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Abstract-The ~~ibition of poly(A) ~lymer~e activity from liver and hepatoma 3924A by several O-n- 
aikyi derivatives of rifamycin SV:3-formyloxime was studied. Only the O-n-pentyl (AF/O 12) and the U-n- 
octyl (AFI013) analogs were active at the maximum tested concentration of 1 x 10e4 M. Equivalent 
concentrations of liver and hepatoma enzymes were inhibited to the same degree by both compounds. The 50 
per cent inhibitory concentration (tc,,) for AF/Oi 3 and AF/O 12 was 1.2 x lo-’ M and 7.5 x lo-$ M 
respectively. Poly(A) polymerase activity was more sensitive to AF/O 13 if the enzyme was preincubated with 
the drug before the initiation of the reaction with poly(A) than if the reaction was initiated by the addition of 
the enzyme. Addition of AF/O 13 after initiation of the assay led to a rapid inhibition of poly(A) synthesis. 
The mechanism of inhibition by AF/O 12 and AF/O 13 of poiy(A) polymerase was of the non-competitive 
type with respect to ATP. 

Analogs of rifamycin SV with substitution at the 3 
position of the ansa ring of the molecule are powerful 
inhibitors of many eukaryotic polymerase enzymes [ l- 
91. The mechanisms of action of the semis~thetic 
rifamycin SV antibiotics have been studied with many 
primer-template-dependent enzymes including viral re- 
verse transcriptase 131, and mammalian RNA 
I6, 7, 101 and DNA polymerases 14, 111. In addition, 
the inhibitory actions of the drugs have been examined 
in the primer-dependent poly(A) f polymerase reaction 
[ 8, 12, 131. In some instances, differential inhibition of 
normal and leukemic DNA polymerases by certain 
rifamycin analogs has been reported [4, 111. The ma- 
jority of the studies with the primer-template-depend- 
ent enzymes indicates that the major effect of the 
rif~ycin SV compounds can be attributed to the pre- 
vention of initiation of ~Iymerization via formation of 
the enzym~templat~initiation complex [ 3,6,9], sim- 
ilarly to that seen with bacterial RNA polymerase ( 141. 
This appears to be due to the binding of the drug to the 
enzyme and not to the primer-template [3, 7,9], with 
the resultant effect of non-competitive inhibition [ 3,9]. 
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f Abbreviations used are: poiy(A), polyriboadenyiic acid; 
~olv(U). ooivribouridvlic acid; HnRNA, heterogeneous nu- 
;lear‘RNk; PGEM buffer, 40 mM potassium phosphate (pH 
6.8), 20% (v/v) glycerol. 0.1 mM EDTA, and 2 mM 2- 
mercaptoethanol; TGMEM buffer, 50 mM Tris-HCl (pH 
7.9). 25% (v/v) glycerol, 5 mM M&l,, 0.1 mM EDTA, and 
2 mM 2-mercaptoethanoi; DMF, dimethylformamide; and 
IQ,. 50 per cent inhibitory concentration. 

The mechanism of rifamycin ~hibition of the 
poly(A) polymerase reaction, a primer~e~ndent reac- 
tion, has also been reported to result from a binding of 
the drug to the enzyme and not to the primer 
18, 12,131. In contrast to the work with the other 
polymerase enzymes, the kinetics of inhibition were 
reported to be competitive with respect to the nucleo- 
tide substrate [ 8, 131. 

In order to investigate the mechanism of polyadeny- 
lylation with normal and neoplastic enzymes, and to 
verify that the primer-dependent poly(A) polymerase 
reaction was indeed different from the primer-tem- 
plate-dependent polymerase reactions, poly(A) poly- 
merase was highly purified from rat liver and hepatoma 
3924A. The extent and mode of inhibition of both 
enzymes were investigated with several O-n-alkyl deriv- 
atives of rifamycin SV:3-formylox~e. The results of 
this report are in agreement with the major aspects of 
the previous reports dealing with RNA polymerase, 
DNA polymerase, and reverse transcriptase but diverge 
in several aspects from earlier studies with poly(A) 
polymerase [8, 12, 13, 15, 161. 

