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The DNA-dependent synthesis of RNA i s a complex process 
governed by a variety of factors and conditions. The synthesis of 
RNA can be divided into at least five di screte reactions each of 
which can be studied. These include: ( 1 ) the binding of RNA 
polymerase to DNA; (2) the binding of nucleoside triphosphates to 
the enzyme- DNA complex; (3) the i nitiation of RNA chains; (4) the 
e l ongation of RNA chains by the addit i on of nucleotides to the 
3' - hydroxyl end of the growing chain; and (5) the termination of RNA 
g r owth with the release of newl y formed RNA chains from the ternary 
complex. I nc l uded in the latter step is the release of enzyme which 
can then restart the entire cycle. 

A complete review of all of these reactions is beyond the 
scope of this artic l e. The present communication will focus on the 
termination of RNA chains specifically comparing two factors which 
contro l this p r ocess, namely high ionic environment and a protein 
f actor called rho (ROBERTS 1969). 

PURIFICATION AN D PROPERTIE S OF p-FAC TOR 

p-factor was isolated from~- coli and purified as described by 
ROBERTS (1969). The factor has a sedimentation constant of 8-lOS and 
i s re l atively homogeneous showing one visib l e band on ce llulose 
acetate e l ectrophoresis under non-denaturing conditions. Poly
acrylamide ge l electrophoresis in SDS indicate our p r eparation of 
p-factor to be about 70-80% pure. The predominant band observed 
(Figure 1 ) possesses the same electrophoretic mobility ascribed to 
p-factor by ROBERTS (1969). In addition, this band becomes inten
sified during purification, whi l e the minor bands diminish. 

RNA polymerase preparations used in the experiments described 
below appear to be completely free of detectable p-factor (Figure 1). 
I n confirmation of ROBERTS ' findings, p-factor is free of detectable 
RNase activity s i nce it has no effect on the sedimentation of either 
QS - RNA or in vitro RNA products (transcribed from T4 DNA) in SDS
f o r maldehyde-sucrose density gradients. p-factor preparations are 
devoid of DNA-endonuclease activity since A DNA, after incubation 
with p-factor (2 µg) showed the same sedimentation profi l e as 
untreated A DNA in an alkaline sucrose gradient. 

A number of laboratories have demonstrated that dur ing RNA 
synthesis, the release of RNA chains can occur. This release is 
dependent on the ionic strength of the reaction mixture s (FUCHS 
et al. 1967, SO et al. 1967, MAITRA and BARASH 1969, RICHARDSON 
1 970). These workers have demonstrated that concomitant with the 
release of RNA chains, RNA po l ymerase is re l eased allowing reinitia
tion of new chains. Thus in the presence of 0.2 M KC l , RNA polymerase 
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can act catalytically forming more moles of RNA chains than moles of 
enzyme present . 

FIGURE 1 . SDS-polyacrylamide gel electrophoresis of p- factor and RNA 
polymerase. Solutions of p- factor and RNA polymerase (kindly supplied 
by Dr . u. MAITRA of this laboratory) were dialyzed overnight against 
0 .01 M sodium phosphate, pH 7 . 0 and were then adjusted to 0.1 M 
2-mercaptoethanol and 1 .0% SDS . They were heated to l00°C for 1 
minute and then subjected to electrophoresis according to the proce
dure of SHAPIRO et al . (1967) on 5% polyacrylamide gels containing 
0 . 1% SDS . The gels then were stained for 2 hours with 0.25% 
Coomassie Brilliant Blue in methanol - acetic acid-water (5:1:5) and 
destained with 5% methanol in 7 . 5% acetic acid . A: 8 µg p-factor, 
B : 8 µg p-factor and 8 µg RNA polymerase, C: 8 µg RNA polymerase . 

RNA chains synthesized in the presence of pare considerably 
smaller in l ength than RNA found in its absence and for this reason 
p has been called a chain terminator . The work described below will 
present evidence suggesting that release of RNA chains mediated by 
p-factor and salt may be by different mechanisms . 

