H-labelled reactIon product 

of poly(A) polymerase 

Addltlons 

Acid-msoluble 

product (dpm) 

3H-labelled 

reactIon product 

5499 

3H-labelled reactlon product 

+ RNAase A (10 pg/ml) + RNAase 
T, (10 knutz/ml) 

5340 

The ‘H-labelled reactIon product of poly(A) polymerase 

was treated with RNAase A and RNAase T, for one hr. The 

labelled product, msensltlve to treatment with nucleases, was 
precipitated with TCA (5%) and collected on Whatman 

3MM discs for measurement of Its rachoactlvtty content 

DISCUSSION 

A rapid upsurge m poly(A) polymerase activity in 
mung bean hypocotyls could be responsible for the 
parallel rise m the relative abundance of poly(A)+RNA A 
slmllar posltlve correlation between poly(A) polymerase 
and poly(A)+RNA has been reported m the GA,-treated 
excised aleurones and embryos of wheat [S, 9, lo] 
Blockmg of poly(A) polymerase activity by CHI m the 
hormone-treated tissue simultaneously lowered the levels 
of poly(A)+RNA [9] Slmdarly, tn pea eplcotyls, the 
auxm-mediated-mhlbltlon 01~poiy(A) poiymerase activity 
was associated with a dramatic decline m the levels of 
poly(A)+RNA [17] In germmatmg wheat embryos, the 
mfectlon of tissue by a fungal pathogen resuited m a 
strong mhlbltlon of poly(A) polymera$e actlvlty with a 
concurrent parallel decrease m the ievels of 
poly(A)’ RNA [ 18, 193 Thus It seems logical to conclude 
that the regulation of poly(A) polymerase m plant cells 
does Indeed modulate the total levels of poly(A)+RNA 

The rise m the actlvlty of poly(A) polymerase was 
strongly mhlblted by treatment of the mung bean hypo- 
cotyl tissue with CHI (present work) This mdlcated that 
de now protem $ynthesls IS necessary for the stlmulatlon 
of poly(A) polymerase actlvlty In cereal aleurones and 
embryos of wheat, both CHI and ammo acid analogues 
strongly blocked the GA,-stimulated poly(A) polqmerase 
actlvlty [S, 91 However, conclusive proof for the cfe no~o 
synthesis of poly(A) polymerase 1s now presented m mung 
bean hypocotyls. This was essentially achieved by 
labellmg the enzyme with ““SO; zn czz’o. Poly(A) poly- 
merase has been purified by ATP-Sepharose affimty 
chromatography Acrylamlde gel electrophoresls of the 
purified enzyme on native gels revealed a smgle protem 
band, thereby proving the electrophoretlc homogeneity 
of the enzyme preparation Fractlonatlon of 35S-labelled 
purrfied poly(A) polymerase revealed a smgle radloactlv- 
lty peak co-incident with purdied unlabelled poly(A) 
polymerase The -“S label was ultimately recovered m the 
methlonme and cysteme restdues of purified poly(A) 
polymerase We conclude that the enhancement of 
poly(A) polymerase activity m the mung bean hypocotyls, 
during early germmatlon of embryo, IS Indeed achieved 
through the de now synthesis of the enzyme molecules 

The umque feature about the regulation of poly(A) 
polymerase activity m wheat aleurones [S], wheat em- 
bryos [9,20] and mung bean hypocotyls (present study) IS 

that rt IS translated from Its stored mRNA durmg germl- 
natton of seeds This blew IS based on the fact that 
blockmg of transcrlptlon by cordycepm did not curtail 
the mductlon of poly(A) polymerase By contrast there 
was addItIona enhancement of poly(A) polymerase actlv- 
lty m drug-treated wheat embryos [9] and mung bean 
hypocotyls We consider that cordycepm possibly blocks 
the synthesis of an mhlbltory factor of poly(A) poly- 
merase The enhanced actlvlty of poly(A) polymerase 
could be observed with the maskmg of this mhlbttor 
Thus the drug does not seem to have a direct stimulatory 
effect on the poly(A) polymerase actlvlty In germlnatmg 
excised wheat embryos, the stlmulatlon of o-dlphenolase 
IS not dependent on fresh transcription, but does require 
de nouo protem synthesis This suggested that o-dlphenol- 
ase IS translated from Its stored messenger already present 
m the ungermmated wheat embryos [21] However, m 
this system, cordycepm failed to bring about the en- 
hancement ofa-dlphenolase actlvlty as has been observed 
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for poly(A) polymerase in wheat embryos [9] and mung 
bean hypocotyls 