MATERIALS AND METHODS 

Chemicals. 1 2,fG3HlATP (40 Cl/m-mole), [a- 
“PlATP (ZOCi/m-mole), and Omni&or were ob- 
tained from New England Nuclear, Boston, MA. Phos- 
ph~ellulose (Whams P- 1) and glass fiber filter discs 
(Reeve Angel, 934AH) were purchased from What- 
man, Inc., Clifton, NJ. ATP, poly(A), and poly(U) 
were obtained from the Sigma Chemical Co., St. Louis. 
MO. Oligo(rA),,, and ohgo(r were purchased from 
the Miles Laboratories. Elkhart. IN. 

Animals. Male Sprague-Dawley rats were pur- 
chased from ARSjSprague-Dawley, Madison, WI, and 
were the source of normal liver. ACI/N rats (Labora- 
tory Supply Co., Indianapolis, IN) bearing hepatoma 
3924A transplanted intramuscularly were obtained 
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from Dr. H. P. Morris, W~hin8ton, DC. All animals 
were maintained two per cage, containing aspen wood 
shavings as bedding with alternating 12.hr periods of 
darkness and light. All animals were allowed access to 
food and water as needed. 

All rifamycin antibiotics were stored in a vacuum 
dessicator at 4’ and kept protected from light. Solu- 
tions of rifamycin analogs in DMF were made fresh 
before use since it was found that the drugs in soIution 
were subject to photodestruction within 48 hr at either 
4O or 20”. The final concentration of DMF in the assay 
was 1.7% (w/v) and did not affect poly(A) polymerase 
activity. 

I~oZ~f~o~ of Ever and hepatoma nuclei. Nuclei were 
prepared by rapid perfusion of the excised liver with 
ice-cold 0.25 M sucrose-5 mM MgCl,. A 12% (w/v) 
homogenate of the liver was prepared in 2.4 M su- 
crose-10 mM MgCI, using six strokes of a motor- 
driven Teflon-glass homogenizer. Hepatoma nuclei, 
due to their different densities, were isolated in a similar 
manner except that a 14% (w/v) homogenate was 
prepared. All subsequent steps were the same for both 
tissues. The liver or hepatoma homogenate was centri- 
fuged at 40,000 g for 60 min. The pellet was washed 
with ice-cold 0.34 M sucrose-5 mM MgCl, and resus- 
pended in 5 ml of the same solution. The nuclei were 
layered over 5 ml of 0.88 M sucrose-5 mM MgCl, and 
centrifuged at 2,000 g for 20 min. The pellet confining 
purified nuclei has been previously shown by electron 
microscopy to be free of cytoplasmic tags I 171. 

Solubilization and chromat0graph.v of poly(A) PO& 
merase. Poly(A) polymerase was solubilized by sus- 
pension of the nuclei in TGMEM buffer ( 1 ml/g wet wt 
of liver). addition of saturated (NH,),SO, (adjusted to 
pH 7.9 with NH,OH) to 0.3 M. and sonication with a 
microtip probe at setting 3 (Heat Systems-Ultrasonics. 
Plainview. NY) for six IO-set intervals at 4”. The 
disrupted nuclei were dialyzed against 60 volumes of 
PGEM buffer for 3 hr and centrifuged at 100,000 g for 
30 min. The supernatant fluid was adsorbed to a phos- 
phocellulose column (1.5 x 30) and poly(Af polymer- 
ase activity was eluted with a linear gradient of 0 to 
0.5 M KCI in PGEM buffer. Peak fractions containing 
poly(A) polymerase activity were pooled and dialyzed 
against 50 volumes of PGEM buffer for 2 hr. The 
dialyzed material was adsorbed to a poly(A)-Sepharose 
column (0.9 x 10) equilibrated with PGEM buffer. 
The column was washed with 2 volumes of PGEM 
buffer and the enzyme activity was eluted with 2 vol- 
umes of 1.0 M KCl-PGEM buffer. Poly(A) polymer- 
ase was stored at -80” in 1.0 M KCl-PGEM buffer 
that had been adjusted to 50% (v/v) glycerol. The 
enzyme activity was stable under these conditions for 4 
months. 