It might be reasoned that release of RNA chains in a high salt 
environment is necessary for the release of RNA polymerase and for 
subsequent reinitiation . Interestingly , p-factor does cause the 
release of RNA from A DNA (ROBERTS 1969) but as can be seen in 
Table 1 such release does not al low either increased reinitiation 
or prolonged RNA synthesis at high rates . In confirmation of 
ROBERTS' data p- factor causes a depression of nucleotide incorpora
tion which can be used as a measure of this factor . 

Because high ionic strength affects the kinetics of tran
scription it seemed relevant to examine the effect of [KCl] on the 
ability of p- factor to depress nucleotide incorporation with A, T4, 
or T7 DNA as templates . p-factor has no effect on A DNA transcrip
tion at [KCl] > 0 . 1 (Figure 2) but shows its maximum activity at 
0 . 1 M KCl . In contrast , transcription from T4 or T7 DNA is affected 
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most by p-factor at salt concentrations which do not favor maximal 
RNA synthesis or release of RNA chains by RNA polymerase (Figures 3 
and 4). 

800 

700 0--j 

~ 600 
0 
E 
"- 500 
2, 
-0 

~ 400 
i5 
Q. 

1300 

0.. 

G 200 

100 

700 

0 .01 .05 .10 .15 .20 .25 
[KCI] 

-;;;., 

600 

1 500 
f-

oll/ ,/ 
:,_ 

2, 

1l 400 

I 
e-
8 300 

-= 
"-
1-

(.'.) 200 

100 

/ 
/ 

/ 

rll' ■ 

0 .01 

/ 

■ 
/ 

I 
I 

I 

,05 .10 
[KCI] 

.15 

FIGURE 3, INFLUENCE OF p ON T4 DNA 
TRANSCRIPTION. Effect of [KCl] on the 
ability of p-factor to inhibit chain 
propagation on T4 DNA, The conditions 

.20 

of synthesis were as in Figure 2, except 
with 1 µg T4 DNA. Treatment of the RNA 
product after 20 minutes of incubation 
at 37°C, was as described in Figure 2. 
d--o no factor; •------• with factor . 

FIGURE 2. INFLUENCE OF p ON A DNA TRANS
CRIPTION. Effect of [KCl] on the ability 
of p-factor to inhibit chain propagation 
on A DNA. Reaction mixtures of 0.25 ml 
contained: 0.05 M Tris (pH 7.9); 0.004 M 
2-mercaptoethanol; 0.01 M magnesium acetate; 
KCl as indicated; 1.5 µg \ S7 DNA; 0 , 15 mM 
UTP; 0.15 mM CTP; 0.15 mM ATP; 0.1 rnM 
3H-GTP (3.6 x 103 cprn/rnµrnole); 50 µg bovine 
serum albumin; 2 µg RNA polymerase; and 1 . 0 
µg p-factor when added. Reaction mixtures 
were incubated at 30°C for 20 minutes. RNA 
synthesis was terminated by adding pyro
phosphate to a final concentration of 10 
mM, 100 µg bovine serum albumin and 5% 
trichloroacetic acid (TCA). The RNA was 
collected on Gelman Type E fiber glass fil
ters and was washed with 1 % TCA followed by 
95% ethanol. The filters were dried and 
counted in toluene-liquifluor in a liquid 
scintillation counter. 
~o no factor; a-----• with factor. 
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FIGURE 4. EFFECT OF [KCl] ON THE ABILITY 
OF p-FACTOR TO INHIBIT CHAIN PROPAGATION 
ON T7 DNA. The conditions of synthesis were 
as in Figure 2 , except with 1 ~g of T7 DNA . 
Treatment of the RNA product after 20 
minutes of incubation at 37°C was described 
in Figure 2. 
0---.0 no factor; • -----a with factor. 
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Tab l e 1. . Ki netics of initiation of transcr iption from A DNA , 

Time 
Total Nucleotide y-32p Nucleotide Average Chain 

Incorporation Incorporation Length (min.) (mµmo l es) (µµmo l es) (nucleotides) 