EXPERIMENTAL 

The seeds of mung bean (Vrgna radlata, Var PS-16) were 

procured from the Indtan Agrtcultural Research Institute, Kar- 
nal, Indta. Carrier free 35SO:- and [‘HI-ATP (SCt/mmol) were 

purchased from Bhabha Atomtc Research Centre, Indta. Sep- 

hacryl S-200 was a product of Pharmacta Fme Chemtcals, 

Sweden. ATP, PVP, Polymm-P and polyethylene glycol (M, 

20000) were obtamed from Stgma, USA The DE-52 ion- 

exchanger and Whatman 3MM chromatographic paper were 

procured from Whatman Ltd, England The M, cahbratton ktt 

was purchased from Boehringer, F R G All other reagents were 
of analytical grade ATP-Sepharose was prepared m our labora- 

tory according to the procedure given m 1221 Primer RNA was 

isolated from germmatmg wheat embryos as described m [23] 

Isolatm of hypocotyls Mung bean seeds were surface stertl- 

tzed wtth HgCl, soln (0.02%) for 10 mm and then thoroughly 

rinsed wtth sterile dust H,O. The seeds were germinated m sterile 

distdled water contammg chloramphemcol (50 kg/ml) In 

another set ofexperiments, the seeds were uuttahy imbibed m the 

absence and presence of cyclohextmtde (20 pg/ml) or cordycepm 

(250 PM) for a period of 4 hr m the dark at 25” Thereafter, the 

seeds were transferred asepttcally to flasks contammg water, 

CHI (20 pg/ml) or cordycepm (250 PM) and allowed to germi- 

nate at 25” in the dark on a shaker (100 rpm) Chloramphemcol 

(50 pg/ml) was added m the medmm as a bactertctdal agent The 

hypocotyls were manually clipped from the seedlings at different 
time Intervals, frozen m hqutd N, and stored at -60”. 

In vtvo labellmg of protems m excised mung bean hypocotyis 
wth 35SOf Dry mung bean seeds were crushed m a Waring 

blendor and sieved through meshes of vartous sizes for separ- 

ating large pieces of cotyledons The excised hypocotyls were 

manually ptcked and stored m an air-tight bottle at 4” The dry 

excised mung bean hypocotyls (30 g) were surface sterilized with 
HgCl, soln (0.02%) and rinsed several ttmes ( x 6) with sterile 

dust H,O and then germinated m sucrose soln (2% w/v) 

containing 35SO:- (40 mQ) at a concentration of 300 &i/ml at 

25” m the dark on a shaker (100 rpm) Chloramphemcol 

(50 pg/ml) was added to the medium as a bactenctdal agent 

Enzyme preparation. Mung bean hypocotyls were homogen- 

tzed m Trts-HCI (50 mM, pH 8 0) contammg 2-mercaptoethanol 

(5 mM) Polyvmyl polypyrrohdone (2%, w/v) and actd-washed 
sand were added during homogeruzatton The homogenate was 

centrifuged (10000 g for 15 mm) and the pellet fraction was 

discarded The clear supernatant was subjected to (NH&SO, 

fracttonatton (3(r50% satn) The pptd proteins were collected by 

centrtfugatton (10000 g for 10mm) The protem fraction was 

dissolved m an ahquot of Tns-HCI (20 mM, pH 8.0) containing 

2-mercaptoethanol(5 mM) and dtalysed against the same buffer. 
All operations were carrted out at 4” The desalted enzyme 