Poly(A ) po~merase assay. Poly(A) polymerase was 
routinely assayed for 1.5 min at 3 7’. The assay mixture 
in a final volume of 0.3 ml contained: 70 mM Tris-HCl 
(pH 7.9). 0.4mM MnCl,, 0.1 mM ATP, 0.5&i 
[‘HIATP (33.3 mCi/m-mole), 10 pug poly(A) and 20- 
50 ~1 enzyme. In studies with the rifamycin SV analogs. 
the assay was initiated by the addition of 1 pg liver or 
hepatoma enzyme, unless noted otherwise. The reaction 
was terminated by the addition of 3 ml of ice-cold 5% 
trichloroacetic acid- 10 mM Na,P*O,. The precipitates 
were collected on two glass fiber filters and washed 

successively first with 10 ml of 5% trichloroacetic 
acid-10 mM Na,P,O, and then with 10 ml of 95% 
ethanol. and dried. Radioactivity was determined in a 
Beckman LS-335 liquid scintillation system after the 
addition of 5 ml of Omnifluor-Triton X- lOO--toluene 
(5 g:333 ml:666 ml) scintillation fluid. One unit of 
activity is defined as that amount of enzyme which 
incorporates 1 pmole AMP/min into acid-insoluble 
material. 

Preparation ofpoly(A)-Sepharose. CNBr-Sepharose 
4B was prepared as described I 181. A IO-ml solution 
containing 2 mg/ml of poly(A) in 0.2 M MES buffer 
(pH 6.0) was added to 10 g CNBr-Sepharose and 
stirred overnight at room tem~rature. After filtration, 
poly(A)-Seph~ose was washed with cold water, and 
unreacted CNBr-Sepharose was inactivated in 1 M gly- 
tine. After further washing with water. Poly(A)- 
Sepharose was stored at 4” in PGEM buffer. The 
coupling of poly(A) was greater than 8.5 per cent and 
was stable for 4 months. 

Preparation of poly( I/)-Sepharose. Poly(U) was 
coupled to CNBr-Sepharose according to the Lindberg 
and Persson [ 191. 

Preparatiun of poly(A)-RNA primers. HnRNA was 
extracted frop liver nuclei at room temperature using 1 
voIume of 0.3Y0 sodium dodecyl sulfate-Tris-HCI (pH 
9.0) buffer and 1 volume of a mixture of phenol- 
cresol-water (7:2: 1, v/v) containing 0.1% 8-hy- 
droxyquinoline. Polysomal RNA was extracted from 
Mg”-precipitated potysomes 1201 as described for 
HnRNA except that 0.5 volume of phenol mixture was 
initially mixed with the sodium dodecyl sulfate solution 
of RNA followed by 0.5 volume of chloroform. The 
RNA was precipitated with 2 volumes of 2% (w/v) 
potassium acetate in 95% ethanol overnight at -20°, 
and centrifuged at 25,000 g for 20 min. The RNA was 
further washed with ice-cold 95% ethanol, centrifuged 
at 25,000 g for 10 min, and drained dry. Poly(A)-and 
non-poly(A)-RNA were separated by poly(U)-Sephar- 
ose affinity chromatography as described 1211. 
Poly(A)- and non-fly-RNA were precipitated and 
washed with ethanol as described above. RNA frac- 
tions were dissolved in water and frozen at - 10’ until 
used. 

Nearest-neighbor analysis. Liver and hepatoma 
poly(A) polymerase were incubated without exogenous 
primer for 4.5 min in the presence of 3 &i [z-~*PIATP 
( 100 mCi/m-mole). The reaction was terminated by the 
addition of 5% trichloroacetic acid-10 mM Na,P20,, 
and washed as described above. The precipitate was 
dissolved in 0.3 M KOH and incubated overnight at 
37”. Nucleotides were separated by chromatography 
on standardized columns of Dowex-H’ and Dowex- 
formate, as described by Katz and Comb [221. The 
samples were lyophilized and radio~tivity was deter- 
mined alter the addition of 5 mt of O~ifluor-Triton 
X- lo@--toluene scintillation fluid. The average chain 
length was computed from the ratio off 32P1AMP to the 
sum of 3zP in all other nucleotides I23 1. 

Protein determination. Protein concentrations were 
determined by the procedure of Lowry et al. [ 241. 

Kinetic analysis. All data were plotted according to 
the Hanes modification of the Michaelis-Menten equa- 
tion [25l. In this analysis, the straight line equation is 
S/V = (l/V,,,)(S) + K,,,/V,,,. 