5 

15 

40 

80 

160 

~ ±______p ~ ±______p ~ ±______p 

1.32 0 , 59 0 , 77 0 . 54 1720 1090 

3,46 1.71 1.18 1.39 2930 1230 

6.08 2 , 53 1.75 2 . 19 3470 1165 

8,69 3 , 88 2 . 36 3 , 03 3680 1280 

10,90 4 . 46 3 , 08 3 , 55 3540 1 235 

Reaction mixtures of 0 . 5 ml contained : 0 , 05 M Tris (pH 7,9); 
0.004 M 2-mercaptoethanol; 0 . 01 M magnesium acetate; 0. 1 0 M KC l ; 
1 5 µg AS7 DNA; 200 µg/ml bovine serum albumin; 3 µg RNA poly
merase; 1 . 5 µg p-factor where added; 0 , 1 5 mM ATP, GTP and UTP . 
Reaction mixtures contained either y-32P-ATP (2.7 x 103 cpm/ 
µµmoles) or y-32P-GTP (2 , 7 x 103 cpm/µµmole). Incubation was at 
37° and 100 µ l aliquots were removed at the specified times. 
Synthesis was stopped by chilling and the addition of 0 , 4 ml H20, 
0.1 ml albumin (10 mg/ml), 0 . 1 ml 0 . 1 M pyrophosphate, 0 . 1 ml ATP 
or GTP (30 µmoles/ml), and 0,3 ml 7% perchloric acid (PCA) . After 
5 minutes at 0°C the precipitate was collected by centrifugation 
and was redissolved by adding 0.1 ml pyrophosphate, 0 , 1 ml ATP or 
GTP, and 0,2 ml ice cold 0 . 2 N NaOH. After dissolution of the 
pellet 5% TCA and pyrophosphate were added and the resulting 
pellet was collected by centrifugation after 5 more minutes at 
o0 c. This washing procedure was repeated three more times and 
the pellet was resuspended in 0 . 1 ml 0 . 5 N NH40H and counted in 
Bray's scintillation f l uid . Total nucleotide incor12orati.on was 
calculated by multiplying the number of mµmo l es of 3H-UTP incor
porated by four. y- 32p nucleotide incorporation represents the 
sum of ATP and GTP incorporation . 

KIN ETICS OF INITIATION 

The rate and extent of RNA synthesis on A DNA were studied 
in the presence of 0.1 M KCl and as observed by ROBERTS (1969) 
nucleotide incorporation is decreased about two to three-fold in 
the presence of saturating amounts of p- factor (Table 1). Although 
RNA synthesis is depressed by p-factor, initiation of RNA chains, 
measured by incorporation of y-32p nucleoside triphosphates (GTP 
and ATP) is unaffected by p-factor . The average chain length of RNA 
synthesized in the absence of p-factor is about 3500 nucleotides, 
while its presence reduced this value to 1200 nucleotides . The 
average size of the RNA chains calculated from initiation studies 
was approximately the same as those observed in sucrose density 
gradients . The majority of the RNA transcribed from A DNA in the 
presence of p- factor sediments with a value between 7-12S , 
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p-FACTOR CAN RECOGNIZE A PRE-INITIATED COMPLEX 

