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ABSTRACT 
Santiago, Chile 

Reaction of yeast P&A polymerase I with pyridoxal 5'-phosphate and 
sodium borohydride under conditions which inactivate the enzyme results 
in the specific binding of pyridoxal 5'-phosphate to subunits of 185,000, 
137,000, 48,000 and 36,000 daltons. Nucleotides, which protect the 
enzyme from inactivation specifically inhibit the binding of pyridoxal 
5'-phosphate to subunits of 185,000 and 137,000 daltons. DNA which also 
protects the enzyme from inactivation by pyridoxal 5'-phosphate prevents 
the binding of the reagent to the four polypeptides. 

These results suggest that subunits of 185,000 and 137,000 are 
involved in interactions with both nucleotides and DNA presumably of the 
type leading to initiation and/or polymerization and that subunits of 
40,000 and 36,000 daltons also bind to DNA but this interaction is not 
strictly required for polymerase activity. 

INTRODUCTION 

Yeast nuclei as well as nuclei from other eucaryotes contain three 

RNA polymerases which can be distinguished by their different structure, 

enzymatic properties and cellular function (l-3). The enzymes have been 

purified as complex structures composed of several polypeptides of dif- 

ferent molecular weights (3-7). Each enzyme is characterized by two 

unique large subunits and several smaller subunits some of them common 

to two or three of the enzymes (8,9). Nothing is known about the 

functional reason for such complex structures as well as about the role 

of each of the polypeptide components. This knowledge is fundamental to 

fully understand the role of the enzyme in specific transcription. 
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In the present communication we report the use of pyridoxal 5'- 

phosphate as chemical probe to study the putative subunits of yeast RNA 

polymerase I (or A). We have previously shown that RNA polymerases 

including yeast RNA polymerase I are rapidly inhibited by pyridoxal 5'- 

phosphate through the formation of a Schiff base with lysyl amino groups 

presumably located at the active site of the enzymes (10-12). In the 

present study we have identified the subunits of yeast polymerase I 

which react with pyridoxal 5'-phosphate and measured the effect of DNA 

and nucleotides on the reactivity of these subunits. 

MATERIALS AND METBODS 

The source of nucleotides, isotopes and other reagents used is the 
same as described previously (10-12). RNA polymerase I from yeast 
(Saccharomyces cerevisiae) was purified to apparent homogeneity and 
assayed as described before (4,7). 

To identify the enzyme polypeptides which react with pyridoxal 5'- 
phosphate polymerase I (1.5 mg/ml) was incubated with O.lmM pyridoxal 
5'-phosphate fos 20 min at 3O'C. Then the reaction mixture was chilled, 
made 1.5mM in [ H]NaBB 
min, to destroy unreac ed 8 

and3incubated 5 min at O'C. After heating for 5 
[ H]NaBH , the protein was precipitated with 

cold 10% TCA and subunits separate A by gel electrophoresis. 

Twelve percent acrylamide gel electrophoresis in 0.1% sodium dodecyl 
sulfate was carried out in 12x15 cm x 1.5 mm slab gels. Buffers and 
solutions were prepared according to Laemmli (13). The gels were fixed 
by shaking them in 50% isopropanol-10% trichloroacetic acid and stained 
with 0.1% Coomassie blue in 25% isopropanol-10% trichloroacetic acid at 
23'C. Gels were destained at 23'C with 10% acetic acid. 

Radioactivity in each enzyme subunit was detected after electro- 
phoresis by fluorography (14). The gel was soaked in dimethyl sulfoxide 
for 60 min, immersed in 20% PRO in dimethyl sulfoxide for 3 hr at 23'C 
washed with water, dried over filter paper and autoradiographed with RR 
Royal X-Cmat (Kodak) film for 20 days. Stained gels and films were 
scanned at 550 nm with a linear transport device attached to a spectro- 
photometer. 