Rifamycin of poly(A) polymerase from rat liver and hepatoma 

Table 1. Purification of liver and hepatoma poIy(Af polymerase* 
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Fraction 

Recovery 
Total activity Total protein Specific activity of protein Purification 

(IO’ units) (mg) ( lO’units/mg protein) (%o) (-fold) 

Liver 
Nuclear extract 44.8 9.8 4.6 100 1 
Phosphocellulose 5.9 0.3 19.7 3 4 
Poly(A)-Sepharose 3.1 0.03 103.3 0.3 22 

Hepatoma 
Nuclear extract 15.2 14.5 1.0 100 1 
Phosphocellulose 2.9 0.8 3.6 5 4 
Poly(A)_Sepharose 1.5 0.1 15.0 0.8 15 

*Poly(A) polymerase was purified from nuclei obtained from approximately 25 g liver or 40 g hepatoma 
3924A, as described in Materials and Methods. Preparations obtained from liver are the average of four 
procedures (range = 52,000 to 260,000 unitsimg of protein; 1 l- to 57-fold purification), and preparations 
from hepatoma 3924A are the average of five procedures (range = 9.000 to 18.000 units!mg of protein: 9- to 
18-fold purification). 

RESULTS 

PurzQication ofpoly(A)polymerase activitySrom liver 
and hepatoma. Poly(A) polymerase activity from iso- 
lated nuclei was eluted from phosphoceilulose as a 
single peak with a linear KC1 salt gradient in a pH 6.8 
buffer. The pooled fractions were dialyzed against a low 
salt buffer and applied to a ~ly(A}-Seph~ose unity 
column. The enzyme activity eluted as a single sharp 
peak when the column was washed with l.OM KC1 
buffer. Table 1 shows the average purification using this 
rapid two-step procedure. Purification of 22- and 15- 
fold over the nuclear extract was achieved for the liver 
and hepatoma enzymes, respectively. The specific activ- 
ity of hepatic poly(A) polymerase was 5-fold higher 
than hepatoma poly(A) polymerase in the nuclear ex- 
tract, and remained 7-fold greater after poly(A)- 
Sepharose chromatography. No chromatographic dif- 
ferences between the liver and hepatoma enzymes were 
noted. 

Divalent metal requirement. Liver and hepatoma 
poly(A) polymerase activity exhibited an absolute re- 
quirement for Mn2’, while Mg2+ was unable to substi- 
tute for Mn’” at concentrations of 0.2-3 x 10c3 M 
(Table 2). The apparent K, for either enzyme was 
approximately 9 x 1O-5 M, and maximal reaction rates 
were obtained with 4 x 10V4 M MnCl,. 

N~c~eot~~e retirement. ATP was pref~entially uti- 
lized by poly(A) polymerase, whereas either TTP or 
ADP with poIy(A) as primer or UTP with poly(W) as 
primer did not result in measurable activity (Table 2). 
The K, for ATP was 5 x 10d5 M and 6 x 10e5 M for 
liver and hepatoma enzymes. respectively. The optimal 
ATP concentration was 1 x 10m4 M, but concentra- 
tions higher than four times the K, resulted in 
inhibition. 

Primer requirements. For routine determination of 
poly(A) polymerase activity, poly(A) greater than 
100,000 daltons was used as primer. The optimal 
concentration of poIy(A) ranged from 33 to 66 pg/ml. 

Table 2. Substrate and ion dependence of poiy(A) polymerase’ 

Poly(A) polymerase 

Conditions 
Liver Hepatoma 

(% Incorporation) 

Complete: poly(A). Mn”, i3H IATP 
-t3H 1ATP 
-I~HIATP, + I~HITTP 
-poiy(~j, -~WIATP: + p~kyg_r). + I~H~UTP 
-I ‘H IATP. + I “HADP 
-poly(A) 
-Mr?+ 
-Mr?+, + 0.2-3.0 mM Mg” 
-poly(A), + nuclear non-poly(A)-RNA 
-poiy(A), + nuclear poly(A)-RNA 
-poly(A). + polysomal non-poly(A)-RNA 
-poly(A), + polysomal poly(A)-RNA 

100 100 
(1 <l 
<I <I 
<l ND+ 
<l ND 
10 1 

<1 <l 
<l <l 

8 10 
42 30 

3 3 
100 50 

Ziver and hepatoma poly(A) polymerases were assayed for 15 min under optimal 
conditions, as described in Materials and Methods. The concentration of primer was 1 A,,, 
unit/assay. 

tNot determined. 
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Fig. 1. Dose--response curves by derivatives of rifamycin SV 
upon poly(A) polymerase activity. AF/EO (A), AF/08 (a). 
AF/09 (*), AF/OlO (xi, AF/OlZ (0,O). or AF/Ol3 m. 
F) were incubated for 15 min with 1 pg liver or hepatoma 
poly(A) polymerase under optimal conditions. All points are 
the average of duplicate determinations. Solid symbols repre- 
sent liver enzyme; open symbols represent hepatoma enzyme. 
Control values (units) for the liver and hepatoma enzymes 

were 100 and 15 respectively. 