Experiments on the kinetics of initiation clearly illustrate 
that p-factor does not influence the extent or rate of initiation of 
RNA chains. However, it is not clear from these experiments whether 
p-factor can produce shorter RNA chains if it is not part of the 
initiation complex. To answer this question, RNA synthesis was 
initiated (in the presence and absence of p-factor) and te rminated 
under condit i ons which would yie l d very small RNA, i.e., incubation 
at 15°c for 2 minutes. Figure 5a shows that the RNA produced in 
that time interval was less than 4S in the presence or absence of 
p-factor. If these reaction mixtures were then shifted to 37°C and 
incubated for an additional 20 minutes, the RNA synthesized in the 
presence of p-factor was markedly smaller and less heterogeneous in 
size than RNA synthesized in the absence of p- factor. When p-factor 
was added to a reaction mixture which had been incubated at 1 5°C for 
2 minutes and then shifted to 37°C, the RNA produced was the same 
size as RNA synthesized in the presence of p-factor during both 
incubat i ons (Figure 5b). Thus p-factor exerts its effect after 
initiation of RNA chains and need not be part of the initiation 
complex. 
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FIGURE 5, Effect of p- factor on the size of 
RNA when initiation of synthesis is begun in 
the presence or absence of p- factor. Reaction 
mixtures of 0 . 25 ml contained: 0.05 M Tris 
(pH 7,9); 0.004 M 2- mercaptoethanol; 0.01 M 
magnesium acetate; 0.10 M KCl; 2 µg ACib2 DNA; 
0.15 mM GTP; 0.15 CTP; 0.15 mM ATP; 0.1 mM 
a - 32P- UTP (2 x 104 cpm/mµmole); 50 µg bovine 
serum albumin; 2 µg RNA polymerase; 1 µg 
p- factor where indicated . The reaction mix
tures of 5a were incubated at 15°C for 2 
minutes, with and without p-factor. Two of 
the reaction mixtures of 5b were incubated at 
15°c for two minutes without factor, and a 
third was incubated with factor. p- factor 
was then added to one of the reaction mixtures 
which had been incubated previously without 
factor. All three reaction mixtures of 5b 
were then incubated at 37° for 20 minutes. In 
all cases, synthesis was stopped by chilling 
and the addition of SDS to a final concen
tration of 0.1%. Precipitated SDS was removed 
by centrifugation and the supernatants were 
heated to 65°c for 5 minutes. The reaction 
mixtures were layered on 5,2 ml 5- 20% sucrose 
gradients in 0.1 M NaCl, 0.05 M Tris (pH 7 , 5), 
0.001 M EDTA followed by centrifugation for 
3,0 hours at 55,000 rpm and 5°C in the Spinco 
SW65 rotor. Fractions were collected and 
precipitated with 5% TCA in the presence of 
0.01 M pyrophosphate and filtered on Millipore 
filters. 14C- labeled HeLa cytoplasmic RNA was 
centrifuged in one of the tubes in 5a and 
5b as a marker at 4S, 18S, and 28S. Double 
label counting was done in toluene liquifluor 
on a liquid scintillation spectrometer. 
~ with out fact or; Ii------ fact or added 
at O minutes; 1:,.------1:, factor added at 
2 minutes. 
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POSSIBLE MECHANISMS OF ACTION OF p-FACTOR--SITE OF ACTION 

It is clear that p-factor affects chain propagation rather 
initiation. The work of ROBERTS (1969) indicated that some 'in 
vitro' transcription on A DNA is initiated at known A promoters. 
Mutants defective in either r-strand or 1-strand transcription 
originating outwards from the immunity region (specifically the 
sex and x1 , mutants) can influence the amount of transcription': 
vitro' in the presence of p-factor. Thus the size of the RNA syr 
sized from these regions in the presence of p roughly correspond: 
predicted values. However, at present, it is not clear whether 
p-factor can affect termination 'in vitro' precisely at genetica: 
determined sites. 

The data presente d above indicates that p causes the releai 
of RNA chains by inhibiting their growth; there is no evidence fc 
the release of RNA polymerase in the process. Thus p affects ch, 
propagation rather than initiation; how pacts in this process ii 
unclear. Evidence has been obtained which indicates that p bindi 
DNA (Table 2). By using a PEG-dextran phase partition, it can bE 
shown by direct measurement that p distributes primarily into thE 
PEG-phase . In the presence of DNA, p which is complexed to DNA, 
partitions within the dextran phase. Thus the loss of inhibitio1 

Table 2. Binding of p to DNA . 