fractton was employed for the assay of poly(A) polymerase 

activity 

The dialysed (NH&SO, fraction precipitate was subJected to 

ton exchange chromatography on DE-52 The column was 

eqmhbrated with Trts-HCl buffer (20 mM, pH 8.0) contaming 

(NH&SO4 (50 mM), 2-mercaptoethanol (5 mM) and glycerol 
(20%) The (NH&SO, fraction ppt. was diluted to a protem 

concentratton of 5 mg/ml. Solid (NH&SO, was added to the 
enzyme fraction to achieve 50 mM concentration of this salt The 

unbound fraction from DE-52 contaming poly(A) polymerase 

activity was concentrated against polyethylene glycol, followed 

by dialysis This enzyme fraction was destgnated as DE-52 

fraction 

Assay ofpoly(A) polymerase. The assay mixture (300 ~1) con- 
tamed Trts-HCI buffer (100 mM, pH 8.0), MnCI, (2 mM), dith- 

tothreitol (5 mM), wheat embryo prtmer RNA (500 pg), C3H]- 

ATP 1 5 mM, (4 ~0) and enzyme fraction (200-500 pg protein). 

The enzyme assay was carned out at 37” for 30 mm However, 

the assay of enzyme in DE-52 fraction was carried out after 

mcubatmg for 60 mm at 37” The reaction was terminated by 

plating an ahquot (40 ~1) of the assay mixture onto a Whatman 
disc (3 MM) and immersed m chilled TCA (S%, 10 ml per disc) 

The unincorporated [‘HI-ATP was removed by rmsmg with 

TCA (5%, x 4) followed by a wash ( x 1) with Et,@EtOH (1 1) 
and Et,0 The filter dtscs were dried at 60” and the radtoacttvtty 

was measured as described m [4]. The spectfic acttvtty of poly(A) 

polymerase IS expressed as pmol AMP mcorporated/mg protein 

Isolation oftotal poly(A)+RNA The total RNA was extracted 

from the frozen mung bean hypocotyls by the procedure gtven m 
1231 The RNA fraction was suspended m Tris-HCI (10 mM, pH 

7 6) heated at 65” for 5 mm and chilled rapidly. The RNA soln 

was diluted to obtain a concn of 0 5 mg/ml and NaCl(2 M) was 

added to obtain 0 5 M concn of the salt This sample was loaded 

onto an ohgo (dT)-cellulose affinity column (2 0 x 1 0 cm) 

at 4, washed extensively wtth bmdmg buffer. The bound 
poly(A)‘RNA was eluted wtth elutton buffer (Trts-HCI buffer 

10 mM, pH 7 6) at 45”. Poly(A)*RNA was determmed m each 
fraction (1 ml) by measunng A,,, This procedure IS essentially a 

modtfied version of the method for the tsolatton of poly(A)+ RNA 
given m [24] 

Charactertzatton ofreactzon product The 3H-labelled reaction 

product of poly(A) polymerase was treated wtth RNAase A 

(10 pg/ml) and RNAase T, (10 knutz/ml). The assay was carried 

out in the presence of Trts-HCI buffer (100 mM, pH 7 5) and 
NaCl(0.5 M). Omisston of nucleases from the reactton mixture 

served as control The reaction mixture was incubated at 37” for 

1 hr and was terminated by the addttton of equal vol of chilled 

TCA (10%) contammg sodmm pyrophosphate (2 mM) The acid 

prectpttable product was collected on Whatman 3MM discs for 

measurmg radtoacttvity 

Pur@xt~on oJpoly(A) polymerasefrom mung bean hypocdtyls 
Frozen mung bean hypocotyls (500 g) were homogenized m the 
presence of acid washed sand and polyvmyl polypyrrohdone 