Concentrations above the optimum resulted in lower 
enzyme activity and may be attributed to either non- 
specific binding of the enzyme to non-priming sites on 
poly(A) or to the sequestering of Mn*+ in the assay 
mixture. 

The poly(A) polymerase enzymes from both liver 
and hepatoma were also tested for their ability to utilize 
endogenous RNA molecules as primers (Table 2). 
Nuclear and polysomal RNA from rat liver were sepa- 
rated into poly(A)- and non-poly(A)-RNA by poly(U)- 
Sepharose affinity chromatography. Non-poly(A)- 
RNA of nuclear or polysomal origin was not very 
effective as a primer for either enzyme; however, 
nuclear poly(A)-RNA and polysomal poIy(A)-RNA 

1 

I- 

)- 

were 30-40 and 50-100 per cent, respectively. as 
effective as synthetic poly(A). 

The chain length of the reaction product of the 
poly(A) polymerase reaction was estimated by nearest- 
neighbor analysis using Iz-~*PIATP and endogenous 
primer. In this manner, it was estimated that the chain 
length of the product formed by the liver and the 
hepatoma enzymes was 25 and 8 nucleotides, respec- 
tively. after a 45-min incubation. 

Dose-response qf rifamycin analogs on poZy(A ) po- 
lymerase. A number of derivatives of rifamycin SV that 
have been shown to inhibit DNA-dependent polymer- 
ases were studied with the partially purified poly(A) 
polymerases from liver and hepatoma. Figure 1 shows 
the dose-response curves for the various rifamycin SV 
derivatives tested when the reaction was initiated by the 
addition of 1 pg liver or hepatoma poly(A) polymerase. 
No significant differences in sensitivity between the two 
enzymes to the rifamycin analogs were noted. Only the 
0-n-octyl (AF/O 13) and the O-n-pcntyl (AF/O 12) de- 
rivatives were active against these enzymes at concen- 
trations up to 100 PM. Rifamycin SV analogs with 
ethyl, n-propyl, isopropyl, or n-butyl substitutions were 
not active against these enzymes at the concentrations 
tested. The lcsO for AF/O 13 and AF/O 12, respectively, 
was 1.2 x 10-j M and 7.5 x lo-‘M with either en- 
zyme. The lcSO for AF/O 13 is in general agreement with 
those values reported by others for poly(A) polymerase 
and other polymerase enzymes. No previous estimation 
of the IC,, for AF/O 12 has been made for poly(A) 
polymerase. 

The relationship between substrate concentration 
and enzyme activity in the presence of inhibitor is 
shown in Fig. 2. Under conditions were the assay was 
initiated by the addition of poly(A) to the cnzyme- 
ATP-drug complex formed at 4”. both liver (Fig. 2A) 
and hepatoma (Fig. 2B) enzymes were completely 
inhibited by concentrations of AF/Ol3 that only par- 
tially inhibited the enzyme activity when the reaction 

3 20 40 80 100 0 20 40 60 80 loo 

ATP IpM) ATP IpMl 

Fig. 2. Effects of AF/O 13 on poly(A) polymerase activity when added to the enzyme before initiation of the 
reaction. One pg of either liver or hepatoma poly(A) polymerase enzyme was added to all other components 
of the assay including the indicated concentrations of ATP and AF/O 13 without primer at 0”. The reaction 
was initiated by the addition of 10 pg poly(A). The activity was assayed for 15 min. Panel A: liver poly(A) 
polymerase; DMF (0). 1.5 x 10ms M AF/013 (0), and 1.75 x 1O-5 M AF/013 (A). Panel B: hepatoma 

poly(A) polymerase; DMF (g), 1.5 x 10m5M AF/Ol3 (1 I). and 1.75 x 10m5 M AF/013 (A). 
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ATP (1 OeM) 

Fig. 3. S/Y vs S plot of tbe inhibition of liver poly(A) polymerase activity by AF/012 and AF/O13. Liver 
enzyme was incubated for 15 min at the indicated ATP concentrations with DMF (O), 5 x 10ds M AF/O 12 
(o), 1.5 x W5 M AF/013 (a) or 1.75 x 10m5M AF/013 (A). All points are the average of duplicate 

determinations which did not differ by more than 5 per cent. 