DNA Added 

mµmole 
0.00 
0.05 
0.14 
0 .28 
0.55 
o.83 
2. 75 

Inhibition of RNA by PEG Ph, 

_%_ 
54 
49 
47 
27 
15 

9 
<5 

The binding reaction was carried out in a total volume of 
0.1 ml ijontaining 0.01 M potassium phosphate buffer (pH 6.5), 
2 x 10- M DTT (Dithiothreitol), 5.0% polyethylene glycol (PE( 
4.5% Dextran, p-factor and varying amounts of A DNA. All reac 
ants were mixed at 0° in a 3 ml test tube and were incubated J 
2 minutes at 37°, The phases were separated by brief centrif1 
tion in 100 µl hematocrit tubes. An aliquot of the upper PEG 
phase was removed and added to a reaction mixture containing 
0.1 M KCl, as described in the Legend to Figure 2, in order tc 
measure the extent of inhibition of RNA synthesis by the p-fac 
which had parti~ioned into the PEG phase. The above method fc 
studying the biri-ding of macromolecules to each other was sugge 
to us by Dr. Philip SILVERMAN of this institution. 

due to the addition of DNA in this simple partition reflects binc 
to DNA. Under these conditions, it is found that the concentrati 
of p bound to DNA at saturation level corresponds to 1 molecule 
(Mw 200,000) per 350 nucleotides of A DNA. If indeed the effects 
pare solely due to its binding ability to DNA, it is clear that 
there are too many p molecules bound to explain the biological 
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The interaction between p and DNA at the pH of reactions 
~atalyzed by the RNA polymerase indicate the binding of rho to DNA 
is minimal. Thus, we believe that this reaction plays little role 
in the mechanism of action of rho. Results substantiating this are 
summarized in Table 3, In experiments in which the concentration of 
DNA was increased 20-fold the inhibiting action of limiting amounts 
of rho was not altered. 

Table 3, Influence of DNA on p Effect 

Additions DNA UMP 
mµmoles incorp % inhibition 

(1) Polymerase + p 40 50 
0,5 

Polymerase - p 80 

(2) Polymerase + p 175 52 
2.0 

Polymerase - p 360 

(3) Polymerase+ p 300 48 
4 . 0 

Polymerase - p 575 

(4) Polymerase + p 350 52 
10.0 

Polymerase - p 730 

CONCLUSION: DNA concentration does not influence p inhibition. 

The conditions of RNA synthesis were as in Figure 2 except 
that 0.1 M KCl was used and the amount of A DNA in 0.1 ml reaction 
was varied as indicated. Reaction mixtures contained 1.1 µµmoles 
RNA polymerase and 0.24 µµmoles of Treatment of the RNA 
product after 20 minutes of incubation at 37°c was as described 
in Figure 2. 

In contrast to this effect, when the polymerase to rho ratio 
was changed, the ability of rho to inhibit RNA synthesis and alter 
the size of RNA products was profoundly changed (Table 4). RNA 
products synthesized from ~80A;434 DNA in the absence of Pare poly
disperse ranging from 4S to 40S in size. At the molar ratio of 
polymerase top of 0.6 inhibition of RNA synthesis is maximal (65%) 
and the product size is more homo_geneous .at an S val.ue of 16. When 
the ratio of polymerase to pis increased markedly two effects were 
noted. There was a decrease in inhibition and the size of the RNA 
product was heterogeneous. At ratios approaching 100, no detectable 
effects of rho in the RNA polymerase system were detected. 



44. GOLDBERG and HURWITZ 

Table 4. Influence of RNA Po1ymerase:p on size of RNA transcribed 
from ~80A:434 DNA. 

Additions % Inhibition 

no p 

Polymerase: p o.6 65 

Polymerase: p = 17 40 

Polymerase: p 34 23 

Polymerase: p 112 0 

CONCLUSION: p acts catalytically. 

RNA Size 

Polydisperse 
(4S->40S) 

16s (> 90%) 

16S 
>16S 

16S 
>16S 

80% 
20% 

40% 
60% 

Polydisperse 
(4S->40S) 