(2% w/v) m buffer (800 ml) contammg Trts-HC1 (250 mM, pH 

7 3), Na-EDTA (0 2 mM), MgCI, (5 mM), (NH&SO, (75 mM) 

and 2-mercaptoethanol (50 mM) The homogenate was passed 

through four layers of muslin cloth and centnfuged at 10000 g 
for 15 mm Polymm-P soln (10% v/v) was slowly added to the 

supematant fraction to obtain a final concn of 07% The 

nucleoprotems precipitated by this procedure were collected by 

centrtfugatton The Polymm-P ppt was washed wtth Buffer B 

(250 ml) contammg Tns-HC1 (50mM, pH 7.3), Na-EDTA 

(0.1 mM) and 2-mercaptoethanol (5 mM). The nucleic acid 

bound proteins from the pellet fractton were ehtted with Buffer B 

contaming (NH&SO, (0 5 M). The resultmg fraction was cen- 
trtfuged (10000 g for 15 mm) and the yellowish supernatant was 

subjected to (NH&SO, fractionation (&65% satn). The pptd 

proteins were collected by centnfugatton and desalted by ex- 

haustive dialysis against Trts-HCI buffer (50 mM, pH 7 9), 

MgCI, (0 5 mM), 2_mercaptoethanol(5 mM), ZnCl, (1 PM) and 

glycerol (25%) This fractton was designated as Polymm-P 

fraction The dtalysed Polymm-P fraction was further subjected 

to ATP-Sepharose affinity chromatography [25]. The bound 

protems were eluted with eqmhbratmg buffer contammg ATP 
(3 mM). The eluted fraction from ATP-Sepharose was coned by 

dialysis against polyethylene glycol. The coned proteins were 

fractionated on DE-52, pre-eqmhbrated with Tns-HC1 buffer 

(50 mM, pH 7 9) containing MgCl, (0 5 mM), ZnCl, (1 PM), 2- 
mercaptoethanol (5 mM) and glycerol (25%) Poly(A) poly- 
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merase was collected as the unbound protem fraction The 

column was further washed with one bed vol of equlhbratmg 

buffer contammg (NH&SO, (10 mM) All the fractions were 

pooled by dlalysls agamst the above mentloned Trls-HCI buffer 
This procedure was also followed for the purlficatlon of “S- 

labelled poly(A) polymerase from mung bean hypocotyls The 

3SS-labelled purified poly(A) polymerase was fractionated on 

polyacrylamlde gel (10%) under nondenaturmg condltlons The 

gel was dried and cut mto the qtrlps (2 mm wide) and scanned for 

radIoactIvIty Simultaneously one of the gel lanes was stained for 

the vlsuahzatlon of protem bands The purdied enzyme was also 

hydrolysed m HCI (6 M) for 2 hr at I10 The hydrolysate was 

chromatographed for 18 hr usmg BuOH-HOAc-H,O (12 3 5) 
as a solvent system The dried chromatogram was radloauto- 

graphed for the ldenttficatlon of 35S-labelled methlomne and 

cysteme residues, while the authentic marker ammo acids 

(methlonme and cysteme) were vlsuah7ed by starmng with 

mnhydrm (0 3% m BuOH) 

Determmatron of M, of poly(A) polymerase The Polymm-P 
fraction was subJected to molecular slevmg on Sephacryl S-200 
(2 09 x 70 cm) FractIona (2 ml each) were collected after the void 

vol (V,= 78 ml) An ahquot of 180 ~1 from each fraction was 

employed for the assay of poly(A) polymerase actlvrty The void 

vol of the column was determined experImentally by the elutlon 

profile of Blue Dextran (4 mg/ml) under ldentlcal condltlons The 

M, of the poly(A) polymerase was determined by cahbratmg the 

Sephacryl S-200 column with marker protems m two batches 
Batch I Aldolase (M, 158 000), Huhnerel albumm (45 000) Batch 

11 Bovme serum albumin (Dlmer, l36000), Bovme serum albu- 

mm (Monomer, 68 000) The column was pre-equlhbrated with 

Trls-HCI buffer contammg 2-mercaptoethanol (5 mM), ZnC1, 

(1 PM) and MgCI, (0 5 mM) The came buffer was used for the 
elutlon of proteins 
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