14 

12 

3924 A 

-60 40 -20 0 20 40 60 80 1oc 

ATP 1106Ml 

Fig, 4. S/V vs S plot of the inhibition of hepatoma poly(A) polymerase activity by AF/O 12 and AF/O 13. 
Hepatoma enzyme was incubated for 15 min at the indicated ATP concentrations with DMF (a), 
5 x 10.$M AF/012 (c]), 1.5 x 10W5M AF/013 (A), or 1.75 x 10ssM AF/013 (A). All points are the 

average of duplicate determinations which did not differ by more than 5 per cent. 
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Fig. 5. Inhibition of elongation of the poly(A j chain by addition of AF/O 13 to the reaction. Liver poly(Aj 
polymerase was incubated for 5 min with all assay components except [‘HIATP. After 5 min. 5 PCi 
13HlATP and either DMF (0) or 1 x lo-’ M AF/O 13 (0) were added to the assay and 300.~1 aliquots were 
withdrawn at the indicated times to assay poly(A) polymerase activity. Panel A: the assay contained 

I x 1Oe1 M ATP. Panel B: the assay contained 3 x 10.“ M ATP. 

was initiated by the addition of enzyme (Fig. 1). When 
the amount of protein in the assay mixture was varied, 
the concentration of AF/013 necessary to effect the 
same degree of inhibition was increased; however, an 
increase in the primer concentration did not alter the 
degree of inhibition with a given concentration of AFI 
0 13 (results not shown). These results suggest that AF/ 
0 13 interacts primarily with the enzyme and not with 
the primer, and are in agreement with other studies 
18, 261. 

Kinetic analysis of the mode of inhibition exerted by 
AF/012 and AF/013. To evaluate the mode of inhibi- 
tion of AF/O 12 and AF/O 13, concentrations of inhibi- 
tors were under assay conditions employing optimal 
ATP concentrations and in which the reaction was 
initiated by the addition of the enzme. The results of 
these experiments are shown in Figs. 3 and 4. Liver 
poly(A) polymerase was inhibited in a non-competitive 
manner by AF/012 and AF/O 13 as indicated by the 
intersection of the lines on the abscissa (Fig. 3). When 
similar experiments were conducted with the hepatoma 
enzyme, non-competitive inhibition by AF/O 12 and 
AF/013 was obtained in all instances (Fig. 4). 

Additional evidence indicating non-competitive in- 
hibition by AF/O 13 is shown in Fig. 5. In these experi- 
ments, the reaction was initiated with 1 x 10e4 M ATP 
in the absence of [ 3H IATP and AF/O 13. Five min after 
the elongation of the polynucleotide chain had begun, 
I 3HlATP and either DMF or 1 x 10e5 M AF/O 13 were 
added to the assay mixture and the amount of radio 
activity incorporated was determined at various times. 
As shown in Fig. 5A, the enzyme reaction was inhibited 
markedly within minutes after the introduction of AF/ 
013. In Fig. .5B, the assay was carried out in a similar 
manner except that the reaction was initiated by the 
addition of 3 x lo-“ M ATP. The presence of higher 
levels of ATP did not reverse the inhibition of AF/O 13. 
In fact, the activity was lowered as a result of substrate 
inhibition. 

DISCUSSION 

Poly(A) polymerases from isolated nuclei of rat liver 
and from a poorly differentiated transplantable hepa- 
toma were partially purified by a rapid two-step proce- 
dure. After chromatography on phosphocellulose and 
poly(A)-Sepharose, purifications of approximately 22- 
and 15.fold could routinely be effected for the liver and 
hepatoma enzymes respectively. The average specific 
activities of the liver and hepatoma enzymes were 3.5. 
and 1.2.fold greater, respectively. than those previously 
reported [271. The wide range of specific activities 
reflected our earlier attempts at purification, and the 
activity for the liver enzyme is close to the specific 
activity of pure hepatic poly(A) polymerase recently 
reported [ 28 1. Therefore, our enzyme preparations. 
while not 100 per cent pure, were highly purified. 
Moreover. the enzymes isolated from these tissues 
exhibited all of the characteristics that have been estab- 
lished for poly(A) polymerase, viz. utilization of ATP 
as the sole nucleotide substrate, preference for Mn2’, 
and recognition of only oligo(A) region for the initia- 
tion of the reaction. 