The conditions of RNA synthesis were as described in Table 3 
except that DNA (4.2 mµmoles) from the hybrid lambdoid phage 
~80A:434 was used as template. Reaction mixtures (0.1 ml) were 

incubated 20 minutes at 376 c. Synthesis was terminated by the 
addition of 0.1 ml 1 X SSC and 0 . 05 ml 0.5% SDS. Precipitated 
SDS was removed by low-speed centrifugation and the supernatants 
were heated to 65°C for 5 min. The reaction mixtures were layered 
on 5.2 ml 5-20% sucrose gradients in 0.1 M NaCl, 0.05 M Tris, pH 
7.5, 0.001 M EDTA followed by centrifugation for 3.0 hours at 
49,000 rpm and 5°C in the Spinco SW 50.1 rotor. Fractions were 
collected and precipitated with 5% TCA in the presence of 0.01 M 
pyrophosphate and filtered on Gelman Type E glass fiber filters. 
E. coli ribosomal RNA was used as a marker. 
- --

Table 5. Ratio of RNA Polymerase to p for Half-Maximum Inhibition. 

p RNA Polymerase RNA Polym: p 
µµmoles 

0 .24 1. 8 7.5 

0.12 1.1 9.2 

0.048 0 . 5 10 . 4 

0.012 0.1 8.3 

Average 8.9 

CONCLUSION: ratio is important. 

The conditions of RNA synthesis were as described in Figure 2. 
The amount of p was varied from 0.012-0.24 µµmoles and the amount 
of RNA polymerase from 0.05-11.0 µµmoles in a final volume of 
0.1 ml. Treatment of the RNA product after 20 minutes of incuba
tion at 37°C was as described in Figure 2. The above Table 
summarizes the amount of RNA polymerase at any fixed level of p 
which yields half maximum inhibition in an RNA polymerase assay. 
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These results suggest that the critical relationship governing 
the action of rho is its concentration relative to RNA polymerase 
and not its finite concentration. This relationship is clearly 
indicated in Table 5. The inhibition of RNA synthesis by p can be 
regulated by maintaining the ratio of RNA polymerase top, e.g., 
over a 20-fold variation in p concentration, the inhibitory action 
of pis constant when the RNA polymerase top ratio is kept at 
approximately 9. 

STUDIES ON INTERACTION BETWEEN p AND POLYMERASE 

Utilizing the technique of MORRISON and BAYSE (1970) p can be 
labeled with rI25 at tyrosyl residues without altering its biological 
activity. Binding studies of 1125 labeled p to DNA and RNA poly
merase (measured by sedimentation in glycerol gradients) indicated 
that only in the presence of both RNA polymerase and DNA did p-factor 
clearly sediment down the gradient (Figure 6). However, as shown 
(Figure 6), the rate of sedimentation of pis not coincidental with 
the RNA-polymerase-DNA complex. The latter complex has sedimented 
near the bottom of the gradient, indicating that p has dissociated 
from the complex. These results suggest that p rapidly dissociates 
from the complex during sedimentation. Further evidence for an 
association between p and the polymerase has been obtained by PEG-'
dextran partition studies carried out as described in Table 2 at 
pH 7,9 where binding of p to DNA is minimal. Under these conditions, 
1125-rho was quantitatively found in the dextran-rich phase after 
mixing with polymerase and DNA. This association must be due to the 
interaction of p with RNA polymerase which in turn is bound to DNA. 

EFFECTS OF p ON POLYMERASE 

The data presented above suggest that pis not a chain termina
tor causing the release of both RNA polymerase and RNA from DNA. 
Evidence has been obtained suggesting that pacts catalytically 
affecting the growth of many RNA chains by interaction with RNA 
polymerase. The question of the influence of p on the polymerase 
has been examined in detail. As shown in Figure 7 after p has 
inhibited RNA synthesis on T4 DNA in low salt the enzyme remains 
attached to DNA unable to catalyze further nucleotide incorporation. 
If at this time, the salt concentration is raised to 0.2 M the 
synthesis of RNA immediately commences at maximal rate. These 
experiments indicate that the enzyme immediately dissociates from 
the DNA upon salt addition and reinitiates new RNA chains. It 
appears that p interacts with polymerase and at some site blocks its 
movement; thus pis an agent which blocks polymerase translocation. 