RESULTS AND DISCUSSION 

Yeast RNA polymerase I has been purified to apparent homogeneity as 

a complex multimeric protein containing polypeptides with molecular 

weights 185,000, 137,000, 48,000, 44,000, 41,000, 36,000, 28,000, 24,000, 

20,000, 14,500, 12,300 and 9,000 (4,5,8). Figures 1A and 2A show the 

polypeptide composition of RNA polymerase I isolated from yeast as shown 

by 12% acrylamide gels. When the enzyme is treated with O.lmM pyridoxal 

phosphate (a concentration which we have shown previously to rapidly 

inhibit the enzyme (12) and the formed Schiff base is then reduced with 

[3HlNZiBH4, the label is found mainly associated with four of the 

polymerase subunits, the 185,000 (1185), 137,000 (1137), 48,000 (I48) 
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FIGURE 1. Labeling pattern of polypeptide components of yeast RNA 
polymesase I after reaction with pyridoxal 5'-phosphate and reduction 
with [ H]NaBH4. A) Coomassie blue staining of unreacted enzyme; 
B) Autoradiography3of enzyme subunits after treatment with pyridoxal 
5'-phosphate and ( HlNaBH4; C) Autoradiography of enzyme subunits of 
enzyme treated as in B, in the presence of ImM ATP, CTP and GTP; 
D) Autoradiography of enzyme treated as in B, in the presence of 
0.3 mg/ml of native calf thymus DNA. 

and 36,000 (I361 dalton polypeptides. These results are shown in 

Figures 1B and 2B. They indicate that pyridoxal 5'-phosphate reacts 

preferentially with amino groups in polypeptides Ile5, 1137, I46 and I36 

and suggest that reaction with one of these subunits is the reason for 

the inactivation of the enzyme. Huet et al. -- have shown that although 

polypeptides 14g and I36 influence transcription of native DNA, they 

are not strictly required for enzyme activity (15). Therefore it is 

likely that the inactivation of polymerase I by pyridoxal 5'-phosphate 

is due to the reaction of the inhibitor with subunits I 185 and/or I 137' 
This hypothesis is further substantiated by the results obtained 

when the reaction with pyridoxal 5'-phosphate is carried out in the 
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FIGURE 2. Densitometer tracings of the stained gels and autoradiograms 
of Figure 1. A through D have thg3same meaning as Figure 1. Numbers 
indicate the molecular weight x10 . 

presence of lti nucleotides (condition which we have previously found 

protects 60 to 80% of the enzyme activity (1211, the amount of pyridoxal 

5'-phosphate attached to the subunit 1185 decreases to about one-fifth, 

however, the labeling of polypeptides I137 and Id8 has not changed and 

that of I36 is slightly increased (Figures 1C and 2C). These results 

confirm that binding of PLP to polypeptides Id8 and I36 does not result 

in enzyme inhibition and strongly suggest that the subunit I 185 has a 
nucleotide binding site involved in enzyme activity. The data do not 

allow us to discard a role of the subunit I 137' since it is also labeled 
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by pyridoxal 5'-phosphate although to a considerable less extent. 

We have previously reported that DNA also protects yeast RNA poly- 

merase I from inactivation by pyridoxal St-phosphate (12). When the 

reaction with pyridoxal 5'-phosphate is done in the presence of DNA 

(Figures 1D and ZD), the label of subunits 1185, 113,, I48 and 136 is 

significantly decreased indicating that the binding of DNA to the enzyme 

protects these polypeptides from PLP attachment and suggesting that 

these subunits are involved in enzyme-template interactions. 

Our results indicating interaction between subunits I48 and 136 

with DNA are in agreement with the findings of Huet et al. (15) which -- 
indicate that these two more loosely bound subunits of yeast polymerase 

I improve transcription of double stranded DNA versus polyd(AT) and are 

consistent with the suggestion that these polypeptides may have a subtle 

role at the level of enzyme-DNA interactions (15). 
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