The ability of derivatives of rifamycin SV to inhibit 
the polymerase activity of normal and neoplastic tissue 
appears to be related to the degree of hydrophobic 
substitution of the ansa ring [ 1,4, 15, 291. The results 
of our experiments with normal and hepatoma poly(A) 
polymerase using rifamycin SV analogs with various 
aliphatic substituents would seem to support this the- 
ory. Only aliphatic substitutions of 5 carbons or longer 
were active against poly(A) polymerase at concentra- 
tions up to 1 x 10e4 M. The IC,, values for the O-n- 
pentyl (AF/O 12) and 0-n-octyl (AF/O 13) derivatives 
indicate that the addition of a 3-carbon chain increases 
the effectiveness of the inhibitor 5-fold. On the other 
hand, decreasing the side chain by 1 carbon from n- 
pentyl to n-butyl results in a loss of inhibitory activity 
over the concentrations tested. This information may 
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prove to be of great value in the underst~ding of the 
active site(s) of the poly(A) polymerase enzyme once 
the binding site of the rifamycin molecule to the enzyme 
has been established. It would seem that the spatial 
position of the substituted group is more important than 
the size of the substitution, since larger groups have 
been previously shown not to inhibit various polymer- 
ases [ 15,291. 

The data indicate that the inhibition of the poly(A) 
polymerase reaction by the two active derivatives of 
rifamycin SV was non-competitive with respect to 
ATP. This observation is in agreement with the non- 
competitive kinetics reported for RNA polymerase 
1671, reverse tr~scrip~e [ 31, and DNA polymerase 
[9]. However, these results are in contrast to studies of 
the inhibition of poiy(A) polymerase by AFlO 13 where 
competitive inhibition with respect to ATP was ob- 
served [ 8, 12, 131. We have not found competitive 
kinetics at any concentration of rifamycin tested. In 
addition, higher concentrations of ATP did not reverse 
the inhibition of AF/O 13. It is possible that the greater 
levels of protein, substrate, and primer necessary to 
achieve optimal activity in the previous studies 
[ 8, 12, 131 altered the kinetics of the reaction. How- 
ever, the kinetics of inhibition of AF/Ol3 with RNA 
polymerase was also found to be competitive with 
respect to nucleotide concentration 181, a result also 
contrary to other reports 16, 71. 

The present results support the finding that the elon- 
gation of the oligo(A) chain is rapidly inhibited by AF/ 
0 13 18, 12, 13 1, but differs from studies reporting that 
elongation is protected in a manner similar to that with 
DNA and RNA polymerases [ 151. The limited protec- 
tion of the enzyme by the presence of primer compared 
to that seen with DNA and RNA polymerases [ 6, 151, 
in conjunction with the rapid cessation of the ongoing 
enzyme reaction by the addition of AF/O 13, indicates 
that the elongation reaction of poly(A) polymerase is as 
sensitive as the initiation step in the DNA and RNA 
poiymerase reactions. It has been suggested that the 
initiation of the poly(A) polymerase reaction is analo- 
gous to the RNA polymerase reaction 1161, but the 
present results would not support this theory. Perhaps 
the formation of an enzyme-primer-template complex 
in the DNA and RNA polymerase reactions alters the 
conformation of the enzyme molecule in a manner not 
found in the primer-enzyme complex of the poly(A) 
polymerase reaction, thereby making it resistant to the 
binding of the rifamycin analog. Also, the poly(A) 
polymerase enzyme may release the primer after the 
addition of each AMP residue, thereby rendering it 
susceptible to attack by the rifamycin inhibitor at multi- 
ple points during the reaction. 

This is the first report comparing the effects of 
various rif~ycin SV derivatives on poly(A) polymer- 
ase from normal and neoplastic tissue. We could detect 
neither a difference in the sensitivity between the en- 
zymes, nor the manner in which they were inhibited by 
the drugs. This agrees with other studies [ 4, 11 I where 
AF/O13 did not differentially inhibit DNA polymer- 

ases from normal or leukemic l~mphoblasts. Desiva- 
tives that were reported to differentialiy affect normal 
and neoplastic DNA polymerase were not tested in this 
study. 
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