WORKING MODEL OF RNA TERMINATION 

At present the precise mechanism of RNA termination is not 
clear. The influence of increased ionic strength appears to cause 
the release of RNA polymerase from DNA. There is no influence of 
increased salt on the size of RNA formed, irrespective of the condi
tions used for studying termination (low salt, hight salt, p) and 
the same preponderance of uridine as the 3-0H termini is observed 
(unpublished observations); thus, in the absence of P, polymerase 
is capable of finding sites on the DNA for termination. In the 
presence of p, the RNA synthesized is smaller indicating that 
transcription has been halted at different sites. The nature of 
~hese sites and the manner in which p causes the polymerase to halt 
is presently unclear. 
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FIGURE 6. Bi nding of 125 r - P to po l ymerase, DNA and complex~4 Reaction 
mixtures of 0. 1 ml contained : 0 . 05 M Tr i s (pH 7,9); 2 x 10 M DTT; 
0 . 01 M.magnesium acetate; 0.01 M KC l ; 1,7 µg A DNA where i ndicated; 
0 .15 mM UTP, ATP CTP and GTP ; 50 µg bovine serum a l bumin ; 11 .0 µµmo l es 
RNA po l ymerase , wnere i ndi cate d ; r l25 p factor . Incubation was 
carried out at 37° for 20 min . The react i on mixtures were l ayered on 
4 . 6 ml 10- 30% glycero l gradient contai ning 0 . 02 M Tri s (pH 7 . 5), 
0.01 M KCl, 2 x 10- 4 M DTT and 0 . 5 mg/ml BSA followed by cent r ifuga
tion for 105 mi n . at 49 , 000 r pm at 5°C in the Spinco sw50 .1 r otor . 
Gradients were dripped and counted di rectly i n Bray ' s solution on a 
l iquid scintil l ation spect r ometer. 



20 

18 

16 

14 

u 12 
.!:: 
I 

C") 

d. 
5 10 
"' Cl) 

0 
E 
::,_ 

E 8 

6 

4 

2 

.·· 

CATALYTI C ROLE OF RHO I N TERM I NATION 

0 

0 

0 

0 

I 
I 

I 
I 

/ 

0 

/ 
I 

/, 
0.2M ,,; 
KCI ,q 

/, 

/ 
./ 

/ 

/ 

• • • •• • • • • • • • • • •• • •••••••••• - ~ •••• +p 

20 40 60 80 

Time (min) 
100 

a 

/ 

1. 

/ 
I 

120 

/ 

• 

0.2 MKCI 
±_P 

+a 

/ 

+a 
/ 

0 . / • 

"" /o 
/ 

140 

I 

0 

160 

FIGURE 7. Reactions mixtures of 0 . 25 ml contained: 0.05M Tris 
(pH 7 - 9) ; 2 x 10- 4 M DTT; 0 . 01 M magnesium ace t ate ; 0 . 01 M KC l; 
6 mµmoles T4 DNA; 0. 15 mM ATP , GTP , CTP; 0 . 1 mM 3H- UTP (5.5 x 103 
cpm/m mole) ; 50 µg BSA; 2 . 2 µµmoles RNA pol ymerase ; 2 . 0 µµmoles p 
where indicated . At 40 min and 80 min KCl was added to the react i on 
mixtures containing p to a final concent r ation of 0.2 M. To another 
set of reaction mixtures purified sigma factor was added s i mu l tane
ous l y. Treatment of the RNA product at the indicated times was as 
desc r ibed in Figure 2 . 
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Because of the catalytic nature of action of p and its failure 
to bind to DNA at pH 7.9, it seems unlikely that p prevents RNA 
synthesis by binding tightly to either template or RNA polymerase. 
p may, however, in some ill-defined manner, alter RNA polymerase so 
that it cannot reinitiate RNA synthesis. Such a mechanism of action 
might imply that additional factor(s) are required for RNA synthesis 
to occur under conditions favoring p-mediated termination. This 
factor(s) would be involved in the removal of the polymerase from 
the DNA template allowing reinitiation to occur. Our model is a 
plausible substitute for the anti-termination theory based on the 
work of LUZZATI (1970) and put forward by ROBERTS (1970). Our present 
efforts are directed toward this means of controlling termination and 
reinitiation of RNA synthesis. 
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